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ABSTRACT

A new experimental set u p f ü r tirae and spec t r ; i l l y re.solved luminescence

exper iments on a toms, mulecu les and solids under s ta te se lec t ive exci-

tat ion w i th Synchrotron radia t ion (SR) is desc.Hbed. A uniquely large

spectr;il ränge of luminescence analysis ürom 5c: to louo im is cuvered

by a combinatign of two monoe:hroniators. The c e n t r a l device is a spe-

cially designed VUV toroidal g ra t ing monorhromaLur w i t h an extremely

large f-number l i ^ . ö f u r a working ranKe f ro ra 3o to 3oo nm. E x c e l l n t i t

agreenient between c.alr.ulated and measured performance of t h i s i n s t r u -

ijit'iit. i s f ound .
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] . INTRODUCTION

Luminescence exper iments in tht; VUV under state select ive optical exci-

t a L i u i i s u f f e r very much fron i n t c r i s i L y p rnb lems . SR of a storage ring

turned ou L L o be ;i powcrf u l f ixe : i LaL i im sourcc f o r such expe!rinH'nLs .

2)
beaml int; i or himiTicsceni ' .e e x p e r i m e n L s h;is been fons t ruc t ed .

In L h i s p aper, sinne f (•aLures of ,-j mulL i purpose exper imenLa l set np f «r

Linie and specc ra l l y resolved luminescence at Lbe above menL ioned beara-

1 ine art descr ibed . The essent ia l p roper t ies of Lhe stt up are

(i) spectral a t ia lys is of luminescence in an extremely large spectral

ränge f rom 5o to looo nm

( i i ) tirae r e s o l u t i o n of spectrally selected lurainescence under state

selective excitation down to the 5o ps ränge

(i i i) sample preparation in an UHV environment including growth of cryo-

crystals and in s i tu c l eavageo f crystals at low temperatures

(down to 4 K)

(IV) interchangeable sample holders for solid and gas phase samples

(V) s imul taneous recording of high resolution absorption and excitat ioi

specLra
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2. GENERAL LAYOUT OF THE SET HP

Figure la shows a top view of the set up including the monochromator PM

2)of the beamline . The set up consists of Ehe UHV sample chamber SC, and

the UHV monochromator chamberMC, separated by an UHV valve V. The sample

chambercontains the las t element of the beamline, namely the m i r r u r L3

which focusses the exe i ring light onto the sample (pos i t ion of the focus

at S).

Lumtnescence is analysed at right angle to the d i r ec t inn of exc i t ing beam.

The monochromator chamber contains the VUV monochromatur which Ls des-

cribed in detail below. A plane mirror H c:an be turned into the light

path to def lec t the zeroth order of gra t ing C upwards. The focus then is

outside the vacuum. Luminescence is analysed between 2oo and looo yim

with a commercial monochromator (VIS-SM).

The VUV monac-hromator has no entrance s l i t . The source is the luminescent

part of the sample (typically 4 mm x . l m m ) . In this way, intensity losses

due to optical f i t t ing of the instrumcnt to the sample wi th addi t iona l

elements are avoided (cspecially importaut for A < l2o nm)

3. OPTICAL DESIGN OF THE VUV MONOCHROMATOR

The VUV monochroraator in chamber MC is the essential dev ice uf the set

up. Our aim was the construction of an instrumeiiu w i t h op t ima l lun i i i iuBi - i

resoltition product compatihle with several requirements l ike

(i) resolution interval £>\5 nm in a worVing ränge 5o - 3oo nm

(ii) l imitat ion of the image si^e to h ' ^ 10 mm (due to typical detector

areas) for an object sise öf h _< 4 mm (length of the luminescent

spot)

(üi) geometrical Hraitations connected u i th the rcquiremetit that the

luminescent part of the sample serves äs an entrance slit.

3-51
The opt ical design is basüd on the P . S . M . 29-R mounting . This

is an abcrrat ion corrected Instrument w i th f ixed nbje t t (r) and image

distancc (r*). 2 0 is the f ixed angle hetween the twn beams and R the

main radius of curvature of t h e g r a t i ng .

S ta r t ing from R = 5u cm, the d i f f e r e n t requirements are met with 2 6 =

28 , r = 391 mm and r - 6 ^ 2 nun + Ar (\~) . Wid th U of the gratinj^ and

len^th L of the grooves i:an be äs large äs ^ 13o nun i f a toroidal grating

wi th non uniforme grooves d i s t r ibu t ion (n = 16io t/mm) is used. This

c-.urresponds t(i an ext remely large t number of l : 2,8 in zeroth order

which i s unique in combinati cm with the other proper ties of the instrument,

The desigti rules of the grating ine lüde geometrical and physical optics

criteria associated with the phase balani-.ing reethod . The asynmetrical

conf igura t ion (r i* r ' ) is derived froTr; the se.cond Order focussing con-

dition. (which a l lows , via physical optic.s c r i tp rva , a balance of the pair

aberrat ion terms) and f rom opt in i i sa t ion o[ the luminosity-resolution

product . To sa t i s fy the brightnuss conservatlon law f ü r the required h'

toroidal blank and phase correction by the hologram are combined to re-

duce astignatism to less than . o3 L. The coma broadening is reduced by

a proper localisation of the two recotding laser point sources for the

hologram.



4. MECHAMTEAL REALISATION

Hgure 2 shows the l avont i n nore d e t a i l . The mnr .m-hrorea tor c o n s i s t s

of the g r a t i n g h o l d e r i lH w i l l i g r a t i n ; ; G , t l i e w.i\1 engt h d r i v t W l ) , t h c

t 'Ki t s l i t KS and the d e t t ' i t o r j s s v m b i v DA. A. l o n i i p c n i ' n t s w i > r k w i l h o u l

diiy l uhr i (.'an t and are hake ab l i 1 . Ki-s t r i <:t i rns -. Mu-rt"! ' . iny "•;.-.. k : : L J > ex i s l

onl y l o r < - • , t h L de f l PC t i n>> m i rn i i M , .nici a r h, i :• in l p* a t >.• d et ec t nr ("'

i n DA. K e v t r t l i e l i ' S S , p r essm es l i c l ou l o mb;ir -ire T c fu- l iod .

The p.rdt ing hi 11 (t er i s nu'ini id un .-IM ex t r r. p] a: e P i i .s i de t he c halber t o

f i v o i d rp.'nl i u i t m e n t s af l er pump i n»; down . The j i ra t i :it ' ' -n he rot ;i t ed i n

i l s l i t > l d i - r indt-pe- . ident l y ~n nnd ( i i r cc mit i r : ixe<; ! 01 ;i - n n v e n i en t

pruper ad j u s t n R - . i t . To do t he s r r o l ü t ions pr.-c i H C l y t er such ,M heavy

pr JL in^. l > l . r> k j ; ) , t he .t>:r«: i r r j-'\ i ded h v sjuv i ;j l i ' Ü V ha l l hcar ni j 'K .

The wave l t ' i ig th d r i v e is ;i l rnr- s i r e d t i v e eons i si i 11^ n l ;i I t ' v e r ar:::,

a l i n e a r i n u t i o i L feed through ,mn a s h a l t o i ;L : , i d t - [ l iö v a e u u m . Al L h t e.;:d

n t Lht: l ever a r m , a s t a i r .Kss s t e c l h a l l s ; l i d f s 01; a p rec i s io r . q u a r t ?

plaLe un tup of Clie tcedt hriniRli. Tlie ler.^th o[ thf It-ver arrr is ad-

j u s t a h l t . I n l inear mot ion ot i l n > s t i a f t cu r re sponds to a wave leng th

in te rva l of . ö l um. The l i n e a r m o t i o n of the s l i a f t is measu red by a

l i n e a r o p t i c a l encodcr wi l n ;ui a c f u r a c y of l u . Thus t i i e reproduc ibi l i t y

(äs we l l as l i n e a r i t y ) öl the d t -v icc is b e t t e r by an urder of n a g n i t u d e

thau the r e s o l u l i u n .

The exil s l i t consists öl l wu s l i l . J H W K m o u n t r d un a Cu-Bt; r i n g . By

d e f o n n i n g the r i n g wi th ;i p rec i si .cn i 'eedt i i rough, the ü l i t can he

cpened symmf t r i t - ; i l l y f r o m 0 to ^ n u n . The hei gilt ot" tht s l i t is l i m i l e d

by a f i x e d n iask to 1^ mm.
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The detec tor assembly c o n L a i n c s a channel plate detector C inside

the CHV fo r " -. Ho IUD . A small mi r ro r M 1 can bc movad in to Ehe heam

wi Lh ü ! i neai n u i L i u n l i'cd L h r < ' i i y , h . l C t heil def lects the heain out of the

UHV ( througt : a T i F ui nd( iw) . . « i t F i d i 1 , ünder no rma l vac'iiuin cor idi t i U I I K ,

sevi-ral et her det ec t L I T P f o r l enger w ü v e l cn^t h.s < ii:i he nscd .

N, i L shou-n i n l" i j :urc . ' ,>.r< < i e v ' - r ; ; l m;is '<K l i ) r s n p p r p s ^ i t in of sr;i t l ereri

l igh t . Morenve r , ri spe i ia! m. isk i 'an he p o s i L i o n p c in f r o n t of ihe g r a t i n g

fror- o u t s i d f - t o r ed t ic r W l c W = 5o mm . In t h. i s way, ros i t ] u t i nn i s int reased

a t I h e expense • > ! i r t i - t i s i l v i n l hc overa l l u s e f u. spei t ra l ränge.

L n L a b l e '; , t he c.ilc'j] a t L'd r t1 so l n L i on (FWHM) i s eimpared wi t h expe r imen ta ]

valu.es f o r a given s i?e of t hf en t r ance s l i t ar,d s f ew wavelengt hs around

2 r io H[:L whert; the g r a t i n p i s opt i r . i sed . ' A ( 1 ) i s deduced f r o m p l i y s i c a l

opt ic (FWHK of imagc prof i l e ; issnming t r i angu l ar shape), ^ A (2) from

geoTr.etrical op t i c ( ray t r ac ing m e t h u d ) h u t h of the-m associated wi th

the phase balanci:ig nethod . Ve ry ^ood agre.ement i s obtatned between

theory and exper iment .

t ' igure 3a shows measured FWHM äs a function öf defec t of f o c u s . In fi-

gurc 'ib, t.he FU1IM (crosses) under optimal f u c u s s i n g condit ions are

cnmpared w i t h cali:ulated curves. Though tiiey are valid for smaller

a p e r t u r e s , we clearly see that - under optimal focussing conditions -

i n the whole working ränge the requirement -!.^ < .5 nm is f u l f i l l e d .
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Nonnally, however, a fixed value for r ' will be used. Pigure 4 shows

the measured resolution äs a funct ion of wavelength for r * = 652 mm

(optimal for A = 25o nro). The slze of the entrance slit here was 4 mm

x .15 mm. The exit slit width was chosen äs s1« FWHM. The crosses

are measurcd for füll aperture. Between "-15o and "-2!jo nm, ÖA is mainly

given by the dimension of the entrance slit, Qnly below and above this

ränge does the aberration in connection with the defec t of focus lead

to a larger * A . Consequently, masking uf the gra t ing (circles) increases

resolution only at short and at long wavelengths. The f ü l l curve «äs

calculated for the condit ion shown by the crosses. Excel!ent agreement. is

found.

The insert in f igure 4 shows a typical line p r o f i l e (A = 1 1 5 nm) for

fü l l aperture (s l ight ly asymroetrii: due to coma terms) and reduced

aperture ( reducLion ot FWHM and more Symmetrie line shape),

6. CONCLUDINC REMARK5

A VUV monochromator with a very large f-number has been designed for

luminescence experiments in connection wich SR exci ta t - ion. The theo-

retical design parameters are reached. The set up has been success-

fu l ly used fo rvar ioue luminescence experiments on raatrix isolated
g \s , on pure rare gas solids and alkali halides ( f ree excitoti

luminescence ) and e .g. , on the Cl, molecule ( l £ -* X I

bound-bound and bound-free fluorescc-.;c)
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TABLE l

calculated and experimental FWHM for W = L = ! 3o mm, entrance slit

4 Tan x .06 mm. s' means ihe exit slit width.

296.8

253.6

237.8

.38

.17

.18

(2) (nm) •X expt.
P

.2

.2

.2

FIGÜRE CAPTIOMS

Figure l Schematic layout of the set up.

Part a; top view, part b: side view along AB.

VUV-SM: secoudary munuchromator for the VUV ränge.

VIS-SM: secoudary monoehromator for the visible ränge.

Figure 2 Detailed layout of the VUV monochromator.

Figure 3 a) Resolution (FWHM) äs a function of defect of focus for

a few selected wavelengths (W - L - 130 mm)

b) Resolution (FWHM) äs a function of wavelength for different

aiJciLuresj aud minimal defect of focus.

Figure 4 Resolution (FWHM) äs a function of wavelength, for fixed

Image distance r' = 652 mm, entrance slit 4 mm x .15 mm.

A ( x ) : füll apcrture. The füll curve is calculated.

B ( o ) : reduced aperture ( L = ]30 mm, U = 50 mm }.

C ( + ) : for comparison, a few expt, points are included

for minimal defect of focus and entrance slit 4 mm x .06 mm.

Insert: line profils of X = 1 1 5 nm for different apertures.
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