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Abs t raC't • A spectrometer was bllllt for the purposc of per(l)tmln~llkpth 

Selectlve ~onverSlon Electron t-1ossbauer SpcC"t l'ORCOpy 1 DSCH1S) l'II 

surfaces contalnlng Ifon nuclel. 

Retardlng Fleld Analyzer desIgn by van Noort dnd van Gorkum l
• 1 t 

has an acceptëlnce angle of 5% of 411, and 18 capable of pnf'1'qy 

resolutlons of between .8% and 4.3"b of tht' p.lHS 1'1lf'1"<.lY. Th" 

spectrometer lS sUlted for samplcs wllh a (\1<1I1\"I(>r dH 1.1 ... .1I'.IS lU 

mm. The desllJnlng and dlmPllSl.Ontng plOCI'HHt'S, ('llllHt 1'I11't 11\1\, 

operatIon, and performance of the sppct 1'1 lm (:,tf'l' ZIt'f"> 1'I'('f-H'llf (·iI hl'I (', 

• 11 



Resumé • Un Hpeclrom~lre a été bâti dans le but d'effectuer la 

HpectrOH(:ople de Mosshauer d'électron de conversion avec sélectIon 

dp pro[undr>ur l-Iur des Burfdces contenant des noyanx de fer. Le 

Sp(~ctom~!t re esl basé sur l'analyseur à champs retardé de van Noort 

et van Gorkum l
• Il a un angle d'acceptance de 5% de 4'11, et une 

rI'! S 0 J Il' 1 () n (> n é n erg 1 e d l 0, 8 à 4. 3 % deI 1 é ne r 9 le de pa s se. Le 

s(Ject fOIn?!f re pput accelJtcr des échantlllons de dIamètres allant 

jllSfjU' (~ 10 mm. Nous a lIons décrIve ICI l es processus du deSIgn et 

de la (·()nst-rucLl.on, l'opératIon, et la performance du spectromètre • 

• ni 



• 

• 

~cknow lell9..~~~_~\-~ 

1 would llke to acknowledge the lmportant C'on1l'1but }nns of nr. 

RIchard Fernholz who dC'slgned a11 of the c'r lt 11' .. d cl1mpnnl'nt s of t hl' 

system (vacuum chêlmber dnd the gl"ld ,1Hsl'mblyl. 

technicêll drawlngs, and praC'tlcal knowledge wcre the fllund,tt 1011 l\f 

the project. 

1 gratefully acknowledge the effort s of .John E<Jyed, M }1-'hdl'l 

Champêlgne, and aIl of the tcchnlcal staff ln t_he WOl'ksllllp. '1'111' 

vacuum chamber, table, and aIl of the s1'0ctruml'lt'l' pdtls WI'II' 

constructed ln the workshop. Thel r know 1 ('dge, spel'd, ,111d ('hP(' rI 1 <,t· 

greatly alded the project. 

1 thank Frank van Glls for communlcLltlng wlth the Out"') IJl"OI1P 

that bUIlt the spectromctcr on wInch our desIgn WdS heisl·cl. Fr-,luk 1 H 

uncanny abI1lty to know where Lo fInd thIn')s W;HI ,lIRO 'JI'poilly 

apprec lated • 

1 thank XIan Blan who carpfully yu]d(~d me 1 h, "lllJh 1 h,-. 

sput ter ing proces ses, and Joe McDr:rrn ld ln eng l rl(!(' rIng who ('01"1' flll J Y 

gUIded me through the anncallng process for the conf>s. 

Mostly, l would llke to thank my supervIRol~, Pr"f"Hhor 

DomInIC Ryan, whose gUIdance and effort saw the projf:~ct lhrouqh. 

HIS knowledge, sharp thinklng, dnd assl'rt IVl'nr!Ks, w(~re .III 

InSpIratIon • 

iv 



• 

• 

Ded1cat10n 

Thls thcsl8 18 dedlcated to my foster brothers, who taught me 

thal a Ilttle blt of chaos IS a good th1ng. 

DANNY BAHRETT JOHN COTTON 

WESLEY CHIDDLE 

CHUCK FAN NON 

ANDY LEBHEQUE 

LEWIS MORRISON 

'1' l M POTTER 

LEVON THALIN 

MAHK Wr~ST 

KIM DARNBY 

CHERYL HARE 

I3ROCK MCKENZIE 

SCOTT PATTER SON 

SCOTT SANDERSON 

RICK VENT 

v 

JIMMY COX 

MARTIN DILLION 

KEN HUNT 

JOHN MISCAMPBELL 

JERRY PERSICO 

MIKE SPIERS 

DOUG WAUGH 



• 

• 

... _-- ._---- .. _-----------------

TABLE OF CONTENTS 

Abstract 

Resumé 

Acknow l edgements 

Dedicat lon . . . 
TABLE OF CONTENTS • 

LIST OF FIGURES • 

LIST OF 'l'PBLES 

1 . 1 
1.2 

1 • 3 
1.4 

1 .5 

1.6 

Ch~Eter l.: _____ Ln~ r!-~~!tl('t Ion 
OverVlew for the Pruject 
Conventlonal Tr.HUHOISS10n MI 1'-; c,b.t lll' l' Sp('ct rl'H('U\IY 

for the Study of Hyperflne structure 
ConverSlor. E]ecl-ron t-1osHbauer SpP(~t lllhl'U\'Y (('EMS) • 

Depth SelectIve ConversIon 1-:1 (·,-,t rOI) MII,-;sb.-lll(·I' 
Specl-roscopy (DSCEMS) 
The Correspondcnce l1etwcen Dt'plh .Inti t h(~ Errll t t l'II 
Electron Dlstl'lbut ]on 
RevIcwof DSCEMS Sl'f'ctronu·tl·r DI:o.;l(Jns 

1 l 

l 1 1 

IV 

V 

VI 

VIII 

x 

J 
1 2 

16 

10 
) ) .... 

Ch_~]2t~x 2: ___ D~~slgnln'J clfld fJlrnl'n<;l()nln~ t h(! Si"'('1 111H\r-tf'r 2C) 
2.1 ConSJ dcrat Ions ln ('hons 1 ng a Plot ul ype Lllld 

Necessary r;llmInat Juns fllJm thdl n(,~JI.1n • • • 2') 
2.2 DescrIptIon of Cumputer ['lorjl',uos Wntlr'n 10 

DlmenSlon and l\ndlyze the PCrff-H'IOdll<'f! ()f t hr> 
Spectrometer '~l 

2.3 The Use of the T ra j0C t-ory Ca l Cid clt 1 fllJ r ri )(Jr.HlH:l 42 

3.1 
3.2 
3.3 
3.5 

3.6 

2.3a) Dlmenslons, Tolerances, dncl Eff,·(·l.s 1)[ 

PhysIcal Defects 42 
2.3b) Predicted Pelformance Characlf.,rtstlCS of the 

Spectrometer • • 40 
2.3e) Plots of Electrons TraJcclorlcs t)\ 

2.3e) Phase Space DIarJram ~ll 

Ex ter n ël lAs s (' mb l y . • 
InternaI Asscrnbly .• 
S h a p l n 9 and El C' h l n 9 the F ()(' U H 1 n 9 L (. n s 

Method Employed to Form St.llnless Str~el 
Cy Il nder 
Inte rna l WI rIng Connec t Ions 

Mcsh 

Ch_a]2ter_L_9..eeratl_o_n __ a!}d OpeEall[lg Chdrdcterlstlc8 of thr: 
Spectrorneter 71 

VI 



• 

• 

4.1 
4.2 
4.3 
4.4 
4.5 

Cont.rol of Gnd and Detector Potent.lals 
Safety F'eatures of the Apparatus 
Vacuum Character lStlCB 

S,unp le rha nf) l ng 
'J'hr: Detee lor dnd Data Acqul S 1 t 10n Systems •• 

('hdpLe r 5: ob!", rva t Ion s {~n9 __ ÇJ1<3.}:'!(,;J~- ~.!:l st} c3_<?_L_êP~E.t rOf!1~ter 
pp r f orrna nec • • • . . . .. 
--~- - -

1).1 Background Chdracterlst lCS 

5.2 Thp Encr(JY Spectrllrn of Emltted COn'./ersion Electrons 
Frum ~7CO 

5.3 1\t 1- ('mpt to nid aln a Mosybauer Spectra from an 
EnrJehed SLnnlc-ss steel SalOple • 

Chaptpr 0: I:ydludt lori O! __ Sp:~C't~_(~lTIc_t~r _y~~rfQ.r!:I}.~r1Ce 
6.1 CO/lll1dr1<"Jn (lf Fxperllnpntal Pass Energy and 

R('<:>nJlltJUn Sr'il ln'J'; to tl1dt Predll'led by Computer 
SImulatIons .. 

(J.2 f'owpëlrIson of Count Rate wlth the Prototype's, 

73 
74 
78 
79 
80 

86 
86 

87 

91 

93 

93 

nased On ('CJnvr'/ Slun Elecllon Spectrum of 57CO 95 
6.3 Thcorel\l:al Sl'Jnal for Slalnlcss Steel Mossbauer 

Spcctlllm 97 

Ç'1:!!~ter _? ~ _ Sl19':Jested JrnJ2!:~9vem_~I~-I1~:§ _~J! __ th§.2E.~~trometer 101 
7 • 1 He duc] n q na (' k fJ r 0 und • 1 01 
7.2 J nr l'ea <; l og t hp. Nurnber 0 f Hesonant Events 103 
7.3 Imp t'uV] ng Transm l SSlon and Detect 10n 103 
7.4 Future lIdclll1unS 104 

•• 105 

Vll. 



• 

• 

-------- -------

LIST OF FIGlJlŒS 

Flgure 1.1 Decay of 5'CO to ~'F(' 
Flgure 1.2 Set-up for TlanSInlSQlOn ~111',<-;bdu('r Sil('I.'t l"O<"I'npy 
Flgure 1.3 Hyperflne Illterdl·tllH1S 
Flgure 1.4 The Intl'l'nal ('Iln\('l'-;}nn PI(ll'(''-lS of ~'F(' 
Flgure 1.5 A TYPICill L'I',MS Ill't t'dPI' 
Flgure 1.6 A Cf>1A S[wct rllll\('L~':' • 
Flgure 1.7 Torlyama et <,1. Hf.'L.lrd.lllg 1;I'ld Sl't't t !lllllt'!I'! 
Flgure 1.8 Dornke et •• 1. R('tdldlns H.,fl"I'! l!l'l (;"ld 

Spectrometer • 
Flgure 1.9 Yang et al. Spherlt'dl Flpcll'u<.;t.tt 1(' ~;IIt'I't Itllllf't.', 
Flgure 1.10 V<in Noort ,jnd \'.-In CIII'klll1l H, tdldllill Flt'ld 

SpCClrl)llll'tJ:,r • 
I? l 9 ure 2 • l F 1 Il d 1 n f::J F j Il l h: [1] f f f' l , • nI' f' 1 k, 1 \" li 1 \',. sin 

Cy Il ndl'1<,a J l;(-'()fl!ct 1 y 

Flgure 2.2 Nr>arcst N~lghh()Ut' Rp'JI()llfi FOl'lIIl'd by (;lld l'II!!d~, 
Flgure 2.3 r,t1culallng Wf'llJhtlng [or POlllls l\dj,lf"'ld If) tht' 

Bounda 1 y u f the Conp (d()II.-·d 11 ne) 

Flgure 2.4 Vdl'lablcs I=rnpluyt~d fCll' IJIIIlI'IlHIII!III\l1 Ill' 
Spec t l'omet e r . 

Fll)ule 2.5 Resolutlun Clll'VCS for Fliii H.lII(JI' ,)f H,·'-.,l!lIIIC)!1 

Set L l nrJ8 
Flgure 2.6 Ell?ctron Trol]ectnl'l('S fol' Elc'c,tl()ns c)f Fnc'I'JlC''-l, 

1.02Epass, EP,lSS, dlld .q(JEpdSS, dlld a ]{c's()!111 HlIl SC'lt 1 nI) 

of 2.1 % 
I?lgure 2.7 Pilase Sl'ace [l] dlJ l ,lm8 
FIgure 3.1 PiiOlog1Zlph of 1 he i\})Pd 1',tllIS 
FIgure 3.2 Pl!oto<jrdph of (")nt 1(11 l'dnl') 
Flgure 3.3 PhoLo(Jt',.ph uf Tt'dll'-Jdw'l.:'r Sf>t-Ilp 
Flgure 3.4 'J'he Interllai AS'-~('llIl'\y 
Flgure 3.5 Cross spct_lon;d VIc!W nf tlll' f(J/!'[lLltl! d',',I'llildy. 
Flgure 3.6 C10SS SectJonal Vu'W of lhe '('anlstpt" dY'-;f'loldy 
Flgure 3.7 Cross Sectlon of f)f>lcI't{)r Mount Assc'!lIhly 
FIgure 3.8 :':.1'0;8 Sr·ctUHI nf S,unple ~l'l\i[ît A:,,--;c'Iflidy • 
Flgure 3. ~ photo J raph ()f S,HnU 1 e M()unt • 
F l g ure 3. l 0 ph 0 t 1) ~l " ;> i.J h (; f 1 he F 0 ( , Il sin 9 L C . n h 

Flgure 3. Il The Mask l ng Cnne 
FIgUrè 3.12 Exposure Mask: Lf't Idt ()nC~ LT12 ~ 
f"lgure 3 .13 Photogral?h of the Moindrel • 
Flgure 3.14 Fully Assr:lTIbl(:d Malldr'pl 
Flgure 4.1 Wlrlng SehplTIdt le for KI'('l'ln'J V2/Vl ('CJII';! dltf, 
Flgure 4.2 Schr'm,dlCS fur Dlffu',lllll 1'1Illlp ('"nt ru), dnrl 

PncumallC Valve Conlrol 
FIgure 4.3 Schc:maL]c's fol' (;(') cl .1nd I)I,t f·C·t fJl' Aut "molt I( shut cI'JWII 

Fea ture 
FIgure 4.4 G,un and Prpssure ('h,iJ'dCL('rlc,11"9 'If thl' M('i' 

Dp.lector • 
FIgure 4.5 MCP DI~tl'ctnr Effu'l('rwy ('h .. l'd('!.r'I,),-.t 1(''-) 

Flgure 4.6 TypIcal Pulr:ntlal Cu[)fl'JIll'dt JIJII I,h'"1!. 1)1,1 ('c,t!)}' 
Flgure 4.7 Schemdtlc [or flxlng lh(~ J)(ll"Tll l,il dl thr· ('IJI'drl r '(' 

VIl l 

7 
n 

1 (1 

1 .2 
1 { 
.2 { 
24 

27 

44 

r " 
)~ 

:14 
" f) 
,) 7 

"lB 
f ,cl 
r)'} 

c:, (~ 
f, 1 
fI:2 
bL 
() ~ 

f, C", 

f, f J 

(J El 
70 
7 ~ 

7 C"l 

fI 1 
j > 

li ~ 
1~ 4 



• 

• 

of the MCP wIth reference ta the canlster voltage, VI.. 85 
Flgure 5.1 ConverSIon Electron Spectrum from S7Co for 

ResolutIon SettIngs of 2.1% (top), 3% (mIddle), and 4.3% 
(bollom) .. . . . . . . 90 

IX 



• 

• 

LIST OF TABLES 

Table 1 .1 Comparison of SpcC'trometer 
CharacterlstlCS. • • • • . • . . • . ..• 

Performanct' 
26 

Table 2.1 Spectrometer DImenSIons dnd Toleranccs . 
Tanl e 2, 2 Sr-~("trometer Potent] ct 1 ~~,t t l ngs. . 
Table 6.1 Comparlson of LocatIon ~'lnd Rcsolut Ion of 

between romputer SImulatIons and Expcrlmpnt. 
Table 6.2 Comparlson of LocatIon of KLL Pf'aks 

Computer SImulatIon and Experlment .. 

x 

4b 
4<1 

K l't'.\k 
l).t 

bpt w("('n 
1)4 



1 

• 
The alm of the pro]cct was to bUlld an electron spectrometer 

wlt.h character IstlCS such that Mossbauer spectra, derl ved from 

converSIon clectrons emltted at different depths from the sample's 

surface, could be oLtalned. These spectra would provlde 

Informatlon on the hyperflne struclure of Mosshauer nuclel at 

Hpl'l'lfiC df'pth ranges wlthln -100 nm of the sample's surface. For 

lnslance, a spcclra could be obtained pertaInlng to the enVlronment 

wllhin the flrst -20 nm from the sample's surface, and a second 

cuuld Lc oLtëllned perlalnlng to the next ... 20 nm, and so on. The 

sppclra oLtalned would provlde, ln effect, a depth profIle of the 

flrst ... 100 nm of the sample's thickness. 

\)f'pl h prof Il 1 ng ha::; many potent la Il y Important applIcatIons 

for s.!mplc.'s contalning Mossbauer nuclel. 1 t woul d enabl e the 

exp~rlml'nter ta Idenllfy, and examIne multl-layer surfaces. For 

Instance, ln corrOSIon processes oXlde surfaces could be analyzed, 

and tins cou J d reap benef l ts to the steel Industry. Mbssbauer 

spectra relate InformatIon about dIrection and magnItude of 

magnellc fIelds, and the occupatIon of crystallographlc pOSItIons, 

and obt ,li n l ng lh l s l nf ormatlon as a funC't Ion of depth has resul ted 

ln Impoltant contrIbutIons to surface SCIence. Moreover, the 
. 

Informalion 15 obtallled ln a non-destructIve manner unllke many 

convcntlunal testlng methods. 

The presentatIon of thlS thesis proceeds as follows. The 

• fll"st C'hdptcr reVlews conventlonal transmISSIon Mossbauer 
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spectroscopy, and leads Into a dIScussIon of the reqllll't'Il\t'nts of il 

spectrometer for Depth Selectlve ConverSIon Eled l'on Mossb.lllt-'r 

Spectroscopy fDSCEMS1. It glves a reVlew of prt~\'l()\lsly t'l1\ploYt'd 

DSCEMS spectrometer deslgns, lncludlng a detalled t','VICW of the 

spectrometer by van Noort and van Gorkllm whlch servt'd ,1S t hr' h.1SlS 

for our desIgn. The second chapter bcglns wlth dn t'Xpl.Hldt lun l.lf 

the reasons for choosing the deslgn, dncl Id('nlJflf'S thl' ('hdn'l('S 

that were made from the orlglnal deslgn. The r('llh1Ind('I' of tlw 

chapter 1S devoted ta dcscrlbIng, and tlwn glvlng 1'('SUJt s fl'''I1\, thl' 

computer programs wrltten to characterlzc speCll'(IJ\\I>' 1'1" per["rIIldlll;(!, 

and determine the effects of Jimensional chanrJes. 

The thll'd chapter provldes a delalled dl>S('llptlon uf the 

assembly of the apparatus, and ln partlcular ~JlVI'l.) an dl'I'(lunt tif 

the technIques llsed to fabricate the gn ds. The [(Jllrt h ('hap' 1'1' 

explalns the operatlng controis for the VO]Lllj('S dl'Pl.f'd tu t!l(' 

gr Ids and detector. l t g Ives an account of 'he Hd [f't Y f (.", 111'''8 

that were bUll t 1 nto the apparatus, and prCH{~nts , he' V,lI'IlUJn ,wd 

detector characterlstics. 

changing procedure. 

It also glves an dccount of t h(~ sdrnpl(' 

The fIfth chapter characterlzes the sources of nal,'krjrfJund, dod 

t he sampI es that were to be tested. l t al so prespnlH l he· o!J!--)(! t'vI·d 

spectra from the chosen samples. The slxth chLipUc'r cllrnpdt'eH thf> 

spec trornete ris C'xper lmenta l performance ta lha t pr(·d J c, (·d by t hp 

computer, and analyses the sJgnal count l'Litf!!" 1J"'dlrlpd. T~J{' 

seventh chapler cons1sts of sugr.v~stlons to brlfICJ dbflul IrnprUV(·rll(·llt<., 

to the performance. 
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The contrIbutIons of the author to the project lS as follows: 

- wrole computer pro9rams to flnd the effects of dimensionai 

('hang(~s to speclromete r performance, and thereby estabilshed 

accRptable dImenSIons 

- elched grld ln focuslng lens 

assembled the system, ~ncluding wlrlng, wrapplng the 

cyJlndrlcal mcsh, and gJulng the other grlds 

- d"<-;lfJnr>d deteclor, and sample mounts, and supervised their 

('( lns!. nwt Ion 1 n lhe workshop 

- bUllt controls for vacuum system, voltage system, and safety 

sy:;;lpms 

- wrote operator's manual for system 

- pcrformed aIl of the cxperlmental tests of the system 

1 • 2 Cnnvcnt Inn,) J J: l:"'L!}}.:?ITl]. f? s !Cl!l...t!.'2_!?_~ba ~~~ ~J2.ec t rosco_pyJo r the st udy 

of I1YP"'Xf J}lC' SJJ"l!t;_tuXE.:. 

Phutons InCIdent upon a target atom can only be resonantly 

dhsorbed If thelr energy lS egual to that of an atomlC or nuclear 

tranSItIon within the target atom. There IS a fundamental 

dlffcrcnce betwcen resonant absorptIon ln nuclear tranSItIons and 

ln ~tumlC tranSItIons. That IS, because exclted nuclear states are 

Olut'h fur t Iwr f rom thr>] r ground state than are exc 1 ted opt 1 cal 

statrs, the rccoll energy becomes slgnlflcant, as WIll be shown. 

Tt ]S the ~1ussballcr efff'ct whlch, for atoms bound wlthln a SOlld, 

effectlvely ellmlnates the recol1 energy, maklng resonant 

.ibsurptlon a practicai experlmcntal posslblilty, and ln so dOIng, 

provldes an opportunlty for much experlmental study of SOllds. 
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This wIll become apparent ln the followlng texl. 

If a free atom lS consldered, an emltted phocan must bp of 

sllghtly less energy than the spllttlng bt~tw(>f>n {'rH·>rgy sLll('s dUI' 

to the recol1 energy Imparted on the atom. If an cnutted qu,ullunl 1R 

considered where ElIS the energy abovp the ground st ,Il C' of t ht' 

excited state, and E, lS the I.'neryy of the phlll(lll, tl\l'Il Il\, 

conservatIon of momenlum, the l'ecot1 mnnll'nt um of 1 hl' .il Ilm 1n1lc.,1 

egual the momenLum of the photon, E,/c. 

atom lS then, 

T h (~ l' ( • ( '0 1 1 ( . Il' '1 q Y () r 1 Il 1 • 

E 2 
1 

2Mc :l 

( 1. ) ) 

In the case of absorptIon, the rce011 morn('nlum IS III 1 he· h.lllll' 

dIrectIon as the photon Involvcd, cind hellf'c~, the Il)l,td''nt phlll Ull 

must again supply the recoll cncrgy. So Lh,ll tfl dddtlton tll El' Il)(' 

IncIdent photon must suppl y tWlce the l'('coll "n(,I'~lY 1 n Urdf'l' 1 Il 

obtain resonant absorptIon. The InCld(~nt photon must t tH'I'pfClI'" 

If we now compare the natural llnewldth, lü 1 hu r~'('()l] pnpl"CJY 

in the atomlC and the nuclear r.ases of ~7Fe, Il IJf'c'(Jrnps dPJldrc'nl 

that the recoll energy lS .lnslgnlflcdnt ln the alornlC Coise, bilL Jlul 

in the nuclear case. In both ('asC's, the 11((.!tJfOP of Ih(! ('xc't1(·rJ 

s ta tes I s -1 0 -7 S '? con d s, and a c cor cll n 9 t 0 the u Ile f ~ r 1 d l n t y /l r ) rll' 1 pl" , 

thlS corresponds to a natural Ilnr:wulth uf -10- e eV. (For 

purposes of numericai comparison, and beCdUSp. of Its }'eJ«vdnC(~ Ln 

the project at hand, the ~7Fe exampl e W 111 be empl oyr.!d (,x(~ J wn vr·J y 
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1 n the fo 110w1ng d1Scuss10n. There 1S though, a long I1st of 

Isotopes for whlch the Mossbauer effect has been observed.) For 

alomlc translt10ns, El ranges from 1.8 eV to 8 eV so that for M=57 

a.m.u., the reco11 energy can range from 3x10- 11 to 6x10-10 eV. That 

18, the Il new 1dth 1 S too large for the recol! energy to have 

slgnlflcdnce. On the other hand, the most used nuclear trans1t10~, 

corn!sponds to E1 =1.44x10· eV (see F1gure 1.1), and hence the rec011 

(!n('rgy 18 J .9xl0- 1eV. That 15, the reco11 energy lS much larger 

than the ndlural IlnCw1dth. 

For atoms bound wlthin a SOlld though, the Mossbauer effect 

UCl'urs, wh l ch resu l ts ln recoi Il ess rcsonant absorption. The 

effpct 18 due to the fact that ln a so11d, the rec011 must result 

ln ldttlce vIbratIons, phonons. If we conslder an Einsteln so11d 

W 1 th 3N 1 ndl'l'endent VI brat 10na l modes, a Il of f requency 0, then the 

mInlmum ('\Cll.it10n cncrgy, 'h0, for a mode lS ~k6D=4.2x10-2 eV. By 

companson, the free atom recoll energy 18 1.9x10- 3 eV. A large 

probablilty thus eX1sts that a phonon wlll not be excited, and the 

entlre so11d w111 have to reco11 as a unit. In thlS case, the 

mass, M, ln the expreSSlon for the reco11 energy becomes the mass 

of t Iw sample, and hence, the recoll energy becomes negllglble. 

The fractIon of nuclel WhlCh absorb a photon w1thout resultlng 

ln a lattlce vIbratIon lS called the recoll free fractIon, f. The 

followlng cxprCSSlon lS an accurate representatlon of f ln a strong 

laltlce2 
• 
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( 1. 2 ) 

E .. is the recoli energy ln Joules, T the tempprature ln "('IVln, (1) 

the characterlstlc Debye temperalure ln KelvIn, and k 18 t IH' 

Bolt7.mann constant (1.381x10"2) J/K). A complete qU<lnturn I1l('ChdI111'd 1 

derlvatlon of (1.2) can be found ln j.The ImpnrLmll'hyHll'<11 plllllt s 

ta note about (1.2) are that the recolI fn:-e ft"dCllOn 1'.111 b(' 

Increased by a)reduclng lhe t('mperdture of thc Holtd, 1,)1'111111<;)11'1 

nuclel wl.th low energy eXl'Lted states SUt'h lhat El Llild thw.; 1-:,,), 

wlii be mlnlmlzed and c)chouslng hard lat,lIce h()!;itS (I.C. hl'Jh 8,,). 

In arder ta use the Mossbaucr effcct Lo probe the hYl'l'rf 1111' 

structure of the nucle1, several experlmental crltp.rJa must hf' roi" • 

Flrstly, lnc1dent gamma l"dyS of f~nergy El are \"('11Ul)'l'd, "nd 'ht'Y 

must be more narrow than the hyperfl ne spI) t t 1 ngs. S"I'I>lldly, d 

method must be found ta add known amounls of (-,nprgy ta t he Ille ld,·rtf. 

rays, so that the hyperfJne spllttlngs may be sCdnrwd throll'lh. 

Thi rdly, a detect Ion sy slem l s necded WhlCh W 1 ] l d(" ,. l'rn 1 n(', 1 fi 

cor re lat 10n Wl th the addc.!d SCd nn 1 ng cne rg1 es, wh('n t-f '!illlld fi t 

absorptIon lS taklng place. 

The flrst crlterlon, that of supplylng ~l,lInrna r<.lYs 1)[ ,·nf·tqy 

El' 15 achlcvcd through the u<::;c of unst<lble ntlf'}('l whu'h dl'("dY 1111 Il 

the sludled nuclel, lhrough a rnetasL~ble sl.aLe whJch lS Lhf! Sdlll(' d~ 

the exclted state of the stUdH!d nuc10.l. In dboul 91% (Jf dll 

cases, S7Co deC'ays lnto unslable ~7Fe through a 14.4 keV sLJt-,· LCl th,. 

• ground state of s7Fe, as can be seen ln F 19ure 1.1 • 

nuclel must be Incorporated Into a sUltable hast. 
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that wIll leave the nuclear 

1 evel S llnHpllt. Any CUblC, 

dl amiHJnell C or pararnagnelic 

rnetal, lnto WhlCh the 57CO may 

enter ln il subslltutlonal manner 

wlJI fulfl1 lhlS reejUll"r>rnent. 

Rhodlum, and pall~dlum arc the 

lwo mus t frequenlly (~mp loycd 

h()sls. The cornhlnallon of the 

7 

7(1 

rIO' 00· 

." 
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'1/2-10" E 
SI2 

l lU_ 
111 IWU _ 

Fl gure 1.1 Decay of 5'CO to 57Fe 

unstable nuciei ln the host lS referred to as the source. 

The second crlterIon, that of addlng (or subtractlng) known 

amounts of r>nPlgy to the InCIdent gamma rays, lS accompllshed by 

Doppler ~hl ft lng the gamma rays. The shifting lS accompllshed by 

mountln9 the source ln a velocity transducer. A veloclty of ±10 

Mn/s lS cnough lo scan the hyperflne structure of the 57Fe nuclel. 

These mndest speeds can be accompllshed wlth the use of a sImple 

mechanlcal t ranr.,ducer wlth a programmable feedback system to 

pl"ovlde accurate velocity control. 

The thlrd crlterlon, that of an adequate detection system, is 

acconlpllshed through the use of the fact that a significant portIon 

of the InCIdent gamma rays that would ordlnarlly pass through the 

s.lmple WIll not pass when resonance lS achieved due to their 

absorptlun wlthln the sample. To measure the transmIssIon, a 

S l mp 1 e pruport lona 1 counter detector 1 s used. There lS a WIre 

dnode \\lthln the detector at a potentlal of -1700 volts WhlCh 

rt'pn'scnts -140 t Imes the 10nlzat10n potentlal of the countlng gas. 
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When an InCIdent y-photon 

lonlzes a countlng gas molecule, 

freed electrons are accelerated 

towards the anode. If these 

electrons are wlthln a crltlcal 

radl us (-lmm) of t he a nudc, ct 

Townsend ava lanche W) Il occur ) n 

WhlCh thousands of el ect l'ons (1re 

freed ln a cascade, and the 

result lS a voltage pulse al the 

8 

FIgure 1.2 
TransmIsslun 
SpeL'l ros('uIlY 

Set -up for 
t-t U H S Il ,\ li .. r 

anode (a more complete doser Iptlon of a prujJort lOna l count cr 1 <j 

glven ln sectIon 1.4). A pre,ullpllfler shapc!'; the plll~H'S, .:Illd tl\l'Y 

are sen t t 0 a n amplI f l e r, and the n lo as] n l'JI e ch Ll n n cid n ,-il y Z l ' r 

[seA] • The SeA passes only those pul SPS WI t Il 1 n a h('1 ~Ihl '",lIllll' 

which correspunds lo the 14.4 keV y- r .. ys. The 1 22kpV d Iid J H,kl'v y-' 

rays producc larger pulses Slrwe a hJ(Jher CrI('r(::!y phot()n .. clcls ''l'lI"f' 

energy to the system causlng more lonlzat Ions to ac('ur. Thf' l'lIll-if'H 

that pass through the SCA go to the mu 1 t J cha nn€' 1 !-wa 1 (~l' [M('S 1 wh ll'h 

sorts and stores the data Into a set of channpls. The advd 111'1'1111'11 t 

of channels, and sweeps across the set of chann€'ls, dn' dl'II'/rnll.,.d 

generator. The MCS thereby colIecls ddld fur l'lJlldl dlll'JlmL!; uf 111111' 

on each channel. The dlgltal wavpform aIse) d,!tc"ffllflP!'l thr: vplu('lty 

of the source throu'Jh the use of a fe(~dbdCk loop IlI.'twc,pn t IH' './lIlI"r:p 

veloclty, ùnd lhe waveform . 

partlcular veloclty of the source. The gcneral s~t-up IH Hhuwn ln 
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FIgure 1.2. 

The great usefulness of the Mossbauer effect IS due ta the 

fdct that the fractlonal wldth of the emltted y-rays 18 only 

3xlO"ll (13xl0- 8eV/14.4keV). Typlcally, the hyperflne InteractIons 

are about 10-6 eV, so that a fractlonal wldth of 3x10-11 wlll allow 

for dn I>xtrr~rnely fIne study the hyperflne Spllttlngs. The 

l'xl rdordlnanly srnall fractlonal wldth of the gamma ray make lt the 

must accur.) l (> l Y def 1 npd el ectromagnet lC rad lat Ion ava Ilabl e for 

experlmpntal work. 

A ho cf word should be mentloned about the uses of and the 

baRlC varIables lnvolved in Mossbauer spectroscopy. There are 

three basIc hyperflne InteractIons, the lsomer Shlft, the 

'ju.Hlrupole spl1Ltlng, and the magnetlc dlpole Spllttlng. Each of 

them provldcs a tool for studylrg the local enVlronments of the 

Mossb.HlL'r nue 1 el. Mossbauer studles employed ln con junetlon W 1 th 

x-ray dIffractIon and other structural sludles, have resulted in 

the accumulatIon of a vast and Important body of InformatIon 

concernlng lattlce structures, bondlng arrangements wlth1n sol1ds, 

and electrlc and magnetlc fIelds wlthln matter. The overall trends 

observed, hdve contrlb.lted to our general understandlng of electron 

bphdvlüur wlthln bol Ids. 

The lsomer shlft lS due to the electrlc monopole lnteract10n 

bplwccn the nuclear charge dIstrIbutIon and the electronlc charge 

dlstrIbutIun over the flnlte volume of the nucleus. The lsomer 

Sillft allows the experlmenter to observe how the electron denslty 

changes at the Mossbauer nucleus ln dlfferent lattlces, and in 
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dlfferent Iattice sItes. The Isomer shlft 18 not dn .dlHuJllt (' 

quantI ty. 6 as shown ln FIgure 1. 3a) represcnts l h(~ dl f f (' n'rlf'l' Irl 

the eIectrlc monopole InteractIon wlthln lhe sourr(', ('IJlflpdl"!,d t fi 

that within the sarnple. Usually though, 6 refers to th(~ dlff('l-'!f1C(' 

ln the InteractIon wlthIn the sample, aH comp,ued ln that wlthlll 

sorne standardized sample, such as ~-Fe. The I ntr.!racL J on (Jvr~r t tw 

volume of the nucleus can only Involve lhe !'I nrbJlalH Hlnce ()/Ily 

the s orbItaIs have fInlte probablllly denHJtl(~S wlthlrt thl' 

nucleus, and hence, lhese orbItaIs determlflc 6. 

lsomer Shift may be due to lnterrelated c.:han':}cs J n, lh(~ f1wntwr of 

valence s electrons (I n parllcular lhere are ofteTl L.U/Jr! Hh Ifls du(' 
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lo S va lence electrons belng captured by neighbourlng atoms), 

mlxlng of s eleclron orbl.tals through bondlng, or shleldlng effects 

(rom p, d, and f el ect rons on the sel ectrons • 

The quadrupole spllttlng 18 due to the lnteractlon between 

lhe eJ('('trlC fleld gradient at the Mossbauer nuclel, and the 

fluc:lpdr (jlladrupoJe moment. A nucleus wlth angular momentum quantum 

llumlH' r ) ~ has a non-spherlcal charge dl.strlbutlon winch wlii 

1 nt ,.ri:wt wIt-h ëin asymmetrlc electronlc charge dlstrlbutlon glvlng 

'"1 He to quadrupole spI] l t Ing. The quadrupole spllttlng IS 

rcpre~wnled by the symbol, A, as shown ln Flgure 1.3b). Since for 

a fJIW'n stille, the guadrupole moment lS flxed, the Spllttlng glves 

d] rect l nfnrrnat Ion on the asymmet ry of the el ectronlC structure. 

The c1sylllllll't ry may be due to several Interdependent factors, such as 

p,lrlJy fllJed eleclronlC shells belng fliled by valence electrons, 

.ln asynunl't l'le arrangement of lllJand atoms, and/or molecular orbital 

('[[el'Ls. 

The magnetlc dlpole spllttlng lS due to the Interdctlon 

between Lhe nuc l ear magnet lC moment and any magnetlc f le l d that 

eXlsts at the nucleus. Flgure 1.3c) shows the magnetlc Spllttlngs 

for s'Fe. A brlef analysls of thls spectrum wlll reveal the most 

baSIC paramelers lnvolved. For I>O, each 3tate spllts Into 2I+1 

substatcs. A transltlon rule states that trdnsltlon changes 

",her!')n ml dlffers by more than one are not posslble, and hence, 

there lS a llffilt of SlX posslble transltlons. The peak Intensltles 

.ire ln the ratIos 3:2:1:1:2:3. These ratlos are rcpresentatlve of 

dn l sot ropic (h str lbut Ion of magnet lC f leld dIrectIons at the 
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nucle~, and ln general, the rat lOS are detel nu ncd by t Il!' 

or~entation of the magnetlc fIeld at the f'lusshd\lL'l' nUl'lpl. 'Ih(' 

amount of Spllttlng for a particular f)UClt'dl' m,l~Jnel Il' dlpldt' munlt'nl 

is determlned by the strenglh of t.he fleld at thp nllcipl. Th.'rt' 

are thus two pleces of lnformatl0n thal Cdn be ohtalllf'd fr"om tht' 

magnet.IC Spllttlnl.jS 1)t he Illtl nSlty rat loS t "t' 
orIentatIon of the fIeld, 2>the dmOllnl of ~plltt lIHJ dc·tt'llllllH'S tlll' 

strength of the f le Id. 1 n a li cl l t l un / li \1 t () f 1 ( • ''; 'H' r l' l' d (' t Il',, 1 

Importance, the f)umber of llf)CS gives J nfl.1l IIldt lUf) olS t Il wh ,il st.Il es 

are Involved (each slate spills 1nt.0 2II} '-.ll!lc:;t.ltt's). 

In only about 10% of the 

events Involvlng the absorptJIJf) 

of the 14.4 keV photons does the 

nuc l eus re - em l t a g,Hnrna 'Ilia n t um 

of the same energy as the one 

that exclted lt. In the uther 

90% of the events, a process 

known as InternaI converSIon y~ ., 
occurs ( see FIgure 1. 4) • ln Figure 1.4 The 

COf!VPI ~ 1 (ln Pt I)r:('~.,~ of 

thlS process a K-shell elcclron 

l nt ( ... n d 1 

lS emltted. The K-shell eleclron wllJ hdVt.' a klTlI·L1C ('r"'l(JV ('fJlldl 

tü the excItatIon energy less lts blndlrl') (·nf·PlY. 

electron WIll have a flxed klnetic (:!fl(~ryy of 7.3 keV. SI nf'" ! hr' 

emlsslon of thlS electron WIll leave a ho)(~ HI thr:! K-Hhf'll, ,HlfJ! h('r 

electrun from the atom WIll flll lLS place. Thls dl'fJ}J will (',jll'-H' 
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a furlher relcase of energy, perhaps an X-ray quantum, or an Auger 

r: l ,-. ct r () n • In effect then, there lS a cascade untI1 aIl of the 

('XI:JI,tflun (!Ill.;·rgy has dlsslpated. Detectlng aIl of the emltted 

e 1 (~clruns as a functlon of source veloclty wlll resul t ln a 

Mo~.::,bdUL'r spcI:lrum. The conventlonal type of CEMS used lS Integral 

CEMS or l CEMS , and l t Inval ves the detect 10n of a Il emerg l ng 

[)I·tf!Ct lun of eleclruns ln 

[('Ef'1S l!::> 

f->lJPC'!.i! 1 /.(·d IJl'oportlonal counler 

oiS ln F!'Jure 1.5. Gamma rays 

I·nt~ .. r throllgh the wlndow and 

SII"lkc' the 8dmple, produc J ng 

C"lnVel'S Ion clcclrons, Auger 

Wlndow 

... •.. -+ 

---1.~==Sc:JrIl*=='~=====::::L--J1 

FIgure 1.5 
Detector 

A Typlcal CEMS 

l'lt'c'lruns, X-rays, and y-r3Ys. The countlng gas partlcles can be 

!llnlLI.'d cJlher by photons or electrons, but only 10nIzatlons wlthln 

a Cl"ltl,_'al radlus (-1 mm) of the Wlre anodes can produce a pulse, 

blnce only ln thlS reglon 18 the fIeld 8trong enough to produce a 

clva 1 anL'he. TYPlcally, the countlng gas lS a mIxture of 94% He 2 and 

b~, CH •• Helllim 18 lIscd because lt has a small cross-sectIon and sa 

1 h .. lI.-rays and y-rays llass through the detector wlth mlnlmal 

Il)nlLal 1~)(1S. 1'1et hane IS the quenchlng component. The rather large 

q\lf'IH'lllng [J<11tIClt"'s tend lo absorb the fluorescent eJnH5S1ons of the 

nClble 9.3S parllcles and have smaller excItatIon potentials so that 

thf'll" de-t>:-'CILlt Ion photons have In8uff~clent L'nergy ta Ionlze the 

lJelS .lnd pt'oP,l(Jdle the dlscharge further, wh~ch could otherwise 
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result l.n secondary uncorrelated pulses. 

There are thl'ee lmportant advantages to ICEMS cllmpar('c\ t n 

conventlonal transmlSSlon Mossb~uer speclroscopy. The fI nd ,lIld 

most lmportant lS that CEMS lS a surface sensltlve lt'>chnll]\IP. 

That lS, the converSlon and Auger electrons have ct flllltt' 1.111'1" 

wlthln the absol-ber materlal Slnee thelf ent'rqy 18 dIHSlp,dl·t\ .IS 

the y tl- a v e 1 th r 0 u g h l he s d m pIe. T Y P l C ct 1 1 y, t h t: (' 1 (' (~t 1 (, Il r,j Il q ( . 1 h 

about 300 nm, so the Mossbauer spC'ct l'um Wl) l C'(,I"t"t'sIH,nd lu d 

we1ghted average of the nuclear f!nVll"OnnH'nts wlthln tbls 1.11\11('. 

The second advantage of CEMS 15 that Jl (',ln be ["tL'rfllJïIlI'd WII h 

bulk samples. Convenllonal transnllSSl0n sppclrosC'upy Jt'ljUllt'S 

thl.n absorber speclmens (-20 ffilcrons lhlCk), 

gamma rays must be able to [Jass t hrough t1w 

or puwdf·rs. Tht> 

s.llll(l11' Illl[d'hl 1 II!'I f'cl 

when s11ght 1 y of f resonance, ln 0 .-de r to O!Jf-,f' I"ve rI' '.lllld II( 't·, d 111\ 

hence lhl.n samples are rC'ljulred. It 18 ofl('n dlff\(,\.111 III 1'1/'1'011"1' 

such samples wlthout destroylng lhe sample, dnd 11I(·Jt·fllll', ('n1S 

provldes a means for non-destructl.ve Lf>sllng of thl(Ok !ldlllpl(·s. 

The thlrd advantage of IO:MS lS that l t 18 sLlt) Hf )1'<\ Il Y 

effectlve. The background ln lransml SSlon spect ro'"wupy 1 fII'l f'dh('!-:, 

more dramatlcally as the proporllon of Mossb'--tuer fllJ(:1('1 d('('r/'olhl'''', 

tha n ln convc r S 10n el ect ron spef' t ruscolJY . Tn Ildrl',fIlISHIt,11 

spectroscopy, the y-rays that are not absorbf'd )f'dd dJrf.('lly 1 (, 

background, whereas ln converSIon clectrun :"'IJt~ctru<-;(:()fJY, IIIfJ!;l [,f 

the hackground produced lS caused Ly b('(:/'lld,1ry I,h(,1 (Jf'l ('('t 1 ()fI 

processes Slnee the countJng gdS used (fI(~l) h;tS c.t slndll ('lf)','-, 

sectlon and 16 not llkely to be dlreclly lonl/(·d. led(·n.,il 
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converSIon occurs ln 90% of resonant events producing a cascade of 

dr:lectable electrons, and hE'nce, there 19 only about a 10% chance 

lhat a resonant ~vent wIll not produce a sIgnal. Reductlon ln the 

s lfJna l for converSIon electron spectroscopy WIll therefore he 

pnmanly due lo the reduced effectlve thlckness (-300 nm) due to 

the absorbllon of el cc t rons W llhln the sample. 1 n Ins tances where 

lhe recoll [l'PC ft-act lon lS small, Mossbauer spectra can not he 

(JbtaIn(!d Wllh transmISSIon 

t'rnp l oyf>d. 

spect roscopy , and ICEMS must he 

There arc t hough , seve ra l good rea sons why convent lona l 

lrdnSlIIlSSlon speclroscopy lS more wldely employed than CEMS. For 

one, lt reqlllres slmpler equipment. The dlfference belng that 

TC'EMS d"rn.:lnds t hat the absorber he located wühIn the proportlonal 

cnunter delector. Théit lS, Slnce electrons are belng detected, 

lIwre 18 no pnssllnllt.y of havlng them lravel through a solid lnto 

t he de l ('clo r, as was t he case wlth gamma rays. Furthermore, low 

lempcralurc spcctra can not be obtalned because It lS dlfflcult to 

cool the sample ln the gaseous enVlronment. Furthermore, the 

guenchlng component of the countlng gas condenses on the sample, 

and Slnce, CEt-1S lS a surface study, the deslred spectra can not be 

obl dl n('d. The dlfflculty ln pcrformlng ICE~lS on samples at less 

t han room t t'm~Jera lure Iimi ts Ils wide spread usage. 

Tt shou Id be not ed tha t there lS a 8lgn 1 f lcant amount of 

b.lCkg round due ta non- re sonctnt photoe l ectrans, a nd sorne due ta the 

Incldenl y-rays lonlzlng the counting gas. The mount for the 

sample should be coatcd wlth a layer of alumlnum, or another metal 
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with a low secondary electron emlsSlon coefflClent, so thdt 

photoeleclrons created by the y-rays strlklng the ml1\mt ~Ht' 

mlnlmlzed. The background, due to the Incll!('nt y-rays 101111.1nl.) t tH' 

countlng gas dlrectly, can must be mInlmlled by uSlng a thln 

detector (-5mm), and by uSlng a counting gas wlth a Rlllall ~'l'OHS-

sectl0n. 

(DSCEMS) ------

US1ng an electron spectraffieter, It lS [1nsSlblf' ln t'llllnt ont y 

those converSIon eleclrons lylng wllhln a parllcuJar ('nenJY wlndllw. 

In partlC'ular, ùpproxlmately 10% of aIl converSll.Hl elpctrons dl'C' 

Inltlally emltted WItlt an energy of 7.3 keV, and t hC'Re el"ct l'UliS 

wllJ lose energy through collISIons as they lravpl tuwdros tll!' 

surfac e of t he sampI e. By count 1l1g (' 1 ('('l runs t hd t ci 1'(' ('III J , , ,·rI 

with pass energles near 7.3 keV, It]S pllssllde la nblilln MOSb}"j(J,'r 

spectra correspondlng ta the nuclC'ar (>nVIl'onmc'nts dl ndrrrlW dl'l'th 

ranges extremely close to the sample surface. 'l'he phYSl('tll 

requlrements of such a spectrometer dl'C ltowever, ClHIHldC'rallly mlJlc' 

demand Ing than the requl rement s of a J CEMS appêt rd lus. 

The bas lC components t hat a [JSCEMS bPC·ct r()rnl~l pr Illust ('IJrI!-; 1 sI 

of are: a sample, an energy seJC!Cllnq d('vl(~e, i1nd d dr'b'I:I()I". 

Furthermore, these aIl must be undpr vaCllum, Slncr~ t hr.· f·rll·,'qy 

selectl0n regulred 1S too fIne for lhe u~c uf a CUIHltlfl'j (YH;. Th(' 

vacuum also faCl1ltates the 

dependent studles. RadIatIon must ('filer the vac'uUTn tlnd htrJkf~ 1 hl' 

• sample, causlng the emlSSIon of electrons. 
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focus the electrons wlth sorne comblnation of magnetIc and/or 

elpclrlc fjelds, must then select electrons ln the desIred energy 

J"dnge, onlo a delector. The detector must be some sort of 

cleclron-multlplYlng mechanlsm, WhlCh wIll send pulses out of the 

Vdr-uum Lo a dilLa acquIsItIon system. 

The fllnddmcnlal physlcal dlfflculty WhlCh must be overcome ln 

c)Pf> 1 (Jill nI] a spcc t rnrnctcr for DSC'EMS 1 s the shortage of el ect rons to 

cnunt. wh,.!rcas ln ICEMS systems, electrons may be detected over a 

,-;cd Id dngle of 2n and may be cmltted up to about 300 nm bcncath the 

hllr[.)ce of the sample, ln the DSCEMS systems deslgned to date, 

cleclrons arc dctected over a SOlld angle of at most 13% of 2n and 

dcplhs of at most 100 nro be low the sur face of the sampI e, and 

h"nre, there IS an ImmedIate rcductlon of at least a factor of 23 

ln lhe avaliable lntenslty. 

!-ngnal trom lower energy 

Furthermore, DSCEMS does not recelve 

electrons Includlng lower cnergy 

conVCIRlon electrons, Auger electrons, and those electrons 

gcncraled as a rcsult of the numerous collIsIons of the converSIon 

clectrons as they travel through the 'ample. For samples of the 

same surface area and content, the rate of electron detectlon WIll 

be at lc~st 100 tlmes less ln DSCEMS than ln ICEMS. 

Dy mlnlmlzlng lhe number of loses of avallable electrons, a 

11lgh perf()rm~nce DSCEMS spectrometer WIll attaln maX.lmum 

lumlnoslt.y. The lumlnoslty may be deflned as the product of, the 

s,lmple surface arca, and the transmISSIon. The transmIssIon 15 

dcflncd hcrc as the ratIO of the cmergent flux of electrons of a 

specIfIe cncrgy, to the flux WhlCh enters the spectrometer. It 
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Includes the SOlld angle acceptance area as a frdctlon of 4'11, ,ind 

any block1ng fracll0ns due to !]rHis or apl~l'lllrl'S t hdt ,lt l' ln t hl' 

path of the electtons. The lunnnoslly has d\mt-"nsltll\s ~)f an',l, ,\1,,1 

represents a reasonable criterion for C'ompannl.l the I,.1Vl"'" II 

ef f ect 1 veness of sl~ect l'omet ers. In sorne cases t hOUlJh, OW) nq l',H t 1 Y 

to effects WhlCh stem f rom var la t Ions 1 n 1 hl' dllljU 1 cl r rl".1 \ un d' 

WhlCh the spectrometer cJelects L'lpct .. on~, dnù pd!'! Iy dlll' tu 

detector ef f lC lcncy, 

comparlson. 

The baSIC conslralnt InVo 1 ved ln dCBI~lnlllg il IISI'FMS 

spectrometer lS that. eleclron count. rate lS l'un·ltdsC'l1 ,11 ! 1\1' 

expense of ene rgy reso 1 ut Ion. That lS, one ('.ln 11/~LI'C" IlIcI!'I' 

elect.rons If there lS a larger base of ùpLC'ct.dd,. 1'1('(" ,'C)IlS. 

Typlcal DSCEMS spectrometers have energy reso1 ut Jons b,'1 W"f.'n l';. dlld 

10%. LIljegulst and Ekdahl t have shown thdl dn t'IlI't'~IY 1(''-;111111 \111\ 

less than 1% does not Improve the dcplh se1f'(·!.JvILy. Fil l' 

resolutlons above 1% thOllgh, sma 11er resûlut 1 ons w) Il ,'/d,m I! 1 fi 

bet ter depth prof Illng and of course, longer ('(Junl) n(J t. 1 ffI(>~~. /\ 

spectrometer Whlch features resol utl0n control ln the 1 % to 1 St 

range, WIll have the greatest appllcabll1ty. RpS(J]lItllHln ,iI,,)v(' 11:')~" 

are not sUlted to DSCEMS, SJnr:e lower (!n(~r':JY (h.'~ k,'V) /\11/1('" 

electrons wlll be detccted WhlCh orl~p nalc' frol11 Tlf'<1r,.1' ! 0 '1)(· 

surface than the desIred K converSIon electrons, dnd wll J 1 hus 

destroy the depth proflling. 

Naturally, a speclrorneter WhlCh dops not dlS! f'Jrt '/If! MU:-;f-;Ildll('j' 

spect.rum WIll be more deslrable. The two lIloHl curo/w'n dlht ()l'lICHI L , 



• 

• 

19 

are 1) magnetic hyperfine splittings created due to magnetlc fIelds 

wlthIn the spectrometer, and 2) Ilnewldth broadcnl.ng due to a) 

unlnLpntlonal vibrationai motluns of the sample (usually caused by 

the purnpl. ng system) , and b) components of InCIdent y-ray 

traj(-'ctorlf~S WhlCh are not parallel to the Doppler shlftlng 

v!']ocILles nnp.)Jted to the source. The f lrst dlstortlOn can be 

C'llrnlfldU'd I>y C'rnp]oylng electrostatic fIelds rather than magnetlc 

flC']ds 10 l'ruvldc energy selectIon. Magnetlc spectrometers have 

hepn empluyed by several groups t.o demonstrate DSCEMS, but the 

mdcJIJ(!llf' hyperfJrle splIttlngs created pose Inconvenlences for more 

dela 1 lE'd sludlCS. Many SlJeclrometers also use I1elmholz cOlIs ta 

{'anc(~l the cart h' s magnctlc fIeld. Llnew1dth broadenlng due to 

vl1>rclllOns of the samplc can be effectlvely ellmlnated by first 

d''>('uupllng external VIbratIons [rom the source and sample, and then 

('J)surIn(J lhal the source ëlnd sdmple are )olned ln a rigid manner. 

Broadcnlng due to y-rays WhlCh are nün-parallel to the transdvcer 

vcloclty lS dependent upon the diameters of the source and sample, 

rtnd the source-sample dIstance. In the case of the our 

8pf~ctrumeter, a 6 mm dlameter source, located 75 mm from a 10 mm 

dlam0tcr sdmple, can produce broadenlng of not more than 1%. 

Tn the <"dse where 57 Pe 18 the ~1ossbauer nucleus, the 

sl".:>ct rUlIleter must he able to dctect electrons wlth energles varylng 

[rom dhllVC the maXImum Auger electron cnergy D6.3 keV) ta the 

maXImum K converSIon electron energy (7.3 keV). Llljequlst refers 

lo thlS dS the .i\Ph (Almost Pllre K-converslon) IntervaP. A super10r 

spp~lrumcter ~ould lhough, be able to analyze other Isotopes. Sn 



20 • would be the most popular chol.ce, and lt would requl rc t hl' 

detectlon of electrons wlth energlcs up to 19. b keV. 

Other deslrable features of a DSCEf'1S spect l"uml't CI' art"', l ht' 

ablll ty to measure hlgh ëlnd low tempera t ure sppcl ra, the Lil' Il Il Y 

to change sampI es W1 thout break 1 ng V':H'Ullm, and the ,lL1l1 l t Y ! () 

1solate part1cular angular 1ntervals UV('l" whl('h l'Il'l'! l'uns l'il\f'rqlll" 

from the sample are detected. 

the facl that Lll jcqtllst's data 6 demonsl rd! l'R thdt !-'pf'ct r,l <\''l'\V''<\ 

from the fJrst surface Inonolayel' C'uuld h .. Is()LIII'd by d,'I,',-III,,, 

only electrons that are pmltted at Cjldl1ClnÇ] anl]lcs. Ndtlll".-.lly, .\ 

slmple and economlcal dr>sJgn 18 cl 1 so .1 V('l"y 1 mpnr!..lnt CIl t ('11 11 11, 

lhough most DSCEMS spect romele rs hdve dlffl('ult 

construct 10n 1 at h1gh cost. It JS also ddvdnLl!)f'nUS 10 1 li 11 1<1 .\ 

spectrometer WhlCh operates uncJer ultra-hJCjh Vill'lIllm so thal ('11'.111 

surfaces at low temperat.ures may be studled. 

and the Emltlf'd El#'(-l.r('I) 

Dlstrlbutlon 

The calculatlon of electron dlstl'lbutlonlo; ('/olttf'd [l'lIln d 

sample lS gUlte complexe A s1mpl p hut l"f~1 Jablr! HUlIl,.1 for (·I(·I·llflfl 

transport lS needed, and then 1IH' !-;tclt lst lCS must 1)1' WIJt'k(·d IJut f(J1" 

varlous crystal st-ructures, and Vdl'10US db!-,(Idwr nlll'I(·I. 'l'II,. fJI·..,! 

theorles to provlde lnterpretaLlon of CEMS SI"!(" rd (;()fJ('('fll ... d (·cI (11) 

the Mossbauer aspect. That) s, Krakuwskl .trad Ml J ],.r', BdJ/du Id,!(·", 

and Huffman 9 cfllployed, ln SIl IJ h t l Y '-l111l(11 l' 

• exponent1al reJatlonshlps to rnrjdel the electrun lrrHl'ï[Jort 



• 

• 

the sdmple, neglectlng 

eleclron dIstrIbutIon, 
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Important contr Ibutions to the total 

The most successful analYSIS, ln terms of 

ItS agt-peJn(!nt wllh experlmenl was performed by Llljequist et al. 

llslng Monle Carlo slmulatlons 1o , In effect, Indlvldual 

thcoretlcal electron trajectories are traced and statlst.lcally 

d n,lI y z pd, ba sed on a ranoom genera t Ion of el ectrons WI thln a 

SI)'->!'] f 1 C IOclterlal of averaged propertles, The slmulatlons are 

bd ':;f'd on l wo pl nec sses (1 f fundamcnta l Importance, One lS the 

sto[J[Jlng power, WhlCh lS equal to the average energy 10ss ln a 

collJslon, and the other 18 the transport mean frce path (lt lS the 

lIlVcrse of the average scaltel'lng pel' unIt path length), These two 

('ont rl bullons are representdtlve of the processe8 ln whlch the 

f·declron loses energy and changes dlrectlon durlng a collislon, 

ot her proeesses, wh I ch ùepl'Ild upon the varIatIons from the average 

bchavlour, such as classlcal straggllng, are lhen con8Idered as 

s('!'()nd.u-y contnlmtlons (mosl calculatlons would not lnclude thlS 

contrIbutIon) • 

From lhe Vlew of des Il::lnlng a DSCEMS spectrometer, the resu l ts 

f rom L 1. l jel1u 1 st' s resca rch wh lch are the most rel evant to t.he 

deslgn of a DSCE~1S spet.:trometer, concern the angular dIstrIbutIon 

of the ('nlltted l'>lc>ctruns. Il was found that It should be pOSSIble 

to selC'ctlvely observe a surface layer of mean depth <1 nm by only 

df'tf'ding plectrons at c:xtreme giancing angles, (9=80 0 -90°), The 

spherical condenser spcctrometer (see FIgure 1.°) detects electrons 

ln thls anlJular reg1.on, In a subsequent paper, the abIllty ta 

observe very ndlTOW surf ace l ayers by detectJ ng 9 1 anc 1 ng ang l e 
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electrons, was shown to only have llseflllness If the surface \",\::'I 

such that averdge surface loughness IIlc11nallon cingle W,Ui \ 5 0 Il. 

On the other hand, the opt umm met hod ta obta ln sPC'ct 1 a f l'UIH rit'pt h~ 

>100 A 19 ta only detect eleclrons from near pClpelldlcuL-U' ,\l)~ll(,H. 

Baslcally, eleetrons from l,ll'ger depths suffer morf' Sl'd\ t t'\ Inq, .inti 

thlS varIatIon changes the dlst l'Jbutlon oC ('l1lt'I~Jlfl~1 ('Iv!,t l'on'; fl'~111l 

a relaLlvely IsotropIe one, lnlo one WhlCh h,lS ,ln dl 1pl'IIXIIIldt l'Iy 

cos6 d19tnbutlon. A de919n Whl~h detects pJpl:! 1(11\:-' \"hl('h .111' 

orlentated at a near ta perpent1.lcular angle fnlnl t h • .:- S.llllldt· (,111'[.11'1' 

wl11 optlnuze the numl>er of élvdll.1lde el(~('tr()nH, hlll wIll hdVf' 

le9sened depth selectlvlly. Overall, the spt'clrlllllc'l('r dl'SII.l1l IlI'j'ds 

to be chosen accord.lng to the nceds of the f'XPf'lll1lt'rüf'l', dntl th" 

sampI es to be ana l y zed. If Lhe number of resondnl eVf'" t SIS SIll .. 1 1 , 

or narraw depth selectlvlty lS not r(~qlllrcd, thf'rl .In d('('f'lddw'f' 

reglon WhlCh lS nearly pf~llx'n(:lJcIlJcir Ln Ih(· sdmplc' wUlIld hf' 

preferable ln order to maXlmlze the Ilurnber of d(,\('(·t dhlf> (.J,'(.' l'()n''i. 

On the other hand, If very Lhln «(IOA> layers (rlf-'l'hd[J!'; IJxldf'S ur 

artlflclally grown fIlms) are to be studJE'd, d ~lliH}f'lnr::l anq)" 

acceptance regl0n would be preferable. 

1.6 ReVlew of D$~~r-1~_ Sl~~~·t.rom~_tpr_ J.~e? 1.gl)..§. 

There has been a wlde Vill"lety of fJSCEMS spr:(·tl'()rnL~t "-'rH bill 1 t • 

The f1l"st were magnetlc devlfC0s, "(Invelted from ('>.Jsllrlr.j f;f'lhc,Jrn 

type beta-ray spect l'umel ers l2 , 13,1.,15. ThCHP ('<1 Il Y 

a9Ide from thel!" Inherent probl~ms assuclaLf::r.I wlth UH! rndrjrll·t }(' 

fIeld present, were not a 9 ef fIC lent a t ~omb ln 1 fll.1 b UJh J IJ/II J nos 1 t Y 

with medlum-hlgh energy rcsolutlon. 



23 • hdve poar transmlSS10n characterlstlcs, and can only detect 

el ("'ctrons (~ml t ted at near ta perpendicular onentatlons WhlCh 

llUll.ts theu" expenmcntal range. The commerclal spectrometer of 

thlS Lype cmployed by lhe Shlgematsu groupl5 had a lumlnoslty of .1 

mm 2
, [or a reso l utlcn of 2%. 

Sev~ral electrostatlc 

Cy Il nrlrlca l M] r ror Analyzer 

(CMA) spc>c'L l umf..' tors have been 

llsed Commerclal 

('MA Sl'l'l'lruml'ters are not sUlted 

Lo DSCEMS Slnce they are 

cll'S l gncd for h Igh resol ut Ion 

applH'dtlons (-.05%), such as 

1\uger C'leclron spectrascopy, ln 

wh 1 C h th C' rel sam u chI a r g e r 

ql1dnl tiy of aVdl lable eloctrons. 
-'\1 collector 

BdVC1"sldrl1 et al. 19 performed an 

extcnslve scarch to determlne 
Figure 1.6 A CMA Spectrometer 

the dImensIons of a CMA spectrometer that would maXIm1ze the 

pp r f Orlll.HlCe, and thl s rcsea rch was used 1 n t he desIgn of subsequent 

CH,\s. The l3averstdm group was able ta obtaln a luminosity of 

SIl .... 1 h t l Y 1 es S l han 6 mm 2 for arc sol U LIon 0 f 2. 5 % • 

Tur l Y dmJ ~., t al. 20, and Domke et al. 21 constructed reta rdlng 

n.~f It!d lng gnd spectrumeters as shown schematlcally ln Flgure 1.7 

drl\.i Fl~ll1re 1. R. The device constructed bl' the Tonyama group was 

• .:lble to ubtarn a luminoslty of .69 mm 2 for a resolutlon of 2%. Its 
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constructl.on appears to be qulte 
- -....... ~ ' ... , 

" ... ... ... cornplex. Domke 1 S spectrometer ... , ... , 
"', -seems to be of simpler 

constructl.on, but fabr l.Catlon of 

sphencal surfaces present s 

several dl.fflculties. The Domke 

spectrometer was able lo obtain 

a lumlnos1ty of about 6.9 mm], -\ ... 
but was unable to perform at 

resolutlons below 9%. 

... 

, 
-' 

... ... 

" ... 
... .. 
... 

, --

,-
...~ .. 
·Y'" - - - - - - - .,. 

Fl.gure 1.7 Tonyama et dl. 

source 

Retardln~1 Grld S[lI'I:tIOIllC't t.~r· 

LEED/Auger 
,, __ -1IIIIDa ......... 

,,'" " .... , 

-Vr 

)Jj 
1 1 ~tector 

, , , 
\ 

\ 

\ , , 
,~~ \,\~_ \'J 

" ~Evaporator 
, , ~ 1 

......... '.... ~~ 
" ..... ... - ...... ____ .., Evaporator 

Yang et al. 22 and aiso Stadnik el al.", L.dHll'at ,·d Sphf'I'I(',d 

condenser spectrometers as shawn F1IJurc 1. Y. 
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spectrometers only detect 

electrons WhlCh are emitted from 

lhe flample at glancing angles. 

ThIS allow8 for gredLer depth 1 -. 
selecllvlty, but the denslty of 

fdecLrnns emllted al glanclng 1 
[J('qn'ndlCU 1 ar angles. They 

l"igure 1.9 Yang et al. Sphencal 
hdve Lhe 1 argest lwn] noslly of Electrostatic Spectrometer 

dny s}Jeclrometers mildc to date. 

For an energy resol ut lon of 2.1 %, both spectrometers have a 

III m l no S l l Y of 1 1 • 4 mm 2 • However, lf we assume an average angle of 

('mISSIon of 80°, and adjust for the co se dlstrlbutlon, the 

effectIve 1 uminosity 18 only 2mm2
• The dlfflcul t constructl0n of 

sphel ] ca 1 surfaces 1 s one of the drawbacks of the desIgn. It l S 

ëllso not compdtlble with other surface analytic technlques such as 

Auger and XPS. Furthermore, lts absorber lS located wIthln the 

fleld of the spectrometer, and according to van Noort et al. 2f
, l.t 

lS dIfflcult to bombard the sample with y-rays ln thlS arrangement 

wlthout dlsturlllng the eiectric fIeld . 
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Table 1.1 Comparison of Spect rometer Performancf' cha I-aet t't" u:;t ll"R . . 

Group and Resol u Tra nsnll Sample R·\Il~lP Lunn IIll 

Spectrometer Type tion S8lon Slze uf SI t Y 
( °0 ) ( 90 of (cl 1 dmet Al" L'l' pt - ( 11\11\" ) 

4'11 ) er 1 n t'd 
mm) t\II~111-' H' 

( . ) 
Shlgematsu, 2 .27 7 10-.20 • 1 
commerclal 150 0 

spherica l sector . 
Baverstam, CMA 2.5 6 5 3/l-4B rI • fi 

Torlyama, Spherlcal 2 5.5 4 Hl - 'lU .bQ 
Retarding Gnd 1 2.1 4 11I-hU • ..!b 

• 3 1.::' 3 \ (1- (dl • (1 li rI 

Domke, Spher Ica l 9 35 5 11l-'11l Il. li 

Retarding 
Ref lectlng Gnd 

Yang, Sphe r lca l 2 13 10 7,)-9U 1 1 • 4 
Electrosta tlC 

Stadnlk, Sphcn cal 2.1 13 lU 7')- 'HI 1 1 • 4 
El ectrost a tIC --
van Noort, RFA 2 5 lU ()-1l0 \ • 1) 

" . -• ThlS does not refer to a JOJ nt SUIII Ct.:! 01"( '/' 11011111' 01 Il' ) (, , l 1 hll 1 

rather to t_he lat-gcst range of orlenldllC)n<>, 111I·<I ..... III'·d II'J.d IV/' III 
the sample surface normal, that cUllld pnsslbly bl! <!c·lf·clf'd. Il IH 

made relevant Since the dlstrlbutlon of ('HlILtt>d plt·,'lr"(jllh ~Jt)t'H dH 

cose. 

The spect rometer wh Ich 1 s the tople 0 f th 1 s t l'WH l S, l fi b.HIl'd 

on a desIgn by van Noort and van GorkumH
,. Thl S dPH 1 (Jn 1 fi H!luwn 

ln Flgure 1.10, and lS of the Rclo1nhng Flf"~ld An,\lyl(~r (IH'A) 1 YP(' 

The funcllonlng of the spccll'orrll:.:lc!r }!. oiS fnlllJws. FIl '-iL, thl' 

y-rays str1ke the sample relcaslnf:J electrons WhlCh lrr.tv(!! thrrJI1IJh 

a fleld free reglon to Gnd 1 at ground IJ{)t(~rlLJid. Tht·y Il!I'fI 

travel through Gr1d 2 at a negatlve pot('nll,d, -VL., Inlo t"c~ 
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largF.st reglon of the 

opectrometer • Grlds 3,4,and 5 

• 11°(> a Il at the same potentla l, -

VI, WhlCh 16 negatlve relatIve 

to lhe pot r~nlla l on Gr Id 2. The 

eonf 1 (Jura t Ion of lhe grlds 

are 

wllhln d ,>(·leetr-,d cnelgy wlndow 

5 Inlo an extended channeltron 
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6 

r-------- ZlI!ImI 

FIgure 1.10 van Noort 
Gorkum RetarJlng 
Spectrometer 

and van 
FIeld 

detector. VI determIne8 lhe pass energy of the detector, whlle the 

t"dtlO of V2/Vl detcrmlnes the energy resolution. 

AlI grlds were constructed from 250vm stainless steel plate 

wlth holco bUloned ln them Wlth a Nd-YAG laser. Grld 1 and Grld 2 

are ~l% tr,lnSpcHcnt while Grld 3, Grld 4, and Grld 5 are 93"ô 

t rdllspa l"f-'lIl. Grld 6 18 at ground potentlal and acts to collect 

eIeclrons WhlCh travel through Grld 3. Grld 2 18 cone shaped wlth 

a hemlspherlcal top, and an extended fIat base. Its purpose 18 to 

reduce Sphf'rlCal abberatlon so that larger samples may be employed. 

Its shapp lS a sImplIflcatlon of a spherlcal Bessel-functlon based 

nn work prpsf'nt cd ln a paper by van Gorkum21
• The combInat Ion 

of Grld 1 ~nd Crld 2 determlne the angular reglon over WhlCh the 

sppctrorneLer funcllons as a energy selectIve detector. 

The sppct rometer has an energy re80 l ut) on WhlCh may be 

Vd,Olt'li from .1% and 5%. It has a lumlnoslty of 3.9 mm 2 at a 

resolutlon of 2%. It IS capable of detectlng electrons emltted 
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from the sample ln almost any angular reg.lon by block.lng off 

portlons of gr Id 2. Tt lS aiso capable of deteclIng ('leclnlllH wllh 

energles up to 25 keV. A small tungsten fIlament allows fil l' 

heat1ng the sample up to temperatures of 1000 K. An e 1 a bu rd l (' 

co011ng system a110ws for the acquIsltlun of specLra frum !:idlllpll''-. 

w1th temperatures as Iow as 25 K. The l'()ollny systc'm l'(IIH-ilsts Ilf 

a cold fI nger Wh1Ch makes good thf'lmal conLlct Wit h t h(' Rampl p 

holder, and a llqU1d nltrogcn bdth for the rest of the systl'I\\ l(l 

reduce heat 1nput to the sample. The syslem 18 untl,· .. 1I11V .ttt.IIIl,·d 

wIth an lon getter pumr. ThIS lype of purnp dof's nol Vlht'dlp, HIl 

that the Mossbauer Illies are not brOdden(!d. Th(' lOnR ll/'lldw'pd by 

the getter pump d1d produce backg round counls f rom the' df'l ('('1 (li', 

and a sh1e1d was requlred to reduce t IllS background, .tt th" f'xpf'n!-.I' 

of pumplng speed. The system alsa has a sarnple lransfl'/' hyst('/Il ~,() 

that samp1es may be challged wlthuuL brf.'élklllg Vd('IlUm, rlud an drqlJl\ 

10n gun for ln situ clean1ng of th.! sdlllple HurLlce • 
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~ • J a Prototype and Necessary 

The primary characterlstlc that we deslred for our 

s(J(>ctrom(~ter was high performance, and we hoped to attaln thlS wlth 

as] mpl e des] gn. It was also Important to bUlld a spectrometer 

WhlCh had a flexIble design, so that future lmprovements could be 

1Ilipl f~mf~nled as nf>eds arose and resources became avallable. The 

b}lh(.>rlf'd 1 sppctrom(>t.ers r(>(llll red difficuit constructIon, and lacked 

the flexIblllly ln desIgn that we deslred. The cholce was 

therefore narrowed betwcen a magnetlc type, a CMA type, and an RFA 

type. The magnetic spectromelers could qUlcklv be ellmlnated Slnce 

thcy did not Improve upon the performance of the CMA, yet they 

ultroduccd magnetlc fl(dds at the sample locatIon. Though the CMA 

offel"ed the most ~)1mple constructIon, lts lumlnoslty was Sllghtly 

les8 than that of the RFA (at the same resol utlon) WI thout a 

signlflcant advantage ln terrns of lts constructIon ease. The RFA 

desIgn of van Noort, and van Gorkum was thus chosen. 

Sorne of the features of the prototype were not necessary for 

our purposes. The prolotype's abiiity to collect spectra from 

samples caoled ta 25 Kwas consldered unnecessary. Fortunately, 

the flexlblilty of the deslgn meant that, ln the future, 

ll'IllPL'l"dlurcs close to 77 K could be reached wlth a sImple cold 

flnger maklng lJood thermal contact wlth the sample holder. The 

l'xtra 52 K of ~oollng would not slgnlflcantly lrnprove the recoll 

• f ree f ract Ion, or l /le rea se the exper Imental posslblll tles of the 
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spectrometer. Ellmlnatlng the 25 K feature also ellmlnrltes thr 

effort Involved ln constructlng a sample bath for the f'ntll"t' 

spectrometer, anâ the deSign dlfflcultlCS lnvolvcd III dlLllllllH.I 

Ul tra High Vacuum (UHV 1. UHV IS requlred at. very low t t'mp('r,ltuIP,s 

Slnce slgnlflcant guantltles of lce form on the s,lmple If 1 ht> 

pressure lS not low enough. Lll)cqUlst 5 repurt s Lhlit dt Il V.H'uum 

of 5xl0-8 torr, a 200-300 A layer of lee fnrrnNl on d Hdllll' 1 t' dl d 

t.emperature -lOOoe aft.er a few hours. 

In order to obtaln llHV the prot.otype uSl'd .lll lOI) t..Jt't \ l'l' ('lIllIp. 

ThiS pump, though 1"':: produced background ('I)unt s, WdS Sd td t () be' 

necessary ln order to e Ilmlnate mechanlca l VI br.l L luns. IIIJWt 'VI'I' 1 

Sato and Mltsuhash1 28 report that. a turbomol'!I.'III.-,r l'II/Up fit Ll'd 

dlrectly to the vacuum ch.,mber of l hl~ lr IlSC'I-:MS spI"'1 1 (l1ll"\ l'l' 

produced no notlceable Mossbauer llnewldlh bl'Udd,'nlrH.I. So Illny .tH 

the entlre system vlhl'ates as a sIngle unJt, J,1'«Jddr·nlfll.l '-dlllltld IIld 

occur. A dIffusIon pump Will Introduce ft'wer vlb .... üJonH Ih.tn d 

turbomolecular pump, and hence, should Le at Ipr]st dH (·ff('(·1 IVI'. 

It was therefore dec lded to connect a dl f fus Ion [lump dl 1"1."'\ J y \ () 

our chamber. 

A further major dlfference belween our spect rcJlTl('Ll'r rHld th,· 

prototype, was ln the methods employed to ftÜJl'lC'dt(' !tIr! ',p'Jds. 1\1. 

PhllllpS Research l a bora tory where the prcJLot yP(~ Wd s bUll t, dl'( '('~t.; 

was avallable to laser In<1Chlnlng. They Werr~ able U) prndu('(' hlqh 

preCISIon, sturdy grlds wIth excellent trdn<-;ntlSSIUf! profJ/:rt If'S, 

uSIng laser drliled staInless sleel fOlle ThOU(Jh Wf' dlrj nrJI. hdV/' 

dIrect access to the laser machInl n(j rneth(Jds, wc: W(·t'(! dbl (! LrJ 
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reproduce the characterlstlcs of the grlds uSlng stainless steel 

rnüsh and photo-etched copper fOll Wl th processes that w11l be 

descrlbed ln chapter 3. 

The protolype spectrometer also used an extended channeltron 

dctector, dnd lhlS was replaced ln our spectrometer wlth a 

mlcrochannel plate (Mep] detector. The channeltron must be 

(·xt(·nded Hl order to obtaln the detectlon area (dlameter=40mm) 

"(~ljUl red. The change to an Mep detector was Implemented to avold 

1 h (. d l f f H' U J t plO cc· S s for C)o. le n d l n 9 a cha n ne 1 t r 0 n • An extended 

channeltron IS dlso very fraglle. A descrIptIon of the Mep, and 

a cumplrlsun of ltS performance to that of the channeltron, are 

glven ln sectIons 4.5 and 6.2 respectively. 

2~!~ ~ ___ .Q~·_~(~n Et}O_I'l ___ oJ: __ Ç2l!lP!c~t~!" _ J?X()3!.~_~._~! lt t~n to D1mens 10n and 

r:.n~1..J y l,~. !-_be_~ Pc> rJ ~!x!.n~ I}t;.c. SI t_LI1.~_..êpec t l~omE~te r 

Fou r COlllpU ter proy rams wc: rc wr l t ten for the purpose of f lnd l ng 

the ul t lmate dImensIons for the spectrometer, the acceptable 

tolerdnces for those dlmpnslons, and the spectrometer performance 

charal:t er lstlCS. The f1rst calculated the potentlals w1th1n the 

spectrometer. The other three calculated electron trajectorles ln 

thpse potentlals ln order to plot a) energy resolut10n curves, bl 

pIpI-trOll tra]eClOrlcs, and cl phdse space dlagrams. 

The cyllndrlcal symmetry of the spectrometer allowed for a 

slmpllflcatlon of potential calculatlon, Slnee the problem may be 

reduced to a 2 -ch mens lona l boundary va l ue probl em <Joverned by 

Laplace's equatlon, V 2 V==O. The two ,.hmenslonal sImpl1flcation lS 

lrnportdnt bl'cause the computer memory requ1red for a large 3-
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dimens iona l gr Id i8 proll1bl t l ve, and unnecessa ry. Phys Ica Il y, t IH' 

problem was solved by deflnlng a grld ln z ,lnd 1", lnputllllq 

boundary condItIons, and then, uSlng an IteratIve pl'ùcccture t II 

converge to the solutIon. 

If aIl the boundary condItIons were on grld pOInts, one nI!'1 hlld 

of approachlng a soluLlon would be Lü Lake 1 he I:>l'up('rly w"lqhl"d 

average of each gl'ld pOlnt's nec11'est nf'lghhuul'S \0 hl' th,,1 ~ll'ld 

pOInt's new value, and then, Iterdte lhrolllJh lh(~ ':.Il'Id unI II 1111' 

potent la l s converged. Unfortuna tel y, the conve rgt'nce 1 s t ou HI ('w 

to be useful. That 15, the dlfferf'nce bclwcen Ihe 91'](:1 plllnt 

values, and the welghted average of ILs nl~rtlf~sl nt:'l<jhLIlIIIH, bp"'JnH~n 

small compared to the dlfference helween the grld l'OInt value .. rH.! 

Its converged value. 

The slow convergence WdS OV('rcume by the w(·d l knllwn t ('('hlll'lill' 

of Slffiultaneous Over RelaxatIon (SOR)31. 

new value for a grId pOInt, l-q (whe1"e g IS a factor I)/!lwf'('n 1 dllt! 

2) tlmes the prev 10US va lue of the gr Id pOl nt, pl us lh(! WI'l IJhl f'd 

ave rage of the nea l'est ne 19hbours mu l tIpI J cd by a fdet or of IJ. 

That 18, 

v new = (l-q) V o1d + qvwelghted. ( 2. J ) 

The factor, g, tha t promol es the f d S Lesl convp l"J( 'flce 1) f 1 h(· 

potentiais can be determlned by trlal and error. Hs v .. lue dPfH·ndy 

prlmarlly on the number of grld pennls ln the sysLr·m. 

The welghtlng dIstrIbutIon of the grid pOJnts WdS dC(·OTOpllSr.(·d 

by convertlng the governing partIal (hff(~rcnL)al r.!'judlj(JfJ Intu d 



• 

• 

33 

dlfference In 

cyllndrlcal coordlnales, V(J+d.t) 

V(rz-itl VlJt)_~ VIJ.z+4 
- -- -- --

r 
'VII-cu./ 

'l'hL' [JdrtJal derivative ln 8 can 
--- --1----

1 IL' (d urllnilLed due to the 
Z ... 

cyllndrlcal symrncLry, and then FIgure 2.1 FIndlng Flnlte 
DIfference DerIvatIves ln 

Ihc> e(lllclllOn l'an be solve·cl for Cylindrical Geometry 

v by aSHUmJ ng tha t the dl st a nce, 

d, hclween gr Id pOInts, IS small enough that, 

ThIS lmplics (see Flgure 2.1), that 

:~ = 21d (V(z+d, z) -v(z-d, z) ) 

3
2
v",-.!.. [( V(r+d, z) -V(r, z) ) - (V(r 1 z) -V(r-d, z) )] 

3z2 d 2 

6
2
v =.l:.. [(V(r, z+d) -V(r, z» - (V(r, z) -V(r, z-d»] 

3z2 d 2 

(2.3) 

(2.4) 

(2.5) 

( 2.6) 

The erJllatlons for the derlvatlves (2.4), (2.5), and (2.6), 

wpre l hen Substl tuted back Into Laplace' s equation. The resul t was 

lt',nolùnged Lo oblaln an equatlon for V(r,z), where V(r,z) 

n'prcsr'nt s the welghted average of the neùrest nelghbours as 

prevlollsly described. We obtained, 
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V(r, z) =.!. (V(r, z+d) +v(r, z-d» +..l.. [(2r-l) V(r-d, z) + (2r+l) V(r+d, z)] 
4 Sr 

DIfferent we1ght1ng equat10ns 

are reqtl1red [or aXIS pOInts and 

p01nts adjdcent lo thc cunc 

boundary. A vlsual descrlptIun 18 

helpful for under8tandlng the 

welghtlng of the grld pOInts. The 

potent1al at the geometrlc cenlre 

for any Laplaclan reg10n lS glven 

by the average of the potent1al on 

(2.7) 

FIgure 2.2 Nt'drpst Nl'lqhlllllll" 
Reglons F'cll"llIc·d by GrIll p() IlIt H 

the surface encloslng the reglon(Mean Value Theo/""m IMV'l'I J9
). l';,\!'h 

gr1d pOInt lS the geometrlc centre of a reglull Wl}('n>ln t hL' slll"fdc"'~ 

en cIo SIn 9 t h rt t reg Ion con t a 1 n nc~ cl r es l ne 1 ~I Il IIC ) li r ~J n d 1" 1 1 Il t S, d Il d 

Ile upon valucs of constant r or z (see Flfjurc' 2.2). Wf> d .. flnp th" 

surface of that reglon lo he the Ncarest Nf'lqhbulJr SUI LicL' 1 NNS 1. 

For pOInts along the aX1S, the "'NS WIll t)(! a cyllndf'r. Th,~ 

end s of t he c y Il n der W l 1 1 ha v e a n a ver cl g e llCl t e fi t lai 0 n t tw HI q 1 V', Il 

by the potent1als vf the aXIal nedresl nf'leJhbflllr SJlld pUlnt h 

curved cyllndr1cal portlon w11l have an aV(-'rd(JC~ (J!Jt.r!ntldl CjlV"fj by 

the nearest nelyhbour ln lhe radlal dlrpcllon (also d~Sll/lllllg IIIIf'''''' 

var1at1on) • 

representat 1ve of the two ends and the ('IHve·d [.Iurt Ion, WI J J br· 

glven by the rat10 of the areas of the cnds to the ('IJI"V,!r] (lurl. IIHI 
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ln order to satlsfy the MVT. The result IS, 

V(O, z).; V(d, z) + ~ V(O, z-d) + ~ V(O, z+d) ( 2 .8) 

For pOInts that are borderlng a boundary WhlCh IS Itself not 

dttached to a grld pOInt (I.e. the CO ne boundary), new welghtlng 

fa<..:tors must !Je developed. The welghtlng fa<..:tors are calculated by 

rt'placlng the nCdrest nelghbours that Ile across the cone boundary, 

wlth the pOInts (see FIgure 2.3) where the boundary curve 

lnlersects lhe horIzontal and vertIcal Ilnes through (r,z). A new 

NNS Wl II lhereby be formed ln WhlCh, the boundary Imposed nearest 

n~lghbours WIll have the flxed potentlal V2. The substItutIon of 

d n~drest nelghbour grld pOint for a boundary pOInt changes the NNS 

ln two ways. It moves the geometrlc centre away from the grld 

pOInt, and It changes the ratIo of the total area of the constant 

z surfaces, ln comparlson to the total area of the constant r 

surfaces. 

The method for obtalnlng the welghtlng coeffICIents WIll now 

be shown 1 n deta Il, for t he case ln WhlCh the gr Id poi nt Iles on 

the detector slde of the cone boundary, and wlthln a SIngle grld 

spac 1 nlj ln bot h dimenSIons of the that boundary. The welghtlng 

cyuallon must take the form, 

V{r, z) = aV{r, z+d) + bV2 + cV(r+d, z) + dV2 (2.9) 

where a,b,e,d are the welghtlng coeffICIents. Normallzatlon 

rC C]lllreS that a+b+c+d=l. The ratio a/b, must egual lia., to 

n->flect the ratIo of the aXIal dIstances from the grld pOInt to the 

.H:'t ua 1 nearest nelghbour as compared to the nearest neighbour 
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def lned by the boundary. The 

ratlo cid, must equal (2r-

!)/[(2r+!)a r ] to reflect both 

the rad1al surface area 

proport 1.ons ( f rom ( 2 .7) ), and 

the rad1.al nearest nelghbour 

dlstance proportlons from the 

gr ld pOInt. The rdt1.0 of 
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• ~ .. CondItIon 
V-v/', , .. .. , 

T 
1 

.. 

.v(r+d.z) • 

, 1~, Oz -~ ~(rz.) • V(r.z+d) 

, Or '" \dl of ~ Ille. ~ 

~ , .. 

d 

, .. .. r VIf-d4'"". 

~------~----------~-----Figure 2.3 cdll'uL\t InlJ WI'lqht 1 Il '1 
(c+d)/(a+b) IS equal to for PUlnLs AdJdCf>nl \(1 \1\1' 

Bùulld.-l ry 0 f t h,! ('ont> (dl l\ t l 'd 
(!+ar)/(!+a.). ThIS ratio Ilne) 

reflects changes ln the proportlons, of the LutaI l"dlhal Hurf..I'!' 

area, as compa red to the tota l constant z surf dce a rca, C l'Pd t ('d t,y 

the change 1.n the NNS. 

unknowns, 

We thus have four cC]uêlL ton!:; 1 n fI 1111' 

a + b +c + d = 1 

c = 
d 

a = 1 
b a. 

c+d 
a+b l+a:r 

(2.10) 

(2.11) 

(2.12) 

(2.1]) 
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a = 1 (2.14) 

b = (2.15) 

c = 2x-l (2.16) 

d = ar (1 +ar ) 2x+l 
2+d r +d. 2x-l+ar (2x+l) 

(2.17) 

SLmIlar 0xpreSSlons were found for condItIons such as grId pOInts 

WILh only one nearest nelghbour Intercepted by the cane boundary, 

and, gr ld p(nnts WhlCh are below the cane boundary rather than 

above lt. A set of welghtlng expressIons were th us found WhlCh 

could Iterate any pOJnt on the two dlmenslonal grid. 

For the pOInt of claSSIfIcatIon, there were four different 

calegories of pOlnts WhlCh requlred updallng ln dlfferent manners. 

These are perlmeter pOInts, lnterior pOlnts, aXIS pOInts, and 

border pOInts. Perlmeter pOlnts are those on the cyllnder or ItS 

cnds, and thelr va lues are flxed by the boundary condItIons. 

Int('l"IOr pOInts are those pOJnts that do not Ile on the aXIS of the 

cyllnder, and are not separated from their nearest nelghbours by a 

dcflned boundary condlLlon (namely those lmposed by the cone), and 

must be updat .~d accordlng ta (2.7). AXIS pOInts Ile along the aXIS 

• of t he l'y 1 J ndcr, dnd are updatcd accordlng ta (2.8). Border pOInts 
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are those whl.ch border the cone. The coef f lC lell t s of border po l nt s 

must be calculated as was descrlbed above to obt.lln the' 

coefflCl.ents. Elght sets of coef f lC' lell 1 s wIll be n~q\lll cd S llWc' 

there are elght p08slble ways ln Whlch a but'der pOl nt may lie' 

configured. 

It now remalns to glve some further detall dS to lhe tC'chnltlI1t' 

employed for oblalnlng an acceptably fast C'onV(~r~l(>nL'e of 1 hc' 

lteratlon procedure. As was prevlou8ly ment lllne·d, cl P,ll',lIIlL't t'l' li 

must be found WhlCh wIll accel(~rate the L'()IIV(·r~I(·IH'P. (1111" 

partlcular problem requlred two q values Blnee thf-!re dU! Iwu 

enclosed reglons, lhe regI0n Inslde the {'one, and Ih(> t"P<JI()Jl 

between the cone and the cy Ilnder. The expn~ss lon lo deI f!rml nI' q 

in a cyllndrlcal regl0n 18, 

q= 2 

1 + '1- .! [cos ( ~ ) +cos ( ~ ) ] 2 
~ 4 Ld Rd 

(2.IU) 

where Land Rare respectl ve l y lhe ax l"d ilnd rad 1 a l 1 pngt hs uf 'II(' 

cyllnder, and d lS the grid 8paCJng 30
• ThlS eXprf'H!:lJOn IH not 

dlrectly appll.cable to the unIquely shaped rc'] lons of t t)(~ 

spectrometer, but was used to provlde l"1'.::tsondblf"· Ht art. 1 rH] rU) 1 nt H 

for the q values. 

The apprOXImatIons were found by choos] ng a cy llnde·r wh )('h h,tl-; 

the same average length and avcrdge rad 1 us as l}H~ ('()ne t"f"J 1 un. 'l'hf' 

f 1 l'st q va lue was ca l cu l ated based on th l S cy 1 ] ndf'r • Th,. he'('I,nel q 

value was calculaled b<.lscd on il cyllndf·r deflnf'd dS h<Jvlnq the' SolIn" 

• volume as, the full spectrometer cylHlder less th(~ v(J]urne prwJf)'';f·d 
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by the cone, but wlth the radIus and length ln the same ratIo as 

lhat of lhe full cyllnder. These InItIal guesses were then used by 

a VerYl0n of lhA potentlal confIguratIon program WhlCh focused ln 

on lhe values of q WhlCh led to the fastest convergence. The 

foçuslng was accomplished by determining the two g values that led 

tu the must accurate value of the potential at two grid pOInts, 

cho!·-if~n r}(~dr the centre of their respectIve reglons, after a set 

nUlllber (-100) of sweeps through the grid had been performed. 

Slnce the ultlmate purpose of the programs lS to determlne the 

sensItlvlty of the performance of the spectrometer to the crItlcal 

dJII\CnYIOnS of lhe apparatus, the q values should in principle be 

rccaJculaled each tlme the dImensIons of the spectrometer change. 

In Ollr Cdse though, a 1 mm grid size was employed so that our mesh 

Blze was rtpproxlmately 225xl00. We were Interested ln dimensional 

ch,.ingt:>s of at must 2 mIlllmet res, Slnce there would not be any 

technlCrtl dlfficullles obtalnlng such large tolerances ln the 

fahrlcatlon of the device. As the 11terature31 shows that It lS 

best to choose q values WhlCh are sllghtly larger, rather than 

sllghtly smaller than the true value, we added .005 to the 

determlned q values (q-l.75). It was found that convergence was 

not slgnlflcantly altered for the small dlmenslonal changes tested, 

and hence, It was not necessary to make a separate caleulatlon of 

q Pileh tlme that a speetrometer dlmpnslon was altered. We note 

that It lS the large reglon (the region that excludes the cone) 

lhat determInps the ullimate number of IteratIons needed, slnee It 

eont al ns more gr Id pOl nts. ThIS means that the Size of the 



40 • dimenS10nai changes need only be compared to thts larger volllmp. 

It 1.8 a crucIal fact to reall.~e, and one oft!'n nut ml'llllulll'cl 

ln the 1lterature, that the asymplot lC l'ale of cunvt'l"<:.It'nce fut" .\ 

part1cular q value 18 not obtalned llIltll the numb(>r uf 11('1".1\ IllllH 

through the enl1re system IS apprnx1mately ('ljllal ta the' nllmh,'1 IIf 

Th" t'll"Ill 

'l'hl!-. 

meant that, when we Input the buunddl"Y l'und1t IflIlH, HPI th" 1,,,,1 llf 

the grld pOInts to zero polentlêd, dnd b(>~lan IIUt" IlL'l"dt IllllL) Wllh 

our determlned q values, the pul ('nt laIs dlVer~lL'd. ln r'-".JIII .. r , 

cyllndrlcal and rectangular coordll1dles, thlS IH UVf>n"lllllf' by 'hl' 

use of the Chebyshev acceleral10n tpchnlL}Ue J1
• llnforlundtf>ly, IllI' 

formulas for the advancement of the L) value 

acceleration are very dlfflcult to o!Jlaln <walyt lI'dlly [rll IllJlI-

cyllndrlcal regions. iL IS thcoret ]('ally p()sHIble 1 Il 111."<" 0111 

adeguate estImatIon uSlng the same Ideas (1"; W('l"C t'lIlplfJY('d 111 

f 1 n d 1 n 9 the 1 nIt 1 a 1 q val U es, but as we ha d a '-~ c (~b H t Il r. H, t 

computers, Chebyshev aC'celeratlon was not [Jet!"llf"lIld,"ly 

advantageous. It was found that by maklng approXIlOdlr·ly j()(J 

IteratIons through the ent1re mesh WJth q-O, dnd 1 hr'fI <,wlldllllfJ 1(1 

the determi ned q va 1 ues, as ymfJlot l C C unvl' rg('IW(! Wd <; ()bl 01 1 rll'd • 1 1 

should aiso be noted that a set of flve ...,ldnrLlrdll.f'd plJlf'nl Idl 

confIguratIons where stored ln rnernory dnd Il'-)(·<1 d!-, <,Idrl 1fl(j 1J{)lrd:-; 

for s~mllar configuratluns, and Jt was 
..., ..... 

not .. Tl(·':""'·,dry 

more than 100 1nIt1al IteratIons [l"Om t 111><,1' :-;tdll Ing pOInt ~ Irl 

• order to achieve successful convorgpnce. 
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Anolh(~r useful technlgue for the problem at hand was to 

[Jl'(.H'f'SS t he mes h pOl n ts ln a n al ternatl ng fashion. If the mesh 1 s 

dlVldc'd Into odd dnd even pOInts, llke a chess board is dlVlded 

Into black ,-Ind whIte squares, then an odd pOInt WIll only have even 

flr'd l"f',l ne l CJltbou rs a nd VI ce versa. We were abl e to ha Ive the 

lIumbl-'r of lterdt.lons by performlng half swecps, whereln only odd or 

,'ven PO) nts rire updaled. The process 18 commonly referred to ln 

lhf' Ill('rdlure 11
• 

The el cct l'on lra jeclür les were cal cul ated by aS8umlng llnear 

Vd r 1 d lIon 8 1 n t he pot ent laI belween pl anes perpend lcular to the 

dX18 lhat [JdSS lhrough nelghbourlng gnd pOints. ThlS lmplles that 

lherc WIll be a constant force on the electrons as they travel 

).ptween the planes perpendlcular to the walls of the cyllnder WhlCh 

Int prsect grId pOInts. A constant averaged fIeld was calculated 

for the electron eaeh tlme lt passed one of these planes, and then 

by Inle(Jrctt )ng lo the ne:-.t plane, the subsequent posltion of the 

pl t'C' t ron Wd'3 f ound. Th lS procedure was repeated 50 that the full 

1 ra ]el' lory of the el ec t ron \o.'a'J t raced out. 

Thl s method lS not va lld for el ectrons WhlCh are trave lllng 1 n 

d clIn'cllon nearly perpendlcular to lhe walls of the cyllnder, 

SI nec t hey may t rave l seve ra l rad la l gr ld spaces bef ore reaching 

the nt!~l pleine, L'ind the potentlal can not be assumed to be constant 

v\'c1' sUl'h Luge dIstances. HO\o,'ever, the only eleetrons that could 

s l r 1 k e 1 he cl t' tel' t 0 r a [ ter a t ta ln l n 9 an 0 rIe n t a t Ion 0 f mo r eth an 45 0 

dlC thclse ncar the dctL'ctor cntrance, Slnce aIl others WIll not 

h,1\'f' pnlllH]h moml'ntum ln the dlrectlon parallel to the aXIS of the 
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spectrometer to overcome the strong repuision ft'om the backplatC'. 

It was verified that even at the highest useful resolutlon setllnq 

(V2/V1=.85), where the fIelds are mosl non-llnear, .ln elc·ctt'on Wlt h 

an orIentatIon of 64 D would not see more thdn an 11% chdn~e ln the 

radial force due ta non-llnear terms. Sllll'\~ the rt'(mlfilVe .Ul,!l 

for t' e I sne a r 1 y l 00 t 1 me s st r 0 n 9 e r th a n t. he 1 d dl il 1 f II n . t' n L' ct r t hl' 

detector entrance, the elect.ron trajecturlC>l:i h,'nd aWdy fl'l)(ll th(' 

det.ect.or very rapIdly once t.he orlentallon ,1ny le be('umcs ':ln'dt ,'1" 

than ... 45°. TrIals with the program revealed lhat iil hllJh,'sl 

resolution not more than 3% of electrons t hal st l'Ul'k the bd('kpLd l' 

wIt.hln 10 mm of the detector, had an angle of HlCJ dtc'ncc of Ill()rl' 

than 64·. 

was thus sUltable for the purpose 

performance. 

2.3 The Use of the Trajecto'!:y_ Cal C,u 1..aJJ-_!}~ __ Progrdlll~ 

2. 3a) DImenSIons, Toteranc~~ an~L.E((f':'ct:; _<:.)f _?hy~.lsaJ Dpf'~('l H 

Resol ut.lon curves represent the count rale of delec:L/'d 

electrons as a functlon of the energy of those r>leclrons br~f(lr(' 

enterlng the spectrometer <the pass energyl. The wldth of t h(· 

curves represents the pass band that th" s[lc>clrolflelf.'r sr»('(;t s, ,Hld 

the helght of the curves lS a med~Ul'e of lhf~ spel'Ll'Orn(!t ('r':-; 

efflclency. ResolutIon curves are the rnust dll'pcl ('va lildt 1 fin (Jf 

spectrometer performance. 

The slmulated electron emlSSlon 

determlne the helght of lhe resolullon ('urvps al a Ildr11 1 ·lll.u· 

en erg y ha d t 0 r e fIe ct the a c tua l d l st r I but. Ion f r IJ en a )"(! id 1.1, 1(' (! 
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d irnen S lona 1 sarnple orlentated at 45' ta the aX1S of the 

spect rorneler. In our two d1menslonal slmulatl0ns, an IsotropIe 

du;lrüJUllon from a sample arlentated at 90° to the aX1S was uSf'd, 

and found to be bath, sImple to carry out and ln agreement w1th the 

slIoulallons by van Noort and van Gorkum who reported that the1r 

lhree dl/ll('ns10nal s1rnulatlons showed an 1nslgn1flcant change ln the 

lrdnsrnlSSlon characlerIst1cs when the sample 1S placed at 45°1. 

In order ta test the effects of dlmenslona 1 changes, 

resol ullon curves were produced C'orresponding ta small 1ncreases 

and deCl"Ca ses ln a Il of the dImenSIons of the spectrometer. The 

spectrurneler resolutlon was ma>'lmlzed (.8%) ln produc1ng these 

curves so that the effects on the performance of the spectrameter 

woul d oc rnost obv loue. 

The phys 1ca l mcan 1 ng of t..he d1mens10na 1 va r lables l S shown 1n 

FIgure 2.4, dnd Table 2.1 llsts thelr value, and thelr tolerance. 

The lolerances were calculated as the amount of change ln a 

vclrlable that would produce a 5% decrease ln the number of detected 

electrons at the pass energy, or for lnsenSl tlve varIables a 

lolerance lS slaled wh1C'h wIll be technlcally easy ta atta1n. If 

the dl mens 10na l change dec rea sed the reso 1 utlan, the numbe r of 

detel'lt>ù ell'l.'trons at the pass cnergy was assumed to be smaller by 

lhe fracllon that the resolutlon decreased. OW1ng ta the fact that 

there 18 a large varldllon ln the manner ln WhlCh the resolutlon 

cUlves are affecled, comments are 1ncluded. 

The tolerances show lhat the spectrometer lS not 50 sensltive 

la dlmpns10nal changes as ta dlscourage constructIon. In 
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Figure 2.4 VarIables Employed for Dlmen!'ilonlng the SI"!ctnllll/·tpJ· 

partlcular, the suggestIon by the bUllders of the protolyp(-! 1 hdt 

the shape of the co ne should have a tolerance of not morp thêln .1 

mm, is not supported by our sImulatIons. 

The dotted 11nes ln FIgure 2.4 are represF'ntatlve of lwo 

phYSlcal defects that we were unable to dVOld Hl the C'unHLnwL IUf) 

of the spectrometer. That refer rcd lo as 'sag' COJ- f/!s[JundH t 0 t hf> 

tendency of the cyllndrlcdl rnc!:-;h to be Pllllod IrlWdl'ds du" t r; 'Hlf'Vf~n 

tensIon on the mcsh. Though our sHnulatlons c()uld ()nly "('J!"I~<'('nL 

an aXlally symmetric 'sag', the pffects shüuld be of lhl~ SdH\(' 

• magni tude. The te rrn f bump' cor responds t.o a dr!v 1 iJ l J un 1 ra t hl' 

backpla te of the spectrometer, crea ted by the conduc1_ 1 ve ('püx y 
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contact made there. Once again, only an aXlally symmetric 'bump' 

could be tested. No slgnIflcant changes were found in the 

sp~~trometer's performdnce due to these defects. 

'l'he dIstance 'pt was requlred ln order to ensure adequate 

Insulatlon betwccn the grids. Slnce our grlds were not as smooth 

as the prototype' s, greater dl stances between the gr Ids were 

nC'C0SSil r y • 

A furthcr dlfference between our spectrometer and the 

prototype, Wdb th,iL our acceptance angle was determlned by the Slze 

of the transpa rent portIon of the focuslng lens, whereas the 

acccptance angle of the van Noort et. al. spectrometer was 

determlned wlth an Interchangeable entrance aperture. The change 

was Implemcntcd sa that a smaller area needed to be etched from the 

focuslng lens, and hence, our etching success rate would be hlgher, 

and the lcns would be sturdler. There was concern that at broader 

resolulion settlngs, the potentlal on the cone would change the 

orientdtlons of JnCOmlng electrons, thus changlng the locatIon on 

the cone that should be transparent for maXImum performance. Tests 

showed that thls was not the case, WhlCh lS consIstent wlth the 

[clet that the electrons approaeh the transparent area of the cone 

dt n('élf pl'rpendlcular angles to It • 
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Table 2.1 Spectrometer DImenSIons and Tolerances , 

VarJ. A Jntenslty Intenslty· Optlmum Comments 
able Decrease Dlmenslon 

Decrease for -A and 
for +A Tolerdncc 

11 

L 2mm <.5% < .5% 22G:!2 mm 1 nSt'ns ill Vf~ 

R 2mm 3% 2% lOCl±:! mm Inlt'IlHlly 
1 nl' re.:i SC~ .lIH1 

Il!Holut IOIl 

III uddf'n 1 nt..l oiS 1{ 

lIH'II'dSt'H 

h Imm <.5% <.5% 19±1mOl Shifl tu hl 'J 1\1' 1 

pdSS I!nl'I 'IY .lB Il 
dt'l' rPd '-lfld, hut 
Illtlt> Ch,HIIJI' ln 
rl'HO III 1 IOIl ('IlIVI' 

ra lmm <.5% < .5% 30±lmm In~l'nsltlvl' 

111 2" <.5% <.5% 45:!2 D lllSt'nSl1 1 VI' 

W Imm < .5% 6.5% 62.5±.fj dl'(' l'('d SI' III W 

mm ( , d Il !5 L' S 1 nI ('llh Il Y 
Inl'I'('dS(~ LInt! 
r('!-i(} 1 Id 1 (If) 

broddf'n lllq 

Il 2mm < .5% < .5% 15±~mm e 1 (l c t l' 0 ri H do Ill) 1 
HI rJke df'l ('C: t (lr 
fl'um t~H!H(> 

or}(.~llt dl luns 

12 Imm 3.8% -4% 29:!lmm 1 rH' rî'd S 1 IllJ 1 L 
CI"f'dtr'S t d 1 1 IIrt 

hdrd S Idf' 1 j f 
rf'!;I) 1 \J t 1 (In ('Il'-Vf' 
SO t Il.! t Ihf' 
1 rte 1"(', l '-if> (If 4" 1, 

18 dp{'f'l V 1 f1IJ 
" 

P Imm 6.5% < .5% 3:!.7')lnrn dr'{'l'pd ~ 111<J P 
l 'U t!'-.. off !'Ulfl(' of 
Uw hl (Jb!'r 
('flf'PlY (. 1 1'1; f l'OIlS 

• 
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Varl 4 lntenslty l ntens 1 ty' Opt1.mum Comments 
able Decrease DlmenSlon 

Decredse for -4 and [or i4 Tolerance .. 
X 1mm 6% < .5% 50t.8 mm decrease ln X 

results ln 
sharper 
orlentatlon 
dlstrlbutlon 

• 2rnm 12% -2% lOt.8 mm decreaslng 
sample Slze 
narrows 
resolutlon at 
expense of count 
rate 

12- 2mm 3.8% -4% l4t2 mm same effect as 
11 lncreaSln" 12 by 

1 mm 

01 2mm 18% 12% lOt.55 mm resolutlon curve 
broadens qUlckly 
for lncreased 
dlameters 

~ ... g 3% Equlvalent to 
decreaslng R 

bump 1% lnsensltlve 
>V 

In cases where the resolutlon changes, the lntenslty (helght of 
reso1utlon curve) lS adJusted by sca11ng the curve to .8% 
resolutlon. ThIS method lS 1nadequate 1.f a tall lS produced 1.n the 
curve Huch as when 12 1.S Increased • 

.. ln those cases ln wh1.ch the lntenslty change 1S less than 2.5%, 
the tol(~l'dnce lS dsslgned a value whlch lS techOlcally easy to 
dttdln, othprWlse the tolerance lS calculated based on the change 
ln a dlmpnslon whlch would produce a 5% decrease ln the Intenslty 
(St~e ·l. 

il. The sag correspondcd ta a 2 mm decrease ln R along the cy 11nder 
flom the lOt h t 0 the 216 mm. 

The bump was 2 mm hlgh, 2 mm long, and located 75 mm from the 
dXlS of the cyllnder 
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2. 3b) Predlcted Performance ç_haracJ:_~"lSJ::~~s o(J:~~~ectrom_t;_t('r 

F1gure 2.5 shows the m1nlmum, maXlmum, and three ottwr 

resol utlon curves, for the chosen speclromel cr d Iml'nS .lnIl8. TIlt' 

he1ght of the curves .lS a measure of the f l'action of .\L'cL·ph.\d 

electrons (electrons wlth tra)ectorles that trace thlo\l~lh tlll' 

transpa rent port10n of the cone) tha t sl t"ike l he delL'l' t nI • ThlH 

f ract ion lS refer red to as lhe st rI kl ng f racl 10n. 'l'Ill' hot' 1 /1 ln t .t 1 

scale lS a measure of the fraction of the paRS enel""'JY \ h"t \ he 

potent1al VI corresponds to. That lS Vl (ln volts) Hhuliid bp HI'\ 

to the horlzontal posltlon of the peak, multlpllcd by t ht' df's In·rI 

pass energy (ln electron volts). Slnce the pdHS l'1)(~r9Y IH .. lwdyH 

wlthln 5% of the correspondlng 8ettlng of VI, Uw wldth of the 

curves 18 an accu rate represent.iltlon of t.he n'su 1 utlon, winch 1 H 

normally deflned ln terms of the pass energy. 

USlng the full wldth at half maXlmum criterlon, lhe nan"OW('Ht 

resolutlon of the spectrometer lS predleted lo be .0%, dnel t hl' 

broadest resol utlon of the spectromet(~r IR prr'dlcted tu hl' 4. n. 

At .8% resolutlon the stnk1ng frdctlon lS .43, dnd dt 4.Po 

resol ut 10n the str lklng f ract Ion 18 .85. The df.'lect Hm count rd te 

could therefore be expccted to drop by a factor of n"dr 1 y li 

(.85/. 43x4. 3/.8) ln chilnglng from narrowesl 1.0 bJ"()dd(~8l rf·l-Wlut.l0fl. 

The spread ln the locLitlon of the l)('dks )nd}('dt'-~H !hed. th(· 

potentlal VI wIll have to be ad)uslfJd wlth t.he !"P!-!rJ!u110n. <t'Je)t" 

that the resolutlon lS deterrOlned Ly V2lVl.) 

values ln Table 2.2 have been cdlculaU::d for detpnnlnJny V) dt. d 

desired reso l utlon. For Instance, l.o sel,-::ct 7.3 k(..!V e!f~(:tr()n!-l 
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• wl.lhin a 4.3% pass b~nd, VI should be set to .94x7300 volts, and V2 

should be set to OxVI vol ts. 

Tabl e 2.2 SpeC'trometer Potent la 1 Settings --

RC'sol ULlon VI V2/Vl 
(percent of pass (f ractl.on of pass 
energy) encrgy) 

4.3 .94 0 

3.5 .951 .21 

3.0 .96 .31 

2.5 .969 .40 

2.1 .975 .49 

1.5 .98 .70 

1.0 .99 .82 

.8 .992 .87 

• 
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_2 ~ 3~J ___ PJols of Electrons Trajectorles 

FIgure 2.6 shows three se t s of mono-energet le el eetron 

Lra ]ector les. It dlsplays the abll1ty of the spectrometer ta 

dlf:WrllOlnate belween pass cnergy eleetrons, and eleetrons 2% above 

dnd bC'low the pass en(~ryy. The resolutlon lS set for 2.1%. In the 

lllp dl.)(jr.:.tm whpre the IncorOlng electrons have energy 1.02xEpass, 

th,! î'1f'f:Lruns slrlke above lhe detector. In the b0tlom dlagram the 

"l"clrons hnve enprgy .98xEpass, and sa they fall short of the 

de·t l'l'lor • 
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• 
~--------------------------------------------------------~ F1gure 2.6 Electron Trd]ectorles for Elcclron!; of F:n(~r(JJ('H, 
1.02Epass, Epass, and .9UEpass, and a ResolutIon Sf~tLHlq of 2.]% 
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~..-!-l~_ Pj1..'?~c;~L§pac~ Dlagram 

Phase space dlagrams are shawn ln FIgure 2.7. The dlagrams, 

Jlke the lrd]Cctury plots, were for mono-energetlc electrons, and 

were ca leu 1 a ted based-on a resol ut Ion setting of 2.1%. The 

hor Izont a 1 a x 1 s reprf"'sents the radIa l dl stance a t wh Ich accepted 

el pctruns nl r lke the baekplate, and the vertlca 1 aXlS represents 

lhe drCSlnc of the .. mgle at WhlCh the electrons strlke the 

The two vertIcal Ilnes represent t_he llmlts of the 

d(~tf'l'Lor cl rca . PO] nls fa Il] ng Wllh 1 n Lhese Il nes correspond ta 

cleclrons that would be detecled (lf nat blacked by the SOlld 

reglons ln the focuslng lens). The data pOInt s or 19 lnate f rom 

clpctrons that were released from the extremltles of the 10 mm 

dl dlllct p r sdmpl e sa t ha t the region Wl th ln the data llnes lS 

n'preSf'nLlllVe of electrons emltted from a 10 mm dlameter sample. 

The shaded reglons correspond to detected electrons. ThlS reglon 

should be maxlnllzed at the pass energy (middle dlagram), and 

ml nlml zed at the 11 ml ts of the passband (upper and lower dlagrams) • 
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Clli~'p'~er _;!_: ConstructIon and Assembly 

3 • 1 Ex ~ ~ !- n_i!) ___ ~§ sef!!b l.Y 

FIgure 3.1 lS a photograph of the apparatus. Its basl.c 

cfJrnponents are the vacuum chambeJ", the pumplng system, the table, 

the controls, and the lransducer track. 

The v.]c'uum ch<lrnber l s mdde f rom al umlnum, chosen for low 

rj,.ny!ty, PdSy maChJnlng and weldlng. The chamber lS securely 

bollf'd lo the Llble wlllch lS also alumlnum. The bd, and bottom of 

'h,> c -h,lI11hf? r rd n be n-rnuved. The bol tom ca r r les the vacuum port on 

whlch 'he dIffusIon llurnp hangs. 

!wcess to the Internal assembly 19 had by removlng the 

(llffu~lon [lump, dnd lIftIng the full chamber out of the table. At 

thls pOInt lhe lld may be rumnved, and then the cyllndrlcal portIon 

of the: C'h.Hllber Cdn be 11fled over the InternaI parts. What remalns 

lS lhe grid hyhtem and ltS wlrlng supported on the bottom portIon 

of the chambrr. The wlrlng 18 fed through hlgh voltage, vacuum 

compatIble, commercIal connectors ("W.W. FIscher S.A.", model j 

1041\049 and 105A049)32 On the bottom portJ.on. 

The lld of the chamber has welded ln the centre of It, the 

sample cyllnder. ThlS cyllnder has one berylilum wlndow on each 

SI de of l t so tha t y- rays f rom the source can be t ransmi t ted 

lhrouyh the cyllnder wlthout absorbing the rays. There is a port 

un the top winch 18 fltted wlth a standard 3" dlameter flange. A 

t hreaded chsc has been welded ta the bottom of the flange sa that 

a s,impIe mOllnl can be altached . 
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• Figure 3.1 Photoyraph of lhe Apparatus 
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• Figure 3.2 Photograph of Control Panel 
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The controls for the voltages, vacuum system, transduccr, dnd 

detection ampllflcatl0n system, are mounted on the table (Ht'(' 

Fl.gure 3.2>. The transducer trdck lS supportt!d un l,ln:JC dlumlll\lIn 

legs, and lS securely bolted to both the track and the tdble HO 

that the ent1re system wl11 vlbrate dS a slogle unlt ( H (' (, 

Flgure 3.3). The track 1S of alunnnum constrUl't Ion, and 1'1l11Luns 

groves so the transducer can be moved Wl t houl ('h.H)~11 nq t Ilf' 

allgnment. 

Figure 3.3 Photograph of Transdllcer Set-up 
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The Inlernal assembly, as shown ln FIgure 3.4, conslsts of the 

forep]ate, lhe canlstp.r, support rods, the detector mount and 

mlcrochannel plate (MCP) detector, and the sample holder. 

A cross secll0ndl dlagram of the foreplate IS shawn ln 

FjJJure 3.5. Il conlëuns no 

The 
~. 

('(HlI[Jonl'nls of the foreplate are 1 J ........ rrwth 
_ --- ---'----- ----;::-::J---......, 

dn (!poxy wlth a low outgasslng 

rate. Elecll'ICal contact 
FIgure 3.5 Cross Sect 10na 1 V lew 

uelween the lop al uml num rl ng of the foreplate assembly. 

rll1li the slaInlpss steel mcsh, and between the bottom alumlnum rlng 

<llId 1 he c'one, l S made wllh a conductl ve (carbon f 111ed) epoxy34. 

The '('.:lIllster' assembly conslsts of a plexlg1ass rlng, a 

plf'XJgl,u'!s plaLE', and a 

cyllndr]('al stalnless steel mesh 

wlth 90% lldnsmIS~lon. The mesh 

lB 91upd ta rldges on the rlng 

,tnc] pl dt c. Thnugh not showf' ln 

F}(Jure 3.6, tlwre a.re elght 

al1l11l1nUm sllpport rads whlch 

t'xtl'nd thl'Owjh the large bores, 

,lnd al't t a support t he top r lng 

dnd tt'TlSIOn the mesh. 'l'here are 

, plexlgloa 
auppOrt 
l1ng 

~~ ___ l_~~ _______ '_~_~~e 
Figure 3.6 Cr'lSS Sectlonal Vlew 
of the 'canlster' assembly 

aiso thrce delrln support rods WhlCh three of the alumlnum support 
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• F1gure 3.4 The InternaI Asscmbly 



• 

• 

61 

roda may be sClewed lnto, thereby holdIng the 'can18ter l above the 

boltom pJa~e of the v~cuum chamber. 

If wc be~ln from the top ln 

FIgure 3.7, depIctlng the MCP 

delec'lor mount assemblr. there 

l S a t III c k ( 6 TI'1 ) pIe x l g l a 8 S 

rIng wlth the cntrance mesh 

glupd ta the I.lpwdrd sJde of It. 

Nylon H('n~ws hold It Inlo a 

dCl'rpSSlon ln the back plale of 

t he can18tcr. The pnmary 

pUl[lose of the rIng 18 to 

MIcro 0lcnleI Plate 
(MCP) detec10r 

;trrr:::=:? , cc::=:m 

~'r~nmrnmm~ ____ m 

Il]) 

~ 
Figure 3.7 Cross SectIon 
Detector Mount Assembly 

of 

8upport the rcst of lhe detector mount assembly. On the detector 

l'onde of the rIng, three threaded nylon support rads fasten, sa that 

the rest of lhe dp-tector assombly, as a unIt, can be Slld over the 

rods, dnd he 1 d 1 n pLlCe Wl th ny Ion nuts. The MCP detector conslsts 

of two, .5 mm thlck, 50 mm dlameter dlSks, sandwlched together. 

Its o~eratlon will be descrlbed ln the sectIon 4.5. The detector 

rests ln a depressed cavlty InsJde the two plexlglass d1Sks. The 

3 mm thlCk dHlks have aiuminum sputtered on the depressed rIngs for 

elpct rJ('al c'ontact \Vlt h the MCP. There lS aIso a 2 mm wlde and 2 

mm d (' e p t' h .-\ n ne 1 for W 1re son e a c h dIS k • The channels are coated 

wIth alunl1num, .3:1d lead to the delector contacts. 

The s~mple mount assembly (see FIgure 3.8, and FIgure 3.9), 

cons1sts of iln alunnnum shaft, and a small ell1ptical rIng that 

holds the sarnple to the shaft. The sh~ft has a threaded lead on 
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the top of It WhlCh attaches to the extel'nal flange. 'l'he other end 

of the shaft 19 bevelled at. 45·, and has a 20 mm dl<lmptpr 

hor 1 zonta l bore through lhe centre of the bcw.' l t~d porlion. Th,> 

bore allows the InCIdent y-raYR to eXIt the 8pectn,'etl>r, dnd th" 

45° bevelllng represents a compromIse beLwL'f'n maXlITI1Zlng t IH' dllllHlllt 

of flux through the Rample, dnd ohtalnlng a 8,1[111"'1(> UI"It'nt, t Hill 

WhlCh WIll maXImlze the nurnber of delccL.lble elt'ct l'uns (loi'. t h,')1' 

are more per}Jendlcular cmlSSl0ns than glanclnl] tl/l'JI,' "IIIIHHllllIl";). 

Figure 3.9 Photograph of Salllple Mount 

alumlnum 
.. Ihatt 

f:~-=-
/' ... Iheot on 

mounft'lg ~0 whIch 1Qrnpk) 
ring la f'l'lOUlted 

-----
FIgure -l.B C!"(IHH 

SP(" 1(ln (If SdlllJ!I(~ M(Jllllt 
À'-,',('l1Ib 1 Y 
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Figure 3.10 Photograph of the Focuslng Lens 

The Iens (see FIgure 3.10), was constructed from 5/1000" thlCk 

copper sheet. Flrst, an alumlnum mould conslstlng of both posItIve 

and ncgatlve segments was machlned on a computerized lathe to the 

deSlred dImensIons. The copper sheet was then sandwlched between 

ëln aIumlnum sheet, and the posItIve mould. The two sheets were 

ttwn spun onto the mould to obtaln the basIc shape. It lS 

dlfflcull ta spIn thln sheets of copper wlthout tearlng the soft 

m"t al, and hence, the sheet of al unu num was necessa ry. Even with 

the extra sheet, lhe technlclans could only oLlaln a success rate 

of about l ln 3 • 

• 
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The successful canes were then annealed [or 15 nnnutps at a 

temperature of 600°C. Anneallng was n~cessdry ta Hoften the copper 

for the next stage ln the shap1ng procf'ss. The annca 111\9 h,trl t 0 bl' 

performed ln a furnace that was under Vdcuum to plcvenl oXldatlun 

of the copper surface. Though the 0 X] de 1 a yt:' r l'olll d ,',l sil Y bt.' 

removed chemlcall y, the process wou 1 d mdke the 1 ens t 00 wt'dk t () 

retain ItS shape, and cause the thlcknf'ss of the 11'118 10 bt' nllll-

uniform. Attempts to prevent oXldat 10n by pray Id 1 ng a lU 1 J'olJell 

f low through a [urnace proved to be unsur'CI'bH fuI. 

After anncallng, the cones were presscd wlth a w(>l~Jht uf 4000 

pounds betwcen the pos 1 t 1 ve and negdtl ve Inulllds. Th 1 S HI 1 f f('llI'd 

the cones i nto the 1 r exact shape. Wr l nk l es rf'HuIU'd 1 n HOme nf t hl' 

canes dur Ing t hlS comprpss Ion stage cH, t hl'y 1""1111 11"(·<1 1 (JI) mlll'h 

shaplng. 

The next stage ln the procE'SS was to ('t(~h 1 hl' 1.11 Id l',d 1 l'trI 

lnto the cones. ThIS stage wIll be expl a 1 ned 1 n dl!td 11 HI 1\('1' 11 I!-l 

both crucIal to the constructIon, dnd a somewhdl 1Il1for'jJVlny 

procedure. 

CommerCla 1 photo-etching products f rom MG _ L'hem 1 ('d} H.H, WI' re 

used for the etching. The products conslst .. d of #4l6 [lm;lt IVf' 

photoreslst ln aerosol form, #417 pnslLlv0 phutun'slHt d('vI'J()Jl"t", 

and #418 pOSItIve photoresist etchant. 

that the photoreslst aged, L'ven HI t JI(~ t!f'nJ'-.ol furm, dfld h('('drnf' 

Ineffective for our purposes ]n about 2 rnontbs.) 

The phot.oreslst IS a lOllg chaIn [J()lyrn(~r WhH'h bn·,.kH dc)wn w~lf'n 

exposed to ultraVIolet rays. Thr:! dcvf' 1 UP(' rIs d n NdUI! su J ut Ion 
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WhlCh will dissolve exposed photores1st, but has 11ttle effect on 

the long chain pol ymer form. The etchant IS FeCl] WhlCh remaves 

the exposcd copper. The pholoreslst praducts are papularly used ta 

create P.c. boards. 

Olher equ lpment used ln the 

elchlng pruc(~ss Inc'ludpd nltrlc 

aCld for cleanlng lhe cappel', a 

275 wdlt uJ t ra vlolet lamp for 

(~ x po S 1 n (J the )'(~ S 1 st, a lu r n La b 1 e 

for roldt lIlg lhe cone dut"lng 

f'X[KHiurL'>, il Hmall electrlc motor 

for H[Hnnln l] the cane ta obLlln 

an L'V('n CLhlt of l'hotoreslst, an 

Flgure 3.11 The Masklng Cane 

exposnrp. mask and maskIng cone, cyllndrlcally shaped tupperware 

dlshes for h~lhlng the cones ln chemlcals, dnd Insulatlng varnlsh 

ta protect the underSlde of the cane. 

The eleclrlc motar for splnnlng the cane had attached to ItS 

shaft, a fIat metal sLrlp on WhlCh was glued an alumlnum cane, 

shaped Identlcally to the orIgInal lens. (A number of such canes 

wpre aVélllable as a byproduct of the splnnlng pracess). 

The cxpoHurc mask used was a commercIal graphlcs product WhlCh 

90e8 Dy the n.,me IJ_ç_t!"_~ t:on~ (see FIgure 3.12). A masklng cane (see 

F l\jUl"e> 3. 10) \\'.l s Llbr Ica ted f rom one of the byproduct cones. The 

st l"lp t"l'Inoverl [rom the cone had a wldth and locatIon as determlned 

prey lOUS l y for mall.lmllm performance of the spectrometer • 

The followlng procedure was employed: 
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1. The underside of the cone was coated wllh 

a thln layer of G.E. Cheml ca 1 S36 lnsulatlng 

varnlsh and then drled. 

2. The cane was cleaned ln nltrlc aCld of 

concentratIon 15%, and then l}lllC'kly 

transferred to a waler bath. 

3. The cone was aIr drIed, and placed ln a F 1..9\11"(' 3.12 l'~ .... 1" l' , \ 1 l' 1 • 

~1 aH k : r. (' , 1 .l' (1 Il 1 • 
fume hood on top of the mechanlsm desl(jrwd L'l' ~ 2 3 

for splnnlng It. A cdrdboard bal' l'1er was 

employed around the cane ta capt ure sp lashps r rDm t he phu' Ill'(·!,.;! ~ t 

dur lng SplrllHng. lnf ra red llght l ng was eng<HJcd, as d th) ck 1 dyl')' 

of photoreslst was sprayed on the cane. 

qUlckly for 15 mlnutes ta ont'aln a unlform cOdllUC) of n-HIst, 

before belng placed ln a dark enVll'onmt:>nt lo dry for 72 hours. 

4. In a dlmly lIt room, the mci!:;k, cut lo !onze, WdH pOHllIIII\(·d l'II 

the cone. Slz1ng and placement of the mask were nut ('/' Il J('a J, dL; 

the mask was cut approxlmately 1 cm wlder dnd 3 mm IOIl'y-r 'hdfl 

needed. Once the ma sk was ln pOS l t Ion, excpss 1 engLh WdH t)' IIHIII/'d , 

and a thln (1 mm) strlp of scolch tape was altd('hud tu t 11f' 

underSlde of the overlapplng reglon. 

remova l of the mask much ('LlH If:'r. 

completed by placlng lhe rnasklng cone ovpr the )l'nH. TIIf' 

quantlty of double sldcd L~pe. The r:one and ItS [uJI IIIdsk WI'I(' 

then centred on a lurnlable wlth the lIse of a pldHtlC annulw; whldl 

• could be screwed down to the turnt~ble. 
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e-
l • '1'h(· Lurntdble was pldced bc.:!low a pldte of 3/16" glass. 

t l.lrnL.Jb 1 e WLi 5 suppol'led ln an angul al' pos~ tlon such that the 

up!.Jf>nnost exposE'd area on the cone was hor~zontal. The 275 Watt 

uJtrd-vlul,~t buJb was SJtuated 22" above thlS horIzontal surface. 

Thl~ (~xp()f-)ure tune WdS 28 mInutes. The rotatlon rate was one 

revuluLlon per 50 seconds. 

(1. 'l'hC' lIIask WdS rCInoved f rom the cone and II was placed j n cl bat h 

uf 4 parts waler to une part developel' solutlon. The contalnel' 

empluyed WdS gvnlJy shaken by hand. Development took approxlmrltcly 

3 nllnutt's, but the ul t lIna tee r 1 ter lon for determ1nlng suff lC lent 

devl'loprnent WdS the observclt10n of a clcar pattern. Increased 

11ghtlng was necessdry to make thlS observatlon. A good pattern 

Il,11] cl ddrk orùnge co J our for non-exposed port 10ns, and cOPl1t:.'r 

shOWln'J .ln the exposed reglons. Dark bl ue segments (not fully 

dt'VL'Jupecl ~('gments) were removed w1th coLton soaked ln developcr. 

7. The Jens WdS bathed ln warm runn.lng water for :2 mlnute~. 

n. Til c' 1 (' n S W d S l d cl C t' d trI thE' f:' t ch d n t sol u t 10 Il wh 1_ c h wa spI ace d Jr1 

d Slllk full of warm water. The solutlon was gently shaken by hdnd. 

Onc(:' some rC(j 1 C'IlS oI the l'one were campI ete ly etched t hrough, 

L'':·lI1t Ion was employed ta ensure th<1t the etchlng was relatlvely 

un 1 fI) nll. If ~l was found lhdt sorne of the walls ln the he~agonal 

pdttern werc deterl.OrdLlng, the co ne WdS rlnsed ln warm water, anù 

1ndlVldual regHllls oI the cune werc etched ln an lsolatcd faslnon, 

uSlng a wdsh bultle fliled wlth the etchant Solutlon. 

q. Once a un1.Eorm pattprn hdd been etched, the cune was placed ln 

(1 rUnnl.n~1 bath of \vùrm water for 2 mlnutes. 
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10. The cone was placed ln a solutIon of 1 part mpth~nol, dnd 1 

part toluene for approxlmately three hours. ThIS rt'Ill~)\'('d bot h t hl' 

photoreslst, and the In!-nllatlng va.rnlsh. The cone WdS tlwn clt'.\I\('d 

wlth Isopropyl-alcohol. 

Figure 3.13 Photograph of the Mandrel 

The stalnless steel rncsh useù for must of the (Jr 1 ds Wr1S nuL 

st!ff enough to support Its own welght. ln ordcr· to form It Ira!() 

a 226 mm hlgh and 200 mm dlameter cy Ilndf'r, support dud tpns Ion 

were reqlllred. A collapslble mandrel (see fl'Jllre 3.13 dnd 

FIgure 3.14), WhlCh the mesh could be Wl"dppc·d aruund lo furrn LI If! 

cylinder, was thus bUllt. The Idea bClng that , aftpr the rn(!sh Wij l:l 
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fjJuf>d 1" t1,,~ !"ldfJ"n un thl' t"lng and brd_tom of the canlst.-.::r, I.h,_' 

rfldndn~l f:c;Llld be' (:nllapsed and removed. 

'l'hl' [ndnrll"(~l's c:JllnrJer WdS [abrlcated from a standard 8" PVC 

P 11'(', 1 h( 'WJh 1 t d Id hilVC t r) be sha vcd down tu the propel" l"rldlUS. 

'l'hr.' Ifldtldrr-l'" ('fld" wPt"f-: made of plastIc, and the central rrJd with 

The procedure used La f fJrrn Lit,· 

f • y 1 1f 1 ri rl e • ,11 Il t" l <l w d S cl S [ u l 1 1) W S : 

1 • TIIf' fIIdfHJrel with lts (;r.:'ntrdl rad and accessor j ...> Wdé 

2. 'l'Ile· lddlc' from thr~ Cdnlster assembly was attached to thf--' 

rll, III (J 1 f' t • ()lll' '-,f'l"f'W dnd otte.' pIn ln earh slice uf the mandrel, hl'Id 

1 Il,, Jll.ü ( , 1 Il J..I L Il '.' • 

\. 'l'Il!' rln'::l fl"<,m the ('dI1Lster c1ssembly, and the plexlglass plat. 

fI (lIll t ilf' f(JI l'l'Lit."" dssembly, was dttdcheo ta the Uppo"'lte end uf 

th" Illdndn'l, Irl the sarBC' manner as ln 2. (Note that thf' foreplatr..~ 

tlltli.t hl' dS~(~lllldf'd dftel" tltL' C'dnlst.er aSHcmiJly) 

4. Th!"I'!' ~upl>(lrt ruds, hwh ..1 mm shortE.'r than the ruds that wt)uld 

('\j'IIItldll)' ~tIPP()rt tlle I...'dillster, werc Inserled throtlCJh the holes O!I 

tll(' (l11l"ldl' n[ the pldtes, dnd rlng. 

r1 • '\ 1'1000" tltl('k !-)h~'f-'t uf myL-u" WdS wrapped dl"ound the malldrel. 

!I. Th(' nH'~h Wd.~ cut h .. l SlZt.:' dllO\vlng an lnch of overlap where the 

'-if '<1111 Wllltld (w(·Ul. 

thl' jJ\f'I\,lp dt tht' spam was se[Jarateù hy the mylar. 

7. hfllllt' ll~ddln~l thl' nlPsh III pL-ll;e by hand, cl wUllden hoop, that 

l'Olild hl' t l~lht ... nt'd tl) th!.:' dl...lmeter of the mandrel was \Ised 
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• '-------_._-------------_._--
Figure 3.14 fully {\f{<,clllbl(·d Mrlndrel 
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8. A t.:-hlCk coat of Araldlte gl ue was applled to the secured end of 

t: he m~sh. A thlck coat was needed to prevent el ectron dl scha rges 

frofll the ends of Wlrcs. 

9. Af ter the gl ue cured, the other end of the mesh wa s gl ued ln 

the same rnallncr. 

10. Aft(~r curlng, the support rods were removed. 

Il. The ('Ill l rc dbs(~mbly was slld onto the three support rads that 

f'xtc'lld up frum the charnber body. These rads were 1 mm longer t.han 

thl~ f()rrn(~r J'ods, HO thrd: whl..'n the nylon nuts at the top of the rods 

w(!re tlghU'nert, lhe ffi('sh was strelched 1 mm ln the aXIal dlrectlon. 

12. The plexJgl.-lss pldle from the foreplate assembly was removed. 

13. The rnandrel was collapsed and removed, leavlng the canlster 

d Hsprnb l y • 

14. Th ree COd ts of glue were applled a long the searn to prevent 

f~lf'('lr0n dU:ichargcs at hlgh voltages. 

3. 6 Llll_e!_I}~J _WJ ~'l_!1g_Con ,!_t-_,~·tlQD'§' 

A Lilln hl<Jh voltage, low current, mlnlature co-axlal 

cable 3
? was empJoyed for the lnternal connectlons. Most of the 

Wll'eS were Boft soldcrcd Lo lhe commerclal connectors ln the bottom 

of the l'hilmbcr, dnd attached wlth conductlve epoxy at tl.~ other 

f 'lld. GI'<l\lnd CllnrH'l:t Ions W<'l'C' at t <ll:hed mel'harllca lly to screws ln 

t hc' I>ot t um nf t he (~hitlnber. The curlng stage for the conductlve 

t'PI)XY conl ,lct S ""',lS done under mylar so that smooth surfaces would 

be uVt.i l ned . The mylar could be removed w1thout disturbing the 

P[lllXy dfl0! ClIl"lng was cumplele. A further layer of Araldlte epoxy 
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was then app11ed on top of the conduct 1 ve epc .... y to reduC"c cl {>et l'on 

d1scharges and add mechan1cal r1g1dlty • 
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I3ertr,.in model 602C power supplIes were used to supply the 

LJf)L(~ntlals ta th(~ gnds, and detector. o ta -10 kV suppl les were 

llf-;pd for Vl, dnd V2, dnd a 0 lü -3 kV supply was used for the MCP 

'l'h(~ (Jill plll voltages were controlled by remote Inputs. A 0 to 

l':) V de dtldlo'J llll'ul sl'Jnal belng proporLJonal t.o the maXImum rated 

IllltpuL volLHJe. A fu.cd 5 V supply was avallable from each of the 

[lOWPf HIIL>plleS, and 1 hese supplIes wc~re used with standard 10 turn 

IJ(l!pnLl()JI\(·ters, efjlllpped with counting dlals, ta control the Input 

volt .\(J(·s. Slnef> the l'C'solutlon of 

III(~ Sl'('I'lrcllneter was establlshed 

bl' t hl' 1 dl l 0 V2/V1, the Wlper from 

t he V 1 pot l'nt 1 nmct.e r WdS used ta 

suppl y Lhe upper vo 1 tage for the 

V2 pot l'nt lorncter as ln FIgure 4.1. 

'l'he l'es] stance of the VI 

pol ('nt llllll!'t Pl' fH'eded ta be much 

___ ------Vl 

>+ ____ V2 rc:>ut 

FIgure 4.1 WIrlng SchematIc for 
Keeplng V2/V1 Constant 

slllcilll'r thdn lhat fLll" V2, so that the parallel reslstance scen by 

Iht' wlllf'r from the VI poLentlorneter wIll not be s.lgnlflcantly 

dl ((l'n'Ill frl)m lts carrpspondlng value If the V2 potentlorncter were 

The cuntrol panel also had a BNC conneclor for external lnlJUt 

\'nlt.lgc ta ililow VI to be swept at fu.ed V2/Vl, and hence, fn.ed 
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resolull()n. 

both kv .lnd mA monltu,' prmlndLs. 

Thc power supplIes prodw'ed cl .O()[)'j' 1 1 1'1 ' l, .. 1 t 

was round lhat tht' 11Pl, IL' C()Uplf·d <,1 nlfl~lly \VII Il 11lt' ", IL"JI'" "It It, 

grlds dnd the t'ollé~C't()r dnlld,·', ll\,!I<ln'J Il 1111\''''-''.11']" III ,,1",11\' III,' 

electr<m pulses. III" . 

from the I?ower sUPl?llt!b III thl'IL' l't'Sl'''( 1 1\.' I·(llnIH,lt,·III',. 

prov ide cl lunl~1 enutl'::Jll It, 

rJ ppl e coup] 1rl~l. 

A number of safr:ty fl~,··d-l1r(~s 1\f:,(·dl'c1 t" 1 .. , .\tld,·d 1" 1 lit, ~;'r")II'11I 

to {ll'C'vent ddffld'::Jt! [rum (J("'Ul'j'l/llj III 1 lit, f'\I'lil (If .. 111'\'\11'/ III w,II"1 

L'uL. 

The flrsl WdS cl SLHlddtd t hl:'nlld 1 .-,WI t ,'h l'lt 1 iii' cl 1 r rll',lflll 11111111', 

If Lhe ('oollng SYStf'llI fdlJf>c!, dntl thl "Iffll'-,IIIII 1'111111' IIvI·IIt •. tfl'c1, 

power WdS eut tu the heaLer. 

The second WdS a pushllllt !"Il t'·].I·) ',), .. 11[11 ('"r'I' l'I'JllIi' Il . .! dl) 

L1ldt kepl the dlffusl.fJn lJump fn'"1 IJI'lllIj 1'1",1,11 1,·11 "ft "1 " l "'lrif' 1 

Cllt. 

()LJPrat .1ng ln (t vacuuIII ','fl\' t r<)f1IlII~nl LI fi,' (. II l' '.1 JlIII • , , 1 • 1 JIll 1 • 1 1)' J • 

Llghtt~d puslibuLt()fl sW11('hl:s W('!'f' used L'l II~III Ill, j'IIIIIj' "'1 "Ild ·tlr. 

Tite thlrd was d l'fll!IHrldtlc vdlv(' ('I)rd ),,1 ",,'.1 "111 111,tI ',1,,,1.,, ·,rr 
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the vacuum chamber ln the cvent 

of a power cut. Thls was 

rll!C('SSdry lo prevent the 

pOHSlblJlly of 011 belng drawn 

1 nlo lhe chamber. In the event 

of cl powpr fdllure, ù sol0nold 

vdlvp, whj(~h conlrollpd aIr 

prl'HSUI"e to the pneUfl\dt lC valve, 

would closp, caw:nnrj the ch.Hnher 

vdlve lo also close. 

Flgure 4.2 b) 
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b Schrnaltc b lod.Ie,..;coo::::::.:IIraI.::=. _______ -J 

I-'lgure 4.2 SChfJ[O" t .les 
Dlffu'-)jon Pump Conlrol, 
PnC'llmêttlc Valve Control 

for 
and 

prevented the va l ve f rom being 

t ('(Jllf'rj(~d unt lIt hp. uperLi tor made thlS ehol.ce. 

Llght (~J pushbultons controlled the openlng and clos1ng of the 

Vcl[V{~ undpr normal oper(1tlün. Mlcro-sw1lches ln lhe top of the 

dlffll!:nnn [lump, that sWltch (lependlng upon the condltlon of lhe 

v.lIve, l'llnlrolled lhe llghts for the pushbuttons so that the 

Oll('réltor C'ould always check the state of the valve. 

TIw fOUI"th, and must lmporLant safety feature, dcted to cut 

puwpr lo lhe grlrls and detector ln the event that a) the pressure 

l n the 1'1) d III h e r r l ses ab 0 v e 4 x 1 0 -6 t 0 r r, 0 r b) a cu r r e nt. sur gel S 

pl (,dUl'(·d 1 n llne of t he power suppl les. ThlS actlon lS neccssary 

Slnl'l' the d(~te('lor wlll be damaged If It operates ln hl.gher 

Pl('ssun's, or It could be c1amaged If electrl.cal arclng oC'curs 

W 1 t III n the L'hdmber. Puwer can not be relnstated to the suppl les 

lIllt Il the ('\lrlt'nt S dnd pn.'Hsure are wltllln safe llml.ts, and the 

Opl'I"dtur holS l:lll!:>hed a l'.lltun to resume operatIon. 



• 

• 

76 

There are nl.ne lndl.cator LEDs whl.ch deflne tht' stëlte of tlle' 

system. Four red LEDs lilumlnate to lnchC'ate \"Inch, If .'lny, \)f thl' 

elements are currently not Wl.thln safe ll.mlts. FUlll" \)l"t'l'J) "Flle; 

l.ndlcate, lf the y are not lllunHnated, thdt the cot'r'('Hpllndlllq 

element has malfunctloned. A nl nt h gret~n LED ('dn onl y 

1llumInatcd t,hrough the posItIve ,1cLJCH) of pt'(HH-..JnlJ li l'\lshblll tlll\ 

whlle aIl the elemenls Ll.rc wlthln s,lfe lunlt s (nu Il'd IllJhls IlIll, 

and l.t slgnlf Jes that power IR .1vdlldblt> fur th(· Sil!,!, 1 1(''''. 

In nOllnal opcrdllon, a red IllJhl \"I,uid bt' (ln Whlil' 

pumps down. Once the pressure lS luw ('nllllIJh, L1H' J"I'd Iqllt wllllici 

go off, and the operator could thî'n pu~h a hlltlllll l'dll!-.llIq .lll Ij 

green 119hts to lilumlnate, ~)]grllfylng that titI' IJI'ld!-> dnd df'l('I'tlll 

could now be powert-'d. rf now f(ll" f'xdll\plp, an .11'1' W("'(' III (H'I'III 

11ght momentarlly. The c'orres{londJ ng (Jr!'('/1 LI"n (JI)('~; IllIt, 011111 

stays non-lilumlnated untll the pusldHlt LUIl 18 Uf-,(·d d'JdIO. III Il I~; 

way, the operator not only knows if an f:'ipmenl IR nuL wllhJrI '~oIf(· 

Ilmits, but also WhlCh element ll"lgg(~red d shutd!Jwn. 

Two methods were used to shut clown Lhc IH)W(' r HUI lp 1 1 PH. TIt!· 

fll'St, and rnost rellable, W.lS wllh a rr'LIY !-.wlt(·h. WI\!'f1 <lfl (']('/111'111 

trlggers a shutrlown, the rplay SWJtl'll IJ1Jl!ns th,· d.e. IITH' Inlll 1111' 

SUpplICS. The sWltch can nul close d(Jdln unI JI th,· 1"',,JJ!('1fI lad', 

faster rnethod uf shut-down, WdS ta Il,,,r! d Il'drlslstllr l,) .Ird~ d 

t,rlpplng terrnl.nal avalli1ble on the sU1JP)]ps. TIIIS fIJ('lltf)d I!, Il,d d', 

r e 11 a b les l n cet he t ra n s u,; t 0 r c () u 1 d fa lIt () sIn k t h pL" 1 /fI 1 fi d J, hl Il 
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1 t Wd8 much fil1:it.er 80 t.hat the 1mmed1ate shutdown lS ach1eved uS1ng 

the trdnsistor C11CU1t, and the permanent d1sabl1ng of the power 

bupplu's follows when the relay lS opened. 

The pressure gauge had a vol tage recorder socket ava11able, 

whH..'h prOdllf'ed a 0 10 volt potentlal, proportlonal to the 

lugar!lhm of the pressure readlng, and the power suppl1es had a 

('Ill"n'nt H1onllor termInal WhlCh pruduC'ed a voltage of 0 - 5 volts, 

l't"0l)(l! t lonal to the TlldXlmUm output ('UJT(!flt of the suppl les (1 mA 

fur 1110 10 kV SUppll"S, and. 5 mA for the 3 kV 8upply). These four 

11n('8 IJt"UVldcd aIl lhe necessary lnformatlon for trlpplng the power 

Slll'P 1 1 ('s. 

The p l f~ctr()n 1 CCl rel11 try employed to tr lp the suppl les 18 

s!t()\.;n !·wilC'IT\,t1 lC'ally for a slngle element ln Flgure 4.3. Elements 

ln t hl' f1<JUl"e above t.he Clotted llne are repllcated 3 more llmes 

('(IlTI'hLJundIIIlJ to Ihe olher three tr1ggerlng crlterla. standard 

dmpllflers, 

conf 1~lllrdllon, were used 

ln 

to 

an adjustélble SchmItt trlgger 

establlsh trlggerlng pOlnts and 

hyst l'll'l.as. The opto-couplers were used lo lnterface wlth TTL 

lUtJ1C. Thal 18, the 0\15 volt slgnal from the Schmltt trlgger 

II)(luce a 5\0 volt slgnal at lhe eollector of the of the opto

('llllplL"l", WhlCh C'uuld t.hon be used to trl,lJer the blnary states of 

'('TL. The fllp flops kepl lrack of the state of the system. The 

1 11 \" ' 1" 1 l' r S }(',Hilng lo the power !:>lll'pllCS have open collector 

That 18, they h,~ve an external pull-up reslstor on lhelr 

tlut put, d.nd dS su<.'h clCt. tü huffer the 11llJh vùltrtge states that keep 

IIH' power supplu:>s pn,1bled. 
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+lN 
Green 
LED 

toMCP~ 

to Vl. q>pIv 

to Vl q>pIv ------ ------------- - - -------- ------ -
Flgure 4.3 Schematlcs for Gt-ld dnd Del ('clur ÂIII (Iflldl 1(' ~.;ltllt r!oWIl 

Feature 

4.3 Vacuum Characterlstlcs 

An Edward 1 s "Dlffstak Mk2 100" dl f[u~.;}l)n IJllllijJ Wlt h d 

pumplng capaclty uf 280 Il tl-CS/S was UHf'd tu uum[J d(Jwn 1 hr· 20 III n' 
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chamber. An ultlmate pressure of lxI0·7 torr was obtalned wlth no 

Inlernal parts enclosed ln approxlmately 45 mlnutes. wlth lnternal 

[ldr-ts, an ultlmate pressure of 2xl0· 7 torr was eventually reached 

dfler M3 months of pumplng • 

Most of lhe ouLgasBlng of the system can be attrlbuted to the 

P J (~X l 9 l il S S sur L.! ces • l lexlglass IS somewhat hygroscoplC, and a 

I>dke--ulll was rf'qu 1 n'd la rernove the surfdce water molecules. A 

/if'dllng cdbJ p, wrdflppd dround lhe chamber, was used to obtaln ct 

Tests demonstrated that 

lpmperalul(~s gredl(~r Lhan 80 0 e would deform plexlglass on the 

lnYlde of lhe chamb~r. At a temperature of 65°e, a bake-out of 24 

hOlu S WdS reqlll n~d ta rt~ach a pressure of 2 x 1 0.6 torr, WhlCh 1 s the 

hl'Jlll·sl pressure at wInch the detector may be operated wlthout Ion 

f('!·dbd{'k. The ul tlmate pressure of 2xlO-? torr was reached M3 

monlhs .tfl er lIns tlme. The InternaI componenls were clther ln an 

d rfjon pnv 1 ronment, or ln vacuum for thlS 3 month pel' lad. The 

oulgasslng rate of the plexlg1ass, after such a long perlod, lS 

bplleved ta be lower than that found ln the Ilteralure Slnce the 

ultlmate pressure lhat we reached was lower than that calculated, 

b,HH'd on the oulgasslng rate glven ln the Ilterature. Plexlg1ass 

htlS ,ln nut IJdYS lllg rdt C' of 9. 77xl0·7 torr'I's·1. crn·2 38, and glven the 

p\llnpllllJ spl'('d, \'olume, and the area of lhe exposed pleJo.lglass(-lOOO 

cm 1
), ,Hl ult 1l1ldll' pressure of 4)0.10. 7 lorr should have bepn reached. 

4 • 4 s '.:! I!'p 1 e _ (' I}_.:l n 91 n9 

The lun'] bakc-uul t lme, logether wlLh fact that the MCP should 

nut he l'XIX1s('d t 0 al 1" a t cl t mospher le pressure, made 1 t necessary to 
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create agas Ilne and valve lead1ng lnto the C'hamber, so that 

samples could be changed read11y. 

To change samples, the follow1ng procedure 18 follo\vt'd. 

1. The voltage to the gr1ds lS cut. 

2. The top valve on the dlffuslon pump 18 clused. 

3. The chamber lS fliled wlth drgon ta ,-ümnsp!wrlc pre~H)llre. 

4. The top flange w1th the sample 18 t"(·IIlIIVl·d, .!IlÙ '"('ldd"l'd Wllh 

blank flange, and the sample mount IS rt'nHIVl'd from thl' 11I1'Jln.d 

flange. 

5. Another sarnple mount w1th the ncw sdmple 1S scrf'weù llllo t h(~ 

flange, and then 1t repldces lhe ternporaly fLinge [Jn~~lI'nLly on thf' 

top of the chamber. 

6. The chdmber 18 pumpcd-down. 

(It takes approxlmately one hour for thr· ch.llnber t 0 DI' l'llllll'('d t!()WIl 

to worklng pressure.) 

!~~~_i}~"Q~_tE:s::.!"" C?"r._5!...Q"(~L~c:! .. t~" L'>S:''11J~ .. § .. 1 t ..!.o_n "Sy s tc:.! .. 'rn~ 

of two rndlched MCPs (usually referred lo dH a ('!)I!V rUfI) • 

Ph ys 1 cal 1 Y , a n MC P ] S cl t h l n 9 las s W cl f p r W 1 t h il n d l' r a y Cl f 

appl~OX1mately 10 \lm d1ameLer holes through Il, dnd l'dch "rde d('ts 

as a nnnlature chdnnel elf>clt"on mlllLlpl}f'r [(')-;MI. A CEM IH "1"'('1.11 

'l'hlll 

a h1 gh seconda ry r~m1 S S 10n coe f f 1(' H..!n t • 

10-6 torr, a polentlal of a few thow"dnd volts l~; d!Jldlpd d('II':,', 1 h(' 

CEM, and wh(~n dn 111c1dent parlu..'Je or phutr1n of sufflt'jI'nt f'flf'rrjY 
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sLrlkcs the Inside surface of the channel, at least one secondary 

r-leclron lS (~mItled. The lnc1dent parLlcle must strlke the wall of 

ll1r- (:hdnnel dt cln angle such Chat sufflClent energy 15 Imparted on 

the surface for photoemIssIon. The secondary electron(s) lS then 

accL'lerated by the ele. i~rostdtlc fIeld until lt hlts the Inlerlor 

HurLlCe of lhe chdnnel. If the electron has accumulated enough 

('rH~njY, lIlun~ thdn one secondc1ry wIll be released. ThlS proccss 

WIll ()('f'ur 10 - 20 more tlmes ln a CEM, resultlng ln a gaIn of the 

urdt~r 10 3
• The ga ln 1 s dependent upon the rat] 0 of the l ength ta 

t li (~ dl,! ml' ter 0 f l he ch cHI ne l . 

1 f 1 he galn l'eaches -10· a condItIon known as Ion feedback 

UCCIII-S. The dcnslty of eleclrons at the exit end of the channel 

!1L'('( 11ll('S c..;u ~n~a t tha t res Idual gdS mo l ecu l es ln the channe lare 

I(.nlzl'd. These lons are then accelerated towards the Input end 

C<lll~ 1 nlj L' 1 PL' t l'on ellH SS] ons. l'Ile cmj ss Ions ùue ta the 10ns resu l t 

1 Il splln nus pul ses a t the out put not representatl ve of the Input. 

CEM' s cl tOC urt L'n curved ta reduce 10n feedback. The curvature 

redlll'C's the dl stance t.hat the Ion can travel ln the channel, and 

Hlnce, the olltput pulse lS proportlonal ta the dIstance over WhlCh 

l he RI'I-'oncld l'y 1.:' l ect rons can cascade towards the output, the Ion 

p'-Ilthll'C'd pulsps are I11tlt'h ">rn,.liler than the slgnal pulses. 

The faet thdt lhe ':.Idln of lhe CEM lS dependent not on the 

ll'Il'.lth ur dldllH'ter of the l'hctnnel alune, but rather on the1r ratIo, 

lll,lkt's possIble the Idea of mlnlature channels wlth hlgh gaIn 

As \,'.1S Inl~l1t Ion'_~d, ~1CP' sare arrays of thoUS.:lllds 

l)f 1ll1nlature CEl\1's L'onnt-'l.'tcd 1n parallel. A thln metal electrode 



• 

• 

82 

(inconel or nlchrome) 1.S vacuum deposlted on both Input <wd ouI l'ut 

surfaces of the plate to electr1cally C'L)IlI1f'Ct aIl the l'IldlHll'ls III 

parallel. A chevron IS a set of two t-1CP's ..... 111ch <1l"t.' SdIH'lWII'ht·d 

together. The hales ln the plates arc bon~d dt dn dllIJlc of 0° t Il 

the face of the plate, and 50 when the pl.:ltes arc set dljdlllht (',u'lI 

other, the holes meet dt cin dllgle. 

curvlng the eh.tnnel of the CEM. Thal IR, Ion f('('dbdl'k IS lt·dllt,(·ti, 

and h1gh gaIns (-10 6
) may he dchieved. 

Meps are usually usrd elth,.:'r ln dppll('dt 11IIIS wht'II' IlIld'llllq 1 ..... 

requlred, or such as ln our case, whcre thf' rt!lllllJ"(~d dt" ('(" tli .\1 ('" 

1S large. 

The character1stlcs of our detccLor (GLdllc'u mlHl,·l \U40) W('I",' 

as follows: 

- 40 mm actIve d~~meter 

- 25 vm he>le blze 

- 32 vm centre ta cenlre spacing 

- .5 mm thlcknpss per plate 

- galn between lOS and 10 7 (sep Flgure 4.4) 

- operat1ng pressure ( 2x10-6 tOIr (sec Fl']urc 4.4) 

- electron detectlon e[fu::lency (sec Fl<JUl"P 4."-,) 

- dark count rate - 4-10 counls/s 

The t y pIC a l !:Jo t e n t 1 ale 0 n f 1 (J U r ri t L< Hl ri b (1 u l (J Il r cl f ' t ( . f • 1 f / ri', 

shawn ln FIgure 4.6. Electl-uns thiil p<i9S Ihl-(JlHjh tht· 'II Id III h,· 

back plate, are acceleralcd lhrouyh rnrJl"t.' th;HI SOOO vrdt <-; 1 fJ 1If' 

detector • The burst of tdcctrons dt t hr' (Jldl/ut of 1 br· d,·1 f'('1 IJI l', 

then accelerated towards 1 he dnrJr1p h l 1) Il (.;1 h 'li) 0 v r J J t f-; • 
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Typical Opcrational Charactcristics of CEf\1A and 
Chev rOlr14 Dl"tectors 

'} YPICAL GAIN VS VOlli\(,E CL'HVL:.:s 
FOR CHIA AND nU:\'RON"' 
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spect romcLe r Cd n nuL delcct 

elect.-rons wlth pass energy bC'low 

about 1500 cV, slnee t he 

canlster wl11 be dl a polpnllal 

lhat lS posltlve reldLlve Lu l he 

de t e c t 0 r • Th a t 1 s, l he Ccl n l st L' r 

must be set to a vo 1 Lage 0 f 

nearly -1500 volts ln order la 

select 1500 eV electrons, and 

the front of the deLeclur f!Iu,->t 

be set ta approxlfoately -1500 

volts to operdLe, so lhere WIll 
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Flgurf.! 4.') MCI' /)l'tl'I'lfJ/' 

Eff It'lr'nc-y ('!I"r,II'1 ('rl'-,I ll'H 

be no potentlal to acceleraLe the eleclll)/)S llILI) Ihr· ej,·t!'!'I,.r, dfJd 

thC'refore, pass energles bclow 1500 vulls dl-(~ fll)1 

Ideally, the detector and anode coll(~ctfJr hlifJuld br· dt put r'I1t IdJy 
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e 
-7OCXJ votts bock plate 

~1III81!W&l;iillill.ll_f&."'" \ 5500 'VOlts 

-1500 vo'tI-·~~--· -- 1 
chevron detector 

groun -,.~---,..-- . 

+300 votts--NLLJJ.L, ?~~=-, __ .. __ _ 
'-_ --__ • ________ .• _ • _____ ________ . _________________ .-..J 

)o'J<.1111-(, 4.6 Tl'illf>ll l'II! f~ntlal Cunf](jut"dtlon About Deteclor 

1h,lI. <Ire flx('d wlth respect la the C'ilnlster voltage, as ln 

F l 'J Il r e 4. 7, ~ t) t h il t the e 1 H; l ra n S t' n t. e r l he de tee t 0 rat en erg le 8 

(-WOeV) correspunclJnt] ta maXJmum detector effH'lency, and 80 that 

The rLlta aCCjUls1t lon sysl em was composed of the followlng 

COlnrnf'rc la 1 producls: 

- prL'dlllp} Ifler, Canberra model l02E 

- .Jmpllfler TSCA, Canberra model 2015A 

- vcloClly transducer, Wlssel model MR360 

funcllon gencrator, Wlssel model DFGIOOO 

- l.ltf'llw·l(>l', Canberra model 2081 

T~ll' mui t lchdnnld clnalylE'r was supplied by EG&G Ortec. It 

C'onRlst ed of a software packrtge and card, and was deslgned for a 

stdllddrd personal computer • 
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Figure 4.7 Schernatlc [or flxlng the potr-ntJal <.lI. th(~ ('nt r.ulf'(· (Jf 
the MCP wlth reference to the canl1~ler voJLj(J(!, Vl. 
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Pr' r f 0 rrnd nec 

').1 Bdckgro.un_q. __ çh;-~r~ç~~.!}'J~~lC...§. 

The Mep detecLor produced a background count rate of between 

4 d nd 10 counts pel' second, depend 1 ng on the vo l tage applled acros s 

trIP pJalr~s (1400 lü 1900 volts). Lower voJtdges producpd smaller 

h,lI'k'JrtJllnd, hul wl're more prone to lnterml ttent nOlse blll"sts. The 

('dIJHC' of thr'se IJlln.;ts has nut yet been asccrtalned, but 18 belleved 

Lu be a fJ round 1 ng or cl eet r lca l contact probI em. The effects of 

t 1\(' chsludJdncC's W.1S mlt lrJdted by operatlng the detector at a hlgh 

'Jd 1 n [lutent 1 al, wInch produced typl ca l plI ses tha t were lOt lmes as 

Idlge as the nOlse bursls. The smaller nOlse bursts could then by 

rllt(>rr~d-()lIt by the pass wlndow of the SCAt 

!J(Wk']l"<llHld count rdLe of 9±1 counts/s. 

The result was a 

The cf f cct 0 f dppl Y lng a potent la l to the gr lds, produced a 

HL'conda l'y backg round. There are two posslb l e causes of thl s 

b,lckground. One posSlblIlty 19 that electrons are belng emltted 

(rum the conductlve epoxy contacts, and the other P08S1bl11ty lS 

l ha t t he sur face rOllghness of the gr lds themse l ves lS produc lng 

pll'ctron C'rnlSS1ons. In elther case, some of the emltted electrons 

would Htnke the dett>cLor dlrectly, and others through colllsions, 

would ('.Iuse luns to be freed. The Ions have a greater probabl1lty 

thdn the electrons of belng pulled Into the detector due to the 

IWlj,'ltlve iH1tl'nt laI a10ng the backplate of the spectrometer, and 

llC'nce, a l'I,nSld(>r,ül!e background would develop as the potentlal on 

t h p '.J 1- 1 d SIn CIe il s l.' S • 
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It was found that the amount of Uns tYPQ uf b,l~'klJl'U\llHi ,1lL)IW, 

for a potentiai VI, rose ftom B±l C'0unt::;/s dt \'l 2000 \'nlts tll 42±.! 

counts/s at Vl=-8300 volts, ln a rUlIghly 11IH'.\r molllt).'r. 1 n ddd 1 t 1 li Il 

to thls, the background due to the grld al V2 Intludllc.'d .20!.2 

counts/s at Vl=8300 volls and V2/Vl-.5. 

Mossballer spectrum wherc VI wuuld hL' l-wl tu d(lplOXlllldlt,)y btlllll 

volts, dnd for rcsolutions of 4.3 so, 3°", dlld :2.1':. l"''-;!Jt>('t 1\',·1)', tilt, 

backgrounds from the grlds wcre 24±2, 29±2, dlHi 37±2 (")\1111 h/h. 

AnoLher source' of bilrkground WilS frum phol 'lp)"('1 1"I(IH dlld Y 

rays, Introduced by the acLIvlly of thl~ Y()IlI~·". 

bringing lhe source [rom a posLllon wlwre IL ("(),tlel Ilnt Illlt'ld,'t 

Wl th the detector, lo Ils rn()\lnte~d POH III un 75 mm f n'Ill t h.' c~dllll' 1 f' 

(90% enrlched 8x10 mm 310 strunlcss hll'I~l), llîl"ll'.!',l'd thf' ('(jlUt! 

rate by 8±2 counts per serond wlth a C[I)HCd "11('l't IlIf', oIl1d hy .!(,±L 

counts/s wlth the apert ure open. Th('8e m('d~;U1I'IIIf'flt ~ WI'I'I' 1"'1 fUllIlI'd 

wlth the potentlal VI set at G800 vults cHld V2/Vl 0, whll'h 

corresponds to a pass energy equal to the K CUflV('rHlcJ(1 ,.J(·(·I l'II/I 

energy 7300 eV, and mInImum resolullon, 4.'~9". B±2 c'OUllt H/H of 

background must therefore be attnhuted to y-rdys dUI'(" ly HI llklnq 

the detector, and 18± 3 (26±2 

photoelectron e[fects crcalpd by the y-r~ys. 

2~_~rhe __ ~!!_~_!.'gY __ ~J?!~.c t r l;lm __ of E!fl] t t cg ('0 Il V('l' H J (ln E )1'(: t l'Of! <,; 1-' 1 fll!I '.I('!) 

The flrst sample to be uscd ln lhe hp('I'Lr()HI(~t('1' Wd''; d Iltlll 

fIlm of Pr(~pardl jl)[I of 1 Il (~ S<lIIII') f' WdH 

accornpllsh/:'d by allowlng a dropJel of d dllllLu Hedul lun ()f ~1(~qCJ2 
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ln Wdt (>r to evaporale on alumlnum fOlle The sample was 

dPP),(JXJllldtr·ly 8 lflm ln (hamelc:r, and had an actIvlty of ... lxl0 6 Bq. 

'l'hl! .let) vILy was detf'rml.ned by comparlng the count rate from a 

sdmp10 uf known dcllVlly to lhat of the used sample. There were 

~r'vr~r(d redSUns [or thlS eholce of sarnple. Flrstly, It ellmlnated 

t hr! nr·l·rj for an t'xLcrnal sourc~. Secundly, It produced of the 

(Il"d('r, JO" dS rnany K cunverSlon electrons/s as would he expeeted 

fJ"f1/Tl an 1'f1j"If'III:'d Fr' sal1lp!c l.lOrnbarded by y-rdys, and hencè, countlng 

Thl.rdly, the 57 Co sample 

provJded an IJpportllnlly to test lhe spectrorneter's ahiiity to 

s('!pcl ,-1 l"ISB erH'rgy and a resolutlon. ThlS 18 because there are 

t h r(~e rlnrn l ndnt ('nnve nu on el eet ron processe s tha t produce rnono-

These lnclude, K converSIon proccsses WhlCh 

L'l"uduce 7300 eV "lertrons, KLL converSIon proccsses WhlCh produce 

')GOO î~V (' 1 ('l't l'uns, and KLM processes WhlCh produce 6500 eV 

c' l e c l r LJ n fi • The count rate peaks produced corre~ponding to these 

('OnVP!"Slun ph'ctrons would allow us to see lf the spectrometer can 

St..' 1 ect a p,u;s energy, and to compare the resol utl0n of the 

SP('ctl"ometer to that predlcted by the computer simulatlons. 

The Idsl reason for chooslng the 57 Co sarnple was that the 

I"f"nlllanl f'IlHSS Ion speel ra has heen a stélndard lest for prevlously 

('UII'-;t l"uct t'd nSl'E~IS spect l"Ulllcters, rtnd as such lt provldes a dIrect 

l'umpnru;un of our spectrometer ta others llke it. In pa rtIcul a r, 

1 t Wl Il ,111nw us to cumpare our count rates to that of the orlglnal 
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The electron emlSSI0n spt-'clrd [or ~7CO WPl"t:> llbt ,{lIH-'d l,y 

supplylng a dlscretely Jnd Ilnearly, H1Cl"l',ISinl.1 Input v(llt,ll.lp, 1111,) 

the supplies, willch pruduced a propulflnll,ll uutput vult.'\~l(' dl th.' 

The 500 channels of lhe multlrhannc·l clllillyll'l- ddvdll('('d 

every 10 seconds 1 n synchronl za Lion W 1 th 1 he Li 1 Hl'l'!, t l' JlImpH III 1 Ill' 

Input voltage. Only one sweep t-hlOllçlh tht' 500 !'\ldnllt'ls \"',\<; m,HI.,. 

Each channel represented an ddvdnC'.'tn'·l\l nf Ib.7 vllilb ICI tl ... 

potential VI, so thal Llw maXImum dlJpll l'd voll"'J" lI) till' '('.1111',\"1' 

was 8300 vol ts. 

FIgure 5.1 shows the ell'clron cml !:j~-non ~P('l·t t-a f()I' }'n'd I(·t ,'d 

rcsolutlons of 2.1%, 3~o, dnd 4.3%. The \!plllL'dl s(· .. l.· 18 III 

counts/s, and lhe horlzont_al sraie 18 the number of volt H dl,!,l 1.,rI 

to the 'canI8ler'. The dat_a WIll lie d18C'Il'->Sf'd 111 t hr> f->('('\ JOli h •• ! . 
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5.3 Attell}pt t~_obt<D-_~~2.S8)?_~U~~ __ SP_t:'l:-·trëlH flum .Hl EIH Id\l'd 

~ ta 1 D l e_~~_t ~:,-_L~~~'!I..P l~ 

A layer of 90% enrlched 310 stalnl(·ss Sll't'l Uh llh. .. OO 1 ~l1lll\l)O 

on an alumlnum substrate was used to obtaln il l'1ossb.l\lt:>r spect 1\l1ll. 

stalnless steel was f~mployed Slnce 1tS "iPl'l'tlllrll l'llnldlns cl st rOll,! 

slngle I1ne w1th a very smilIl Isumcr shlft l('ldl1ve to ~7C(). '1'1\1' 

strong single I1ne feature reduccs cO\lnt 11\9 t 111\1'R, and! hL' Lw! 

that there lS a very smrtll 1S0ml.:'1" Shlft, fdclllLd('d lh!' dhll Il)' \11 

obt~ln resonance by turnlng off the VI'llll'll y l rdnRdlWI'I-. 1 f t 1\1' 

SIgna 1 lS strong enough, a t'ount rdle 1 rll: l"f'clSe c;huul d hl' l-".ld 1 1 Y 

v l S 1 b l e 0 n a rat e me ter w he n the d r l ve 1 Still nI' cl - u f f il fi d 1 (' HI III 01 Il l" • 

is obtalned. 

The actlv1ty of the source uscd WdS 24 InCl, dnd 1 L WolS ll)l',d I·d 

75 mm fr0m the sample. A lcad apet'lun', IOI'dtl'd ~c-) IllIn flOlll Ih,' 

sample w1th an openlng of dlameter 5 InIn, WdS Il~·j(·d tu If·dUt,,· tlll' 

dlametcr of the outcnmlng bcam so thdt lt wuuld [ldSS (')"dflly 

through the 20 mm dlameter bore ln the sclrnple muunl. 

Turning the veloclty transduccr un and off IJI-(Jdu('('d lIO 

notlceable J ncrease ln the cou nt rate. A sll:Jnal l' ... d_p of 2 COllnt H/H 

woul d have been observab l e on the rd te rnelc r, dnd IwrlC'p, 1 h(: HI IJlI'! 1 

must have bcen l e58 t hi'i t 2 counts / s . 

count rate was 59±3 counts/s, long CUlInt Iflg Llrnros ('I)uld tJ{' d~HWJl(·'J. 

The r e wa s nos l 9 n 0 f the p Î~ ri k , f • V f: n <1 f 1 (. r 7 1 Il ( J Il r S fi f 

countlng. 

obtalned per channel. Thcre were 512 chdrtrlf']s • 

rate of as smaii as .7 counts/s would have [JrOdUf·(·d i:i r-llfJrt,tJ "'lu,t! 
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10 lWlce lhe nOIse ln the backgr0und ln thlS amount of tlme, and 

Ul('n~fore the l::ngnal rate must have been less than .7 counts/s. An 

rlnalys18 uf the redsons for the fallure la produce a peak wIll be 

glvcn ln scellon 6.3 . 
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6.1 Com..E<!!'.....!..~9~-.2.LI?.2'P_f>E..:! r~c~J~t~t }\l ss _Ene t lJY and Hl' SI) 1 \1 t Ion St>l t 1 th] S 

to t ha t P re~1J c.~eçL by _ Cul!)E~!.t.!~~l~.J? 1.InIlJ.L.ll l ~)n~ 

The locatIon (V1 settlng) and n'solut lon of t Ill' K pp.lks Wt'It' 

compêll ed between the comput.er simuidled !"l'sults 

experlmcntal results. The SlllHlldted VI settlnljH \""1(' 1',dl'lII.1t,'d hy 

assumlng a bedm of lIIonof'JWrgetlc 7300 eV ,'I('l'\ rllns, ,H1d t 1."1\ 

employing the valucs ln Tahle 2.2. 

experlmental peaks W,-lS calculat cd as tWlce t h(' wldt h (If t hl' h l'Iii 

energy (hard) slde of t.he peak at ha If mdXll\lUrn. 'l'IlL' Illw 1'1\1'1 qy 

( soft) S Ide of the fJeak l S brot1d('n(-~d due t 0 l'nt> r~lY 1 USSf'!3 (' t'('d t ('c! 

as electrons travel towards the Hurface. l t ~hnlll d he 1l1l1 ed 1 hd t 

t,he contrIbutIon of 14.4 keV M couvc'rslon (·I,·('tl'IIIIH tCl tilt, 

broadening of the hard slde of the K pf'dk, :,llIlllld Illd 

slgnlflcant Slnre lhe numbcr of M COnVf'J"HJrHl 011'1:'- rOIlH 1IIIII'h HUld Il,·.' 

t.han the number of K conversion eJectrons (-1/7), dnd IIlI 11(' 

Importantl y, the ellergy of the M convprSlon Id f.'C't fonH 18 rJ(Juh 1 (' 

that of the K converSIon electrons. 

that an M converSIon electrons whlch WIll ]oso JllHL (·n()IJCJh ('flf'l'qy 

to Ile on the hard slde of the K voak • 
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Tdtd (' 6 ~] ClJlnl',H U::lon of LOCd t l on and Resal utlon of f( Pea k between 
C(J/nptll(~r SlInulatluns and Experlment 

SITnuldted ~erllnen1 al - -------
~==~==~~~==~-~=~ -====~= ---

V2/V] dk R!'solutlOll Peé':lk 
Cd t Ion Locdtlon 

VI (vults) VI (vo Il s ) 

o 4. 3 '{, 62 4.26:t.24% 6SS0:t17 1---------,----------. -- --- - --
. ~ ~.o't 7() OU 2.g8±.~6% 7000±17 

~----------_._-------- --- -- ---------_.-1----------
• r, :2 • l '{, 71 18 2.4S±.46\, 7I30:t17 

.. - - -- . - -- ... -- !::::: -_ .... _ ... "..,..... =-__ .-~,_=_ .. _==c::.:-.;:::.== __ ..:-.:-::.::-_-_-__ --_-~-

The n'<-:loluL10n ,wei I.Jotc'nllal settJngs agree wlthln the 

('xpet lff1('nLd Ullcerldlnt ll~S of those pledlcted by the compuler 

S 1 fIIU 1 a l 1 () n s • 

In TahlA 6.2, the posltlon of the KLL peaks ln FIgure 5.1 was 

(")lIll'.ln'd wlth the cornputer slTnUlatIon predlctIons ta see lf the 

~p~cLrumptpr workcd aH prcdlcted for pass cnergles ether than 7300 

eV. 'l'he Rll1l\llal(~d pn:'tllctlons for the locatIons were obtalned by 

dSHIIIOl ng ct ln'3m of ml)nnenC'rgetlc electrons of energy 5600 eV, and 

tllt'n ilS 11\!J t Ile' Vrll Ues IJ 1 v('n J n Table 2.2. 

1'.lble 6.2 C'Unlpc1/1son uf Lllcatlon of KLL Peaks between Computer 
SIliluLd l)n dnd l';'perlfnc'nt 

Sl(1)Ulated Expe r Imen ta 1 - . --.. 

LOI',itlon of Peak Locatlon of Peak 
V] ( Vu 1 t s ) VI (volts) 

-- ._----
o 5264 532G:t17 --- ____ .4_ ...... --- ---------. ~ ')376 5432±17 

. 5 54&0 55I1:t34 - =- . - --- _ . .~ 

Tht're JS a conslstc'nt upward shlft of about 50 volts (-1%) ln 

llw llll'allons of the eXpt>rImental peaks as compared te the 

pt'l'Iilct ed va lues. The va lue of 5600 eV for the KLL converSlon 
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ene rgy wa s known to on l y lwo dce l ma l pl ace del'U r,H')', d Ild the' UpW.11 li 

Shlft may be a reflectlOn of the nt~xt declIn,11 p1.ll·t'. 

6.2 ___ SoI}}f'~!-!:s_9_!1_2f __ Ct.~unt ___ Bdl_e __ \vll)) __ !I~(' l'I't)ttl\)'[lt··,->, B,I};t't! \lll 

ConverSlon El ectr()_!:,_~~_c_tlJ.~~OJ __ =:ç_~ 

The K converSIon pedk of the ('leet Ion Hl"'t'llllIn (Itllll ~'\'tl f<ll 

the spectromcLer by van Noort, d nd \'d Il 

approhJ,ffiaLely the same amount of sltJnal .IR tlUls, 

a count rate of -116 S"I. 

hence, lt fl1Jght bc cxp(~cLed Ihat our Slljl\c!l Wl'Illd 1,,· 10 1111"", d·. 
large. Two factors account for I-he Licl 1 h,ll th 1 <-; Wd'-, Il,,1 

case. The fll'st 1S that our s,lmple WLlS thlC'k(·l', dnd 1 h" '.,f·('''IIe! l'. 

that our spc(·trumet.er [JPrformdnce WdB nul oiS III'jll. 

A t.h1Ckt.!r sample w111 hav(~ a hUJhl'l' 1'l!()I"n ('(lillal I.d,', III" 

therefore apparent .:lCLJVlty, WII hdV' . 

proportlondlly hl(jher electron ('ount rdt~, Hlrl('!' tlJl' ,.lf',·1 t 11\11. WI Il 

be absorbcd rlnl'lng their travel Lo LI1/! '-.dlllldr· 1-nu'fd' f', Ail 

electron::; that arc the proJucLs of nue lf'dl' ('vI-nt Li 1 h,!I (,('l'III .. 1 

depths great.er than about 300 nm wlll not f'S('dUP f"ulII Ih" l';dllll.)f' 

surface. The most t-elllng pVldc~ncc t hdt our Ydllll'I(' Wd~ 1 hl' k"1 

t.han that used by van Noort et al. 1H t.hdL fllll' I-;/,r. ""IIV"", 1"11 l'f'''~ 

18 ronslderably broadencd on t he soft <-; Id!' 1 Il W r ' 1- 1 J" . , l, , ' "' l '1 Y J • 

The half width (soft siCle) at half ffidXIITillfO 1'-, lW~, (Jf Ih(' l'''·.·. 

energy for thelr peak, but 14% [01' (Jur llf'dk. Thr· dl r f,·, f'll' ,. ,', 

due to K converSlon electrons WhlCh w'!rr.! dbl~ IIJ ('Sf'd['" f"./Il ',Ill 

sample, but orlglnated [.l"I.Jln depths thdL wrop' (Jrr·dLr·r t Il>lfl th" 
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lhJckneRs of lhelr sample. If for lnstance, our sample 18 600 nm 

thlck, fully half or our activity WIll not result ln sIgnal due to 

el ectrfJn ,dJ80rptlon. Slnce the only differcnce ln the spectrum 

rreated by sample thlckness was a Sllght broadenlng of the peaks, 

(~fforls wpre flot made to prepare a thinner sample. 

SOflle u[ the detectlon and transml~S10n propertles of our 

'-.jH·(·tl'fl!rl"t('r w('re low0r than that of their spcctramcler, and thlS 

,-ICC'UUflts fur the J'(.'mrllnder of lhe dlfference ln the Intensity of 

t JH' K IH·dks. Fur 1 nstance, the prototype ~pectrometer emp10yed an 

('xLend"d (hanncltron lype detector that was at a potentla1 which 

WdH flxed wlth leSpt.'ct to the potenlIa1 of the backplate. Incomlng 

pl(~ct l'ons Wf-'re accelerated to an cnergy that maximlzed the 

,·ffl('l"IWY of the dclcctor. Such a detectlon system shou1d detect 

B5~o of 1 he t.'lect l'ons the Incldent e1cctronso. The K ('OnVerSlon 

cl cd l'on s sholll d rC'ach the f l'ont of our Mep detector w 1 th an energy 

of ahllut 5500 cV (spe Flgure 4.6). The detectl0n effH~lency of the 

Mer 18 ral~d bclwccn 40% and 70% for electrons of this energy (see 

Flglll'L' 4.5). We t hcrefore cxpect a drop ln our count rate of 

beLwepn 1.2 and 2.1. 

Our t ransmi ss 10n was al so S 1Ight ly lower than that of the 

prlllolype. Thls .... as prlmarlly due to the fact that our grlds were 

I,·ss tl''-'U1Sp.1rent, but also because our acceptance angle was 

s l Il] h t 1 Y c:;md Il p r . The cntrance grid and detcctor grids of thelr 

~pel..·t lomcter transmISSIon, whereas ours had 90% 

t l'dI1SllllSS1\.1n • Thplr cone had 81% transmIssl0n, and our cone had 

55\ lrdnsmlSSlon. Thclr total grId transmISSIon was therefore .70 
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(.93x.93x.8U and our grld transmlSSlon was .45 (.90x.90x.55). ThQ 

d1fference ln the transm1SS10ns accounts [or a factal" of t,'l5 ln 

the count rates. Our aCCcl:Jtéince dngle was Sllghlly Hmallt'r thdn 

that of the prototype's. ThIS IS blc'st re[lected ln the fact t h.d 

o II r W l de s t l'es 0 lut Ion wa s 4. 3 00 , wh e r e cl s t he l r w l de s tri' H \1 lu t l U Il W d f-, 

5 96. \'le t.herefore cxpect d varIatIon ln the l'ount I"LilL' OWII\l..l 10 1 h" 

dlfference 1n lhe acceptance anljles o[ rtPPI"OX Illldt ply 1 • 1 h 

(5%/4.3 96). 

Spcct l'ornetel' performance t herefore ,il.'counls fnl" Ll LII'\ Ill" Clf 

between 2.16 (1.2x1.55x1.J6) dnd 3.78 (2.1x1.55x1.Jb) III tl\l~ dlcll! 

ln count rate (faclor of -10) between our hpecll'om0 h'r ,Hui 1 hd! tif 

van Noort et al. The rcmalnlng drop ln l'tlunt ra le must he dll(' III 

sample thlckness. Our sample must hdve been dpprOX) Hld! ,,1 Y J 1 IIII('S 

as thlck as that of Ilsed by van Noorl el dl. tu dl'c'()lInl fUI" t 1If' 

dlfference ln count rates. 

The follow1ng lS a calculat10n of the expectcd s)~JlI .. 1 ... d(' 

from the Stalnless Steel sdmple: 

Photons from 24 mCI source H.!JxlO a s-I±2':, 
(26 mC1 source after 31 days wlth 270 day ! ll[e) 

FractIon thal WIll hit 8x10 mm sample 75 mm dway •••• 1/1400±C'"0J 
(Assume Imperff'ct éi 1 l 'JrlInl:,nl .Incl middle apf't 1ure 
result ln an e[fect ive dlij[n0l(~r of 8 mm.) 

Photons strJkIng scilnple (J.4xl0~ ,">-I t "). p~ 

FractIon whlC::h WIll rcsult ln a COTlVerSIOn 
el ecLron 43 

ConverSIon clectrons from sarnplc 

FractIon of converSIon eleclruns WhlCh are 
K converSIon electrons fa111ng wlthin lhe 

1/1 00 t 1 rn, 

• •• 6. 4 x l O! S "1 ± 1 1 ':, 
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pc..lS!3bdnd 
(see pxpldndtlon below) 

K c'onvr'rslon 0]ectrons from sample wlthln pass 
bdnd 

• •• 1/100±30% 

Frdc:llon l ust due to the t ransmlSSlon and detectlon 
prop('rt l ps of the spect rometer 

t\f' Cf' [J t il rlC' e a n 9 l e (5 90 n f 4 11 ) 

CI Id TrdIISmlS~-ll()IIS (')0%.,55%,90%) 
Effl(:u'rll'Y u[ dctt"clor (see F1.gure 4.5) 
SLrlklflfj fldctl'Jn (~3('(~ SC'(:tlon 2.3c) ) 

... 5/100t5?" 
••• 45/100±3% 
••• 50/100±20% 
60/l00±10% 

************************************************************** 

The C!3tlmatlon [or lhe fractlon of converSIon electrons that 

would cmerye from lhe sample wIthIn the pass band of the 

Spf'(·t 1 urneLer 1 S based on the followlng data. About 10% of aIl 

('Ollvr'l Slon (·lcctrons are K converSIon electrons. The average 

f'lIl'rgy of a converSlon elecLron 1.S -5000 eV, and hence, It can be 

('st lfihitf'd lhat lt lS roughly 1.5 t1.mes (7300eV/5000eV) more llkely 

th,lt a typlcal converSlon electron wIll be absorbed 1.n the sample 

than 1.t IS for d K converS1.on electron. 15% (10%x1.5) of 

COllvprS1on electrons cmerg1.ng from the surface w1.11 therefore be K 

c,)nvers1.on electrons. The fractIon of the K converSIon electrons 

tll~t WIll fall ln the pass band can be estlmated ln the followlng 

m.lllnel' • The stupplng power exerted on a electron ln Fe lS -1.4 

The pdssband lS 4.3% of -7000 volts, or wlthln -300 volts 

of thl' P,lSS l'l1crgy. Tins corresponds ta an escape depth of range 

-200A. K converSIon electrons hdve an escape depth of -3000A (note 

thdt lt lS not correct to use the stopplng power dlrectly ln thlS 

t',lse bccause of angular effects, and so the often quoled escape 
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depth range of converSIon electrons lS emploYL'd), and tht'rc[ort', 

roughly 7% of the K converSIon elect l'ons Wl 1 l fall WI t hln t IlL' (ldHH 

band. The fractIon of converSlon cleclrons f<11111l9 wllhln 1 hl' 

passband lS therefore -1/100 (15%x7%). 

Our predlcted SIgnal count of .4 counts/s WlllJld tt'SlIlt III d 

peak helght equal to lWICC the random nO]8(' ]n Ihl! l,.ll'kl.llllllild (~q! ~ 

counts/s), ln approxlmalely 210 hnurs of coun! Inq t Imp. 'l'h,l! IH, 

the peak should become observable' dflpr ll.'!-.s 1 Il,1ll nllH' dd)'M o[ 

collectJng data. 

The Slmllar transmISSIon cha r ,) l' ter 1 st les of 1 hl' 

spectrometer constructed by Sauer et dl. 18 (Sdlwr: 11l1ll11lClHlty ') Illm' 

at 3% resolutlon, angular acceptance 30° lo 40·, 

allowed for an accurate comparlson l>C'lW(~L'n 1 hL' l'Olllll I·"I{' pr,·dll'\c·d 

above, and the experlmentai count "dle nbL. 1III'd W Il h t Il(' 1 r IISC'EMS 

spectrometcr. They obtdJned a SIgnal ('Ilunt rdlc' (lf 17 L' -1 .. . ThIS 

rate was obtalned at 4.2% resolutlon for a (!nrl('hf,d Fe 1-..llllpl", 

located 25 mm from a 60 mCl source. ThIS COIll'SP(Hlds lo d rolLr! Ilf 

actlvlty and source sampic d] stance are corrc'cll.!d for. WC' ('.1n 

aIs 0 adj u s t for t ra n <; rn] s s Ion e f f r~ c t s • /\ L 4. 3 % r' (' !-If) Il JI 1 (lfl , t III' 

Sauer spr~ctrumeter should a lWrtlnosJ ty (jf -7 Will J 

(4.3%/3%xSmm l
), and our spectrfJrneter should hdvr.! ii lU/lltrlfJo..,lty {J[ 

"3.4 rnm2 (4.3~o/2%x3.9mrn212.5). 

correspond to a count rate of -0.36, wlnch lS ln dIJJ"('f'fII('nt Wlt Il IJI1I 

• predlcted count rate of O.4!40%. 
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It lS worth mentlonlng that there could eXlst sorne sIgnal loss 

duc la cl uXlde Idyers. Bciozerski et al." found that a layer of 

F~(lJI) oXlde of thlckncss 30-50 A accumulated on an enrIched Fe 

Hdmple lhal was subjccted to approxlmately the same condItIons as 

ours. The oXlClc layer was found to have a recoii free fractIon of 

npa rI y /.(!ro (f < .01) 1 and hcnce 1 did not produce an observabl e 

stadn] k el al. 23 a 1 su reported a surface ox Ide 

l c1 yer w l th SI Inl la r Chd l'acter Istles on an ('nr Iched Fe sampI e. S Ince 

t he ()x l de J cl ycr docs not produee l t s uwn SIgna l, the 1 ayel' l'educes 

the effectIve thlckness from whleh electrons wIll be detected. As 

IIlPllllunc·d .. buve, fur 4.3% resolution of 7300 eV electrons, we are 

l()()klng at elel'lrons thal uriginate from a depth range of ... 200 A 

f rum the siimpl e BU r face. An ox Ide layer, wh lch ) s of a homogenous 

thll'kn('SB of 40 At would therefol'e eilminate 20% (40/200) of the 

lhlf'kneHs [rom WhlCh detectable electrons could be emltted • 
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Chapter 7: Suggested Improvements In the ~11~_ct r2!!l~.ter 

7.1 Reducln~c!s.grou~1d 

There were four slgnlflcant sources of background, ,1Ild 1\ 

should be posslble to nearly ellnllnate aIl of lhcsc. TIlt' 

backg round due to el ectron enll ss lons f rom t he gr Ilis ha s nol bt't'Il " 

problem for other DSCE~lS spect rumelt'rs, and HU Jt shuldd 1,,· 

posslble tn complelely pllnllnêlte Ih1S effect. ny hl)ldln~l tht' 'II Ids 

at the maXlmum potenllal avallctl>le [rom Oll'" slIpplll'S (-10 kV) flll 

8 haurs, we were able to ann~al lrreguL.H"llleS ln the (J'" ICI 'illl f.\I"·. 

ThIS procedure reduced gl"Id pmISS1(1nS at 6000 volts f'(llll It'v!'ls 

WhlCh caused lon fcedback e[fecls ln our rlclpc1ur, lu 24±2 

counts/s. Subsequent dltcrnpls to reduce t hlS ba(.'k~r()lHld flirt 1If"" 

were l.neffectlve, bul an easlly ImplemenLed pUS~·.;jbllJty fil'" 

reduclng grld emlS8lons further would be La carry th(~ l""(l('pdUl(' (luI 

at higher potentlals for longer perlodR of tlme. 

Wlth sufflclent stlleldlng of Lhe source from 1 he dpI (·ct U'", 

background due ta non-resonant y-rays can aiso be grcal]y n·duc'(·d. 

Two layers of lead are used ta separate the !:lourc(' f ,"om t hl' 

detector. The flrst 19 In91de the colilmator tube, .Incl ICI 4 fIlIII 

thlck, and the second 19 bctween the colllDldlnr t ubp, dud t tif' t "JI 

of the chamber, and 18 3 mm thlCk. The ('()rnIJlndllUn uf 7 IfIrn (If 1(· .. d 

together wlth the 8 mm of alurnJrlum [roITl the 1'/1<11111)('1 lld, W/'I(' 

unable ta sufflClently shleld the deteclor, ()v(~r 2'iO rnm dWdy. 

The rad lat Ion l en 9 t h l n l e ad l s -1 0 mrn [Cl r l 36 k (, V Y - rd y :., (t hl' 1 H) 

keV y-rays are the most p/'nelrat lng compuTI('nl /)f 1 hl' ~I('O y'"rdy 

specLrum) • The background prrJduced frurn thJS ~)uur('(' Wdh B!L 
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couots/s. It was not possible to Insert a thlcker layer of lead 

t){-,lw(~(~n the collunat.or tube and the top of Lhe chamber, and 

lh(~rp[ore, IL will be necessary ta lncrease the wldth of the 

colllfoator tube to -10 mm. It should be possible ta completely 

(·llmlnate thls source of background (8!2 counts/s). 

8dckyruund due to photoclectrons could be greatly rcduced by 

('Orist rllctlng a nC'w sarnple chamber wInch Wl Il allow the y-ray beam 

to IH! rn()rr~ shlelded [rom the sdmple holder and cyllnder. A lead 

shll'ld shollld surrollnd the beam, outslde of the chamber, ta a 

dlsLdnce wlllch lS as close as posslble ta the sample wlLhout 

IlIlf.-'rfpl"lnC] WJLh the acceptance angle area. Toriyama 20 obtalned a 

backgnHlrId of only .1 cOllnts/s/mle wlth a source sample distance of 

(Jn 1 y 10 mm. T})] s cor rcsponds to a background cou nt rate due ta 

photo(·Jeclruns whlch IS approxlmately 400 tlmes lower than our 

I·d 1 e. Il shollld be pOSSible to completely ellffilnate LhlS source 

u[ bdckgrollnd (18±2 cuunts/s). 

The rcma 1 nl ng background was the Inherent background 

.H,sor 1.Ü cd Wl th the delector. ThiS could be reduced from 9 

count sis to 4 counts/s If the source of the nOise bursts (see 

St'ctlon 5.1) was dctermlned and then ellmlnated, 50 that the 

cll" f'ctor could be uscd at t he minimum applled operatlng potentlal. 

It lS .. lSSlIIIH.-.d lhat the nOise bursls are caused by a graundlng or 

c·l'·l'trl('al cllntacl probl('m, and are not Inherent to the detector. 

1 f a 11 of the above changes are lmpl emented 1 t shoul d be 

[l()sslble to lcduce the total background to -4 counts/s [rom 59!3 

l'ounts/s. 
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7.2 Increasing the Number of Resonant Events 

The most ImportAnt change that can be ImplpmenLcd 18 to n'dlll't' 

the source-sample dlstrince. Till. S W l III n vol ve a l' h • lI11J t' 1 n 1 h t ' 

design of the 

decrease the 

sample cylinder. It should though be possIble tu 

source-sample dl st dnce fruIn 75 I1Illl t l) 25 mm, dlld 

thereby, Improve the sIgnal by a factor of 9. 

dIstAnce wIll result ln sOllle dIstortIon Hl the Ilsll.d LlII('nl.'loIll 

shape of the t-1ossbauer 11nes H
, Slnee y-l'ays Slllklll~J 1 hl' , .. 11111'1(, 

can not be assumed t.o be pdrrlilel to tht' VP]I)(' lt ll'S 1 III pol 1 1 l'c! t II 1 hl' 

source by the transducer. A 6 mm dlùmeter sotlrc~e, 2S 111111 fI 1 1 III d lU 

mm dJameter sample wIll Incur bro<:ldl.·ning of nol mUI'e Ihclll (l'~., dnd 

hence, cons Ide rIng the Int e ns i ty 11 JO 1 ta LIons t 'nl.'ollflt t' 1 pd , 

be advantagcous ta shorten the SOlll'C'c-sdmp]c dISldl)!,('. 

Wllll 1 d 

!\ 111111- l' 

actIve sample (50 mCI-IOa mCl) would Improve I.h(· S LCJlld 1 by Li r.1f'1 III 

2-4, and hence, the combined effel't, of sltu!"l!'nll"J Ihl' ~-;tlllll'('· 

sample dIstance and Increas1ng Lhe actlvlty of 1 hl! '->IIIII'I'/', (1111 Id 

result ln an Increase ln lhe sIgnal by a faclor dS l.trljf· dS If,. 

Improvlng the sIgnal ln thlS manner Wl} 1 Increase 1 h(' bd('kyrtlund, 

and therefore, the changes would have to he m,lde ln f'rlnJ'Hlf~ll()rt 

wlth Improved shleIdlng (see sectIon 7.1). 

7.3 Im--E!.:.0v!.l}g ,Ira_n_~n~1_2sy,J.I!_. ,:H}d Det_e.c;! 1_0_1} 

The wldest resolutlon of the spp.ctrorneL(!r ('Ullld tH' IrJf:n'dHf·d 

trom 4.3% la about 6%. Th(~ must effe,:llV(! JOf·lhlJd for Irll If''''-.lr.'J 

the resolutlon would he to lncrease the Lr,HI:>[Jdl"('nL lHJr! Ir)rJ (d 1 hl' 

focuslng Iens ln the dIrectIon towards t.he 11f'llIlL,IJ!tf'rl('aJ 1o!" 

thereby lncreaslng the acceptance cHICJle. The chdny(! W 1 1 l 1 r.rlur '(' d 
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% of Lhe addltionally detected electrons wIll originate from 

(~)(~I;tr{)n!:) wlth encrgy above the pass energy window. A factor of 

fI('drly 1.3 can be galned by Increaslng the maximum resolution ta 

6%. 

The delection efficiency could be Increased and by fIxIng the 

dl-tc('Lor voILage with respect Lo the canister voltage, V1, so that 

t h(.~ 1 nC'()nl 1 ng cJ ecLrons have an cnergy that max Imlzes the detector 

l'fflclency. A!:) WdS mcntloned in sectIon 6.2, thlS could lncrease 

l h,! Hl Y 11<-11 count ra te by a factor as 1 arge as 2. 

7.4 FuLure AddiLlons ------- ---- ----

It would be dcsirable to introduce a cold flnger to the system 

'-:.u 1 hdL low lernpcraLure Mossbauer spcctra could be obtalned. An 

.Il-yon lon 911n (or ln SItu cleanlng of sample surfaces would enable 

lll(! .-1!1lI0Vd l of lce f rom low t ernpera ture sur faces. As was ment 10ned 

l'drllcr, Llljeqlllst et al. found that ln a vacuum of .5xl0·' torr, 

~ fcw hundred A of lce had accumulated on a sample at a temperature 

uf -lOO·e after several hours. The argon gun would also enable the 

pxperlmenter to clean oXlde layers, and thus improve signal rates • 

• 
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