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History 

Piel.d C!llission is generally eoncemed W:f.th the emission of 

electrons :from solid sur.f&eef u.uder the influence ot bish electric 

fields, tielda ot the order ot volts per angstrom unit. Atane also 

ean beCODle ionise\\ in fields ot tbis magnitUde, which is the basis 

of the field emission ion aourc::e. 

Jteld emission ot eleetroas has been extensively studied 

since the 1920' s. !be first attempt to explain the ~ssion of 

eleotrone from . cold S'UJ!'faces was made by Schottk} wno interpreted 

it •• a resUlt of the lowerine of the potential 'barrier at the metal 

surface by a combination ot tbe applied field and the electron image 

potential of the barrter ( eee figure lA) • The electron image potential 

represtmta the attraction of the electron to the charge it induces on 

the atatisticeJ.l1 neutral metal surface . 'l'he field requiret! for the 

abOve explen&tion vas ICI'Be ten to a h'Wl.dred times greater than that 

lfhieh was obaerved . to be uecesear;y, so 1 t yas considered that emission 

eame from minute protrusions on the SIU'tace where the field was mucb 

enhanced . Schottky's theory predicts that the logari:tbm ot the current 

should vary as the square root of the applied field, 'Which 'W&S uot ob• 

. 2
served. Millikan and Lauritsen , however, tou.nd that a plot of the 

logantbm ot the current against tbe reeiproeal ot the tield gave a 

straight line . '!'hey then. put tol"Wa.l"d a generalised torm of Richardson' .s 

l 
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EQ.ua:tion in whiab emission depends partially on the field and partially 

on tl:le. tempera:t;ure. 'Ibis equation e discredited., however, aa it vas 

fO\!Dd tha.t at low temperatur a, the field cisaion is independent of 

temperature3. 

~e wa nov ripe tow ~~ expl~tion of tield emission Ul te~ 

of quantum mecha.nice, .an(! this 'tllae given by Fowler and Noraheul~. '!he 

current density was eal.cuJ..e.ted assuming :f.'1r a t x'io.ngl.il.a:t" potential, 

and a;ubseq-aently Dl&de to tnelude the electron iDJa,ge poten·t>iaJ..5• 

Field em:ta•:ton takes plaee by vave mechanical penetration ot the 

potential 'barrier by· the electron. 1be difference between. field 

f!lli.\ssion &n4 themionic e:m:t•G.ton 11 now e.pp&:'ellt; thermionic emission 

require& the electron to hav obtained thel'Ml energy in e.xeess of the 

work 1\Ulction ot the IIUl'f'ace1 1n order to escape over the potential 

'b&r.ris, 'Vbilat fiela. emiasion is a de»nstration of the 'liiQ.ve meobaaioal 

air.e of the eleotl'On which. allows t1nite probability of its location 

beyond the barriel' (see t181U'e l.B). 

TAe field Ellisaion _Microscgpe Quantitattve wol".at on field em1esion in 

the 19.30•s proved very unreliable because ot the. dtfficulty ot obtaining 

clean ilurt'&ees, tree ftiolln protruelons. The D>et valuable 'WO:it started 

" 6 7 witll the Lntrocb,tction of the field eQission mierosoope by M:U..'te:~· ·1 • Be 

obta1ned a ah&:rp aetal point by electl'Olytic et ching, then heated the 

point el ectrically 1n vacuum to evaporau, everything but the baa.! :metal . 

Tungsten waa the metal nol"!!I&Uy used, tor whieh the metal is tar 1esa 

vol&tile than its ox.tde or other surface eontaminantt . ·1.\:) clei.l11 a 

tW'l8aten point i t is no:mally beated to e.bout 2500°C1 in wb.ich process 

eurtace 41ttue1on ot the •tal also takes plaee . !he result is a clean, 
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round point, tree trosa the i.:mpurtties and ittegule.ritiea that had 

troubled arliel' wo:rk . The tip i thf\.:n a single crystal, rcrllflded to 

a hemi. ~re, ao that U' tluoreseent sereen is allo ed to su;nound 

th tipt an eleetl'Otl pattem eaa be observed which. projects the 

eud. sion from the various cryste.l. p e . a.round ·tb;e tip. The work 

funetiOI:l of the 111 :p.laue ia le$S tba.u tor th 110 pl. · · e1 8Ud so 

tortl1.1 h~ee the electron current wiU be greater from the planes of 

low r wrk function., and t.ber will he eorreepondin dillftribu.tion of 

1ntensit-y on tile tluore~cent screen {see figure 2B} • T'ae pattern on 

the se~ tell us the crystal cs:tegoey ot the point and how· it ta 

or1~ed, in additton to a great deal of intonrsatio about, the surtaee 

c~ldition ot th point. 

1h Fi.~ld i1'aiasion .TiP& 'l'be tip ebould have a radius ~ between 

104 cuh ana 10...5 em. to gb·e fields ot the order of volts per &tlgstrom 

With power- stt,pplie ill the kil¢Volt l'&tlge. Ti.pii of radius amal.ler 
0

than lOOOA are difficul-t. to fonu dir etly, but t1pa can be sharpened 

by carefU.lly regul.tlted ion boo1bax-dment. Ions tend to s '•rike the 

region tomrdJS the aba:1k ot the tip \411® bas the ei't~ct ot sbal'pening 

th.e point. i(Qwe-ter.,. exc'ssive ton ~t. will deat:roy tl:e t1.p. 

Points are nonuJ.ly produced by electrolytic etching, thougb. eatie 

:taeto:ry tu.ngstP..n points can be made by oimpl.y burning the v1re in a 

tlamo . 

meroscope is of the order of 20k so indiVidual lattice a:tollUl ce.nnot. 

Ob eJV&tion of S1n§le Atom$ !be field emission microscope enables 

one· to observ~ etusle atoma . 'l'he resolution of t.he field electron 
• 0 

be obsel"Ved, but the effect of a foreign atom on an othe.n'ise clean 
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lattice surtace can be readily obsel"V'ed . It ions -.re used instead ot 

electrons, tbe resolution is increased by about a factor ot ten1 and 
0 . .

is of the order of 3 to 5A. With this resolution indiVidual lattice 

atoms can be obseNed. The reaol.ution is determlned by two taetors, 

the thermal veloci.ty ot the particle aDd its atze . In both cases, the 

larger particles are tavo~~ 'l'he velocity ot particles with a given 

themal. tmer&Y is proportional to the $quare root of' their •••. A 

11ll1lar relation holds tor the aize of a particle; tbe wwelengtb. is 

inVersely proportione.l to the square root of the mass . 

It a barium atom ta.lls onto an electron emitting tungsten sur

tace, it acts as a -.11 protrusion and &110 reduces the work function 

in its vicinity, so that its presence 1s marked by an iDcreaae in 

electron emission f'rollll tb&t :point, and a bright spo.t on the screen . 

!he tield lines ·are $.l.S)at radial, aad it they do not beDd, tbe 

electrons will f'ollow them to the screen thliB proJecting the Ellld.ssion 

pattern ot the aetal su:ttace . other atoms auch as m.cygen effect a 

decrease in the work tunction ot the aurtace. Even at presaures of' 

8•the order ot 10"" • ot Hg., oxygen will cover the tungsten eurtaee 

in abQut a minute . Gas molecules become polarised 1n the tield &Dd 

are attracted to tbe tip because ot the field t s 1nbcaogeneity. This 

ile8ns very low pressures JlUSt be attained it the po1nt 1s to be kept 

clean tor any period ot tlae. 'fbe ehallgea in woi'k twlotion traa 

different atcas OJa a metal aurf'aee can be explained ae arising tram 

aa induced cUpole on tbe surtaae . Eleetropoaitive atoma fiUch as ba:riUIII 

repel electron whilst electronegative atoms illlch as ox;ygen attract 

elecuons, the average aces• abarge on the atom being less than one 

http:veloci.ty
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electron~ It iEJ a general 1-ule that e.toms ot low iomeation potential 

decrease th$ work tunetion · a ot high ionisation potenti in

l1eld ~. Jbia~on 
- .~ 9

Field emission ot positive. ~one was first ob~rved by Muller 

1n 19,.1 men he f'oU12d that bar:L ions could be desorbad t~ a tip 

by reYersing tile ele tric field. At high enoue;h t1eld t ungsten it-

tip U.:t 1t is often pretened to tlaslUrlg. Bvapo:ratiOIU o~ e.toms 

tl"<U the substrate taes plaee at points where the field ie greatest 

and Where the atau are most loo$ely bound . 1J.'hia meBllS that atou 

llU'l'OundiDg tbe maJor t acea ar~ f'irat to evaporate, which results in 

tar small~ &l'e&t of the 1ll&irt faces, partieul..ai-1)1 tbe UO pl.sae in 

poiuts prepa:red by tiel4 evaporation t.baa in thoae cleaned by tlas111ng 

and formed 'b1 surface d.Utusicm. 

Field ion easton was first investigated in the hope that i t 

would yield better r eaolut1oA1 tban ll&8 obt&tnable tor electrons . The 

teator• ~ontl1.buting to the reeolution W1th electrons are the loeal. 

disturbctnce ot the tteld, and their W&\relengt.h.. A poin·t ttapurity 

V1ll ext end 1 ts diatur'be.uce of the field over an &l'e& greater tban 

its 1l!aediate size. The t~avelengt.h of electrons is undefined at the 

surtac:e, but t&lls to about 10~ w1thin 10i ot the eu.rtace . To see it 

8\lch an inat1'\11Dellt we wrkablc lf'ith ions, Miller perto1'1\led the t ollow• 

tng .experiment10 , A tube was filled witb. h)'d:rogen at 5 x 1o"'3 m . ot Bs. 

and the electron picture ob•erved. The voltage Wlll4il then reversed and in• 

cr eased several t old, under these eond1tiona hydrosel.\ ions go to the sereen . 
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A wpply of bydroge 

.an ttre.ction ot t e tom in th inhomgent."'ua tield • A r ool tion 

of about 5A
0 

was obtained, which ia &'lJ1ost su.f:f':leient to obGerv i:ndi.. 

vidual. a-tome in the et&l l attice. '!be intensity ot a f i eld ion picture 

J.eh l e th t.'llat obtained wi el~tron , bu , 

eye see 1t . quite e aU.y. Ficl.d ion mic:rotiOOpc pictu:t'<le e nov 

taken wi:t.l h~ll tmJ. 1ng tip s "tb.eLt h ~e 'been C(lOled: to l.iquid helium 

the tip adds to the tbe 

tangential. vel ocitl'· of ion a eolli ion with th ti • Thts 

effect · e of maJer :taportanc t the solution, $0 t even helium, 

wb1ch is chose fo'S' 1t ., ow pow:Lsabili'i'IJ; acquir$ an ane:rgy of 

o.lev c~ W'J. th o.025ev of the~ energy. ~ tip ie c:ool ed in 

lose oome o:r this energy on collision with the 

~ e • Heli microscopes.,. $l.though they give the best posoible 

resolution, do not give s-11ch :ood intensity as Tw"'Ould be o "tained with 

other a:too1_.a • *Jhe low pola:r-l~bil.ity., mesne e. WlQ.ll.e:r su,pply ot atoms 

to the t:tp as the ;phere ot captu..re' ;ta l~I!)8.l.ler . :Al$J, M.gb. l" fields 

are r eqt\iired to 11&1ntain the current because ot the bigb. ion eat1on 

potential ot bellum. However; hiaher p · S$uree may b1;1 U3 !d With he~ium 

t.ha.n w:t.tb other gases and thts compen teo to I'JOIIe 

sourc s of );')001" int en.ai ty, thoU@! vltb. ~ lac.~ ot d ~.n.:U;1on. 

scattering by the sa • 

Crtt erl.o;:t foJ: IQDJ.!J$t1on Atoma ax"e :lontsed. in a ~$ion of tro 
_Q

5 to roA E\bove the ourta.c;e in a f'iel ion source, d a1~ not deGOrbed 
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tram closer contact with the turtace. 'l'b.e crttenon that an atom ay 

be ion1sed ia ~t the energy level of the valence electl'QD should not 

be leas tban the rennt l t:Wel ot the electrons in the metal. Nol"Mll.y 

tbe ion1aat1on potent1..:t is greater than the trel'lli level. Which means 

that the atola ecmnot be ioniMd. at a distance cl oser t.haa a • (X • W)/ E 

where I &Ud Ware the ionisation potentUl ot the atoa .ana the work 

tunction ot the metal respeettvely, .ana E is the tteld at the aurtace . 

This. ta turtb.er ap;p-.rent from the taet that we need to supply an aaount 

of' enel'&Y t ...Win order to ionise the atolo by transferring the electron 

to the ~metal, aa4 tbia ~r&Y te pi'O'Vided by the field, 1 . e~ I .. W.. Ea. 

At low .ttelds theret o:re, ionie&tion ta.kea place at dtstatlees turther 

frollj the arurtace. However, U fields are suttieiently h1gJ.t, ionisation 

can take plaee in tbe "gion beyond the •t$1 sur.taee. 'lh1.s process 

ta referred to a. autotomsation. 'D:le. potential '"11 ot tlle metal sur• 

taee is thea. no longer tnatrumental. in helpiJlS toatsatioD. 'by its 

:reduction ot the be.n"1er tb.ieknesa tlu;'oU.gh 'Which the electron baa to 

tu.unel ( see· ttsure 10) • 

A hlsed .loa $0\d"Ce It was tbousht that illproved reeolution would be 

obtained by pu.lttrag the hip voltage rather thea applying a a .c. poten-
U .. . . •

tiaJ. - . It miet"Otecond pulse., are eppl.ed at .llillisecoad 1ntei"V&la, 

the e.taaa, "WOuld aot acqUire the pou.rtaatiou energy and liOOl.d have had 

a ehatlce to loae IIUcb ot theU tbe,..:t -.rgy to tb,e t i p . The iru~tl"U• 

ment nov ettectively becomes a field deeorption llicrcseope. !Owver, 

the supp~ ot a.tom• tuma out to be very low in sueh a SfStea, even 

When atoms whleh have a id&h sticld.ne probal)illty onto the mete.! sur• 

tace are used. 

http:sticld.ne
http:tlu;'oU.gh
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EnerR D1stribu.t1on of Ions The energy diatribtlt1on of' field emtted 

ions has great importance 1n the ada:ption of' sueh an ion sourc . to a 

sa pectrom ter. It the irlstr..mtent is not double t oeu.ssin61 the 

homogeneity of the i on beam i e e. major :ta.etor in dete!mining the 

12resolution of the instrument. Inghram and Gomer reported a 20 volt 

spread in i on energy troJA u.r.taee ionisation, Wiah would give a 

resol"tion of 1 part in 150 tor a -.a . spectrometer having e. 3000 volt 

'!'be energy distributi on ot the ions givea their location at 

iontaation. Atoms having nea.rly the f'ul.l energy of tbe applied voltage 

Will have been tormed cloae to tl:le metal surface, whilst those having 

leas energy Vill have been formed tu:rther away trolu. the tip . As the 

voltage is incre&aed, a larg~ p;ro;portion ot ions~ form~ by auto

ionisation in the region beyond the 6'1ll"tace, which ineJ!eaSes the energy 

spread beyon.d 20 volta . 

A Mass Spectrometer ton So\tl"ee The most aertoue .attempt to adapt a 

field emissi on 1ort source to a maae spectrometer -.s by ~ and 

12
Comer .. They mounted a tieltl emission tub of ne$.1" conventional 

design opposite the exit slit ot a mass spectrometer . A sma:ll hole, 

0.75 • · 1n diameter 'tif&S made 1n the scre.en, through which a sample 

ot' the ion could be e.llowed to tall on the exit sl;Lt . 'l'be tungsten 

point itself sewed as the entrance $lit, in that it was a point 
o 2 

source ot ions. '!'he point wa.a lined up Vith emission from about 900A 

ot the 111 plarle of the tip $Ul'face supplying ions . The p1-essure ot 

gas under analysis in the field emis i on tube was 10 microns . The 

region between the hole cmd the screen waa pumped in add1t i on to the 
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PreP!E!tion ot the Ti~a 

Onl.y tUDgaten pointe were used in this work, \lb.ieh were made 

by an electrolytic method. Otber tips are more ditticult to make. 

For example, platinum tipa have to be elect:rolysed in molten ealt. 

Tungeten ia the moat c~nly uaed •terial tor this work, though 

other workers bave rec~nded rhenium because of 1ts lack of af'tinity 

tor oxygen, or carbon whiakers that are grown in carbon arcs. 

The point is mounted on a tunaaten bairpin in order to heat 

tt in vacuum. The bairpin is constructed ot 0 .008 inch tungsten 

wire and a piece ot 0.005 inch wire ie spot welded to the loop to 

supply •terial tor the tip. 'l'be 0.005 inch Wire 1a threaded through 

a loop ot platinum wire and ia supported above by a metal clip so 

that the hairpin hangs vertically down (see figure 2C).. The platinum 

loop is adJuated to be at a height ot app:roximately 1 millimetre 

above the veld. A 6 volt potential ia applied between the clips and 

the platinum., the clip being positive and the loop negative. Alter

natiDg currents can also be uaed. A drop ot normal caustie IIOda is 

introduced into the reston between the loop and the tungsten wire. 

Aa the 1111&11 drop ot electrolyte becaaea exhauated,. tresh alkali is 

added v1th a tine medicine d:ropper. A tine tip reeults when the 

0 .005 inch tungsten wire pulls apart 1n the region ot electrolysis 

because ot the weight ot the hairpin. 'l'he weight ot the hairpin ts 

a<lJusted to overcoae the aurtace tension ot the droplet and to break 

the wire Just betore electrolysis is complete. 

10 
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The ha1rpin is spot ve~ded to a. pair ot electrodes by Which 

the point eaa be heated in vaeuum, a process known as tlalhing. When 

a tip ;ts tla.Shed, heating to high tempemturea, say 2500°0 tor shol"t 

periOd; ot a .tew seeODde ia preferred to h•ting to .a lower temperature 

tor a longer period, as the relative oleanJ.ng to surtace Jligration is 

•re favourable, so tbat there is lees blunting ot the ttp. '!he shape 

ot ~ point atter flaShing ¥111 be .something between a. ~rboloid 

ana a sphere on a cone ( eee figure 2A) • A good crtterion tor the 

ab&rpnees ot a point :I.e that tt is just unreaolvable by an oil t.er

eion microacope. Me&surelaents of tbe tip dirAenaions tor calibration 

ot· the field are Jl84e with .an eleetl'on microscope. 1:1 the tip were 

pertectly aphertw, the field at the eurtace would be V/R where V 

1s the potential ot the point and R 1 ts rad:tua. The f'leld becomes 

leas towards the ahfmk ot the tip 'Where the curvature is 1n one plane 

only. 

'!'he Ion Sou.tce 

It vas decided to uae a convent1oD&l pattern in ~ ae•tsn 

- of the SO'IU'Ce. 'lbis meant constructing it out of glass. Plans tor 

• raeta.l source were drawn up, but ab&Qdoned becaute of the ditticulty 

ot lining up tbe point. !low that an auxiliary system tor evaouattng 

II.'Dd linin8 up the pQint bat been constructed, it-.,. be wo1"'tb:wh1le 

reconsidering deeips tor a metal. source, vbich in the l.oug run vould 

be DIOX"e aatistaotory than t.be glass $>\ll"Ce at present being studied. 

The eource is eonetrueted of pyrex and follows the desisn ot 

conventional field elld.ssion tubes (see f1sat"e 7). '1'he wide of the 

http:oleanJ.ng
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13tube bas a conduoting tin oxide coating which makes contact With an 

electrode. Contac't between the electrode and the conducting glass can 

be made by a --.11 t\.'I.Dgaten spring supported on the electrode aD4 

touching the glass. U an extra heavy coating ot tin oxide is con

eentrated onto the region ot the electrode, soaae contact between the 

aetal 8Z1d th• g1ass will usually occur1 Which enables one to avoid 

the use of the rather inelegant spring. Rowver, contact could some

time• not be made in thia manner1 probably because ot the surface 

cond1tiona ot the gl.e.ss-aetal seal. Another procedure is to cover 

this area with aqu.adag or platinum paint. Aquadag requires that the 

tube be tluabed W1th n1trogen or argon wbilst the orpn.ic binder :h 

being blirnt off .. FOr this reason, platinua paint is to be preferred. 

'l'be tin oxide coating is produced by heating the glass in an oven to 
. 0 . . 
4oo C, then blowing stannous Chloride vapour onto the surtace. ll'or 

tbe best results, the vapour should be mixed with steam tram the salt . 

and appear $8 thick 'Wh1te tumes. 'lbe c;oattng thus obtained is veey 

tenacious and cazmot be re.>ved by standard cleanlng agents . It can 

be -.de to have an electrical resiatance of the order of kilollms. 

The conducting surf'ace is coated With phosphor. The phosphor is dis• 

persed 1n a eolution of nitrocellulose in amyl acetate and acetone, 

&Dd the nitrocelluloae later burnt oft. 

!be atea ot the tube is constructed ot precision bore 7/8 lneh 

pyrex tubing in ol'der that 1t will locate accurately and til'JDly W1th 

the alit . In the upper portio:n of the stea there are two large holes 

in order to provide 8ll extt tor the gas other tbe.n through the analyser 

tube. Location ot the source 'With the alit system. is v.ia a aonel collar, 



13 


that has "en machined to tit exactly inside the p:recia1on bore pyrex 

tubing . The collar is 1/2 inch high, ot which only the lover 1/4 inch 

ma!tl!s contact w1th the glass; the upper portion does not touch the 

glass. Too 111\lCh overlap ot the metal col l.ar w1th the glase can not 

be allowed in order. that the path tram the electrode to tbe collar 

be as long as possible. 'l'he present arremgement gives a voltage 

gradient that was abOut one titth that ot dielectric breakdown in· 

pyres. The extra height givel'l t o the ~etal collar is to extend the 

around potential region up as close as possible to the screen, so tbat 

the tone serging trom the hole 1n th eoreen enter tnto a region ot 

ground potential as soon as possible. The length o£ the collar is such 

that the gas can .eacape through the aide holes t.s shown in t1sure 7 . 

A Jig •• made to taoil 1 tate tbe geaaetrieal alignment ot the 

point during the tinal sealing of the glas1 ton source~ When the 

upper and lover portions ot the source are sealed together, the point, 

the bole in the aereen, and a 3 mm. hole in the centre ot the jig 

can be lined up by eye, by ob•el"V'!na that they appear concentric. 

Some tb.oll$llt •• g1ven to the posatble advantages ot em.plo)'ing 

a slit $1Stem with toeu.satng properties. It was, however, decided this 

would be u unnece•8&J'1 c€DJ.)l1e&tion at this a-.se. Tb.e tield eis•1on 

tip is a point aouree, which., together With the entrance slit to the 

analyser decf'tnea the 1oa beam quite effectively. COttsideration was 

also givex1 to the idea o.t a strong tocussing eource aystea1 using 

quadrupole electrie or -.gnetie fields ( aee :t'1gure 3) • One of the 

att.ractioaa ot such a ayatem ie tbat 1t vill focus & beam o:t' circular 

erose section into a ribbon. Sueces1ive eroased quadrupol es give 
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poa1t1ve to~ussing ot the bem, a prin~iple that 1s used 1n hip energy 

IJ&Chines . Magn tic fields are more etfecti e at bendin high energy 

beams tb&n ar~:~ electric t:Lell'hJ, and are thererore uied more often 
14

than eleetrlc fields in th1 connection; however, Giese has con... 

structed an electric quadrupole syetem tor an ion souree. 

15
V&Cl,\Uill Tee.tmiqu.e · 

A way au.st be p:rovid d to detel'mine whether the tip i.s 

eu:f'ficiently .$harp to giV$ the required field and. whetber it is 

oriented to give a @POd supply of ions in the direction of the slit . 

'l'he thod is to observe the electron pa.ttem f'rom the tip, since the 

tons v.Ul coae· ott hotu the smae J-eg1ons as do the electrons. l{owever, 

to observe an electron pattern, a very good vacuum, pref'era.bly of' the 

order of lO..S llll'll· ot Hg. is required. At this pressure, clean tungsten 

'becomes covered With oxide in a time of the order ·of a minute, and at 

higher pressures bombardment ot the tip by poeit i ve tone may spoil the 

P>int &n~ in1ti.ate a vacuUJI vc . 1be tlrst problem was therefore to 

obtain a h1Bb vacuum. 

High V&OUWl technique has adVVleed considerably ovel' the last 

ten yeare1 less traa a development of new techni~es than t~ a gen· 

eral real1At1on of the factors that 11111ted the vacuum 1.JD.der the ol d 

teclmiques . The neceasity of bavi.ng a ayatem that can be baked out 

has becGJJie well recognized; this has been accompanied by the replace• 

ment ot rubber gaaket aateriale by sott metal, ana ot greased glass 

stopcocks by' metal valves. Cold traps ha.ve been lll$de· more ef'ticient 
. 16 ' 

by packin~ them W1th copper toil to prevent back litre 1ng of oil 

dittu.s1on pump vapo\U" which 'WOUld othentee limit the pressure to 
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10 :mm. ot Hg. 'l'here haw also been improvements in ionisation gauge 

deaign17 vh1ch enablete preei!RU'ea below 10.. 10 •• ot Hg. to be measured. 

'then w design baa a thin wire anode 'Which obviates the limitation on 

the previous design Where tb anode photoelectric current, f:rom photons 

tamed by the thendonic current to the grid, wuld 8lii!UIP the ton eu:rrent . 

" . 18 " 1 'I..to~ ..~~i ;a.:.t has ong ueen realised that an ioniaation gauge acta 

aa a pUIIfP. Workers 1n field endesion keep their ionisation gauge running 

continuously in. their sealed oft gettered aye.tel&a . The reaainiD& gas 1D 

the tu: is ion.teed and driven into the 'Wall• of the tube. Helium has 

the a.biU.ty ot dtf:tuaing througb. py-rex wh1eb. would 1:lait the pressure 

if ion pumping were not u.ed. A water cooled ion P'W!JP was constructed 

on thie principle but was not used, as a eoraercial ion pump became 

available. IJ.'be ion PUJIP conai.fta ot a central tungsten wire cathode 

surrounded by a Widely spaced spiral moly'bdenua wire grid (see t1gu.re 4A) • 

A themiorde current tlon between the heated cathOde and the grtd, tnna 

which iona us foJ."'led by electron bombal"dunt c By virtue ot tlle eylin

dr1eal seometJ"Y1 the eleotrone receive moat of their ener&v cloae to 

the wire tmd travel at neau"l.y t...h. ir tull energy over a wide cross section 

ot the tubt!t. !be glass 1JQll.s aene as au anode1 its potential ia the 

eee as the cathode~ otherwise an electron. cUJTent will tlow. Also, by 

reason ot geollletry, a field gradient such as to C$.lse tb.e maJority ot 

the ions to tl:'O.vel to the walls rather tban go to the cathode prevails 

ae:ross most ot the tub • '!'he grid eou.td be degassed by reststattee 

beating. 

The Vaelon Pu1frg19 A Varian Vacion pump was purehaaed tor ev&eWAt1ng 

the auxiliary ehaaber . '!be ~ op ratee on a Pel:ming cold cathode 
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discharge as is used in the Phillips Ionisation Gauges. 'lhe design 

makes un ot a magnetic tield whieb controls the direction ot motion 

ot the electrons, and causes them to cover a tar longer path in getting 

from the cathode to the anode than would be the ease it there were no 

magnetic field (see tigure 4B) . Hence the density of the discharge is 

tar greater than 1t would be v1thout the magnetic tield.. The currents 

are theretore higher and more effective in eleaniDg the vacuum system. 

The cathode 1s 8de ot titaniUJB which is sputtered by the ton e~t. 

These treably sputt ered titanium atoms are very effective as a getter, 

and play a.n important role in trapping the gas atoas. '!he current is 

supplied by a 3I{V power 811pplY and is measured by' a logaritbmie meter. 

Since the current is proportional to the pressure, the seale is also 

calibrated 1n millimetres of mercury so that ' no ~llary pressure 

gauge is requil'Qd. At 10 
. -a 

•· ot Hs· the pump current ia 1 micro-

ampere, which is the l1m1t of c:urrent that can be measured by the 

meter, so that this is effectively the lowest pressure attainable. 

The pump current falls ott as the pressure decreases, as is to be 

expected since the re1idual gas maintains the discharge . 

Because of the active titanium get tering surface, it is ad• 

visable to keep the pump sealed under vacuum when not in use. The 

PUIIIP is in fact received in thi·B condition troa the makers. This 

necessitates the iastal.lation ot a valve to seal ott the pump wen 

i t is not 1n use . It it is necessary to all ow the inside of the PUJIP 

to e~ to atmospheric pressure, it is preferable to let it up with 

dry n1trogen than W1th moist room air . When re-evacuating a system. 

that has been let l.q)· to atmospheric pressure, the pUJDp evolves a lot 
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of gas that has been trapped on the gettering titanium surtaee1 and 

from tbe colour of the d1scl::Ja.i'ge, tile moat firmly absorbed gas 1e not 

n1trogen, but probably water vapour. 

iestarting the puap atter 1t has been let up to atmospheric 

pre.sewre requires a fairly slow procedure. It is not poasible simply 

to PllllP the preseure to below 10-4 • . w1th the backing pump, seal ott 

the systelll, and Pitch on the ton pump, becaUse &JS soon as the latter 

starts to tunctton, a sreat deal of loosely adaorbed gaa ia evolved 

11ilto the syst• Wl11ch 'WQuld be dift1cult to remove by the ion )lll.DlrP • 

'l'he best procedure tor starting ts to bake out the pump under reduced 

preaaure at betveen 300°C and 400°c ,. lim!Ver, this is not nomally 

possible beeauae ot the pr$•ence ot the J118811et . By 110unting two 250 watt 

intra red lomps at a d1stane$ ot 3 inches tram each side ot the pump, it 

was possible to obtain a baking out temperature of 3~
0
C. 

When bake out te not convenient, the following procedure is 

uaed tor restartina the ion pump after it baa been exposed to e.tmo's

pher1c pressure . The syat tm ie :tirat puaped to a. pressure ot about 

10-4 • · ot Kg. by Jaeans ot a mechanical pwap provided trlth a liquid. 

air t rap . 'l'he ion PWBP i .a then m tQhed on tor perioda or abOut 5 sec· 

onds, time being allowed t.etveen each period tor the gases evolved to 

be resaoved by the mecbanical. Pl.lltP, As the ioa P'UIIP becoaea degassed 

1t may be left on tor longer periods . The ion PUIIIP gradually bec0111es 

4egasted autttc:ieat ly to be lett on cont1nuou•ly . lbm degassing ia 

eea;>let e; the systea i.s sealed ott. :tt norsally takes up to halt an 

hour to start the pump . 
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The .~liarz system 

AD auxiliary vacuum system 'W&S constructed tor the purpose ot 

testi.Da end lining up the ion source point . In th1• system a gl&Ga 

evacuation ~r •s u.sed in o:Jtdel' tbat tbe electron pattem ot the 

. . -8 itip could be oboened. As a hi.gb vacuum, 10 na. o:r · Ha~ we.e des red, 

metal gasket• were e.~aployed thro\ighout so t.:bat the &pp&n\tue crou.ld be 

baked. 

'l'be abambei' in wbich tlle source is tested, ia constructed ot 

a 3 incl'l kova.r..,pyrex seal, aJ.>gon arc velded to a atainleea ateel 

flange (see f'18Uft 5A) • '.l'ba eource cs.u be viewed tllrougb. a ~ 

plate in the top qt the cli.am.ber. The lower f l ange holds the eleetri.eal 

ead pumpiDe leads. '!'he chamber is t1tted w1th three 1/4 ineb kovar• 

pyrex seale, tor electrtce.l leada end one S/8 inch eentral pumping lead . 

Two a44itionel electrical leads -.re provided by a two wire glass press 

8eeJ. . The leads 1n thi8 to:rm Glso provide e convenient 1l'flY ot mounting 

the source ins1d the chaabe:r; the leads are Joined to tho SGurce leads 

tl;Le electrtca.l conn ction . 

'l'he V4\Cuua Gasket LeDge and Al~rt20 b&ve reported a high vacuum gasket 

Joint aing e. step ty;pe ot seal 'Which was u.sed succeast\llly at pressures 
~ . . 0 

o:t 10 •· Of Hs· with 8tlccess1ve beat eycltn.g to 400 C. . A slight 

moditic:ation was ll&de to th1 design as a means ot limiting the clepth 

ot cut by the step . Lanse and Alpert have the two flang.es touch wen 

cutting 11 to a euttic1ent depth, whereas 1n the present ana.ngement, 

the gasket is made slightly thicker than the depth ot th step so that 

cutting i s 11Jrdted by th pressure ' being taken up by the vide area 

http:flang.es
http:testi.Da
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of the s&aket (see figure 5B) • 'lhe· tl.eDaes are aeeu.-ed b;y- 6 bOlts 

and the p.sketa are cut tl"CD o.ollo inch aluminium:. ~e aluminium is 

not avail.&b~e in the tom ot annealed lbeet, so 2SO grade is u!Md. 

'l'be gaskets are cut troll the sheet 'by a apecially' made die1 usil2g a. 

screw press to force the cu.ttiDg.. A pUl'e grade of copper 1 normally 

used tor gaskets, but alum:l.nium is 110re easily o'bta:inable and equally 

eatiataoto17 •t the temperature• used tor beke out, vhiah are nomal.ly 

below 4oo0 e. 

~t of th.e . .Awd.li!P7 Szltea '1'.b.e cbaaber was aouted on a board ot 

beJ.t :incA tl"8J1aite aDd baked out by means ot a nichxoome Wire furnace. 

!he r.a1Dder ot the system •• tl!Nied out Vith a bunsen burner. 'Since 

veey low pressures -.re required, grease stopcocks a;Qd mel"c\U'Y valves 
. . . . . ~~ 
were avoided~ 'there va1 the choice of U81ng aet&l high V&CUU!lll valves 

ape~ tbrousb which puaping can take p~e, Which, al.thouah it should 

DOt a rtect the ultiate pressure aobievable in a leak tight ayste., . 

will affect the tate at which it is reaohed. These valves woJ'k on the 

principle ot torcf.D& a cone into 11t. bearing of aott copper o:r silver, 

with eutticient presaure to distort the aott aetal surtaee to allow 

no leakage. It natunlly requires leas ettGrt to aeal ott • small aper-

tu.re. b)' this aet~D~, than it does 

valves do not b&ve an aperture of JJJ;)re tbaD 3/8 inch. The valve used 

tor aealing ott 't'.btt system fl'CII the back1Dg pump was a Hoke, number 413; 

Whoae aperture vas l/8 incb diaater. Metal vacuum valvea a:te either 

bellows. or dlapbna sealed, eo that no gaa can leak in t"raa the atmosphere .• 

http:nomal.ly
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is al s kept running en the system 1s 

seal off in cue the clo 1n8 action of the valve is not per:te.et. 

v .. ve of larger e.p rture i de 1 to Join the ion pUlllJi to the chamber 

J.a.r _ aperture valve is not obta.:t.nable, it vas deci ed to 

break _e system (see figure 6) • A battery ot 8 bru 

end resealing of their thin ends could provide conv ient way of 

lett· the sys·tm up to atmospheric Pl"e! - t'5t.1l"e • '!here is a icl · pocket 

'the source is tJOunt on th filament le$da 1n ide the ehe.tnber . 

the tip 

to be ~isf'actory. A sh et of co ueting glass • pl ed over the 

top of th<~ ion IIQure~ so that ion e.witt d. f:tem the tip and passing 

throUSh tb hole in th creen ould be eteated . leetron pattem 

coUld also be obeercred thro~ tht! gl s pate. 1h conducting G].ass 

was lat r repl.acri by $l~B.\l Fa~ up o-r alUIDini toil t o reduc 

electrical leakage. 

Testing Proced:u.re After de91ssing ~d bald.ng QU.t1 the syst could 
-8

be evaeuat,..d to 10 • Yith th ion pump . e point s th flashed 

ho 1tisort-:ted. W 

requil'e a 1 b :t'lllly emitting regio of the tip to giv · esio in the 

e.r s s the lect:ron emission. 

http:Proced:u.re
http:per:te.et
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by a vibrating reed electroaeter. The cUJTent was sufficiently large 

that the rate ot cb&l'ge method was not applicable, ao a 750 uaegobm 

resistor was pl&eed across the electra~ete:r tel'll1.nals, and the voltage 

developed aero•• 1t Ja8U1lHd. The order ot ~~e ot the c\ll"l"dta 

lle6aured waa lO..a to .lo--9 qperea. · '1'4e ~ current in a mass epectro• 

meter would be &pproxiate4r one hundredth ot tb1B it a 0.25 •· exit 

alit were used. The results ot ion current meaaureaent in air &t 

10•3 ... ot II&• ... tbowa iD f18U" e. 



'!'he tiel4 emteaion tc,m $0Ul'Ce aan be used. to give pure parent 

.tons ot o.-pnl.o -.na other JDOl.eeules.- tor maaa apectl'QJDetrte ~yeis . 

Ionisation b)' e.lectron tunnelling aupplle$ Just the neected aiiJO\mt of 

enem Witb.O\lt. further diat~ee or excit$tion ol the ~~Dleeule,. 

bence we .find. our tons tree troaa disintegration trae:aent•· ln cfl"tatn 

cir¢UJlatancee, tragm.entation *"' require leea energy' thaD 1on1aat1on, 

but fl'8olPlatation will still not occur beeauee the two eQ.DJ:JOnent 

ftdieale in the IIOleC\lle are ·too· close together tor tb.e diaaoc:tation 

energy to be pl"'Vided by tM product of the tielci and their distance 

apart . A 110locule itt this category WiU. e.J..most certainly ~nt 

when it becaaea Cleionieed • Ve Obeerve CH?p+ iona tl"'Oll methanol; 1 t 

is rtot likely that the hydrogen of the eh.teor'bed metb.aJ!Ql 1s mo~ 

t:l.ptly ~ to the J8etal tm'ttoee than 1t is to the o~gen# but i .t 

is probable that the ehea1sorption b1Dds the hydi'ogen Ylthin the ~ni• 

J8Uil diata.nee ot iol11satton; so that iOlli~Jatt.on takes p~e thrOugh the 

liOM dtete.nt oxyge~ It is to be noted tbat f raament-.t1on1. where the 

eleetZ'On relo•te• itaelt tWS:tbin the 1110lecule1 is l'lOt aided by the 

work function ot the metel., as is 101lis&tion aere the electron JIOVea 

in'to the. aetal. 

'!*he l.ipeeies ot ion gtv• by cel"tt.L1.n gasee or gas ~es 

aipt give t~ome ta•18ht into the ~talytte procesaea on metal 8\U"• 

tace• , A platinU11 point wuld l1kely be ot tbe greatest interest, 

sad the field eoul.d be pUla~ wttll. short int.-equent pulses, in order 

that the aperiJaezlta do not sutter tram the utlknow per'tt.U'bifJg etf;eet 

http:dtete.nt
http:iOlli~Jatt.on
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ot the electric t1eld. Qse could &lao study the adaorption reaction 

on different crystal plaDea, and measure at1cktng coefficients tor 

dit'terent .wbatan.cea .on ·different plAnes. All JIII!Ltenal.e maY be d.e... 

sorbed tro'ail a 1"1eld ••sion tip, $Dill by applyi.ng a b1gb. enough field 

the metal aubatrate vill i tseU come ott. Ooaer reports that h1Sb 

negative po't$nt1al.s on the ·ttp will dettOrb material as negative ions. 

'l'be sillplictty at tie14 iQn spectra ·-.kes the 110urce ideal 

tor anal.ye1a ot gas mixtl.&l*ee by -.sa .spectrometry. If reacting gasee 

are introduced into the source, fJhort lived inteaedtates may be 

detected by vtrtue ot tlle ptU'1ty ot the normal ton ~pe<ttrum e The 'halt 

Uvea- of exe-1te4 atates eould be J~easured by havi.rlg , potential on the 

point, lN'ge enough only to ionise excited states, wteh ba:ve a lover 

1ontsatiOD potent:teJ.. Excitation eo\lld be by shining ll&t>t onto the 

t1p. 

Field emt•eton otters a means ~- producing 1one W1thou.t 

destroyins the or1gi.Dal state of the _,leeulea ~ 'l'hus a trae 

picture of the atate of ·attain a.t'OUnd tb.e point aouree is given. 

http:applyi.ng
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Jhe atomic picture 
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ION CURR ENT MEASUREMENT 
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