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Abstract 

Exper.imenifal measure~'1!~t~ of the' p~OductiOI\.,< 
;~V~~:d:om ss:~ac:a:~~~~~: :~t~+ h!~~~~~n p;:~ 
dU(",tion frolll surfaces are also diacussedwlth par­
tic",lar ellf'hasis on work which mtght be relevant 
to iqn source appl~cat~ons. 

Introduction 

co; Recently interest in H- production fro~ sur­
faces has been aroused by the need for H ion 
sources for 'use in .injection heating of future 
HFE plasmas. Studies have suggested that a sur­
face mechan~sm is ,creatingH- ijns in the present 
direct extra,cttan ion sources. While there have 
been many studj()s'of the productiqn, of neud:~l and 
positively chr.rged hydrogen particles from sur­
faces, few have investigated the negatively charged 
'coTl;)onent of the backsc''nttet'ed ()st:tlcle2, sinc.e 
it was cOTl3idered to be a small fraction of the 
total. However, at lCM impact energies and', with 
particlllar aurface conditions~ the negative par­
ticles can make a considerable cont"ribution to 
the, backsclltt::!red, flLlx. 

One of the 1II0st pressing': p'roblems is to 
'understand the physical processes which create 
the negative ions at the surface; the theoreti,cal 
studies; £f these ,processes have been outl1nr~d 
eadler. " , , 

In this article I propose to review the \ ex­
perimental measurements that have been made on 
::he production of H-,from surfaces bombarded w,ith 
hydrogen,' with pal'ticular emphasis on work which, 
might be relevant' ~o 10n-source qpplications. Sev­
eral experimental mea8uremenl;s of backscattered 
H- ion8 can be applied bot" to the' understanding 
~f these proc.ease~ and to the construction of ion 

1) Total' co~';ersion of in('ident hydrogen 
particles to H- aa a function of incident energy, 
J!.ngj.e and surface conditions. ' 

2) The angu lar distrlbutinn of backscattered 
11- tonEl. ' 

the backaCtltterins of positive and neutral 
parti,cles is also important in the, overall ion 
suurce operation and some 'relevant measurements . 
are men~ioned la~er. " 

Experimental" Teclinig~~s 

_ Th~re h&ve be~n a nUJ!lber of cxperimpnt:!l ap­
proaches . us'ed' to'_make ,the u:~asurements outlined 
above., Since it i5 no:: possiple tc? give a dctalled 
account of each QPparatus ~nd surface preparntlon 9 

on).y the general experimental techniques used will 
be described. 

One of die ~imPlest approaches is to botrbard 
a surface with a known incident flux of partIcles 
and measure the total backscattered current. , 'By 
use ,;f suitably biased grids and magnetic ltelds 9" 

it is pos~ible to'suppress all .. the charged p'ar­
tides b,a~t9catu:red except th(' negative io~s. 

, Particular care, muat be 'taken t,o' ensure complt:te 
elect-ron suppreasion.. tn, s simi,lat' exped.mental 
arrangement it 1s possible to foclJ.S the negative 
ions emitted f.o::1 the .surfa ;; into a mas5 spec­
trometer and hence identify the negative-ion spe'" 
deSl energy analysis of the negsi.lv"! ion'1 csn 111so 
be inco.rpore~~d. The negative, ion current is nor­
ma 11zed to the inc.ident beam f l:.Ix. . The analysis 
of thesE', data is complicated by the change in 'the 

:~~~~~!: ~:i!:c~~o~~~O~~i!C~~~~g:~~hn e~:r~;id~S . _. -
A, second spproach: to overcome ..-this problem 

is 'to noralSlize the negative-ion current to the 
total backscattered flux. HC'wI'ever, this COltails 
I he detec'~ion of n~u,tro!!-l parlic;.le!). over ,the wide 
range of energies and ang:le~ through ""hlch they are 
backscattered~ If measurements are taken at a 
p,.0rticular scatte~l!lg anEle, sn integration over 
all angles is required'to deduce thl toral con­
;:rsHi_o~~ ef~i~iency of inc1d,nt hydrogen' par.tiCIlI!9 

1 " , ' 

3)' The energy distribution of bl:lckscattered 
... H- ions.' , 

The greatest problem in interpreting theae 
various measurelllent~ is in the rep-roducibility 
of surfaces. In general the surface ~onditlons are 

,not \le!~ known, w1t~ 'vacuum systelll prcssurll!s in 
. the,tO Torr rilngl' or hiGher. In mORt of the 
\lork dis~ussed here the surfaces were~llolycrys­
tslline Bnd had ,been c1esnedwith var10~s solvc~ts 
'befo,~e in~tallat1.on 'in the vacu~m system. 1:Iost' 

iI~ork done unde.r the, suspices of the U. 5'. Entlrgy'Research snd D~"elopmllDt X:iministrstloh., 

'. ," .... ~, 

OISTRI~UTI~N OF T~IS rJlJClli.H'N1IS UN,LIMIT~' '" 
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r.', - - ~ II • If?'" 
~';.;.. .... ~'had~,-(heo been he,t.ted" co ·:te~~rt~~e'a \"~e,l;'Iil~'le~~>" 

't~an a IIOnolayer of ad.orbei:l uterial wa~ bel,ieved,.:. 
..... ,'t9 .. rl~,"Bin on, the surface; 1II!~e:ri_nt8',l!'~re·per.:.;., -

• forlled whUe ~ the aurfaces were atill hut or had 
coo'"lea. H""ever:""';.ll~ otbe~ caae~J fresh deposltg 

., of the particular surf,ac::e mat~rial were laid d~n ' 
pr!ut' to the _asuq!ftnts. and Bres8ures, in thl! 

,: ','_; ~ ~v:&~uu. -:y~te~'\ were Ie •• ~:o.n '10-9 To,r~t~ ena~ling,., " 
clean surfaces to be 8II1'intained. (At theae:'presaureo " 

-. ,':: an:adsorbed IIK'nofayer takes"a~"?lIt SO.minutes,. :to J 

for •• ) Stud~t!.s. of po~itive and neut ral back~cat~ 

,.- 'i:;!;: bc::~ b:~:~t'~1~ ot;t~'nitnay~~nlc~e ~~!, :~~~:~: 
'0" "discUssion' of l'esult!:i ' tlf'" surfaces ha,ve not beG:' 

shClo'n to' be ~'lean~- i~" th8t rtley have only been 
subjected'to bl:04ting, unless otherwise noted. 

" ,-~';~~, ::jl . ~-. 

Exper,bient'al\' Realil ta 
, . . 'J;",." , ' 

,H- YicU Per 'I~cident Particle ~9 a Function of 
.,Energy~: : :1' ' ? 

~-.:: ~ ~ ::,-s~~;e ': ~~ii~~Q~;{~;-~f - 'R ~,;-~~-~7iu~tion - 'f 9~ ~~~1- . 

,,~.: , 

-' ..... ; 

,'.', 

" ne~a~i~~~{~l '}~'i~ld,~". '';:''~chneider 'et sl~ 8. hav~ ma~c" 
, .05 ,I?relimi.nary rceasu~ements' vbich seem to sup-. 
. ~3po~.~ thls:t,tiEl'ory. Th~.sj'~rt:ial: c.overage ph.::fl"omenon 

is thought. to by' iq,ortant tn surface plasma 
'~ soiirc5s~[D,udn~kov 0 has'!Mde so~' ~easuremcn~~ of 

~ ~~e H,,-:yield E,r(1tn ~he sur~aces in these sources. 
o,Perating ,w,~~h c;esium s,dded to the diecharge. The 

:di,achaige ,v,C?ltage. w:h1'ch dt:'!!=ercnincs the energy 
of the positive ions s'triking the Ho cathode. could 
be .var1~tt by changing t~e cathode temprrature and 
eesiu~ i~je..:tion rate. The ratio of the extracted 
negative-ion curr"nt density ~Q' the poSi~1ve-lon 
current density ct ,the cathode. 'was' then calcu­
la"tr.d for .. various values of diBcharg~ voltage. 
The'results are al~o shcrJn in Fig. '1. It should 
be p01nted out that at the optiDlim cesiutn~injection 
rate the tt.!scharge,voltage is around 100 VI While 
w:ithout cesium !r)jee~ion the discharge voltage 
.[s ari:nj~.d 450 V .,;.- !il0~' the results ,obtained at 

. higher discharge volt.ages may well be for surhces 
with tess thl;lR- optimum cesium,coverage. The in-

:, tereat1,ns '!eatu:rc ,is. th:lt at pO V the H- y.1eld 
from th.e:,part:J,ally c.~'atea R,urEsce is twice that 
,for 4 cesium surface. ' 

·f. ,'.~ ~;:~o~::~:e::II~.:i:~Z~~o~:re;:~;e, bceu7 ::,e:~~!~::, 
,;~lesll ateel tar·get8vi~b200y..VtO·1000keJhydrogen' ~ 

, : 'And deuteduI!l 10ns, and mea"u~d to~al: negat~ve ~ 0.2 
11' ion 'cut;rents o,f the order cf'lO- timea t~? inciden~ 
'~urren.~~." Usi\lg ~sa analysi~ they iden',eified H, ,- '.~,' : 
'as one of the nesat,ive .ion producl:," and found 1t~_: :.: :, 'E' 0 I" ," '~'t , " 

abundanceysllvery sensitive,~o t~e'aur~ace.c,0p.~1-' .. ' '~ • ~ "/ -I' • , 

'" ';~~;~"\e:~:{.!a!::e s: 'il!~': :~'~~~~~,!:~se s:::~;~: \:g' 0.06"/ " :-:-,_c~__, ' 
- ~tr;l.c measu!e~nt Ear H~'1ncident C?n ~J:l.0 ~urfaceJ .: ~' ",/ of: '---

t st"'An' angle 'of "60
0 

'and with ,energies between 10 ,~",~g', 0,:03 _. ,/ -;:;::~-~,.--"",,,,":::.-:-~,_.,,,, .................. < 
~'and. 30keV. The:( £~und th..:e.backac,a~,t~~!g' H- ~o't'o'tal .. ' _ _~. 

, ,incldet).~ ,beom ratio .(K yves 1 ~'10 , 'ove~,"t~eir 
':~energy ran8'l., althoUgh ;l.t is'not ~lei:n:; ~ha~ ;they .- '~~ 

'·~~~~~:":a\.:t~\:;t~l::~~,:n t,:~~!~e'1:::~~:~~~:,::d 1::= ,I .~" .0.01 . ~~ .. ---:~\ : 
,·'·:f'~~!rat:~: !'~:\L:: !~:C~!?~h~~~~:tho~~~~~6e:;~~ IO,~'006 ,-~pL:~~, 4 • \ 

'~?the· H-"'frac~'ioNi were dei~rl:idned',f'or '~djl.~t:i'! ~ ....... ~ . 
. ~urfacel!!l. ,~/e~,'au%j'a~e8 w~thads~~'rbedgas l~ye~it-;; 0.1 OJ. 0.6 1.0 3 

1 • '" • ~ch~e~de~';, et" ~l: ~l;I.a~e en~ea~or'ed td ove~- I ~cide~t energy , keV I nucleon) 
come ~1i,i8:,~,urfac~ _ ~ontaid.,D.a~~oiobY,:, e,~,&'ur1ng. good 
,vacuum ~co~ditiontri.' iu tl,l1!: ,10::0., '·.T~r:.;,~ r~n8e~ a!'(. 

tBl779:'2297 

F:ig. "1 •. ,Tot81 H-' fieicl-s from V8['foCls's,urfac::es. 
'~'. ' ' "1>2+ .and D3+:'incident;" -, - Cs surface; '~. :~de~i~!ht;~gll":!!:::~i~:1rl't,=t:ai\,r::f:1til:;:~' , 

'" p8p~r. ){eaaureaents v~re;.a'Je of O-'y1elds' frODl~', .' 
;""4' Ca. Iit;, K. Na".and Li"8~rFaees ,b,Qllbarde,d':vith "'\: ;~'u~~a:CS::~;~~ :-ti-:u~ f:~~~'~.L:--'::~; 

, .. b2~ ~nd.~3 + ,in th~" en~r;gy ,range O,~'~,5, to~,3.S ,k~VI ' 
'nucleon. A, lIuff1el'ent .a.a\1nc o~ the' alka~i, metds I 

;;~: v.i,:, depo!H~d,.o,-, •• ~ ... to ."e~!\I're that",the,:\:ba~~~' 

~:t~:~~~:s~~~~~.~~e.~ns::: ~:Pi~!~~:r~~inat~':;!" 
.h.~n ·in lig~, 1.::,11ong w1t~' bleuunmerita'~ for a 

.' ~rdir,ty'" iaol'id~p.dii ~~r~L~ce.' I~ ·va. f oU~~' ,th~t ~,he 
yid~ f,~O.D\;~ c.o~i.ten~~y":~. 5_,ti •• t.he yield, 

<,'t' ~ ;/' fro., ~2;"~ oJ; eonve~iencl\ tli.:! D -::yield 'j'B"liIhaw~ 
• ., ',}d1v~t~,~ Dy i:h,e:."'"u.~er.;~f ,~nCid~~~' nuC~~.i~\ : 

J .'.1 ,;; rl ~bi2!" .1),~,~,C;b.~lY; that Fhll,~~k~:!-i"lIIIetal,' pro-

~\ 'J , :~~~J!~r:~:-c!:t~:k~~ ~!:lld.lI~ h!:~:i8~!::d f'~~a~ 
",,'v .\ '. polinial monolayer .cover.se

l
, of ,!! s·ub.trate with 

._ r,'~;" ~, then ~lk.li ~,t:.J. v~p, result !in '(lv.l!,n ',~a~8er 

surface (Ref. ,8). +.: tntal H- !.'ielda 
'.' , 'from -W iric),dimt.· on Ii M.l, surface with 

; :~artiar Cs c?versge (Re"f. lO). ' 

, :i ~ ,:~, 

;"~" ' 

", Angular D~8tri~~do~, ~f: "s.a:Cic9c.Bt.ter~d· 'H- ' Ions' 

.:- " - ,At p'res'e'nt there are 'no repor~ed' meallure~ent8 

i ~'!n:~e ton:ulta:: d8iiS!iabt~~inOs1),1 ~b bpa:ekdsi~~t.~~~:d t~: 
• scatt~t'inB in~en!Hty for all backscattered par-' 

, " 1icie. at an anale of incidence oE, 90~, woill have 

, ~~o:ri~~'::~:~~':~~!;~e:b:~:r~h~o:~r=~~R:~~~:~n~5 
• ','.1'." :-:~' ;:. ", ' ~ 

,', 

" x::) t;.", '.' ',' ~;:, 
;j'.' 

'.,1,: , 
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fOund a slightly more peaked distribution. Some 

:::~:O:i~ttB~t:u.tttoen:~:!:~~eaennd :aO:e~.\Y:t:.rld~~f:~ 
confirm Ii· .coa.~ne disfr1bution at: l.oW, ~mergenc.e 
eneZ'B.f~s .• 

Energy DistributioD of Backscattered H- Ions 

~ L~Yi:ne and. B~~'!:";P stud.ied· the:~n~~ distri­
bution of ~C "ions p~oduced by l\+' ·and tt2 bo~ard-' 
ment of a W surface,. with particle·energy of the 
order of a kilovolt sn~ at ,nonnal :l.ncidence. The)' 
posHio·ned the'target p.late .in a mass spectrograph, 
w1th the target 'biased· so as to accelerate nega­
tive ions pr-odu.::::ed·,at th~. surfsce. They_ observed 
Ii w.,. energy and high energy pe.ak. The low ene;sY 
peak had 4 maximum in the 'emerging enel'gy spectra 
at about.. 3 eV'~ Thts was found to be due to adsorbed 
hydrogen: being knocked ·from the surface; upon 
heating of the tungsten 'target to 1100 K, this 
!leak disappeared. The high energy peak was iden ... 
tiff.cd as backscattering of the incident part"ic1es 

~:c~~~nclt ~:~tt~o~:: ~:~~ Ht(e ~~~~~:~t l1:i~e~~ 
o.!nergy. At incident energies of the Qrder of· 1 keY 
the p~tllc. o£ the egergy d~stdbution of .i.heH- was 
:ound to be 0.6 times .~he incident ~ enel.gy. 

McCsughan et ·alo,16,11 ",it·n s similar ap­
psrstus. confit'med the existence of these twQ·pel!.~s 
and .illao f·ound ~a medium energy peak in the H­
energy dietribution. It was estab'Iished, by al­
ternat.ing ··deuterlum and hydrogen· ton beams on 
Cu and W targets. that this medium tlnergy peak 
vas due to the re-emis91on' of bur1ed primary ion8 
from the ~ulk of the .target. They'Ooted that the 
1 ..... and madium ~Dergy lleaks ..,erc evident only 
fr: the n- ener8)' spec-tra ~r.d not the H+ spectra 

::!c~r~::~t' ~i~;O~~~~~~: a:~H~1a~hec~;::gyF::.~~ 
shCl,is th'e effect of' prolonged bombardment on' a 
target which haa been e:ICtenai vely cleaned ao that 
the lGJ eUet:gy peak.was not. preaent. The inc:.ident 
beam was 965 eV U!. 

HeaauremenLB of H- ener.BY dist'ributions have 

~::~h;~:ee:tai.i,Bllf~n~ntchied~~rchbiena: 8r:nue:.sJ.er9-~1 
In both expet'ime.nt8 th~ :energy of the backacat­
tered particles 'Was snalyzed ..using electt'ostat.Lc 
de£lection.. 

, C.]Ilthron. et' al. 18 bombarded Pt and Nt taT­
eta, ,msintdned at red hot t'c'Uperatures, with var­
Ious IIIOlec:.ular and isotopiC: apecies of hydrogen. 
The ~ particles had lncldent ei),eL'giea between 2 and 
-40 keV, .. were incident t.o the surfar.e at 450 to 
the not'IIIIII, and observed at -4sO to· the normal, 
malting s, scattering aogle of,900 ; A typ1eal H-· 
energy apeCtrum f or a Pt target bollharded by protons 
at variOU8 ener8iea is sha:.:n in Fig. ·3. An U+ 
ener8)' spectru.m:for the same· target but bombarded 
by various molec.ular hydrog~ spec:1es is ahCloln 
in ~·Ip,. 4., At LCiol fndden.t, bear.; I!nergies" the 
negative 'and positive; .ion ba.::::kscattering intensi­
ties veu cOD{larabie; !lwevet', at' the higher ener­
gies in tha e'llpertaent (..,. -40 keVL t.he negative 
1'on intenai.ty vas found to be f,ive to ten times 

less. At the lwer incident energies « 10 keY) . 
the spectlja .for the Ie ions a're simila!:" to, b",t 
nsrr~e= than, I he· peaka fol' the H+'·ionso While· 
the Hi- spectra are found· to be forward peaked 
throughout the energy range? the H- spec.t"ra becolIICl 
flatter' ".o.a the incident energy increases. It, was 
unclear whether the low energy p.eak (bel'iN abou t· 
1 keV) wa.s 'due to H- ions or ;electrons whic.h reach 
the detector~ There is no report of .:-my observed 
dlsnge in the en~l:BY sp~ctl:a"'ith bQ!I'ibal:dment ttll',e~ 
The molecular ions were found· to give a higher·' 
R- yield per .nuclE'Dn than incident protons~ but 
there were insufficient data to observe if there' 
\Jas an isotop£! effect. • 

The totsl H- yield at 9do ..,as' obtained by 
integt:stlnb tHe. e.nergy spectra. A fu"["the~ 'in­
tesratioQ assuming various angular distrlbutionA 
gave values fol' the frsctiCln· of t.he total bealll 
bac.Kscattered as H-. For incid<::-ni;. ... nergies,.o'5f be­
tWee" 3 keY snd 15 keV the total 'scatter,rl ne­
gaUve fractio~ wall eatimet ~>j to be around .02.5 
tor '..uth Ni and Pt targets; the uncertainty in 
the exact angular distribution of the parttc1C!B 
leads to considerable uncertainty. as large as a 
factor of two. 

. ,...111-2431 

Pig. 2. Change in H- energy diatrf.bution as a 
function of bombardment tiCK! (pdlllllry 
~eam 965 eV Ht>. Curve (~) iIllllledietc-

.. , ly aftet: an extensive cleaning opera- < ... 

" tion .... Curve (b) after £ive houru cf 
·bombardl/len). st a currE:nt densli~ of 

~~~~) .LlA/~~rve(t~~~l ·a~r.ae~r, 7 ~5 fXu~~herlil: 
~~~r: ::17b~~~~~:~~~t No (~~::!e ~oasse Q~~ . , 

~ ~erved paat this poitlt. (Refs. 16.17)., 
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.. ' )~f:;~~ 3 v~;~~us ;3;:e~~i6e~ki~v ;~~~/~t~ 3~;~~Y} k!~~ 
, (~).30~,.s keV/; ~Re!."l~).,.;,' ." 

~-'// -. II: ,- '.':"::,:.,. 

"(,".-. -..:.:"': I:',. 
~ The Garchins, ;ir~~p2a •• '''ry~orted "fIJ~'c'b~'~i 

: l'Ic~tterlng ~rom. AU~l ~ . Is, Th~2t .. · Nb~" 
:. dndI5.ta~.nless steel, ta~a.~t~. The measurements. 

~ere ma(Je·'~.~~~_,~' _. 'J.~~eV-'bePms ,of '~~oth hy~r~gen 

;", ·':·ri~l~::~e~~~o"\~C £::!;:ryan:ei: ;:~~.;~~~;!~ 
..... jartt.cles .. were ob.se~';ed ',~t an an~gle ~{. ~5D; to 
. ',. t~e normal. '~T.t':e. 8urlac~8 'W~re :c;l.eane~ and, ~hen 

• " XBl719-Z43Z 
Et.lergy spectra of'hydrogen particles with 
positive char'ge'" scattered at 90:!: J.7° 
frc;lIn ,n platinum target at various bcm-, 
\lard1'ng' energies,: (1) HJ+at 9.1 keY; 
en "3+ at. 15'.l \er!V;~(3)' "2+ at 9.1 keV; 

~:~ :~+a~t\:i '~e~e~;d~\~~+aatt ~;:t ~:~; 
,(8) W.at~,l5:1 k~~, (~E:~' 18). 

'heated_ in the:vaeuum. ~,eLAu·tar8et "'AS also SP,ut-· 
fered cle,an~ith. Ne/iona:.1.nd its :.,urface contsml­

,nation monitored.,,'!t wss esti.a~ed that the' Au 
i target. had iess than onCJ-ten~h· of a ftlon.oIiyer 
of adso,rtied gds· on -~ts ,9Urfacea' ~Th~. ~021·ta~~~~ 

./1 :it~ a I~b;e~:i'~~:r;~:~!~~~:~t1~i\:~~:~:~~',~~a!~~ '. '~:;tlon !;O~ye;~~lee: b:eC~&U;a;~~nr~ O;r~h: T:e~~~a!u: r:~; 
.. ~~H-backlicatt~rcd(£~o .. 'Au.:~re ah'ow!! in Fig. 5 .and .... ncgat1vl~·fract1on of ail-backsc8ttElret: particles 

• :'~ft.r~Jlls.Tt.h.O.2.·, ::: .F;.'i"-~ 6
1

,_,,,, Thahe,pre.!;.,"u." n1et~. ~.~osrp'.tcht'r.Oft,hroe.r •.• ;. ;".' wao· calcll,lated.' For Ta, t.he n.egatlve fraction was 
.. ~.... IW... _ "0.1. ':-•. ' ,"found' to,,:,q~y.e,.!una,dnl. of O.9J~,;,;'-5"-keV, :whUe 

,I ,::~~:e~~~~eet ':~':e·"dlabrO:~f::e~~:~;~t~!::o~:~~':: - "'~~:~~~at::n~'a:~~~m t:: va~·~Oe~5 ':ai·c~l~kte~· b~hc:~eth:;: 
• ~ J.~':Nb; y'ield8<>.;. U- vera hi8b~i p~r .. incident'prci,~'on \ie . at. t9,r'lNi ada,pt; at som€",!hat hl'gJ:ter energies .. 

'for H3 T .-:lIInd H2' ~.hal'l. ~~r "U, -.1nciC\~_nt ..... However.. . ,~ '.: ,T;'~' energy Bpec~1'a obtairi,ed by .Cawthron et al. 

:~~!:~e~~.a!!e~!~;i: ·;~;·:~;r:~;::~::~:~:~::!· i:g~!:-· ; (PIgs'. '.'3 and -Ii) ~l1d, V~\~bc,ek\l!t ~l. {FIgs. 5 and 

'j)' .~e.::1JJ' IlIp,"ctr., I¥tth bOlllb"r~rJ~~~ ,ti~e. .", 1:< ,:!~:!ij:~l~~,·t,~~!, tth}t8~~:r:n:rife~eta1:~mt,he!~e~::: '" 
" ·":"-"i~·~ •• 'foitVt that while- the 'p"a~ '11i ·the H: 'the l8tte'~'. p~eae't1t I,t~e total measure~ negativl:! cur-

. ene,rlY .pectr. "hitt,. tc lower e~l!!!rgiell as ~he In- rent. How~ver Since ·th'e lnc!df!tll:. current','is con:' 
ctdent enerlllY d.cr .... a, t~e f,raction of baclucat- stant throlltl)ollt-.> ~n ... ·erier~iy . $we~p the: shapes 'of 
tere~.' 11- to H+,. co~nd~e~.,:,hp.re' the. emerging cn"':, the I curves: shouid" 'be comP.lrable. It in,~lear fto'm' 

'e.rRtea' 'oYlrlap •. " do 1" .. ;.Ire,lI!!!nt." obt~ned vith the~.repre!!entatJ,~~ d8t4;cpz:es~nte~ 'he're 'that' there 
. lncJd.n'tDi:-and H+.~ ••• 1tplotte~4v''i'au8'theeneJ;'gy sre diffe'rences In',bot;1 the.' H+ 81)d II'" spectr.a. 

par !'Iucbon. Thl,_ b ..... IiI~'ron, iri4ication'that th,e Since 'the experimen~'ii tl:!chnSques 'used are quite 
C . chftrie' .tate 'of the particle ,leivi'll the .urface 8im11at, ·for Want of more ,i:'formatf.on it would 

" ·'t la dependent on the • .erg!n" velocity. appl:!Rr ,that t!1ese> ~iffl!'rences ~~ ',b,,: 'dur. tc! the 
,l t, "/' '" ; ' •• ,:~, ' ,. f,),~ \ " 
.~'" 
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Fig. 5. 
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Energy dlst'l':1l;1udons of 11"" and H- ions 
bac:kscattered. from ,Au bOmbarded vHh 
15.3-keV protons •. , (Rcf~ 19). 

different angles of incidence and scattering vhich·· .. 
are used in the t"o experlm.;<nts~ As mentioned 
paTtier. no systematic study of these angular de-
pel'dences has been mde. . 

The charge states ~f particles emerging fr~m 
surfsces has also been' invesrJguted by passing 

~~a~. ~~rt:g:f p:~~~cu~:!l:~te~~:t ~olr:ceO~h:~r~::~ 
5ur~d the charge state fractions of de~terium beams 
emerging from' (rashly deposited 5urf~c~s of C. 

~!~BN~h::~O~~~T:;r.S ;.a:~~:r~~S:::t:sa!~t:::::rl:~ 
particles emerging normal to the surface "l.th en­
ergies betlo,een a Ilnd lOD keY were analyzed. In 
all. targets·che 0- fraction of,.the emerging ::'eam 
waB fQund· to increase w1th decreasing ell\ergence 
energy. A Mg·surfacewas·found to give the highest 
0- fraction: 0.'12 at an emcr,gcnce energy of 8 ~eV. 

Other ·Relevant Measurements 

Understandi~g t1'le overa11 operation of a nega­
tive-:-ion !il0u.:c,e requires in·formation on all the 
processes tak1ngplnce at the aurfac:es.· Therefore, 
the back.sc;lttering of indf:!ent partlc1.es in pos!­
·the and neutral charge states.is also of intereat. 
It is not p.,sslble in this limited r~vieY to go 
into a detsiled discussi:on of a11 these processes: 
hOlle"'er, ElUtBe measurement's should be mentioned. 

There has been III1ch work reported on the energy 

'::::~:tOtferneedutrtr~:~~~~!~!;~~.~~~Ig!~g p::!~!:~ 
due to the difficulty in detectihg the backseat .... 
tered hydrogen 4tOlllll, t;ew lIeasu.t"emellts have been 

~~~~:~e~e~~:s-::~!~g se~.el~~evse o!it~:!:/ t~:V ~~: 
~~ref~u:~11 t~:t ~8h·e l:uta:a13~~dcet~·C;n I~f g~~:r~lac~~ 
sca.ttered' l!liaa.. incre86es snd the positive fraction 
dec're·sBe~ ,,!S e~r81n~ ~nergy. decreases'. 

Fig. 6. 

.6 
~nergy ol,emllrging p~rticles (keV) 

Energy distrib~tion::l of 0+ and 0- .ions 
backscatter-ed. from ThCl.l !In Ir .... hcm bom­
barded with ID-keV rleutcrons, (Hcf. 19) •. 

There are felol measurements of the total Erac­
Cion of i~ddent hydrogen 1!eams ba:.;kscattered ft"om 
surfaces (The reflection cQefficient~R). 'The de­
tection of neutral particles',with B wide rangc 

,;~o~nl~~ie~e;~:eokCf ~!~~~~!t:~g!~: '~:a:~~:cl n e:~;; 
and assullIed angular distributions of the neut:ral 

;~:c~~~~~~:·e;:~~~~~~S f~; ~~i~u~:~e H~h:jl~~~:I~t r~~· 
Nb. The reflectioll coefficiellt increased froOll 0.02 
at 15 keV to 0.34 CIt j keoV, although possible oxide 
layers on the Nb may have re~mlted in these mea­
sur-ements being low. ' 

Sidenlus27 has used a target lnounted in .1 

proportional count.er to measure the reflectton 
coefficient for H+ from· Au in the energy range 
5 to 50 keY. The reflection coeffi.cient ",as found 
to incre,1~e "'it.h clecreo,;1ng energy· to 11 value of 
0.34 at the lWE'8t ~.nddent e""rgy_ The high 
methane pressures in the proport]. D's,l coonter Il!i"!ant 
that the Au surface was contaminatl!d., 

Several authors 28- J1 have aoughl to calcuiatf! . 
reflect10n coefficients by monitoring pres8u·re in­
creases tJhen targets are bombarded ,!i.th' hydrogel). 
There ilJ CODslderable disagreemc~t among lr-~8ure­
ments made at high, incident· enerH,:s.2 - the 
measuretlle~tB by Bsragiola et ai. for 300 .eV 
D2 + i.nddent on Ho, using a oimilar technique., give 
...alues of R - 0.31 :!: 0.04. . 

Along vith these limited lI1E!asureUlents the'~e 
have been .several c0ll1puter:- silllllatlon calcula-_' 

~~~:1~~,"l~~1~~spon coefftc1e:1ts for hydroger. :on 

~,. 

From the results available at· present it is 
clear that H- production by hydrogen backs cat­
tedng frOIl Durfat:ea is only sighlI~cant· .9.~ ener-
gies less than about 10 keY. Sur[oce.qinditlon.s " 
aI;e very important; and it has b~'en ·S:ugsest(!d thll~' 
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,J", ".the. vil:rk f':'Dctioa ~f the 5urf:clI 18' ,an" t.ipci~tarit: 
-'. . ". 

~.~ :: fa~t'or, 'In ~~t~rllin1nl the _ba~c.tte~er(, charge. 
~st.l~e ·:t:ractlon.'~Exp.rt_nt.l '.eaaur.e.entBi would' 

the."baCksc:attered 0-are collected' have been found 
to be independel).t of 'the . molt!C:\1I~r species.' if 
normaliud. t-Q i:~.., number of' 'incident nuclei. HOW'-

~~~e:~:lot:Oon:1S;:hn:~~~' :thi:l.~ tJ!lil:.rstoa~e:er~7 
as the work luncti,on o:ecre:a8es~: from Li' _ C., ... :.' • 
2.4 ~V)~OltBn.d-N.(",<{"2.21!~) t9.ith (~ ..... ·.~.l·eV): .• , 

"'~ ever, they have 'DO coq:tariBo~ "':l~ monatomic inci­
dimt be8ms or differ.~~~ tsc{copes' • . r. 

, ; '::: ;~:~ t:n~:e~::.;·~eeV) :;~~·t~S~~~~:~!!!B· 
a~e alao.:shcwn in FiS.' 1,_ At" 130 V the c~_thode..· 
has an lIoptirliiDiIT cesium" coverage~ that"18~, one in :~~ 
.Wh_iF;,':t~. ~od: function .is tid.~.i:tz.ed,: at ,1.5: . eV. :." :: 
~. source . conditi~OD8 '~l'e. altered to cbange the; . 
b~vWarding p.rticl~. energy ,the cesium coverage 
may be: decreasing, :hence increasing <;he surface 

". work fi.l:,~~i,on until it. teaches ttie'_ vdue for a 
mo~Y,l?.~'}~ taJ:'get (8'" '4.3 eV)~' ttli,!, could account 

,', fCI:'~trie r~pid fal1~lf "i~ th.e n~gatiye:'~1on yield 
wit~. b~l!Ibsrdin8 particle ~n~rgy: ,in these' ~a~ure-
menta.~~; . ", :;--;'.". . ," .. 

H~erir.- in ,i.n·t~L~reti~8 thes'e dat'a. ~he re­
fle:f~i!,~ cd:erfiei~~t: ~nd'_ ~~rsr, ~~8tr1:!>ut~on c'f 
the' bsclt~cattered. pSJ:tic1es ,are also iQlort4nt. 
For exa.~le, :in:' .f18.~ I.,·the <JH- .yi~Id frroa 'Li· ' 
ilJ/ ~.4 eV) "'~:~ )owe~J:·th~J;l"'for. a ~'Ho '~u~facp .C' '" 4.3 eV) ~~ che sall:J!i!i 'iri~id~nt particle energy_ 

-This ..i8.beca~~.'the,tota1 n,till.t,"~r cf. particles back~' 

~:::t~:~~!;:J~.6~~:-t~e'~·'L"li;'~:~~ ,;han:'\~~ ,th~, ~_ 

'. 

, conc1,~si~~' 
".' . 

It is' posJsible to',produce surfaces that wiil 
gtve. sizable, yields of negstive hydrogen ions when 
bombet'ded'with hydrogen beams; The measurements 
available 'to date indicate that surfaces WIth lew. 
work function and higb reflec.tion coeHicieuts 
v'ill. be most desirable for ion source const ~dction.' 

Before ~.he phye.icai processes ~~ich l~ad to 
RO:, ~rDduction from surfaces can be understood. it 
is clear that more experimental information is 
required. .. . ' 

• Several areas would be of partic.u'lar interest 
at the moment. .. 

1. r ackscattering of parttclf!S vith incident 
energies' between I eV and! keY fcoom surfaces, es­
::~!~!~y t.I)_~se uith a partial co'/erage of I;llk;:1l1 

. _ Z., . The .ar.gular: dependence of H- produced 
by sll.rfa.ce· bo~b.ardllent.· 

3., -The sputcer1ng of ads~rbed or itapla.~lt::d 
hydrogen f\rom surfaces • 

. . fte~ -i' is present Iy 'Jodez' tn~esti&atton by 
our group at the Lawrence Berkeley Laboratory. , . . 

. ,,' ye;~e~k.' 'et:', a\·.19:h·~.~e, a'lso ~ba~rvecj' a vor.k 
funcCion effect. in,tbe~r ~easureme~tei of 'th~: energy. 
d1s,tdbutiOo of' the:'b.ackscattered· H":'.; ,Co~aring 
the·,en~rgy spectra in Pig. 5 for Au, ('.'" .4~'8 .evr ' 
Bnd i.n :P~g. 6 fot: ThQ2 (II ",' ~ eV). it can .be :so~n' , 
~~4t ·t'Je .~~j~ io th~ e~erllY SP!ct-ra ar~ lIOvi,nS. Ref,~;e"~c:ea ,:! 

""·to· lClW"~r edergiea vith deereasinS.vork fUDctio!1 .• 
'·For·Ta (II ,- 5.6"IIV)· the energy SPe.ctt'1;lll peak vas' 1. ~YI,1. I •. Be~chehko. G. I. Dimov .and V. G. 

around 2.5 keY;' .5il!'i.':Ar: trends (for tlie. peak ,in Oudniko,v. Izv. A1:tad. Naul:. S·SSR.· Ser. Ph, 
the 11- yield ·~o be 8.t lower en.rgie.a al!l the But'face 12 .... N~. 12 •. 2573 . (1973). ' 

:-:-work function ·decre .... eil·'~c.n-abo.b8 .. seen jlJ F1g'~>I';" 2. .',' J~' R~ Ht·ekes. A. Karo and' H. ~ardner. J. Appl. 
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\( I, IcJfic-:an&.!:es ot; 8l1eraence. Althaua;ti t,he faet th.!lt in :At'om!c .Collisions 'in Solids. S. DSl::.. 
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