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• 	 . 	 AEcRACT 

It has been observed that energetic gaseous ions aark their region 

of 5pingemcnt on certain metals in color. Under identical conditions of 

bombardment, multicharged ions of the san gas xark their impact areas with 

different coiors. The colors are sensitive to the tye and energy of the 

ion as well as to the metal bombarded. These colors may result from reflec-

tions from thin films fozed by reactions at the target. Because the colors 

indicate that thIcker films are produced adith increased ion energy, Ion 

penetration depth as predicted by theory is compared with the depth indicated 

by the colors observed. 	• 	 . • • 	 S 	 • • 
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•analysis of the ionic output of exprimental Ion sources 

• oierated in a mass spectrometer arrangement (Fig. 1), it vas observed that 

energetic Ions mark metal surfaces In an interesting manner. This vIsible 

indicatioA of the region bombarded by the various ion beams is not aliays 

	

• 	what would be expected from a freshly s1uttered  metal surface, but is often 

	

• 	brilliantly colored. In the region of ion enerr of this investigation- 

approximately 5 to 50 keV--these colors have ranged throughout the visible 

	

• 	spectrum from violet to red. The colors, which seem extremely reproducible, 

	

• 	depend on the type and enerj of the linpecting ion as well as the kind of 

metal bombarded. 

The ion source being tested, and subsequently used for thiS investi- 

• 	 gaIon)  was aesigned to operate continuously and to produce ceams of sens 

• 	of milliamperes of multiply charged heavy Ions. The Coulomb repelling forces 

in ion beams with such high current density often spread the beam, in lIne 

with the magnetic field, far beyond the limits of the current-monitoring 

Faraday cup. Therefore, to obtain an Indication of the limits of the beam, 

I placed an a1inum plate at the 180 -deg focal plane of a multi1y charged 

nitrogen Icn beam. I had previously observed that energetic Ions would mark 

	

• 	the regIon of their impingement, but the effect had never been investigated 
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as I had assumed that the marks erc caused. by sputtering br a breakup of 

adsoebad bales on the surface of the metal. Upon removal of the plate 

I riood that the ion bcens had not only ieareJ. the surface of the alumlniz 

but also that the marking from each of the charged states of nitrogen was a 

different color. In F-is 2, a potograph of th.s oriial p1ate, the larges 

line to the rit 
(fl+)  is an olieo color The line fed by te 

ions is blue,and the N3+ Is ye1bo. The faint thckround marhings were 

made by the 11 ion beam as the extraction potential was raised in several 

steps to 3-1.6 key. 

Additional plates were exi3ed to the ion beams and it was determined 

that the effect was nicely reproducible. k1thoub the colors are guito dis-

tinct, it is possible that this eftect could have gone unnoticed exceit for 

the presence of the multiply charged ions of the same gas which, ndsr the 

same oDerating conditions, had resulted in different colored mark1ns. For 

each line, nitrogen was the impacting element; however, as W seE, the energy 

W of the more highly charged ions is a direct multiple of the mmfber of times 

n each is ionized. The E in this case represents the extraction potentIal or 

positive bias applIed to the arc struCture. 

To determine whether the Ionic charge variation was in Itself a color-

determining arameter, aluminum plates were bombarded at half potential and, 

in this case, the markings left by the V cssumd tbe came color as 

full potential. In Fig 	the colors of marks produced by IT chaio frcre 

lignc crom to blue as the energy incrases from 1443 to 26 1 eV iarhImgs 

from 	in curn, change from Llue to yellor as the enery is i - creased fio 

abous 22 to 39 LeV. Thus the Indicatio is are that the resulting color is a 



	
00 1 0 I ?.os 	4 I 

	

- 	 uc 	Rieed 

function of cimre only In that t fects the energy of the In 

though nitrogen ions mark a1tinum ctremeiy well, they are in-

effective in marking copper. With a 10-1 V extraction potential and the ion 

71 	source operating on air, the copper plate aeom in 1ig 4  was bombarded. 

It can be seen that the first three charged Ctdtos of nirocri succeed only 

in spatte'ing away the copper siu face The orgcn iOhj.s  in bu'n 1r"c mar1ed 

very clearly with colore ranging from violet to yellows 

In Fig. 5 a comhinatiori of metals was bo ar3ed inth flo a oll as 

with traces of nitrogen and oxygen, which were hnpurities left within the 

source stracture from a preceding operation. In this case a single e.luminwe 

plate was placed normal to the magnetic -  field and parallel to the upper oi 

of the extracted ion beam. The purpose of this plate, which defined the upper 

edre of the ion beam, was to parUally neutralize the repe1LLrg forces of 

space charge) As cazi be seen, under the &aaue operating conditions the 

• 	metals mark to warying degrees and in various colors, molybdenum ieing the 

most dlfficult. to mark with the gases tried. The .trninum neutralizing ilato, 

in this case and in others tried, Is not marked by the ion beams that graze 

its surface 

When an ion in the energy region of 5 to 50 iteiI strikes a metal cur-. 

face positioned normal to its trajectory, it has sufficient energy to penetrate 

the lattice of atoms that comprise the target surface and lodge within. The 

impacti.-Z. ion need only ovorcose barriers of the orc'cr of 10 cV to dsiodge 

a target atornv.,  from its preferred loeaioi to an interstIal site, or to 

sputter away an atom located near the surface 2 After a period of bombard-

merit the lattice consists of normal vacancies. (Frsn1e1 defects) plus many 
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dIslocat 	 . ions. caused by the energetic ions I is In the velocity region of 

these ioi's that the cross section for elastic nuclear co" ision becomes laro 

and' domInates the ionization cross section, and since the nuclear collision 

Is effective In producing atomic displacement it is in this energy region that 

the madnI radiatIon damage can occur. 3  

The capability exists for the fozation of alloys of the target element 

and the impinging ion. These alloys can be of the rature of stable chemical 

compounds (such as tbeoides and nitrides), thich ±nthis case must remain 

stable in the presence of v'acuimis of the order of 	r Hg, and at target 

tertperatures which may reach severai hundred degrees centigrade. It may well 

be for this reason that nitrogen was unable to mark copper (Fig. 4), as 

nitldes of cbppr,' should they fo, waul be extremely unstable in the 

environment described. The same is true of the nitrides and oxid,es of 

silver, and when an uncooled sliver target was bombarded, it too showed only 

sputtering indications In thh region impacted by orgeri and nitrogen ions. 

If the Impinging particle. were an inert'gas ion, an alloy could exist 

In the form of a solid solutIon whIch may or. may not be stable ' 	rring dif- 

fusion, however, all the possible effects and reactIons between the target 

and the Incoming particle, should exist in a thin layer extending in from the 

surface of the target. The thickness of the layer should be a function of 

the range enerJ of the particular combination of energetic ion and target. 

If the thickness of this layer, Including its index of refractIon IS equiva-

lent to a quarter of a wave length (or odd multiples of ?../1') In the visible 

spectrum,'the layer may appear colored, as in Neuton' rings. I4aking this 

asstptIon, and incluãing a unity index of refraction, the first set of colored 
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0 
rings (X/14.) '7bu1d indicate a ,  film thiekness ranging from 1000 A (violet) to 

1750 (red) 

To check this hypothesis it as necessary to have 	e-enry infer- 

inatlon in an enercr gion for which there is very little experimental evidence. 

On the theoretical 	however, the penetration into mctalc of ions with an 

energy of 50 keV and less has been discussed by K. 0. Nielsen. mj ineoror-. 

ating the theoretical considerations of N., Bor, 6  h 	Ilolsen has arrived at 

expressions for predicting the range energy of loris in metals. The e:zpressions 

relate to the two situations in whIch the taret atom (A 2, 	either 

heavier or lighter than the impacting atom (i,, z.) At the velocity of 

ions in this energy region, the cross soôticn for electron capture is genor- 

ally of such n'anitude that charge can be neglected, and the i.nccming r..article 

is regarded as a neutral atom throughout it 	cess of slowing onn. Nielsen's 

expressions havx been used to calculate the pnietation depth (/c2)  of some 

of the ion-metal conhinations that have been tried. Figure 6 s a plot of the 

penetration depth (in ar.gstroic) for several combinations in which the 

ng ion i heavier than the target ata. The cii stribbion In density of 

particles. trapped at various depthc within the target; as ehonu in the inser 

in Fio,. 6, Is that reported by Nielsen. The position t on the abscissa of 

the distribution curve is the depth plotted. 

Cases iri thich the incoming ion is lighter than the target atciri are 

plotted in similar fashion InFig.7. iere the distribution of particle 

• density with penetration depth will be scnnewhat different, as the impinging 

particle in almost every colli3lon suffers a large deflection, and diffusion 

effects doninate the slowing-down process. The value of the width of the 

'1 
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distrflution curve at half height (2 	is the depth icttd in Pig 7. 

It 'tiU be noted that in both oases the penetration doDth is a linear functIon 

of the ions' impacting energy. 

• 	With the Gaucs±an type of distributions in both cases there is con- 

• siderable range str c1ing, and the penetration depths s plotted in Figs. 

6 and 7 become only a measure of the range. Thus to pInpoint a range ex-

.porimentally becomes difficult,. as the indicated range depends upon how 

dseplr target saturation extends Into the tail of the Gaussian. This in turn 
/ 

becomes a probability ±unction which dcpends upon he nmber of IOIiS required 

to saturate the deeper levels of the range, while as the ssne time the sixr-

face is being removed by sputtering action. In this ener rangesputtering 

effects in most cases reach a mazt4mn. After the target surface has been 

sputtered ear for a while., the distributions in both cases will probably 

• appear quite similar.  a 

If the impinging ions rerain in the target lattice lr forming a thin 

• 	film alloy, the density of' the alloy will certaInly be dIfferent from that of 

the 'parent metal. If the density changes during the h arthnont, then the 

effective range will change as the target becomes saturated. . The formation 

of thin target films will also affect the sputtering ratios, as the films 

formed may be either more or less stuttering-resistant than the parent metal. 

It is known,for exemple, that the oxide film on alninrm is much more resist-

ant to sputtering than aluminum itself'. If the sputtering ratio (atoms 

removed Mr.  impinging ion) is. high, it is difficult to see how any thin . 

• '. 	. 	film can be produced. 	' 	. 	 . 	• ' • 	• 	• 

In this short Investigation into the cause of, the colored ion mark- 



0 0 1 0 1 7 0 	84 

crL93'45 Revised 

nitroen on alininimi as the ion-ictal conbination that rae \?ed  the 

most attentions To minimn 	ffets from 	urities within the meta1 1100- 

sarie (2s) ain 	s used throughout. Refore incoion nto the cu 

yctsm the metal received the etan&ird dipping or pickling process, which 

ineludesa1teiately dipping in a hot caustic solution and nitric acid. This 

procs removes the protective Oxide film prIor to attacking the metal cur-

face. 8... A fresh oxide film re-forms almost i.ately, however, and therefore 

it ae important to irnci whether the observed colors rere at all related to 

the oxide film, despite the fact that in all robahIlIty it was less than 

100 A thick. 3  A mechanical scraper was conetcted which was operated through. 

• 	a vcuuin se&I in one wall of the vacu-rf cmbc~r, and the vn1mrn surface was 

repeatedly scraped while undergoing 	rncnt by nitrogen Ions. Io differ- 

ences in color could be noted between areas that had an oxide coating or had 

• 	had the oxide coating physically removed. 

There is a minirurn e:cposure tine for a colored mark to foim, which 

seems related to the current deneity of the ion beam as well as to Its ene rg  

Regardless of energy, singly Ionized nitrogen marks first, N' next, and so 

on. An a:roximate  minimti exposure time has been experimentally deteiIncd 

to be equal to the irber of charges required to assure one gas lon for each 

metallic atom to the expected psntrstion depth8 For sltInw this results 

in a charge of approximately 0.1 millicoulomb per can'/A. For the ion sourcC 

Used tb extracted beam current of singly ionized nitrogen was greater by 

about one order of magnitude than that of the triply ionized nItrogen. in 

• terme of actual nitrogen atoms this factor becomes 30. Although lthe penetra-

tion distance of the 	Is greater ;  roclucerl sice-ehare  effects do not 

spread the besm over such a large area, and thus the increase In requircd 
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exposure tine over the time required "tri tieW to iaric is  scunevivit leso t1n 

one order of aitu. Although a current ana1yis has a1ays revealed a 

• 	 0 

smal. current of N' cxtracto fron the ion source, a colored mark .fr this 

Ion has r.ever appeared d.u'in the various. exposth'es, uIlich have ranrje i'ror 

-' 	5 iinutes to 1 hour. Tue n 	posure-t 	approxfrtion indicates t1t 

froii the coimt of N beam present, ecure t 	n excess of 10 hours 

would be recjuired befort this 'mark. would aDpear.: 	
0 

• 	 • Because the current density of. the pct:t ion bei is riot vfc 

the mark ' 	j 	the tallic target is not aljs unifoi in, color. in 

general this is most 'evident at the edges of the beam, where the current 

dendty apa'ciaches zero, and the borders of the mark aro often of a different. 

color fram, the area immacted iy the tiu]: of the beeim. These 'corder colors . 

indicate a. thinner film tiücicness hj being of a color more tc.rd the violet 

thai the principal color of the nrk. 	- :• The color of a marh has also 

been obserrcd to change during the Initial opoeure Co. the bi. Typically, 	
0' 

the. nerk produced by a. 30-keV trogen ion on alirinuLi (N)+  at 10 kV ectrac- 

uon otential), is violet or blue then first discerned; however, after 	0, 

aroimiatcly 10 miinutes of exposure tiae, the mark. changes to yellow with 	
0 

a light-blue border. '.Additiohal. exposure; timne result in rio 	j<>i color 

changes, althongh the area of the riark grows to include the 'lover-current- 0 	 0 

density regiOns of the bea 	 . 	

• 0 	 ,' 	 • 	 0 ,  

The data in Fig. 8 have been plotted on the satiption 'Chat the 

•riation In colors obcer'red I a result of'a variation in thin-fUn thick- 

ness as indicated by reflection. In this case t 	/here t represents 	
• - 0 

the film thickness In 	strcs, the indet of refraction, and X. the wave 
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1enjth (in A) of the color observed. A.1eo the ttheotica1 rane of eneretic 

nItroen ions in 	inm (from Fi(. 7) Is cnpared tth the penetration depth 

a,e Irdiatod by the 	'1Ln o1ors obtained e:e 	itaily 

in&y icutzed nitroen ions in the energy 	iou bolotw about 12 keV 

H 	na:ck 

 

the a1uciInwn surface witha broim color. This also is true of the 

iio1cu1ar ions, 17, In thich the 1atLve artic1e enerr is equal to one-

half the erCnmaction potenilal. The nrking color ill this ler energy region 

Is quite consIstent 	igin froi varicus ebaies of brown to near hlack, and 

is assuned to he due to the destructive intsrfere 	that results from thin 

• 	fIlms 'whoe thie nose Is lees than 	A the ion energy increases above 

12 hey the markings become colored, starttig i.th iiolt and 'o 	slug ifl 

order (blue, :rcen, 	or, 	ange, roe) WI a 	 ion encr, 0'ing 

to the inability of the source structure to hold hIg:i e:dractiou potentials 

for ecended periods of t1ie, no red mark us ever observed until: this diffi- 

eulty s overcome. The red 	vas thou obtained with nitrogen ions of 

acout 50 key energy (b at 16.5 ki e:'cracuou potdn:Lsl). 

The curves in Fig, 6 are sufficiently similar to 	gest that the 

colored indications obtaIned experimentally are truly indicators of range 

energy SInCO it ou1d he diffIcult to a sign an index of refraction to the 

thin-film medium a unity Index of refraction is assumed in Fig. B. Shculd 

the effective refractive index by greater than unIty, the tenetration as 

indicated by color would be less. This uculd bring the tuo curves closer 

togother bcever, it ou1d change the slope of the experImentally obtaIned 

curve • That the e perimentally obtained data dc not appear to return to zero 

is interestin, and may actually cigest the the target &neity dCCTCaCO 

during the bombardment . 
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V 	
Other ion-oi-oii combi tons th A/A <1 suc1 as oren on 

copper, ini 	md alin, anJ. tron on a:nesia, Iroduced sizi'i1ar 

characterisUcs. V  Reproducible results with nit:cogcri on 	neiiz cere dif 

ficult to obtain, apparently-  becauee of the hi,1I vapor pressure of, ma esit 

	

V 	 it1Cfl tends. to OO55 Wi1Cfl V 	O5Cd to 	 ctcmnts f b 	po:er. 

V 
VV  1itroen on hery1.Liuxi, a  .cc:fbination with A./A,, > 1, ias trted, and 

V 

it proved very nteresiv. As thex  is, ±ty 01V  beryllIum IS aiall (1.82 

	

energetic nitrogen Ions can penetrate to 	ntor teihs (Fig. ). 

Figure 9 shows the beryllium :r nounted on an alumintri plate. Close cheer-. 	
V 

vutIon of the marhe made ly  nitrogen icns with 	os In 	ess of 

mately 20 key xlevealc that the edges are composed of a full spscrum of colors. 

The border colors of the mark r3e 	r 
Ve 	 9 	 cry 	

V 

marrow hands from yellow through rod, and back Itto the ' :Lolet. Thus to plot 

the penetration depth sho'n in Fig. 10 	C,VOO were reccgnized in order 

tough the first set of colored lm.nds (k/h.) and on ln1.o the war set of 	V 

• 	colored bands 	The acl color 	VV of 5VVV 	 a of Ion 	vao 

dIfficult to define and of no use in attemptind to dctcmine the fIlm thick- 

•  nose. A considerably louger enmre time (appromimatoly 1 hour) mVenaded 

to fufly aevelop the arke made at hIgher energy, V arid V as vIsual oheeratioi 

of the tt d=inz 1,lao not adccpnto It is not known for certaIn 

• 	that the marks were fully developed. Once ngain,V hoeer, the psnebv:Lc 

	

V 	
depth as iCed by color (Fig. 10) i 	in ezesso of that predicted by 

• 	thoory iV 	 V 	 V 	V 	 V 	V 	 V 	 V 

V  A number of metal targets have been bombarded with hclIuLn, sInce with 

this inert gas it V  is not veryrobable that true ch ical combinatlons of the 

V 	gas with the target irou1d ocCur. As noted in Fig. 5, helium does mark the 
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metals to varyig dcrees. PerhaDo the oet intoranking conlbi:cation, and the 

only one thus fa: not1tec1 to any ticroc, LL 	 con \ca ft 

oheerreo. (FiE ii), the uark left by the lO-h& Ia :.onc as a brnt rod., 

andy  i.nithe the m2r'.inO tnuo far di'cO, the area. of ii u ene: 	ed 

to be covered by a tiw'i exuaular cot 	n.ci oLl rted t1e  cemot' surfaceo 

It ias later observed that fnen the target s ad natoly cooled this effoct 

d1cared, and aithowfh the coper as navied, the red ranolar eoatin 

gone Thus the color of the marking of helium on cojper a >ears tepeats 

sensitive a condition vhlch aa not true for the filnis urevicusly discuesed 

and whichcould be chem1al in orIgin. It is eotated that the .avoraçe 

icold tarjet tcnperature did uct exe6teca•00°C;. houever, the Lfcti:ce 

temperature in the reIcin beubared is difficult :c clethu:ino, and hecause 

of this temperature dono'crco no c 'p has rae i raic to correlate ion 

penetration depth Lth color. 

An um.00led copper plate vas 	ucded u:Lth 10-he? flo Ions and the 

marked area of the thrget rem v&i for heliu Lna1ie. The total heilue con-

tent of the copper cample Pas 173 icrc ales, icLch repvesented slightly less 

than 2 of the total ceount of hoiiu that had irnucted the capper. During 

the analysis the evolution of hellue from the ale vus the groutest ifl the 

tenperature range of 700 to 1000C, and mo:'e than 99, of the total belue 

evolved was ohtained before the copper caepie meitCt If this emount of, 

helimi had been contained In the copor 	rile of knun area to a depth no 

greeter taircdi.eted oy teoy (ir. 7), the volo s of cop& olvcd 

¶o.Ld L1u e comaircd more thOu 2000 ecjue.. olts cc ( EP) of helii T1e coe 

vould thw0 occlude 253 cm (CT?) 02 helium per Gout o ctal, vuc t cucO 
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siiiilar to the aoint of bydroen that can be occluded by tii. The' 	 V.  

heliira would be contained at a density which 1?ould be (rater than licid 

hel1izai by a factor of 3, condition which aloe it ith drocn in the

io 
case of titani 	rdride. As the helii ns ot prblr in soluti.on 	

V 

• it i3 pozible that some diffuSIon to a geator death could have cerrad 

durin, the short period of bonfc.rent but it is re probe.ble that con-. 

iderable acunts of helIn evolved fre the tz.rot surface before the con10 

could 	 . . 	 . V  

• V 

•' 	
ailec of Jhat may be the true cause of the colored indieation 

of Ion nict, the 2fect ls already urOOn an Otr1O1y nsefui research .i  

tool. it allows a pe2Danent OtCrapVC to 1,o r.ade oiig a crouc cetien 

of various ion 	ms at various POSItiOnS. Thus it can be used to 	icato 

the effet of chanV:es in Ion ottics or the effects on the bos shnoe of the 

• 	
, 

 

1 epe11in forces of ssco chare. Once fer:Ilinr with the color scheme pro- 

• 	 ducod by a certain eneretic icn-cta1 cxhination, one can even analyze 	
V 

ato:mi cconent of e ion beam. ?igui'o ] 	 - o - 	 V 

• 

	

	that was msade to determine the inherent contanants within the teab iOfl 

source structure. In this case, In the presence of a vacavn of 2.7 
IO 

• 	 liz, the source fIlar.ont was heated, are voltage appl1ed and a yeah. ion' 

crront vhicn vas C co_thrrgc_b tcd oy the 	s cs.l L 	 i 

• 	 the source was made to 210 	With a rooltive bias of 16 IS applied to the 

source structure a weak ion beam of less than 30 micrearp could be emtvactc'd 

• . The aluminum plate, located at the 18-dog focal plane, was, exposed for 1j2 

hour, which was u1'ficIent to show that of the con'terinants present, nitro:on 

	

• was by 204the largest. ' This spectrum was made 1riarl1y to dotoratine it 	 V 
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carbon as rrc sent to any 1e deree and as can he coon, cartcn Ic 	ent 

(nac 	- •CO ard mass 12 C), but not in 1are onoint 	ioi: macs 23 

could contain some CO )  it is belleveft to be o1ccu1ar ritrcen ., as it 

ased the chalUcteristic color oi' Nr at 3 koV. It can also lie seen in 

12 that the Ion hess Is not remalninZ normal to the maCr2etic field but 

is. tilted do2n This is a characteristic of veak arcs that are not eltrI' 

cally cyrnetric 

An adit1oial observatIon, which sns 	of off[;:Lcn, iac ado 

while dippIng a trod n-marked al -xmArnmi plate in iar 'water to deteanino 

• 	if the naI.:ed areas would dissolve (LN 15 colahlo in iIO). 	iaru 13, a 

photo'aph of the plate tahen after tlic lover half had been imecrecd n water 

for 30 e1re;L't6S, shows that the iarhed areas 'wore affected., p:;ibly y the 

foreation of an addItIonal thIn fiiia of alalthLur odde. Zat the acre inte 

estii observation is the dcvo1o]acat of the o in 	This line 

itial]r be Irrsislblc; it cannot be soon on the upper area of the plate not 

• 	eosed to water. •. 

• 	• 	be heve not used electron diffraction or other methods for ralyzin 

the structure and composition of the marked tar.ct surfaces; boicr, that 

the njrface is visible altered means that thin effect nust be considered in 

• 	connection with studies in basic thysies in this .encry rcicn. Several of .  

• 	 the studies, such as sputtering  or secondary electron production by impinr- 

• • 	ins. ions, are sure to be affected. • Thus far, no color ProductiOn ti ions 

crazing metal surfaces has been observed, and this effect therefore. mast be 

carofuUj considered in connectica with studies related to the axle . of 

incidence of 	ctir ions, 	 • 





ucRL.;O•5 	cvied 

%IL 

1.6 Carl E. Anderson and Kecth w, 	h1c'c, 	sd. Itr. 27, Co9 

 G. X. Wolmer, VTiye. Rev. 93, 63 (i95). 

 3. C. S1ae, 3. A ppi 	PLys 	, 63 (1951). 

1 e  

	

S. Dushman, Vacuum Techniaue (aolm Wileir and Sonc- 	New Yoz, 1935. 

	

/ 	. 	 / 

5. K. 0. Nie1cn, Eiectrorgnetica11y Lnriccd 	otops an! 	3pectxr 

(Bterorth 	Scientific pucaions, 	1956). 

6. N. Zthr; K1. Dan3ke Vidonskah 	Seickab Lat. 	3edd. 18, 	L3  (19!B). 

7. I 	S 	W 	andE. H. S. 	thop, Hct'onic e. ion:ic ]paeb 

Thenomona (Oxford UniversIty ?rec, London, 1952). 

3. A. Von Zeorledor, Techno1ory of Lihtta10 (Elcevier Pu1Thtchin 	Co., 

New Yor3.t, l9i9). 

 .E. flatuaaim and E. P. Slack, 	hyeics (D. Vci Nostrand Co.,. Inc., 

• • Vow Yoc, 1939).. 	 . . 

 R. S. Barnes, Co10 	siiy1aiffusion a iat lfllolida (North Holland 

Ple iii 	co:, 	steräe, ju1r 1953). 	. 	. 	. 	. 

U. L. 3. Varnerin and 3, H.. Carichae1, J. A 	1.Thys..28, 913  

12. A. H. 	orton and W. I. B. 	i1th, Eacloar Instr. & ietb. 	, 36 (1959), 

• 	. 	. 	. 	FOOTNOTES 	 . . 

* 
Work performed under the auspices of the U. S. Atomic Energy Commission. 

t This figure appears in color in UCRL-985. 	.. 	. 	. . 



•OOIO1?Uj54. 

• 	 •:(- 	 uc%8s :;i. tL 

• 	 FiGU 	C?TI))' 

Yi:. 1 ion source and ias spctrcnetor ecuiinont. Onown ciint 

(not ohorn) em1odies 16-inci c1:iffuion 	and b'ii1eo. 

• 	Pig 2 Aim tarGat plate nared by nitroCen ions. E':t'acticn potential, 
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	Fi 5 Cyen, nitro;en, and helium ions on soviai rtalo. 10 hI; 5 
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This report was prepared as an account of Government 
sponsored work. Neither the Unjted States, nor the Corn-
mission, nor any person acting on behalf of the Commission: 

Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa-, 
ratus, method, or process disclosed in this report 
may not infringe private]y owned rights; or 

Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in 
this report 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his empiqyment or contract 
with the Commission or his employment with such contractor.  



Ito 

Uri,  F,  C, f: Pw~, 	M, LY 

I 

FF!iL U 	OL: 

4 	 'I 


