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ABSTRACT 

Backscattering of 1.25 MeV protons and alpha particles 
from thin foils is used for a non-destructive quantitative ele­
mental analysis of thin foil?.. The detection of'helium that 

o had previously been implanted into a 1350 A palladium foil and 
the analysis of a composite aluminum and parylene foil are 

presented as examples of this technique. 

V.'or'k performed under the auspices of the U. S. Atomic Energy 

Commission. 

Lieutenant Commander, U. S. Navy 
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IMTRODUCTION 

Backsmattering of charged particles from an acceler­

ator is a well-known method that has been used for several years 

to analyze material surfaces." It has also been used to 

analyze ion-implanted layers and, more recently, to analyze 
0 7 

30C to 2000 A thick amorphous oxide layers. This technique 

readily lends itself to the analysis of surfaces and can be used 

to detect and measure small amounts of elements present. 

In this paper we discuss the application of back-

scattering measurements to the elemental analysis of thin foils. 
o 

This method v.'as used to analyze 600 to 3500 A thick, freestanding, 

polycrystalline foils, and provides for a rapid, non-destructive, 

quantitative analysis of the sample. Analyses of tvo specific foils 

are presented as examples. The first case uses backscattering 

of 1.25 MeV protons to detect helium that had previously been 
° 8 

implanted into a 1350 A thick palladium foil. The second case 

uses backscattering of 1.25 MeV alpha particles to quantitatively 

analyze a composite aluminum and parylene foil. 

By converting "the energy scale of a backsca ttcred 

spectrum to an atom-mass scale, we can identify the elements 

associated with a target provided that they are located close 
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to its surface (as shallow dopants or a:; 'surface ca~.por.ont:; in 
thick t.ir̂ ot:; cr w:;er. associated with foil:;). The scale con­
version ;i.iy be accci;,pli''hu<:! usin;; the following fcn;;ula, based 
simply en tin. kinetics of elastic scatterir.^: 

l . 2 

i: 
r^ cor, Or. + C-^2 - i-i,2 sin 2 a J* 

'••I * lh. 
(D 

of the target atefn. 6 is the 

'Jliiii relationship is di:. cussed by Mayo:-, :iriksson, and bavj.es. 
!.' and n are the ..j.-.-r-̂i.r.-. o: the projectile just prior to and 
i-r/.cdî lely aller the : rutte-rir.", event. ;•:, is the rass c: the 
projectile ans "^ the 
terir.t, an^io in ...ab;:uto:y coordinates. 

This er.eixy-.':.-ss relationship 
ciiti;̂ '-' in '•',. i:' the ]̂ c:-.v.uru direciic;.. In the present ex:eri-

o 

ir.c-nt, v.\: ray assu::.e 0 = 160 without a significant less of 
accuracy a; id thus si-..piify the conversion expression to: 

2 

!,&..£ ItiV 

Kl + -2 
(2) 

Table I lists tile calculated values of s/E for 0 = 160 and 
o s 

180° for both protons anJ alpha particles (M, = 1.01 and N.Cu) 
'or several values of !L calculated usinj. [KouutiGn 1]. Com­
parison of the E/L' values in Tabic I supports the use of the 
simplified relationship for target ;rassea of '; or gr-v.ter ai.d 
shews the ir.scnsitivitry of the backscatterin,; ar.~le. 

http://ca~.por.ont
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'ihu ;,y:.u.:r. UJS ca l ih : ,.;<-• 1 :>y KtJ-.t.c.i: Vv:i:.,\ '.'.•:: vhiek 

(> I rvicixw) ^s.'.-jij'.-a c.;" ik.-, A.l, Cv: .irJ .'... Th«.-:;i: ;-.ir;i>r..l.i:-

cl<.'.-;-.<-r.:j wi.-:v C:.J:.IT. :.»:C^::.C O: the i r j v . t i l ^ / i l i i y itn;i ihi- :.»~: 

that t l x i r ::̂ IVOI.,:T :v,n.,>- the j ^ r i c l i c UiM<--. ":.o iiaek:;e.it •...:--.;..: 

cpoctrii . ' :XR t'r.v-.f <jli.-.T..:-r̂ :; o^iiifAKi by using .1 1.2i KeV J I ; / : _ I 

p a r t i c l e !<•<!•-- i v s;...w. in Vifrzr- I. "ihvjc r.;vcvr.i i.-:-:hi: it. tynic. 

thi'~ vi-tur,>-t Jvic.-.icc.tivri:*. in i!..it a.\y ciiCiCi'.l t iv:>' : , t , which in 

l i g h t e r in i/ass th:;:. the :;v;^^l:alu, cccv.!-.: »u »i :;.".ill ;-e, i>. en ".:.»-• 

piaicuU -.<!K:':I:J\:'. 1/ :i.-.- :.-.i:;CJMVU . An «.-x.ir.->lc cf t h i s in V:.<_• 

cxyr.cn :.-j..k r,fi.-.-i in thi: ai^r^ir. ;:i ;:;:cc;:\-:. ir. ."J,;u:\.- 1. Vhic--.-

t a s^c t b.:cK:;caitt: '.;:,;, r.; tc'.Ta n.„:::u!ly ~^:>. th>; effi-ctj c i a 

i i g h t c r r.<i'j^ <.-lv::.v:.t Ciuir.n/. i'.:; CuVccti'.:: to ':.-.: Ui : : i:".:il; 

hew-jver, vhun ..>. ho.ivy r.s.j:; olcvvj!.'. i s ;;:v:M.-::i in n li,-ht<'r r.^is;; 

subitr.itcr if ::.»y ;,<; ansccriutu i with wi e a s i l y . : : ; ^ . : , i ; t :-_•..• 

tha t lic-j to thy r igh t of the ^vistr-.u^':; v.lnv. A:, cx^:.;.-'; <_: 

t h i s i s the airic. 'i u:*.) oxyvj:. i-.nik:; <ij n-n-rin;; in the I • .-tylli- . . 

spectrum in s'inuro 1. 

A caliLrolicci cv;rve car. he •_•:,t.i 1 ijh---1 hy -i. f e c i a l in,', 

the dwj-.oi r.u.v.jor -:it the hil^-plcit'-^ivi value G:" a thick ^.j;-.iv 

spcctrviT. t c xs-.-i cdiciij.li.ci -i/h.. rct l io. V.hor. <i th in i:j::.r'lc 

( i ; . ^ . , 10r;c A vhicr;) iiku U ; o i i ur thin oxi !•_• l. ;yv:- in i:::. i 

i n o t c i i of a thick r.uhr.t:-ute, f':.•-• uh.innol nu-.'ic-r usr c c i a u 1 

with the j--.\tk in the s;;ocl7.^ i:; uocvl. Uai.'v. co;-;v--r J S tin 

http://cxyr.cn
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• :<,x.:.•:<.;::•:• c.-.r. t ;Ic..: i . 1 " ii.^: :'J\. :-j.i.io <.•:•;: •:!•.:•:-- for an alpha 
o 

jxiri ic".-- ;.roj<:..,t i iv U U-: 

v L * •< 1 
0.77G 

. : , * . • . . i L 

ar..i ii ::. = i . i ' i :%-JV, •: = G.37 HCV. ":.;:„ l i e copper «i£e c r 

: . . l : :lil-:... v,ii..f <.-. .••..:-.•!:.,•, at t:...;;,-. 1 :.',.::.!-.:• li'1 cc:To:;po:v.;:; 

•:.. ..:i •.:.'.-: ( . / : i i : > •..: 'j.'i'lt. or ^ ' ; : * u '_•;.'r-^y ci" J . ' J ? ;-'.eV. In 

.: \,l:..\..l .: ::..:J.••:-,•.:•• :...;." c i l c i ' . a l v t.'.c- : \ J : . I ;:;!•_:• of '.;.%; energy 

j.'iii-:, : : •-:. : . ; . _ : : : :.':.j.r:. '.:. ;'.;,"-"••.- 1. 'l':.:-:x vaiv:oa,along 

v;....'; ;.;.' :̂ ^.;-:v., ; ;:. :;:.(• :.:. .:j.-;i nj/rb-jr;;, a: o -:i>tc-d it; Tabic: i ; , 

1':.•.-..• •;-i. ;... •.•:;;..::".::.:. .; ~a I.; b r a t ; en C-rvo :"cr ar. ir.cido.-it Lear, cf 

!.'.::. ."•_".' i:;: .i p a - t i t l c s , or.: t h i s « v t c: £/b. v s . channel 

i.'.-'J !•: :.- :.\.j.~.t i n : ' i t

- u:"v ? . 

As aj. al<; ;.\ ii>:;ti!yi:.;i u:^:nr,:-.-; ;.•:-.:."•.:, in a L-ac>:-

i.c.iLtv:-.;:.̂  :. :-.,.-clv.-:., t :.-..• IUV., iMtics :cr el'..-..-::.'.:; expected tc 

!•; j:x..'.'.l '/;.•...;];: to aalcaiato.! an:! plotted o;; the calibration 

carvv. ;".o I.-*::J:-J'.'..-1 :.-:;iiv:o a::ccci.aied with t h c M £/:.' ratios 
o 

c<m be read a.i ;vctly I;;::; the c a l i b r a t i o n curve ui.-d c^r. seive as 

an iOc-.Miiicaticr. a id darinr; the: ana lys i s . The «/-_ ca lcu la t ion 

i:; :;;::.,.Jy rever.x-.! lo id'-nti!;,' ia .known poakr; that cij not appear 

a t «i c a l i b r a t i on point or a t an expected, eier.ent civi'j'.ol nurber. 

To uutcr::ano the absolute cr:ounij o; c-I<j:.--nts p re sen t , 

wo mu:Jt know the e l a s t i c scat lcr i r . j ; CIOGS sec t ion ; . In i:ost cases , 
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this ::ay be calculated using the kutherford scattering relation­
ship. Uhile, in principle, absolute nessurorr-ents can be made 
directly (this involves the measurement of the integrated beavi 
current and the solid angle subtended by the detector), in practice 
one usually normalizes to a kn:wn calibration standard. The 
areas under the peaks in the backscatrtered spectrum then provide 
us with relative measurements. That is, if we know the absolute 
orrcunt cf one o;' the eierr.ents present or we have a calibrated 
sar.ple, we can calculate the a-;iount oi the others present 
iir.ee wo Car. dater;:d.no their relative areas fro:.-; the spectra;.-:. 

The- Rutherford scattering relationship ' 

2 . , 2 
di n . ..,-27/ZlZ2\ / Hl + K 2 \ 1 ,,. 

o 2 s m .J O /, 

is also discussed by ;:ayer, liriksson and Uavies. In this 
relationship K-, is the projectile rass, ;•:„ is tr.e target atcm 
nass, arid Z. and 'i,r are their respective atcrrdc rrji:i>crs. 0^ is 
t'ne laboratory scattering angle and E is the initial energy of 
the projectile. This expression, based on simple Coulorrb 
scattering, is valid provided we are using alpha p-articles and 
scattering from targets with nausea cf carbon or greater. 

Tr.e Rutherf-.rd scattering relationship f.-iy be sir;:pli-
fied to provide a backscattered yield for a thin target. Since 

http://iir.ee
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we have a fixed geometry we can reduce this expression to 

' Z z f j-K, + M ] 2 

Y - -r^- -=j>—- x 9 . w 
. o J .. ''2 J 

Y is the backseattcrin^ yield for a particular target element, 
2 

and \., is the nuiribcr o: ato:ns/cn for that element. The yield 

Y corresponds directly to the area under a peJ-. in the back-

scattcrir.g sp.jctru-::. 

Care must be exercised when backseattering fit',- the 

lighter elements since both nuclear reactions and nuclear elastic 

scatter'ins jr.ust be considered. Nuclear reaction components 

tiny introduce false mass peaks into the spectra or nay enhance 

tiie area under one ci rc.ore of the peaks in the bacxscatTered 

spectra. Ti;e analysis for elere.-.ts heavier than boron is free 

frc;;i these effects when alpha particles are used; ho.-;ever, care 

niusf be used when measuring the absolute arourt of carbon, present 

with a proton bea-i since the nuclear scattering cross section 

for this event is larger than the value predicted by Rutherford 

scattering theory. 

IXrCRIKC.TAI., DLTAILS 

'Hie foils were analysed Ly measurir'.r; the energy 

of the back-scattered particles from an incident beam of 

1.25 I-ieV protons or alpha particles provided by a 2 MeV Van de 

Graaff accelerator. Particle beams produced in an accelerator are 
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e a s i l y coll irrated in both energy .:.i pos i t i on . This allows us to 

look a t a sna i l so l id angle of the backscattered p a r t i c l e s and 

to assurr.e t h a t the energy spread caused by k i n e t i c s i s s.--all 

compared will; the energy reso lu t ion of the de tec t ion sys tcn . 

The t a r g e t f o i l s were posit ioned perpendicular t o 

ttie incident bearr. in a 10 t o r r range vacuum cha- ie r as shown 

in Figure 3 . A p a r t i a l l y deple ted , s i l i c o n , su r face -ba r r i e r 

de tec to r with an. ac t ive area of 'il ::::\~ ar.d a r e so lu t ion of 

1G keV a t fuir. width l u l l irtixirrBiT. ior alpha p a r t i c l e s was pos i ­

t ioned 13 c::. frc~. the t a r g e t a t a s ca t t e r i ng angle of 1GQC . Tr.e 

output of the de tec to r was fed through a charge-sens i t ive amplif ier 

and a pulse shaping network t o a :::ulticlianr.cl pulse-height ana lyzer . 

A scn-STatic diagram of the e l ec t ron i c s settip i s shown in Figure <*. 

Tnis cr.::iiriat.Lon provided for a rapid data co l l ec t i on ^ysl-_-;: wiLh 

a rririiiral background and a l i n e a r response l o r backseat tvrvc: 

p a r t i c l e s with energies of 200 keV to 1.5 "eV. 

Ihe t a r g e t f o i l s were bo::.barded for varying periods 

of tir .e u n t i l approxij.-.ately t K 10 counts were accumulated in 

the pr inary peak channels . Reliable t a r g e t be.' -current r.oasun:-

i:.ents were not obtained, but the target current was believed 

t o be on the order of a iiancxcpere. (This i s based on a be.'i;;i 

current of 1 t o 3 inicro amperes on the f i n a l c o l l i n a t o r , 

0.06 cm in diarr.eter, posi t ioned 16.5 cr, fro;n the t a r g e t . ) 



RESU::. . 
't + . 
.Me ](;:JS :III a iVi Foil 

The energy spectrum of 1.25 KeV protons backseat"!.ered 
o 4 + 

ro;.'i a thin (1350 A) Pd foil is shown m Figure 5; Ka ions to 
1 £ 2 

a dose of less than 2 * 10* ior.s/ar. had previously been 
implanted into the foil. This spectrin is typical of that from 

o 

a thin (600 - 3003 A) foil and consists of sharp, well defined 

peaks; a p«_ah due to the presence of helium is clearly seen. 

Trio Ihick-Urrget spcc-irua in Figure 5 is presented for comparison 

purpovs; it illust: alec the helium peak that one would observe 
U + ir a (.nick id target had boon implanted with He ions to the 

sa.",e depth and cose- as in the thin foil. 

The lie peak in the backscattered spectra,™ is greatly 

eihar.ced over- Rutherford scattering predictiens due to a large 
u 

nuclear scattering cross section for protons on He. The only 
Q 

experimental cross section data available" shew that for 1.73 HeV 

protons on lie the elastic scattering cross section is more than 

10 times greater than the Rutherford cross section. Using known 

cross sections or calibrations standards, the backscatterir.g 

iioro could be IT^JJ.C quantitative. 

G W./cc.-.2 c: Al en iarvlene 

A composite foil of 6 pg/cm' of aluminum deposited upon 

a thin parylene foil was analyzed using a 1.25 McV alpha particle 

Parylene \\ (C„H„), a product of Union Carbide Corporation. 
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bea-n. The backscat tered spectrum i-.:. ^ha.r. in Figure C; l c 
o 

comparison p ^ ^ o s e s , the backscat tcred spectrum fix::: a 2JC0 A 

th i ck , froe-standir.g parylc.-.e f o i l i s shown in : ' i r - : o 7. 

Coiriparison of the backscat tered spectrum with the va 

contained in Tabic I I allows us- to iden t i fy the 1^-ge peaks in 

Figure C an Al , 0 , and C. A ca l cu la t ion o i r i l a r t o the one 

described e a r l i e r allows us t o ver i fy tha t the : : ra l i peak ap­

pearing between the C and 0 peaks- c.:: n i t rogen . Sir.se these 

peaks represent t h i n san.pies, the chu-'inel I.U.':1-T assosiat.-d 

with the peak i s used for i d e n t i f i c a t i o n . 

Ufj-'ng the y i e ld [UjUaticn 4] and the f j j i . th--t the 
2 

area under the Al peek in Figure 6 corresponds to C i.g/cr. c: 

t ha t n o t o r i a l , we can q u a n t i t a t i v e l y analyse t ; . i s i c i l . "he 

absolute arr.our.t of oxygen present i s ca lcu la ted as ^n example 

of t h i s method of a n a l y s i s . Put t ing the vclues :"cr Z? and M. 

i n t o Equation 0 0 for both 0 and .Al provides: 

Y,, = 223.1 !-£i at,d Yr = 6 ' i . 5 ^ Al i. 0 
X A 1 
L T -

Tne r a t i o of the areas urider these peaks in Figure 6 gives 

Y.-./Y- = 9 .2 . Using Avagac'ro's number allows us t o sonvcr-t 

the arriount of aluTajvu.-?. present t o a tocs p-er square cer.ti.T.eter 
2 17 7 

17....;; 6 Mg/cn corresponds- to x,-, = 1.34 x in utor;.s/c:ri . 
Thus, from the above: 

http://Sir.se


with ^ heavier .TUJJ : _: P i r a t e . An incident Lea^i of 1 t o 1.2S "sV 

i.r^tor.:. or u l j : . j pa r t i c le : ; :.v.y to urvd t o sa::.;>ie suh-surface 
o 

as v:cil u-j s'.iriace layers of f o i l s of up t o 3500 A th ick . T:.e 

technique h-.-.z the c a ^ i i l i t y of de tec t ing ana n.oa3urir.r; eler.onts 

present in ccrico.nt'ratio;i5 of l ess than a tc ; t . v of a .-ro.no-layer 
3 4 2 

(10 al^.::i.'/'-i! ) with a ;:iass of heliu.ii or g rea t e r o;.J therefore 

in a valuable a s se t in studying diffusion (Kef. u , p . 137) of 

the l i g h t e r elements in heavier BUSS f o i l s . 

http://-ro.no-
http://heliu.ii
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Figure Captions: 

Figure 1: 1.25 MeV alpha particle backscattered spectra from 

thick samples of beryllium, aluminum, copper and gold used for 

calibration. The H symbol indicates the half-plateau or peak 

value used to define the calibration curve shown in Figure 2. 

Figure 2: Calibration curve for bac1 scattered spectra measured 

with a 1.25 MeV incident alpha, particle beacr>. 

Figure 3: Schematic diagram of experimental assembly. 

Figure 4: Block diagram of the electronics assembly.-

o 
Figure 5: Backscattered spectrum of a 1350 A Pd foil that hcid 

4 + been implanted with He ions. Data taken at 6 = 160° with a 

surface barrier detector. An incident beam of 1.2 r- KeV A ions 

was provided by a Van de Graaff accelerator. The dashed curve 

represents the backscattered spectrum of a thick Pd sample that 
4 + . 

had been implanted with He ions to the same depuh and dose as 
the foil. Appro:-:imrtc counting time 10 minutes. 

2 

Figure 6: Backscattered spectrum of a composite foil of 6 ug/cm 

of Al deposited upon a layer of parylene. Data taken at 0 = 160° 

with a surface t-irrier detector. .An incident beam of 1.25 KeV 
4 + 

He ions was provided by a Van de Graaff accelerator. Approxi­

mate counting time 20 minutes. 



o 
Figure 7: Backscattered spectrum of a 2000 A parylene foil. Data 

taken at 0 = 160° with a surface barrier detector. An incident s 
M + 

beam of 1.25 MeV He ions was provided by a Van dc Graaff acceler­
ator. 



Table Captions: 

Table I: Calculated values of the final to initial energy ratio 
(E/E ) for both protons and alpha particles backscattered from 
selected target irasses at laboratory scattering angles of 160° 
and 180°. 

Table II: Calculated E/E ratios for the calibration element o 
spectrums shewn in Figure 1 v.'ith their associated channel numbers. 
Trie E/E ratios were calculated for alpha particles with an initial 
energy of 1.25 MeV at a laboratory scattering angle of 180° using 
the relationship: 

£ f H2 - H i l 2 

E Q " | M x + M 2_ 



TABLE I 

Protons Alpha Particles Protons Alpha Particles 

H 2 

1^ = 1.01 M l = 4.00 

H 2 

0^=160° 6^=180° 0 =160° s 0 =180° s 

H 2 E/E o E/E o E/E o E/E 0 

4.00 C.367 0.360 

9.01 0.E46 0.640 0.156 0.148 

16.00 0.783 0.778 0.371 0.360 

32.06 0.884 0.882 0.614 0.605 

107.87 0.964 C.964 0.666 0.878 

180.95 0.973 0.97S 0.918 0.916 

156.97 0.976 0.980 0.924 0.922 



TABLE II 

Element E/E Channel Number o 

Be 0.118 30 

C 0.250 42 
0 0.360 54 
Al 0.550 75 
Cu 0.775 101 
Au 0.922 117 
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