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Quantitative Analysis of Thin Foils

Using Backscattering Measurements
L. R. Mervine , R. C. Der, R, J. Fortner,

T. M. Kavanzgh, and J. M. Khan

Lavrence Radiation Laboratory, University of California

Livermore, Calitornia 94550

ABSTRACT

Backscattering of 1.2§ MeV protons and alpha particles
from thin foils is used for a non-destructive quantitative ele-
mental analysis of thin foils. The detection of “helium that
had previously been implanted into a 1350 K palladium foil and
the analysis of a canposite alwninum and parylene foil are

presented as examples of this technique.

Vorik perrormed under the auspices of the U. S. Atomic Energy

Comnission.

"7 Lieutenant Commander, U. S. Navy



INTRODUCTION

Backerattering of charged particles from an acceler-
ator is a well-known rethod that has been used for several years
to analyze material sur'faces.l'5 It has also been used to
analyze ion-implanted layers6 and, more recently, to ana.yze
300 to 2000 R ‘thick amorphous oxide layer‘s.7 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 tc the elemental analysis of thin foils.
This method was used to analyze 600 to 3500 .?\ thick, freestanding,
polycrystalline foils, and provides for a rapid, non-destructive,
quantitative anulysis of the sample. Analyses of two specific foils
are presentasd as examples. The first case uses backscattering
of 1.25 MeV protons to detect helium that hed previously been
implarited into a 1350 K thick palledium foil.8 The second case
uses backscattering of 1.25 MeV alpha particles to quantitatively
analyze a comnposite alumimum and parylene foil.

By converting the encergy scale of a backscattered
spectrun to an atom-mass scale, we can identify the elements

assoclated with a target provided that they are located close



to its surface {as shallow dopants o au sarface coiponents in

thick targe o ownen asgoclated with foils), The scale oon-

version iy Lo acconplished using the following fommcla, baced

simply en the kinetices of elastic ccattering:
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Table 1 lists ithe calcuiated valucs of :,/EO Ior -Js = 160 and
180° for both protons ard alpha particles (:-Il = 1.31 and 4.00)

for several values of !':2 calculated using [Vouarien 110 Con-

parisen of the I:/L"O values in Table T s
simplified relationchip for target misses of & or grviter and

shows the insensitivity of the backscattering angle.
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we must hnow the olastic scattlering cross cectians. In most cases,




this ray be caleulated using the Rutheriond scattering relation-
ship. While, in principle. zbsolute measurements can be made
directly (this involves the measurement of the integrated bean
carrant end the solid angle subtended by the detector)) in practice
one usually normalizes to a kwn calibration standand, The
arcag under ihe reaks In the backscattered specirun then provide
us with relative meacuranents, nat Is, IF we know the absclute

- or we have a calibratoed

SN, W2 Can Cullula

12 the anmount of the others present

their relative arces {rom the spectrws.

SANTE WEe Call w2ier

Thee Rutherdord scattering relaticnstip

is alue diccussed by layer, friksson and lavics.

relationship M, is the projectile mass, !4, 1s the tarjget atcm

2
nass, and Zl and 22 are their respective atcnic nunbers. GS is
the lebuoratory scattering angle and E, is tre initial energy of
the prejectile.  This ewpression, based on sinple Coulerb
ccattering, 1s valid provided we are using alpha particles and

scattcring frem targnts with macces of carbon or greater.

e Rutherfornd scattering relationship ray be s

fied to provide a backscattered yield for a thin target.  Since
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we have a fixed pgecaetry we can rueddce this expression to

a ,

PN Moo+ M ?

Y . (4)
2 2

v

Y is the backscattering yield for a particuler target element,
and Xy is the number of a‘cv:ms/c::x2 for that element. The yield
Y correcponds directly to the area undor a peak in the back-
scattering spectrun.

Care mus* be exercised when Lhackscattoring from the
ligrter elenents scince both nuclear reacticns and nuclear elastic
ccattering raot be considered. luclear reacticn corponents
may introduce {alse mass peaks into the spectra or ray enhance
the arca under cne ¢ nore of the peaks in the hackscattersd
speetra.  the analysis for elencnts heavier than boron is free
fram these effects when alpha particles are used; however, care
must e used when measwring the absolute amourt of carbon present
with a proton beasn since the nuclear scatterirg cross secticn
for this event is larger than the value predicted by Rutherford

scattering theory.

IXFERIMIZTTAL DETAILS

The foils were analy:ed Ly measurirg the encrgy
of the back-scattered particles from an incident baam of
1.25 MeV protons or alpha particles provided by a 2 MeV Van de

Graaff accelerator. Particle beans produced in an accelerator are



easily collimated in both eneryy .. positicn.

look at a small solid angle of the backscattered particles and

1c assune that the erergy spread caused by
compared witlh: The cheryy resolution of the

The targel foils were positicned
charier

e . -6
the incident bean 1n a 10 7 torr range vacuum

as

kinctics is ¢mall

chown

in Figire 3. A partially deplieted, silicon, surfacc-barpler
2

detector width an active area of 20 :m” and o resoluticn of
16 keV at ull width half maximun for alpha

tioncd 13 ¢ fron i

cutput of the cetecior was fe

and a julse shaping netwer< to a nu

"

A schama

=1

vic

diagron of the electronics setup 1o chowd

ior

conbination provided

The target foils

)

s . : 4
of time until approwinately § x 10 counts we

the primary peak charzels. Relioble target t

ments were not obtained, but the target current was
to be on the coder of o nanoarpore. (This is Lased

current of 1 to 3 micro amperes

facy!

n

0.08 in diameter, positicncd

v =Cumen

Deli

palse-hely

4-
T

on the final collimater,

were borbarded for varying pericds

re geoumulated in

TCAZUE—

(GOt

16.56 @i tran the target.)



RESU... .

1 + . . ..
‘H': Tens an o id Foil

The encryy cpectrun of 1.25 MeV protons backscatiered

-, Ol ) ese s . . Y.+ .
rodn o thin (1250 A) Pd foil is shown in Figure 5; He dons to
o P " Yo i€ 2 .
a dose of lesc than 2 = 1077 ions/an” had previously been
implanted into the foil. This spectrum is typical of that from

(e}
a thin (600 - 3509 A) foil and consists of snarp, well <efined
Aahsy @ jrch due 1o e presence of heliwa is clearly seen,
The thick-twypcet cpectrwn in Figuwre & is presented for comparison
purveLosy 1t 1llustrates the heliun peak thet one would observe
.. . R -
if a tnick 3d terpet had Leen inplanted with He dons to the
St Copth and dose as in the thin foil.
ihe He peck in the backocattered spectrum is greatly

cattering predicticns due to a large

i

«

o Rutherd

. . L .
nuclear scattering cross section for protens on He., The only

a
cxperinental cross secticn data availaple” show that for 1.73 HMeV
i, . : . . -
protons on dle the clastic scattering cross secticn is more than
10 tines greater than the Rutherford cross section. Using known

cross secticns or celibrations ctandards, the backscattering

nere could be made quantitative.

A composite foil of 6 ug/c«'n7 of alumirum deposited upon

a thin parylene foil was analy:ed using & 1.25 MeV alpha particle

Parylene N (CBHB)’ a product of Union Carlbide Corporation.
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beam. The backscattered spoctrum iu Jhown in Figare o5 1o

compariscn purposes, the backscatrered spectrum frum a ZUCQ A

thick, free-standing parylene foil is shown In
Comparison of the backscattered spectrum with the valu

5 to ddentily the large

contairicd in Table

Figure € as Al, 0, and C. A calculaticn sizilar to the one
described carlicr allows us to verify that the Umall peak a)-

¢ nitrogen.  Since these

pearing between the C and O peoks

ok porresont thin sameles. The charqel 1arms op accoslate
peaks represont thin sanples, the dharnel raler ascoziated

with the ;

Using the yield [Bquation & Jothe fact t

area under the Al pesk in Figure 6 corres;

can guantitatively anilyze wls f0il. e

abuolute arncunt of oxygen present 1s calculated as «n

this method of analysis. Putting the

into Equaticn (4) for both O and Al providec:

1y gl
v, = 223.1 Doy BT A
A1 X 0 b,

~

Tne ratio of the areas under these praks in Fizwe 6 pives

/Y, = 9.2. Using Avagado's nunber allcows us to ~onwert

the amcunt of 2luninum present To aturs par square certi

. . 2 - ad7
it.is 6 ug/en” correnponds to Apg 1.34 % 10 ctct::./‘.:n?.

Tzter,

Thus, from the above:
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as well ao cwiace layaers of folis of up to 38500 A thick. The
technigue Nas the capubility of detesting and neasws lny elemsms
present in concentrations of less than a tentt of a mono-layer

o 2 N - e
(107 7 wtene/on™) with a moss of hiellium or greater oud thorefcre

is a valuable asset in studying

the lighter clerents in heavier

p. 137) of

dilfusion (Ref. b,

foils.
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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 calibraticn curve shown in Figure 2.

Figure 2: Calibration curve for bac“scattered spechia mea..ured

with a 1.25 MeV incident alphs particle beam.
Figure 3: Schematic diagram of experimental asserbly.
Figure 4: Block diagram of the electronics assembly:

Floure §5: Backscattered spectrum of a 1350 X Pd foil that had
been implanted with L‘He+ ions. Data taken at 85 = 160° witl. a
surface barrier detector. An incident beam of 1.2% FeV lﬁ+ lons
was provided by a Van e Graaff accelerator. The dashed curve
represents the backscattered spectrum of a thick Pd sample that

‘s + . .
had been implanted with L‘I-Ie ions to the same depth and dose as

the foil. Approxim-te cocunting time 10 minutes.

Figure 6: Backscattered spectrum of a composite foil of 6 pg/c:n2
of Al deposited upon a layer of parylene. Data taken at 0S = 160°
with a surface harricr detector. An incident beam of 1.25 }eV
11‘He+ ions was provided by a Van de Graaff acceleratcr. Approxi-

mate counting time 20 minutes.



e
Figure 7: Backscattered spectrum of a 2000 A parylene foil. Data
taken at 0_ = 160° with a surface barrier detector. An incident

beam of 1.25 MeV uHe+ ions was provided by a Van de Graaff acceler-

ator.



Table Captions:

Table I: Calculated values of the final to initial energy ratio
(E/EO) for both protons and alpha particles backscattered from

selected target masses at laboratory scattering angles of 160°

and 180°.

Table IX: Calculated E/EO ratios for the calibration element
spectruns sho-n in Figure 1 with their associated chamnel rumbers.
The E/IIO ratios were criculaved for alpha particles with an initial

energy of 1.25 MeV at a laboratory scattering angle of 180° using

2
E . J’Mz-r{l
E ~ M +H :

s} i, 1 2

the relationship:



TABLE 1

Protons Alpha Particles
Ml = 1.01 Ml = 4.00
OS=160° es=180° 05=160° OS=180°

M, E/EO L/E E/EO E/Eo

4.00 C.367 0.360 - - -~
9.01 0.646 0.640 0.156 0.148
16.00 0.783 0.778 0.371 0.360
32.006 U.884 3.882 0.614 0.605
107.87 0.9864 C.964 0.€66 0.478
180.95 0.973 0.976 0.918 0.916
156.97 0.976 0.980 0.924 0.922




TABLE II

Elarnent L/ Eo Channcl Hurber
Be 0.148 30
o 0.250 42
0 0.360 54
Al  0.550 75
Cu 0.776 101

Au 0.922 117
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