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The amplitude-energy relationship;; v;ere measured for *IIo and ' 'C par t i 
cles, as vieil as the corresponding energy resolutions. I t is shown that the use 
of 12c beans presents- no marked advantage fox increasing mass or depth resolution. 
On the other hand pi le up phenomena arc drastically reduced by us/ng 12c backseat- ' 
tcring. Applications are shown to the determination of trace amounts of Sb or Yb 
near the surface of iron. Gold contaminations of si..icon surfaces were precisely 
measured within minutes down to 5 x 10" gold atora/cn2, the limiting sensitivity 
being of the order of I0'° at . /cm 2 for traces of heavy elements, like Au, Jig, Pb 
e tc . Sensitivit ies fo.- l ighter elements are discussed. 

IKTR0DUCTIOM . • . 

The now c l a s s i c a l method of MeV *He ion backsca t t c r ing used for ana ly 
t i c a l purposes | l , 2 | may lead to d i f f i c u l t i e s for measurements sudi as those r e q u i 
ring very high sens i t iv i t ies . Heavier ions than ''lie may solve such problems and 
were successfully used by some authors for : localizing impurities in channeling • 
experiments carried out on ion implanted single crystals . Thus Bergstirom et al 
13j , Eriksson et al |4 | and Feldman et allsl used carbon beams, while B(Jgh|6|, 
Alexander J7| and 1'eldraan and Murnick [8J used nitrogen beams in various channc- • ' 
ling experiments at energies in the vicinity of 2 MeV. The advantages of using 
beams of particles with various Zj values were discussed by Mayer et a l 191 for 
ion implantation experiments. In this paper we shall discuss in detail the use of 
carbon beams and estimate i t s usefulness at the light of precise measurements of , 
the detection characteristics of semiconductor detectors for energetic carbon v 
particles taking into account the basic features of the presently available elec
tronic pulse processing systems. He shall not consider here the use of an electro
magnetic analyser (like that used by BtSgh |fi|) nor of bean energies higher than -
2 to 3 MeV, as the sophisticated equipment required for such rceasurements preclu
des their use for most of the experimenters. Obviously the limitations put by 
pile up .phenomena and Z\ dependent energy resolution are minimised for electroma
gnetic'analysers, which are an ideal tool for this kind of experiments ; never-
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thelcss its simplicity, its inscnsitivity to the charge state of the detected 
particles and the large solid angles it allows, Bake the semiconductor detec
tor of a highly valuable use in daily practice. It should be added that while in 
many cases lot? energy backscattcring say corapctewith MeV backscattcring, the 
.latter has the advantage of avoiding self-charging effects of insulating thin 
films (thinner than the bombarding particle range), sputtering effects, charge 
state problems etc. and allows the analysis over larger depths, although with a 
reduced depth resolution. Applications of the methods described here to nuclear 
microanalysis of trace impurities of other origin than ion implantation will be 
emphasized. 
1 2 C DEJECTION CHARACTERISTICS OF SURFACE BARRIER 11F.TECI0RS. 

The detectors used here (except if otherwise stated) were silicon sur
face barrier detectors from ORTEC, with a resistivity around IOOOSÎ-cm,a barrier 
depth of 100 n (under 50 V bias) and a 25 ram2 area. The ORTEC pulse handling" 
r>yst-<?m used in experiments carried out with slow electronics contained a 109 A 
preamplifier, a 410 main amplifier used always with equal differentiating and 
integrating time constants and a Wt pulse stretcher providing a partial pile up 
rejection. Ko additional pulse pile up rejection system was used ; the results 
will be discussed with reference to such a system, having an assumed SO ns time 
resolution capability, which may be considered as a good performance. In most 
cases the electronic noise with the biased detector was 6 to 7 KeV, for time 
constants of 0,5 lis. In these conditions the energy resolution '(FVIHM) for ''lie 
particles was energy independent and equal to about 15 KeV. 

In number of experiments, where pulse pile up had to be minimized, a fast 
nanosecond amplifier was used. This specially designed amplifier is voltage sen
sitive so as to speed up charge collection from the detector, with a rise time of 
about 8 ns ; the pulses were shaped using 10 ns clipping (5 ns delay, short cir
cuited coaxial cable). This amplifier is fully described in ref. 10 and its mea
sured properties, especially for noise and pile up in ref. II. It may handle many 
millions of background counts per second without overload effects and allows the 
analysis of higher amplitudes in these conditions with the pile up determined on
ly by its 10 ns clipping time, i.e. an overall pulse duration of about 15 ns. The 
fast amplifier is followed by a peak value stretcher with a variable threshold 
|11|, which allows one to analyse only the less numerous high amplitude pulses, 
while the background pulses are cut off. The remainder of the set up is conven
tional and adds no pile up or counting losses if the threshold is set high enough 
The typical noise of this system in our experimental conditions was equivalent to 
45 KeV (FWHM). 

The 2 KeV Van' de Graaff of the Laboratory was used for the experiments. 
Singly charged '2c and ">0 beams were easily obtained with analysed intensities 
up to 0.5 uA using CO2 gas in the ion source. 

Fig. 1 shows the relationship A(E) between amplitude and energy for 
4He and 12c particles. The measurements were carried out- at 165° using very thin 
deposits of elements with various atomic masses (from Al to Au) on thick carbon 
or silicon backings, and by varying the singly charged beam energy. The terminal 
voltage calibration was known to within some KV. Dectccted particle energies were 
calculated using the kinematic coefficient K(0) at angle 0 (here 165°). The time 
constants were equal to 0.5 us. The A(E) curve lor protons (not represented on' 
Fig. 1 for clarity)follows a straight lino, extrapolating slightly below zero am
plitude. In what follows amplitudes will thus be expressed in'the "proton scale" 
which is taken as that of the linear test normalised to the proton amplitude at 
2 HcV. The M\a amplitudes are close to the proton amplitudes near 1.8 KeV and at 
low energies ;> they are lower at medium energies, by as much as -15 to 20 I'eV near 



1 MeV. The '2c amplitudes are markedly smaller than for *llc, the difference#be-
' ing about 85 KeV near 1.2 MeV. The slope is here somewhat smaller than for *lle 1 
or 'it, and decreases further at energies below 0.6 KeV. I<*C particles with ener- •} 
gies down to 50 KeV were easily detected, as A<E) for 12c approaches the 111 and | 
4He curves at very low energies. The amplitude defect for "2q j s about twice ! 
that corresponding to the energy loss in the rated 40 pg/cm2 gold electrode 
thickness. It should be noted that a bias lower than 50 V on these detectors |l 
increases the amplitude defect : the detectors nust hence be run at high enough J 
electric fields. These phenomena night be due to plasma effects along the par
ticle track, but no definite explanation is known yet. The same features of A(K) 
for 12c were observed with time constants of 0.1 lis and also using the fast '[ 
10 ns clipped amplifier. A(E) was also measured for '<>0 particles and found 
somewhat below the curve for ^C. 

Fig. 2 showr the energy resolution Vy, (FWHM) as a function of l 2c 
energy, measured on very thin targets, with 0.5 us time constants. The values I 
at low energies were corrected both for amplifier noise and for the change of 
slope of the A(E) curve for 12c (local KeV/channel scale). The results are si
milar to those of ref. 3, although the absolute values of L« are here marke
dly smaller. The sharp decrease of W observed here at low energies should I 
be noticed, as it shows that 50 to 100 KeV 12c particles may be detected with ji 
reasonable precision ; it is associated with the A(E) curve approaching that for 
'•He (Pig. I), both phenomena corresponding to a décret ed dE/dx. ~t should be 
remarked that the full line drawn'through the Li£ data follows nearly a E''^ 
law. No explanation of these observations was yet found ; it should be emp.:asi- •? 
zed that straggling effects in the gold window of the detector are negligible ^ 
(see below). These results might be due to'plasma effects leading to incomplete 
charge collection with a corresponding statistical fluctuation. As shown in 
Fig. 3,.-,these fluctuations do not follow a gaussian law : the energy spectra at \ 
0.40 and 1.27 MeV (0.5*MeV and 1.6 MeV 1 2 C beams backscattered at 150° from a -
gold * ,iyer less than 2 ug/cm2 thick ; kinematic spread was negligible) are clear
ly-asymmetrical, exhibiting a low energy tail. This asymmetry, is even more pro
nounced for 1^0 particles for which tyt is by the order of 30 % higher. In 
vie» of this worse energy resolution, winch is not offset by a large increase 
of dE/dx, the use of 160 particles was not further investigated in this work. 
I4N might present an interest as the presence of nitrogen gas leads to a lower 
contamination of the '*He beam than the presence of oxygen gas (">o++ having same 
Z/M2 as ''He+) ; this point is under study and will be compared to the results . 
in ref. 6 to 8. Ij{ for 12c with the 10 ns clipped amplifier was around 65 KeV 
near 17.00 KeV, whereas the increased noise combined with L}$ for 0.5 ps time 
constants should yield a souevhat lower value : the full collection .time might 
be slightly longer than 10 ns, thus increasing the statistical spread. Hence a 
lower noise amplifier might not lead to appreciably better experimental J.j£ 
values when nanosecond pulse shaping is used. :/> 

USEFULNESS OF l ? C .BEAMS. 

Contrary to what mighc be thought, 12c beams do not generally lead to 
better mass resolution for the target mass M ci. în 'He beams, wïen semiconduc
tor detectors are used. This is due to the fact i .at the faster increase of 
KM (0) with M for '2c backseattering is offset ùî the worse resolution shown 
in Fig. 2. As an example, for 1.8 MeV particles bombarding Sb and Tl containing 
targets, the respective energy differences for these nuclei (for the sample 
surface) are about 80 KeV for *lie and .200; KoV for , 2 C . The corresponding h;J ^ 
being 15.KeV and 45 KeV (for 0.5 us), the separation to resolution ratios are ' 
respectively 5.2 and 4.5 (sec rcf. 4). Similarly, the depth resolution near Che 
surface, X)J (i.e. tjj divided by the dl'./dx of I2c in the matrix considered, 



taken at the backscattered particle energy E = KB„, E 0 being the beam energy) is 
• hardly better than for ''He* beams, in spite of the ouch higher dE/dx. To illus
trate this point XjAwas calculated for gold atoms embedded in an aluminium matrix 
both for ''Ha and l 2 C . The dli/dx values were taken from rof. 12 for *He and 13 
for , 2C, The results (Fig. 2) show, that, to within the uncertainties on the 
used dE/dx values, the X)J are almost comparable for *He and ' 2c over the entire 
range of detected energies. In addition the observed depth range is smaller tor 
12c than fox ''He. Both for mass and depth resolution the use of cooled detectors, 
which might exhibit far better resolutions than 15 KeV for *lle particles, may 
further favour ^He + beams. 

The basic advantage of the use of '2c beams with semiconductor detec
tors lays in the drastic reduction of pile up phenomena which one may get with 
respect to 4j]e beams. In fact, pile up phenomena are not governed by the diffe
rences of the pulse amplitudes but by their ratios |ll|. The ratios of the 
energies E of backscattered particles for two masses MQ and M are shown in Fig. 
4 for M 0 = 30 (heaviest isotope of Si) and Mo = 56 (iron) for both *Ho and

 ! 2 c . 
The ratio of the amplitudes A for '2c near the bombarding energy t 0 = 1.8 KeV 
(this ratio is slightly energy dependent through the A(E) curve of Fig. I) is 
also shown. Taking into account that the pile up intensity decreases quickly 
with the amplitude ratio and falls by an.order of magnitude each time the lat
ter passes an integer |ll|, one may deduce from Fig. 4 that, for example for 
a silicon substrate, pile up will be large for *He and very small for '2c for M 

. greater than, say, 65. Of course, backseattcring from the substrace disappears 
altogether for carbon substrates (or lighter elements) at backward angles, only 
double scattering providing some possible background. In this way thin films 
deposited on carbon may be studied as if tljey were self-supportin;;. 

TÏPICA.V RESULTS AND APPLICATIONS. " ' ' ' '" '/;'.. ' .'..''' 

Fig. 5 shows the backscattcring spectra from a pure iron target for 
1.6 MeV *He and 1 2 c beams, detected at 150", with a 1.16 mm diameter ruby dia-
phgran, at 52 mm, with 0.5 us time constants. The amplifier gain and the total 
beam charge (expressed in uC) was chosen for the two beams so that the iron 
edges are in the same channel and present identical pleateau heights at the 
start, (̂ lte : 20 uC, 45 nA, total counts 848 000 ; i 2 C : 16 uC, 23 nA, total 
counts 1 640 000). The '2c spectrum rises more steeply than that due to ̂ He ; 
this behaviour is typical and is due to the fact that dE/dx increases steadily 
with E for '2c whereas it passes through a maximum for ̂ He in this energy region. 
This makes the estimation of plateau heights more difficult for '2c than for 4ue. 
This is cxamplified in Fig. 6 which represents two spectra, in a similar way, -
(<He : 10 uC, 30 nA, total counts 756 000 ; ' 2c : 8 uC, 14 nA, total counts 
' 1 757 000) for a Nb20;> anodic oxide film on niobium (anodically oxidised in a 
5 wt.% aqueous solution of ammonium citrate, at 1 mA/cm2 up to 100 V ; this 
yields an oxide film about 2000 Â thick). The first plateau corresponds to Nb 
in Kb2°5 > its height is a relative measure of the stoicbioraetry of the oxide 

:..|l4|. Fig. 6 shows clearly that the second plateau, corresponding to particles 
, backscattered from the pure metal, is much steeper for " ZC than for *He. On the 
other hand the first plateau is much wider for ' 2C (515 KeV) than fir 'lie (135 
KeV) ; however the corresponding width to resolution ratios are 13 and 9 (the 
resolutions being respectively 40 KeV and 15 KeV). The improvement in depth re
solution XJÊ for , Z C , 45 Z, is better here than in the calclated case of gold 
in aluminium of Fig.' 2 but to a far lower extent than might be anticipated Crosi 
the consideration of the increased dE/dxalcnc. Fig. 6 also chows for '2c that 
CJie rise to the second plateau is not longer Vbon that near the high energy 



edge (i.e. it still corresponds nearly to the 40 KcV resolution) ; hence strag-
•gling0is smaller than 40 KeV. In fact this straggling corresponds to about 
4000 A 0b20j , taking into account the ingoing and outcoraing trajectories ; in 
weight per cm2 (i.'hiui, according to theory mainly determines straggling effects) 
this is about 5 times core than the 40 ug/cmZ gold electrode on the detector sur
face. Similar results rare obtained for T.12O5 filrcs. This shows, as mentioned 
above, that the worse energy resolution for 1?C cannot be explained by straggling 
in the detector window. On the other hand X;£ is constant with depth down to 
several thousands of A. 

In what follows results will be given on trace determinations of heavy 
elcrocr.ts contained on or near the surface of lighter matrices. Higher beam cur
rents and larger solid angles were used than for the results of Fig. 5 and 6, 
and the pulses due to particles backseattcrcd by the matrix nuclei were syste
matically cut off (using a 408 0RTEC biased amplifier for slow electronics, or 
the biased stretcher described above for the nanosecond-system). Conditions for 
judging the pile up performances will be given by three figures : the trace 
nucleus to matrix nucleus amplitude ratios which nay be found in Fig. 4 ; the 
calculated height of the matrix plateau in counts per channel ; the calculated 
overall counting rate in counts per rscond (the matrix spectrum being siuilar 
in shape to those of Fig. 5 and 6, i.e. the small amplitudes being quite nume
rous). The two latter figures were calculated by first recording the matrix 
spectra at very low beam currents (and/or small solid angles) so as to avoid 
pile up and count loss effects, and then applying the convenient factors for 
the increase in beam charge, current or solid angle. It should be noted that 
the upper limit to the sensitivity for traces nay be set by the beam halo, which 
might strike some heavy backing around the.sample. Even if this halo is only 
10"4 of the total beam intensity this may mask Che trace spectrum at the very 
low levels considered here. To avoid this effect the sample holders should be 
made of light elements or an antihalo plate, with a small hole, should be moun
ted to mask the sample, except its' center; wc used such a mask made of pure 
vitrous carbon. In some experiments large diameter samples (up to 25 mm) were 
used. • 

Absolute values of the number of nuclei per cm.2 were determined by 
comparison with a thin platinum standard deposited on pure silicon. This stan
dard was calibrated by proton backscattcring against a thick (about 160 ug/cm?) 
tantalum deposit on silicon which was directly weighed with a microbalancc |l4|, 
the overall precision being better than 2 %. The Rutherford law was applied to 
correct for the Z of other nuclei, as it surely applies at the high Z values 
considered in this paper z center of mass corrections were made for the finite 
nucleus mass. 

The sensitivity of the method was investigated for gold deposits on a 
n type silicon wafer, with resistivity 4-6 fl-cm , oriented in the <l00> direc
tion. The wafers were degreased, cleaned in boiling HNO3, rinsv..!, etched in 40 7, 
HF and rinsed. They were, further thermally oxidised to an oxide thickness of . 
1500 A. As will be seen below this treatment provided us with the purest sample 
surfaces observed until now I D our laboratory. The ultra-thin gold deposits were 
obtained in the following way. 4.5 mg of 99.99 Z gold was evaporated from a 
vacuum degased tungsten filament at 30 cm onto a 0.5 cm wide, high purity, va
cuum degased tantalum strip, over a length t-f ! cm, the remainder being masked 
during evaporation. This strip was used in ttm as a crucible, the gold being 
deposited on the silicon wafers at 10 cm and 10 en. These deposits were expected 
to be about 1C~3 and 10"'» ug/cm2 thick respectively. Fig. 7a shows a ''Ho spec
trum registered with a 1,6 MeV beam at 165°, with a !.5 cm2 detector, a 10 mm 
diarjetcr diaphragm ac SI,5 mm ; beam charge was 6 11C, moan current I] nA, 
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registration time 515 s ; the silicon (in SiC^) edge contained 14 400 counts/ 
channel, the counting rate being 4000 counts/s. The time constants of the ORTEC 
system vie re set to 0.1 lis ; this leads to an increase of l.jjfor ''lie from about 
15 KeV to about 20 KeV. ïhe spectrum shown corresponds to the nominal I0~3 u s / \ 
cm2 deposit. It is seen that in spite of the low counting rate and short tine !, 
constant (pulse rise time about 0.2 lis, yielding an equivalent time resolution 
viith the 444 stretcher of the order of 0.3 us) the pile up reaches the gold peak. 
An 80 ns resolution pile up rejection system would not significantly increase 
sensitivity, a factor of A being the best to be hoped. Fig. 7b shows the same 
spectrum registered with the 10 ns clipped amplifier. A 25 nmi2 area detector 
vas used here (to Keep the capacitance low and hence the noise level) at 165°, 
Kith a 4.9 nun diameter diaphragm at 60.5 mm (72 uC, 95 nA, 760 s ; Si edge 
45 500 counts/channel, 6000 counts/s). Pile up is here negligible, although on 
the expense of energy resolution. The overall pile up probability being I0~* it .; 
is seen nevertheless that the counting rate could not be increased by more than j 
an order of magnitude and hence neither the sensitivity attained in some 10 : 
minutes measuring time. The measured thickness of this deposit deduced from these Î 
measurements is 1.9 x 10"3 ug/ct.2, (i.e. 5.8 x I0'2 gold at./cm2) in satisfac
tory agreement with the expected value. These results clearly illustrate the li
mits of the use of 4]le beams even for very heavy elements on Si, the limits being ' 
much more severe for lighter elements, or heavier matrices. 

Fig. 8a shows the results for the nominal 10"/' ug/rjn2 gold deposit, j 
obtained with a 1.6 )leV ] 2 C beam and 0.1 ps time constants, with the same detec- J 
tor set up as for fig. 7b. The overall counting rate was here 27 500 counts/s 
and the Si edge had a height of 400 000 counts/channel (100 uC, 350 nA, 280 s) . j 
File up is negligible above about channel 20 ; this means that pile up of order j 
higher than two ] 111 is less, per channel, than some I0~6 of the Si edge height. ! 
The .gold deposit examined here was measured to be 1.6 x 10"^ ug/cm 2 thicU (i.e. 
4*8 x 1 0 " gold at./cm2) ; this figure was obtained with comparable statistics ;; 
to those of Fig. 7 in twice less time for a 9 times thinner deposit, without any 
pile up even using conventional electronics. In these conditions the pile up free 
region extends down to- an amplitude equivalent to about the atomic mass 65, Cu '., 
or Zn ; the corresponding sensitivity would be 7 times less, about 3 x 1012 at./ 
cm2 of such an impurity being detected with similar counting rate than gold here. 
She lowest detectable levels of impurity traces on silicon are illustrated by 
Fig. 8b, which shows results from a sample identical to that of Fig. 8a, but 

. without any intentional deposit (same set up as for Fig. 8a, except for fast 
electronics used here ; 200 uC, 330 nA, 520 s ; Si edge 625 000 counts/channel, 
counting rate 29 300 counts/s)" . Above channel 15 pile up background is negli
gible. Several unidentified trace impurities are observed ; near the mass 200 
about 2 x 10~5 pg/cm 2 (i.e. about 5 x 10'0 at./cm2) of surface impurity is clear
ly detected. This .might be due to Hg or Pb contamination from the atmosphere. 
It may be concluded, that by further increasing the solid angle and using fast 
electronics,a factor of 10 in. sensitivity may easily be gained keeping measure
ment tine below 10 mn. This sets the limiting sensitivity for silicon substra
tes to the order of 5 x 109 at./cm 2 for masses near 200 and 3 x ! 0 Î 0 at./cm2 ] 

'for masses near 60. For louer masses the sensitivity decreases both because of 
the Z~2 decrease in cross section and of the increase of pile up probability 
with decreasing K(0) factor (Fig. 4). i 

Fig. 9a chows typical results obtained on a Si wafer similar to those j 
used above but not oxidised thermally. The spectra were registered under tl-.u sa- ! 
me conditions as in Fig. 8b. The mass 200 contamination is similar, but peaks • j 
appear clearly near the masses 115 and 66. The contaminant near mass 66' is of 
the order of lO 1 2 at./cm2 ; its origin is unidentified, but this spectrum shows 
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•in any case that silicon cleaned according to the best procedure in practice in 
semiconductor technology is wore contaminated than the thermally oxidised sample 
surfaces. This sensitivity of silicon to contaminants is illustrated in Fig. 9b. 
A IINO3 bath uas purposefully contaminated, by passing a current of 1 A for 10 nin. 
between two gold vires to which a potential of 2 V vas applied. A silicon uafer 
«as then dipped in the boiling acid for 10 1r.11 and rinsed in pure water. The spec
trum shows several contaminants especially around mass 65 (Copper ?) and mass 
200, which is most probably gold deposited by an electroloss process.The gold 
quantity found is near 8 x I0~4 ug/cm2 . A more detailed study of the contami
nation phenomena of silicon is in progress, using these methods. 

The. two next figures illustrate '^C measurements on iron substrates. In 
both these experiments the use of fast electronics appeared to be unvaluable : 
as shown in Fig. 4, the ratio E(H)/E(Ho) hardly reaches 1.9 here, so that pile 
up phenomena are much more severe than for silicon substrates, although the si
tuation is still more favourable than for "lie on silicon. Fig. 10 chows a typi
cal result obtained in a series of experiments carried out to locate, using chan
neling, implanted Xe or Yb atoms in iron single crystals, in connection with 
hyperfinc interaction studies 1151 - The Yb atoms «ere implanted at 350 to 400 
KeV at a dosis of 5 x 10'* at./era*. Only non channeled spectra will be shown 
here, giving an idea of the depth profile of the implanted Yb atoms. In a first 
experiment the samples were studied with a 1.6 MsV 4][e beam, at 165°, using slow 
electronics (0.1 lis). Fast electronics cannot be used with ^He here, as owing 
to the 45 KcV noise level, mass separation between Fe and Yb is insufficient 
(Ytterbium has Z = 70, A = 173). Using a 12 nA 4„e beam, 5000 seconds were re
quired to accumulate IfiOO counts in the Yb .spectrum, while pile up still amounted 
to about 30 7, of the counts. The calculated depth resolution was here 175 A 
(Ljjj = 20 KeV for 0.1 us), the depth corresponding to the Yb to Fe edge difference 
being 2200 A (the actual observed depth being much reduced by pile up increasing 
very fast near the Fe edge). In view of these results '2ç bacUscattering was used 
next,with fast, electronics.Here the Yb to Fe edge difference allows to observe a 
depth of 1900 X while the depth resolution is about 185 A (b$ = 65 KcV for 10 ns 
clipping) . Fig. 10 shows spectra obtained with a diaphragm of 4 mm diameter at 
92 mm and at 165° (42 11C, 45 nA, 920 s ; Fe edge 54 000 counts/channel, counting 
rate 17 300 counts/s). File up is negligible under most of the Yb spectrum. The 
Yb edge is shown by an arrow ; the slow rise of the spectrum near channel 90 
reflects the depth distribution of the implanted Yb atoms, which arc burried 
below the iron surface. The number of counts in the Yb spectrum is here 12 000, 
as compared to the 1 800 counts registered with *l!e with a 5 times longer regis
tration time, i.e. counting is by about 35 times faster, while pile up is still 
negligible. This allowed the registration of extinction curves for channeling in 
two hours, which would have been practically impossible to carry out using 4;je 
beams. 

Fig. 11 shows typical results from experiments in metallurgy relacive to 
the grain boundary segregation and desegregation of temper-brittle steel ||S,17|. 
Here the segregation of antimony (Z = 51, A = 122) had to be evidenced at grain ; 
.boundaries, by registering spectra measured on fractured samples of steel con
taining 300 atom p.p.m of Sb, and comparing the results for brittle and non-brit- ! 
tie samples. In Fig. lia (diaphragm diameter 4 mm, at 52 nan and at 150° ; beam 
energy 1.8 McV ' 2C+ S fast electronics ; 60 uC, 67 nA,' 900 s; Fe edge 216 000 
counts/channel ; counting rate 82 000 counts/s) the spectra for pure iron, non-
brittle steel and brittle steel axe shown. Pile up is here about 20 % of the Sb 
plateau from non brittle steel ; this plateau corresponds to an uniform distribu
tion of the 300 p.p.m Sb impurity. The Sb to Fe edge height ratio is here abouc^ 
700. The spectrum corresponding to brittle steel (embrittled for 40 days at 50p'C) ! 
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«bows very clearly the segregation effect, amounting to an excess of about 7xlO ]3 
Sb atoni/crjZ i n the vicinity of the grain boundary. In the spectra of Fig. lia a 
small peak appears near the mass 200 position. Figi M b shows a typical case [or 
a non brittle steel sample where this peak is vuich core pronounced. The corres
ponding trace impurity vas identified as mercury ; this contamination varies 
according to the mercury pollution of the room where the steel samples arc bro
ken (at liquid nitrogen temperature) ; it amounts in the case of Fig. I lb to 
about 10'3 atom Hg/cc^, Full details on these metallurgical experiments are given 
on ref. 16 and 17. 

CONCLUSIONS 

The use '2c beams allows a drastic reduction of pile up phenomena in 
backscattering experiments and a corresponding increase in counting rates £ron 
the substrates, thus enhancing sensitivities for heavier trace nuclei by several 
orders of magnitude, even using conventional electronics. Nanosecond electronics 
allow a further drastic decrease of pile up phenomena while not affecting much 
the energy resolution (which is in any case typically around 45 KeV and passes to 
65 KeV),depth resolution remaining fairly good, oui.ig to the high dE/dx of '2c 
particles. Fast electronics may be used with '«tie beams only in favourable cases 
«here energy resolutions well above 20 ICaV are acceptable. The great disadvantage 
of '2c backscattering remains the observe I shortened life time of the semiconduc
tor detectors used ; ti.is harmful effect is being investigated. 
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J?ig. I. Amplitude-energy re lat ionships 
A(E) for *He and 12c. Fig. 2. Energy hi and depth Xij 

resolutions for '*C. X ^ is alr.c si <v.-n 
for ''He, assuming Ljj = 15 KeV. f 
X^ were calculated for gold in 
aluminium. 

Fig. 3, Typical amplitude spectra for 
..12c scattered from a very thin target 
(the peaks are normalized and shifted 
for t-.oioparison). 4 Kc-V/channel in the 
"proton scale". The' narrower peak cor
responds to 0.40 K'eV. 

Fig. 4. Energy «id amplitude racios 
for 'We end 12c, beans as a function 
of the target masses Ho and M. 
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•Fig. 5. Typical ''He and I 2C spectra 
for iron, normalized to same edge 
height and amplitude. 64 channels/ 
division ; 2.5! KeV/channel for ''He 
and 2.08 KeV/channel for '2c. The 
steepest trace corresponds to i 2C. 
1000 counts per vertical division. 
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Fie. 6. Typical *l!e and , 2C spectra 
for a Nb205 oxide en Kb ; conditions 
.similar to Fig 5 : 2.51 KcV/cliannel 
for «He and 2.65 KeV/channel for 12c 
(upper trace, zero shifted by 2 
vertical divisions). 
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FJR. 7. ''Ha spectra registered (a) 
with slow (0.1 us) and (b) fast 
electronics for a 5.8 x 10'2 gold 
at./cm?-deposit on thermally oxidised 
silicon. 
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Fig. 8. >2c spectra (a) for a 4,8 x 
IP" gold at./cm2 deposit on thermal
ly oxidised silicon (slow electronics, 
0.1 |is) (b) for the same substrate 
without aiNY intentional deposit (fast 
electronics). 
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Fig. 10. , 2 C spectra with fast elec
tronics for implanted ytterbium in 
iron (o) and for pure iron (o) showing 
the low level pile up reached. 

20 • 40 60 

CHANNELS 

Fig. 9. '^c spectra registered in the 
same cona.itions as in Fig. 8b, for (a) 
non oxidized pure silicon, (b) sili
con dipped in a boiling, gold conta
minated, HNO3 bath. The arrows point 
to channels corresponding to the 
indicated atomic masses. 
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Fig. II. 12c spectra with fast elec
tronics for grain boundary segregation 
measurements on antimony containing 
fractured steel, (a) pure iron (o), 
non brittle steel (o) and brittle U ) ; 
(b) non brittle steel exhibiting mer-
cury contamination of the fracture 
surface. 


