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G. Foti, R. Potenza and A, Triglia: SECO~DAHY ELECTHON EMISSION 
FROM VARIOUS MATERll\LS BOl\1BARDED '-\11TH PROTONS AT Ep < 
'" 2.5 MeV!x) 

The yi.eld of secondary electrons emitted from a target under 
light iOll bombardment is connected(J, 2,3) to the ioni,:atioll cross section 
of th e target mCtterial. As is known(4, 5, 6 , 7) th i s cross section is jllstone 
of the terms which describe the stopping cross section of t h e incident pa!:, 
tic1e in the target, the other term being given, at intermediate energies, 
by the excitation cross section. This last term can b e measured, for ex­
ample, by X .. ray yield unde r ion bombardment(B). 

Object of the present p8pel' is expcl'imental investigation on the 
connection between electron emi ssion and stopping cross section. 

We m easured the secondary electJ'on yield from targets 0: AI, 
Si, Cu e G e bombar'ded with protons. 

'fhe particlcs werc accelerated by the 2. 5 l\leV Van de Graaff 
machine of the C. S. F. N. and S. M. laboratol'Y in Catania. The incident 
energies ranged from O. 3 MeV to 2. 5 MeV. 

The metallic targets were obtained b) evaporation on lhick al~ 
minum sUPPOt'ts. Their lhickness was measured by the helium backscatt.<:, 
r ing tecnique and l'esulted about O. 5 ",. The Si and Ge targets were thick 
wafers. The UlI 'gets \Vct'e all mounted inside a slandard scatterin g cham­
ber and mainlened at room tempel'alure. Around them there \Vas a gual'd 
ring (G) to ,which a variuble poten tia l VIVas "pplied (s ee Fig. 1). TilE! geo 
metric configuration was SLtch lo insure tolal suppres,;ion of electrons at 
high negative values of V. 

(x) - Work supported ill part by G. N. S.1\l., I. N. F. N. , C. R. H. N . and 
C. S. F. N. S. 1\1. 
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FIG. I - Experimentnl set up: G ~ guard 
ring , T = target, D ~ proton detector, 
Q ~ charge integrator, V = power supply 
for the guard ring. 

The backscallered light ions were detected by means of a surfa­
ce barrier detector supplied by ORTEC connected to a standard amplification 
chain. The pulses were counted by a scaler. 

The total charge collected at the target was measured by means 
of a current integratol· (Q) supplied by WELEX Electronics. 

The 1"LIl1S were done at constant collected chal'ge and the number 
of backscattered particles was measured as a function of the potential 8.p­
plied to t h e guard l"ing. 

The yield was defined as: 

N - N . 
Y = ma~ __ mll1 

Nmin 
(el/ion) 

where Nmin was the number counted at V > 0, while N max was Lhe number 
counted at the plateau fOl· V <. -100 VolL. 

The values of the yield obtained for copper are reporteci in 
Fig. 2 VS. incident ener~y. The present data C'xtend the c'lergy range in 
which other authors ped·o,·m ed mcasurements(9). The data of these a~ 
thors are also reported in Fig. 2 . 

As is known tile secondary electron yield is clescl"ibed by a 
tlleOl·y that takes into aceount: i) for the mechanism of p)ectron production, 
a reasonablp interplay between excitatio'l and ionization eross section(l, 2); 
ii) for the escape mechanism, a diffusive modclt1, 2,10; ll). 

The interplay sub i) can be described by the single parametel· 
to' that is tbe mean enel·gy fOI" the production of one free electro:'}. D Lle to 
the excitation processes, it is clearly greater than thc mean ionization e­
nergy. 

We computed the ~Llrves of Fig. 2 using the expression given 
ill ref. (1) where was placed £0 = 25 eV, which corresponds to an excita­
tion cross section of aboClt 1/4 of the totol stopping cr·oss section at the 
used energies. Further1110re we used the experimental \ alues (12 ) of the 
slopping cross section for the fLllJ eurve of Fig. 2 and the f3ohr-Bethc theo 
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FIG, 2 - Yield of secondary electrons from Cu, Full line ; 
theol' et ical yie l d computed using expel'imental sto;:>ping 
cross section, Dashed line ; as full line, but using the 
Rohr-Bethe approximation fo r the stopping Cl ' U~~ ~ecllon , 
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r etical values [or the dashed curve. As is seen the agreernent is good [or 
the [ull curve, as expected. 

The values of the yieltl obtained for various materials are r!O 
pOl·tedlOgether ill Fig. 3. In the same figure are l'eported the data obtai­
ned at other energies by other authors(9). 

As is seen, the yield docs not depend appreciably on the ato­
mic nU.mbpr of tile target material. Tile physical explanation o[ this resdt 
lays on the opposite dependence on the atomic number o[ the production and 
escape contributions to the yield(l). 

Th e curves reported in Fig. 3 are computed using the experi­
mental values of the stopping cross section for Al (point-line curve) and 
for Cu (line-line curve). As is seen, 'the agreement is again good. 

So we can conclLlCle th at the connection between stopping cross 
section and se<:ondary electron yield , given by theory, is well confirmed 
by the experimental data wi.ll] protons. Huwever it is necessary to invesfi­
gate better the connection between E.' o and the excitation cros;'; section for 
the electrons. 

REFERENCES. -

(1) - E. J. SteI'nglass, Phys. Hev. 108, J (1057). 
(2) - S. N. Ghosh and S. p. Khare, l j hys. Rev. 1.26, 1254 (1 962). 
(3) - G. Carter and J. S. Colligon, Ion Bombardment of Solids (Heinemann 

.Gducational Books, Ltd., London, 1968). 
(4) - N. Bohr, Kgl. Danske Videnskab. Selskab, Mat. -Fys. Medd. 18, 

n. 8 (19 48). 
(5) - J. Lindhartl, M. Scharff and II. E. Schi¢tt, Kgl. Danskc Videnskab. 

Selskab, Mat. -Pys. Medd. 33, n. 14 (1 9G3). 
(6) - H.. S . Nelson, The Observation of Atomic Collisiol1S ill Crystalline 

Solids (North-Holland, Amsterdam, 1970). 
(7 ) - A. Dalgarno and W. G. Griffing, Proe. H.oy. Soc. (London) A232., 423 

(1955). 
(8) - J. A. Cairns, A. D. Marwiek and I. V. Mitchell, Thin Solids Filrns 11., 

91 (19 73). 
(9) - A. G.lIi.ll, W. W. BUE'chner, J. S. Clark and J. B. Fisk, Phys. Rev. ~~, 

463 (19 39). 
(1 0) - A. J. Dekker, Solid State Physics _~, 251 (H158). 
(11) - H. Bruining, Physics and Application of Secondary Electron Emission 

.(Pergan1on Press, London, 1954). 
(1 2) - W. Whaling, Iland. del' Phys . , Vol. XXXTV (SpringE'r, Berlin, 1958). 




