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The secondary electron emission of dielectrics usually is measured by the pulse method, in which
the dielectric is irradiated with short pulses of electrons. Attempts to use a dynamic method, in
which the dielectric is irradiated continuously, have failed because the dielectric becomes charged
and this charge interferes with the emission process. The dynamic method can, however, be applied
to metals where volume charges are prevented. This article reports dynamic measurements of the
total secondary emission yield from stainless steel, platinum, and aluminum and compares them
with results from the current pulse method. In order to apply the dynamic method to metals a simple
but important change in the setup was introduced: a dielectric slab was placed between the electrode
and the metallic sample, which permitted the sample surface potential and therefore the energy of
the incident electrons to change continuously. Unlike for dielectrics, the emission curves for metals
are identical when obtained by the two methods. However, for a sample with deliberately oxidized
surfaces the total secondary emission yield is smaller when measured with the dynamic method as
compared with the pulse method, just as happens for dielectrics20@ American Institute of
Physics[S0021-897@0)03413-7

I. INTRODUCTION We have found, however, that the DM may be success-
fully applied to study secondary emission of metals provided

When irradiated by an electron beam, solid surfaces emi single and obvious change is made: the irradiated metal

low-energy secondary and backscattered primary electrongisk is placed on top of an insulating foil of very small

Numerous authors have investigated this effect and reviewthickness. With this arrangement the metal potential changes

of the problems addressed are found in several books ardlring irradiation owing to the rapid dissipation of excess

papers-? In order to quantify the emission process it is usualcharge to the back surface of the metallic disk facing the

to define the total secondary yie(the ratio between emitted insulating foil, therefore avoiding interference between the

and incident electron numbeand study its dependence on beam and generated charges. For the sake of comparison

the incident beam energy as well as on the properties of thmeasurements were also carried out usisigor) electron

irradiated surface. The total secondary yield can assume vabeam pulsesPM)® without the back insulator foil.

ues smaller, equal to, or greater than one for irradiation en-

ergies below a few keV. The surface of an irradiated dielecy; expeRIMENT

tric becomes positively or negatively charged as the total

yield differs from one. Such polarization can affect the emis- ~ The setup used, schematically shown in Fig. 1, has al-

sion process. Most authors have irradiated dielectrics witiieady been described in detdilts main features are:

short electron pulses, while at the same time measuring th@) the beam energip ranges from 0.4 to 20 keV, and the
electron emission by a separate conveniently poled collector  cyrrent| , from 106 to 10 1% A, which is measured by
electrode’™ A new, so-called dynamic method®M) has a Faraday cup:

been discussed in the literatr€. This method(DM)® was (2 the beam scans an area greater than the sample area, with
proposed to study the secondary electron emission from in-  the sample being 3 cm in diameter;

sulators in the planar symmetry: upon charging the insulatof3) the grid—target geometry is plane, with grid transparency
surface, the effective energy of the electron beam is changed, of approximately 80%:;

and from the knowledge of the beam current, current to thg4) a meter measures the currdpt to the back electrode
back electrode, and sample capacitance, the whole secondary which may be grounded or biased to an adjustable po-
yield can be obtained in suitably chosen runs. However, as tential V, (0—+3 keV);

anticipated, the accumulated charges do indeed interfere wif{®) the back electrode vibrates against the gwittich in our

the measurement, considerably decreasing the %ield. measurements remained groundetus allowing the
measurement of the potentiabf the back electrode by
aAuthor to whom correspondence should be addressed; electronic mail: Means of a lock-in amplifiefLA) method of the vibrat-
fonzar@fc.unesp.br ing capacitor; and
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E FIG. 3. Total emission yieldr as function of energ¥ (schematit E, and

E, are first and second crossover poinig, is maximum yield, andgy,
energy of maximum yield. The continuous curve represents the section be-
tweenE, andE,;, obtained from dynamic method. Also shown are vectorial
representations of the currentsp( |,, andly,) indicating the studied
interval.

Pa was used. Our system was not developed to deal with
FIG. 1. Scheme of experimental setuf): Keitley meter, (T): high- _metalllc surfaces, for \.NhICh uItr_ahlgh vacuum is required as
insulated coupling capacitofP): signal generator for magnetic coil.A): N usual Surf_ace phySI_CS experiments. Therefore, we cannot
lock-in amplifier,(R): measuring resistor for grid signalfR¢): double-pen  expect the yields obtained for metals to be comparable with
recorder, ¥s): surface potential,\(;, V,, andVy): polarization potential  known values in the literature. Our main intent is rather to

for grid, electrode, and cover, respectivell, (1., 1, andlgg): current — jstrate the applicability of the dynamic method to metals
of electrons incident, emitted, measuring, and recaptured, respectivel)ovhich is done as explained later !

(Ep): primary or incident energy of electrons.

(6) the sample is discharged by means of the electron bearR DM measurements

under conditions that allow the performance of the “self-""

regulating mechanism®:’ In DM measurements we exploit the fact that upon con-

trolling the electron yieldr, one may charge samples posi-

Teflon-FEP samples 5Qum thick, 5 cm diameter, pro- tively or negatively.
vided on both faces with a deposited aluminum Iayer, 3cm (]_) Measurement accessing is in the energy range be-
in diameter, were put directly over the measuring e|eCtrOdeﬁween E, and Ei, the first and second crossover points, re-
supporting the metal samplésee Fig. 2 These were-0.5  gpectively. The beam energy is somewhat larger fhaand
mm thick polished stainless steel and platinum disks. Meathe bias voltag®/, so chosen that the effective initial energy
surements were also carried out with the electron beam img, s a little higher tharE, . For thisV, is made negative and
pinging directly onto the deposited aluminum layer in ordersych that—eV,< E,—E,, e being the electronic charge.
to compare the results with those of the same aluminunthe sample is charged positively, and its potential increases
deposited film exposed deliberately to ambient atmosphergy v causing the effective energl to be equal toEp
for a long time. A vacuum better than 1bPa(1 Torr=1.33  {'eV.. Finally the second crossover poif, is reached,
when charging ends. This is shown in Fig. 3, wh&g is
the energy for maximum yield. The insert shows the current

$3— COVER . .
E E balancel , being the secondary current define las=1,
—lp, with Igze=0. The yieldo is calculated from

DISK OF METAL _— TEFLON
N7 I I
//' o=—-Z=1-— 4 1)
FILM OF AL SUPPORT OF THE SAMPLES Ip Ip
r/////// S AS URING ELECTRODE
,///imq - where the currents are considered negative downvhede-
" BASE fore |, in Fig. 3 is positive.
I em BT " INSULATOR (2) Measurement a_tccessing energies bgﬂi)vand above
— E, . In these case¥, is made zero andEp is chosen, re-
% . . P 1S THC
WIRE spectively:(a) well below E,, with charging finishing when

Vs reaches/g (filament potentigt (b) well aboveE,;, with

FIG. 2. Support of the samples adapted to apply the dynamic method tgharg_ing ﬁniShi_ng \_Nhe'E: Ep+eVs becomes equal tg; .
metal. This is shown in Fig. 4.
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FIG. 4. o as function of energ¥ (schematif. The continuous curve rep-
resent the sections abot#g and belowE, obtained from dynamic method.
Also shown are vectorial representations of the currergs (1, andly,)
indicating the interval studied.

FIG. 6. Total emission yield as a function of energy for a 0.2 mm platinum
disk. Pulse method: section betweEn=0.020 keV andg,=7.0 keV, E,
=2.0 keV,V, was selected from-200 to —1980 V.E,=4.0 keV,V, was
selected from—500 to —2100 V andE,=6.0 keV,V, was selected from
—500 to —2000 V. Dynamic method: section betwe&n and E,, E,
=2.0 keV, V, was selected in-1980, —1800, —1600, and—1200 V and
E,=4.0 keV,V, was selected in-2100 V;1p=2.25 nA.

B. PM measurements

Measurements with short pulséhe pulse duration is
not important and with the metal disk functioning as the

back electrode were carried out for comparison with DM __ . _—
P trating the reliability of the method. In all cases the curves

results. In this method the beam enefgy is fixed and the . .
electrode potentiaV/, is adjusted, step by step, in order to gre_regsonably well su_penr_nposz_eq on each other._Th|s behav-
cover the desired range of energies. ior |nd|c(_31tes that posglble |m.pur|t|Q.such as an oxide layer

on aluminum and platinum diskswvhich should expect to be
present since ultrahigh vacuum was not employed, do not
affect the conductivity of the surface, at least as far as elec-

In Figs. 5-7 we show the yield as a function of the tron emission is concerned. For insulating materials, the two

effective beam energ¥ for a stainless steel disk, a platinum methods indeed lead to different results. For instance, Hessel
disk, and an aluminum deposited film for a beam current ofnd Gros' showed that for polymers- obtained with DM
2.25 nA, but the results are essentially independent of thigre smaller than with PM and depend®n which indicated
parameter. In each case, the results obtained with the PM at@at charge accumulation over the polymer surface impairs
compared with those with the DM starting at different initial the use of the DM method for insulating materials. There-
effective energie€;, either to cover the desired range of fore, even if oxide layers were formed on the metal plates,
energies, as explained in Sec. Il A, or for the sake of illus-they probably are unable to store considerable amounts of

charges, as explained below.

[ll. RESULTS AND DISCUSSION
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FIG. 7. Total emission yield as a function of energy for a 100 nm aluminum

FIG. 5. Total emission yield as a function of energy for a 0.5 mm stainlessdeposited film. Pulse method: section betwegn-0.020 keV andE,
steel disk. Pulse method: section betwdgr-0.020 keV andE;=4.75 =3.0 keV, E,=2.0 keV, V, was selected from-200 to-1950 V, E,
keV, E,=2.0 keV, 4.0 keV,V, was selected from-100 to —2100 V. =3.0 keV, V, was selected from—200 to —1500 V. Section above
Section abové,, E,=6.0 keV,V,=—1000 V. Dynamic method: section E,, E,=4.5 keV, V, was selected from-500 to —1500 V. Dynamic
betweerE, andE,, E,=2.0 keV,V, was selected in-1980,—-1900, and ~ method: section betweeR, and E,, E,=2.0 keV, V, was selected in
—1800 V. In all cases$p was 2.25 nA. —1900 V,—1700 V,E,=3.0 keV,V, was selected ir-1800;1 p=2.25 nA.
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FIG. 8. Total emission yield as a function of energy for a 100 nm aluminum
deposited film that was exposed deliberately to the atmosphere. Pulse Energy(keV)

method: section betwedf)=0.015 keV andE, =3.1 keV,E,=2.0 keV,V,
was selected from-200 to —1980 V,E,=3.0 keV,V, was selected from
—200 to—1200 V. Section abovE, , E,=5.5 keV,V, was selected from
—500 to —2400 V. Dynamic method: section betwe& and E,, E,
=2.7 keV,V, was selected in-2650, —2400, —2100, and—1800 V,E,
=5.2 keV,V, was selected in-200 V; | p=2.25 nA.

FIG. 9. High energy section of secondary electron emission curves in
double logarithmic scale, confirming valuesrofor metals(0.35—0.66 and
insulators(=~0.72.

parameter for metals should use data obtained at ultrahigh
vacuum, but the feasibility of the DM method has neverthe-
In a subsidiary experiment, the aluminum deposited filmless been demonstrated.
was exposed to ambient atmosphere for a long period of
time. As expected an oxide layer developed, which now af{vV. CONCLUSION
fected the yieldr considerably. The positive charge stored in

. ) Using a dielectric between the electrode and the studied
the aluminum oxide layer prevent some low energy electrons 2 : :
" . . Sample it is possible to extend the dynamic method to metals.
(“true” secondary electronsfrom escaping from the sur-

face. thus leading to a smaller in the DM method. as A new result obtained with a sample of a stainless-steel disk
R 9 |~ . shows that the dynamic method works for the metals and
shown in Fig. 8. It is concluded that charges created dunn_qhat if appropriate technical changes could be made, our

the emission process suffer much faster recombination in aratus would provide results similar to those obtained
metals than in insulating materials, and therefore they do no?pp P

modify o. The fact that emission curvesx E obtained from under ultrahigh vacuum conditions. Other samples such as a

both methods are the same and the fact thabes not de- platinum disk and an aluminum deposited filcompatible
L with high vacuum conditionsshow identical values for total
pend on the energl; of the impinging electrons show that

the depth at which charges are created within the sample Osrecondary emission yields when the dynamic and current

their mobility does not affect the results, unlike in pulse methods are applied. We propose that the similarity

11 —— observed for metals is due to the fact that charges generated
polymers.~ This means that the charge recombination pro-_ " . o . - .

: : L . - during the emission and irradiation process do not interfere
cess, which gives origin to low energy electrons, is suffi-

. : : . ith the value of the emission currents because they recom-
ciently fast not to interfere with the electrons that are emntedgine quickly, independently of the depth in which they are
by trr?ssua;qmpfrsul:facfr?.usin the DM and PM methods inde_created, their amount, and their mobility. The different be-

y, up 9 havior observed for a sample of aluminum deposited film

pendently, the sample behavior can be classified as that Oftﬁat was exposed deliberately to the atmosphere for a long

metal or insulator during the emission process. In order tc%. : . o

) . : lime is due to the charges generated during the irradiation
reinforce this claim, we analyzed some of the results quanti: . . oo

. . . that do interfere with the values of the emission currents.
tatively. It is known that for energies much larger tHag ,
the secondary emission yiellis proportionalE™", where
n=N-1. For metald is 1.35 according to Yourt§or 1.66
according to Lane and Zaffarafdwhile in polymers(insu- The authors would like to thank CNPg and FAPESP for
lating) Matskevich* and Burké® quotedN as approximately ~financial support, G. F. L. Ferreira for his encouragement,
1.72. The secondary emission yieswhich we also deter- Dr. O. N. Oliveira, Jr., for proofreading the manuscript, and
mined for a platinum disk and Teflon-FEPintroducing Professor Bernhard Grogadvisor for both authors in their
some modifications in the measuring systénis equal to  Ph.D work, for reading, corrections, and suggestions.
o— 7, Where 7 is the backscattering emission yield. In the
double logarithmic scale the yield curves should therefore bet. Dekker, inSolid State Physicsedited by F. Seitz and D. Turnbull
given by straight lines. Figure 9 shows l6ys logE, from Z(Acad_emic, New York, 1958 Vol. 6, pp. 251-315.
which we obtained thai=0.50 for a platinum disk, which is - Seiler, J. Appl. Phys54, R1 (1983.

H. L. Heydt, Rev. Sci. Instrun1, 639 (1950.

closer to the value expected for metals than0.70 for 43 B jonnson and M. G. McKay, Phys. R&L 582 (1953.
Teflon-FEF. Obviously a precise determination of such a SE. J. Sternglass, Phys. Re35, 345 (1954).
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