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Abstract

Depth-resolved, Doppler-broadening positron spectroscopy has been used to study structural properties of semiconducting glasses. Bismuth:-
and lead-doped, silica and germanium glasses with five different compositions were studied. Conducting surface layers in these glasses
were obtained by reduction in hydrogen atmosphere. Depth scanning with a slow-positron beam allows to follow the temperature and
time evolution of layers modified during reduction processes. However, while reduction processes in inner layers (below a few tens
of nm) are clearly seen in changes of the Doppler-broadened positron-annihilation line, the near-to-surface changes are more complex
and not fully understood. We prove that the positron spectroscopy can help in optimising technological questions of reduction
processes.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction The lead-doped glass is the material traditionally used
in electron channel multipliers. We have started exploiting
Bismuth- and lead-doped silicon and germanium-oxide a new class of bismuth-doped glasses, which necessitate
glasses are used, among other applications, for electronthermal treatments at lower temperatures than lead-doped
continuous-dynode multiplier§l]. To make them con-  glasseg42]. Bismuth—germanate glasses in comparison with
ducting, reduction procedures in hydrogen atmosphere arebismuth—silicate glasses may contain less bismuth so these
applied. The depth of the reduced layer must be thoroughly materials are complementary to each other.
controlled, in order to ensure a high secondary-electrons We have observed, using the atomic force and optical mi-
yield and a low surface conductivity (sefig. 1). In croscopy, some nanometer precipitations of metal inside the
Fig. 1 the surface conductivity versus time of reduction near-to-surface layer and accumulation of metal nano-drops
for samples of series “S” and “G” (see al3able ) are on the surface, after long treatment times, 2h for silica
reported. Furthermore, not only the secondary-electron glasses and about 8 h for germanium glag2&3. The metal
emission coefficient varies with the reduction conditions, drops are Bi and some Ge in the case of bismuth—germanate
but also the ageing properties of the electron multiplier glasses and solely Bi in the case of silica glasses. The pur-
devices. pose of this work is to see the early stages of annealing when
these reduced layers and drops on the surface start to appear,

. o before these layers can be identified by standard microscopy
" We dedicate this article to the memory of Professor A. van Veen, who

has given important contributions to the development of positron physics. teChmques' . . L .
* Corresponding author. Fax:39-0461-881696. We have applied the positron-annihilation technique,
E-mail addresskarwasz@science.unitn.it (G.P. Karwasz). which is depth-resolved and non-destructive, and permits
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2. Experimental

Conducting lead glasses samples were produced from
SiO, and PbQ oxides. Bismuth glasses were prepared
from milled SIQ or GeQ powder and bismuth nitrate
4BiNO3(OH),-BiO(OH). The mixture was decomposed at
700°C and then the obtained mixture was ground again
and melted at 1200C, see Ref[2] for details. Five series
of conducting glasses were produced: one lead-silica, two
bismuth—silica and two bismuth—-germanium glasses. De-
tails on stoichiometry and thermal treatment are given in
Table 1

Thermal treatment in hydrogen atmosphere was done to
create surface reduced layers. The annealing temperature
was 300 C for bismuth—silica glasses of series |; 34Dfor
bismuth—silica glasses of series Il and bismuth—-germanate

Fig. 1. Changes in the surface conductivity for silica-based (“S” series) glasses of series Ill and IV, and 400 for lead—silica glasses
and germanium-based (“G” series) bismuth-doped glasses (adapted frompf series V. During reduction both oxygen and water vapour

Ref. [2]) during heat treatment at 34C.

were desorbed from the samples.
Positron-annihilation spectroscopy is a non-destructive
technique permitting to determine essentially the presence

to study defects at sub-nano-scale, i.e. single vacanciespof defects in solids. Defects, like vacancies and dislocations
dislocations, and change in the structure of the materials. constitute trapping centres for positrons injected into sam-
Glass samples, similar to those used in our stidlywere
prepared and characterized at Gdafisk Technical Universitythe shape (broadening) of the annihilation gamma line, at
while positron measurements were done at Trento Univer- 511 keV (see Ref5] for details about positron techniques).

sity. Partial experimental results of positron investigation In the present measurements the Doppler-broadening of the
have been already publish§8i4] but the complete, com-
parative analysis for different glasses is performed only beam described elsewhere, was ufgd Positron implan-

ples and cause the rise of positron lifetimes and changes in

annihilation line was studied and a variable-energy positron

now. tation energyE was changed from 50eV to 25keV. This,
Table 1
Stoichiometry, thermal treatments, and positron-annihilation data for surface-conducting glasses
Series Stoichiometry (density) Symbol Thermal treatment Reduced layer
From-to (nm) S (surface) From-to (nm) S (bulk)
| Bio.3Sio.701.85 (5.8 g/cnt) A0 As-received - 0.516 - 0.489
Al 300°C/3.3h 0-20 0.5252 - -
A2 300°C/25h 0-25 (?) 0.504 25-500 0.540
A3 300°C/91h 0-8 0.54035 35-8 0.542
1l Bi0.57Si0.4301.72 (6.46 g/crﬁ) SO As-received - 0.492 - 0.469
Sla 340C/0.3h 0-8 0.490505 - -
Si1b 340°C/0.5h - - 0-210 0.535
Slc 340°C/0.8h - - 0-600 0.540
1 Bi 03Gey 70185 (5.65 g/crﬁ) BO As-received 0.495 — 0.477
B1 340°C/0.4h 0-12 0.484 - -
B2 340°C/1.3h 0-6 0.5084 15-300 0.519
B3 340°C/4h - - 5-700 0.531
B4 340°C/5.5h - - 3-1000 0.532
\Y] Bi 0.33G&.6701.84 (5.77 g/cn?) GO As-received 0.493 - 0.471
Gl 340°C/0.8h 4-70 0.484 - -
G2 340°C/2h - - 15-120 0.507
G3 340°C/7h - - 15-800 0.525
\% Phy.4Sin. 6020 (5.46 g/cni) CO As-received 0.515 - 0.497
C1 400°C/21h - - 1-700 0.536

Thickness of the reduced layers (in nm) a®garameter are determined using VEPFIT progfafti. Surface and bullS-parameters are given in sixth

and eighth columns, respectively.
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according to a simplified formul]: d = (40/p)EX-® (where 3. Results

p is the sample density in g/cind is expressed in nm and

E the energy in keV) gives the positron implantation range  Results ofS-.parameter measurements and VEPFIT anal-

down to 1.0um for the heaviest glass at 25keV implanta- ysis of the samples reported ifiable 1 are presented

tion energy. in Figs. 2-7 In Fig. 2 we present theS-parameter data
A high-purity germanium detector with 1.3keV resolu- for non-reduced samples (for clarity we show only the

tion and 24% detection efficiency was used to monitor the “smoothed”, VEPFIT results) and we compare with the

shape of the annihilation line. We have evaluated this energydata from other laboratories for natural qugtt2] and for

resolution on the basis of FWHM of the 356 ké¥Ba line

(FWHM was 1.08 keV). The stability of the energy resolu- 0.54

tion of the detector and the stability of the positron beam I o . "'1_”._‘;‘"‘2
was controlled thoroughly by methods described elsewhere 053 " i'gcé B ]
[6-8]. 0.52- S0
, . S I N SO0 (Bi/S
The Sparameter, defined as the ratio between the num- 1= U BO EG'e/gi)
ber of counts in the central part of the broadened 511 keV _ °~51j ——— GO (Ge/Bi)
line and the total number of counts in this line is commonly § 050 —— CO (Si/Pb)

used to monitor the presence of defects in solids. In pres- g
ence of open volume defects, this parameter rises as com & 0497
pared to a defect-free material, due to the enhanced probabil® 44
ity of annihilation with valence (i.e. low-momentum) elec- :
trons, sed5]. In the present measurements thparameter 0.474
is defined as the number of counts in tbé1keV— E, | < 0464
0.85keV window compared to the total number of counts T —— ——ry
in the [511keV— E,| < 4.25keV peak. ThaN-parameter 01 1 10
defined as the ratio of positrons in the “wing’6keV < Energy (keV)

[511keV— _EV| = 4‘0_ k_eV_ range to t_he Over?‘” ar.ea of the Fig. 2. The Sparameter dependence for as-obtained glass samples, see
peak describes annihilation of positrons with high-energy tapie 1 for samples description. The fit on the experimental curves
electrons (i.e. core). ThBversusW curves permit to extract  obtained by the VEPFIT11] programme. Quartz data were taken from

partial information about chemical elements surrounding an measurements of Fujinami et 41.2]; data for synthetic silica glass are
open volume defect taken from measurements of Anwand et[&B]. Brazilian quartz samples,

Th . tal taint inlv d d th as measured by Anwand et E3] (with energy resolution for th&-curve
€ expenmental uncertainty mainly depends on e of 1.09 keV) show a similar dependence as the data of R&f.but are

counts accumulated in the annihilation line. Several spec- much lower (0.42 in bulk) — out of scale on this figure. The quartz and

tra, up to typically 2x 10° counts have been accumulated silica data have been rescaled on abscissa scale, in order to account for

per point. Lower total counts characterise points at positron the difference in the sample density.

implantation energies below 1keV, see R§]. As a

conservative number we give a 0.5% statistical error on Mean positron implantation depth (nm)

Sparameter values above 1keV implantation energy and 0.55 o 1 ””‘1‘0 ' ””‘100 _

somewhat higher uncertainty at lower energies. D ' ' '
Present spectra have not been deconvoluted for the energ'  .54-

resolution of the detector: as the reference value we quote

the value ofS = 0.523 from our laboratory for the bulk of 0.53 1

defect-free p-type, floating-zone grown silicon, which we

1000

0.52

used previoushf9,10] for normalization of silicon-related g ]
spectra. With this normalization, th&parameter in bulk g 0151_' |
quartz, as given in revieyb] would amount to 0.465 and § ]

for SiO, layers thermally grown in dry deposition processes ® o504 -

it would be 0.51. 1
The S versusE curves have been analysed with the 0.49
variable-energy-positron fit (VEPFIT)11] program that ]
AN . : : 0.48 +————r7 ————rrrr e
models the diffusion and trapping of positrons after their o1
implantation and thermalization. The program permits Energy (keV)
to determine the depth of up to six layers with relative
ig;;%?gltliri?r&ittgl'em?r?zlstr?r?édjggrs;ﬁelteer:glfgrlrlf?(jcshaLiYer fqr bismuth—silica glasses (series |, with Si molar contents highgr than
! Bi). Modelling of the S-parameter curves, has been performed using the

ple surface and thé&-parameter for epithermal positrons vEPFIT [11] program. Increase oB-parameter in the formed reduced
(injected to the sub-surface layer). layer with rising reduction time is clearly seen.

Fig. 3. Positron-annihilatios-parameter vs. positron implantation energy
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Fig. 4. Positron-annihilatio$-parameter vs. positron implantation energy ~ to series Ill).
for bismuth-silica glasses (series Il, with majority of Bi). Modelling of the
Sparameter curves has been performed using the VEPRITprogram.

Si/Pb glass (sample “CQ") is probably a VEPFIT artefact —
experimental data are much scattered, due to a lower count-
silica glass[13]. Please, note that due to different energy ing rate in those measurements.) This behaviour resembles
resolutions between our and othf2,13] experimental  the dependence for defect-free qudtt2], seeFig. 2 Also
set-ups, only general shapes of curves can be compared anghy the synthetic quartz, th@parameter falls monotonically
not their absolute values. with the positron implantation energy, see Ré&f3]. From

The values ofS-parameter show rather big differences Fig. 20ne notes that the surfaBevalue are almost the same,
between non-reduced and reduced glasses — reduction prog 515 for glasses “A0” and “C0”, in which silicon is the ma-
cesses generally rise ti&parameter, compare€ig. 2 with jority component over bismuth or lead, respectively. On the
Figs. 3-7 It seems that for th&parameter, the changes other hand, in sample “SO0” containing more Bi than Si and
in the chemical composition of glass are less important j, samples Ge/Bi (“B0”, “G0") the surfac8value is lower
than reduction processes. For reduced glass samples, th?about0.493). Note that both for quaft2] and for the na-
S-parameter shows non-monotonic dependencies, risingtive oxide on Si from Trento laborator] the Svalues at
with the depth for hlgher reduction times. the surface are |0W, about 0.495.

The Sparameter for all as-received glasses falls mono-  The bulkSparameter value for non-reduced samples does
tonically with the positron implantation energy. (A bump for - not correlate with solely one of the metallic components:
the highest bulk value (0.497) has been measured for Si/Pb

Mean positron implantation depth (nm)

0.54 ,”9;1 S 1| N 1'O —— 1?0 . ,,1,(,)'00 Mean positron implantation depth (nm)
| * ] 0.1 1 10 100 1000
0,534 : 2? R ] 0,55-.....l — Ty T T
0.54 1 -
0.52- o B2 .
*
8 0514 + | 0.53 - .
2 5
g T 052 -
5 0.50 4 2
a | S
©
@ 0.49 . o 9517 .
0.48 — 0.504 -
0.47 T T T T T 0.49 .
0.1 1 10
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Fig. 5. TheSparameter for bismuth—germanium glasses (series Ill). Note
a complex change of th&level with the reduction time for the first Fig. 7. TheSparameter for lead—silicon glasses (series V). Modelling of
10 nm depth. the Sparameter performed using the VEPHIIL] program.
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glass, a lower (0.489) for Si/Bi glass “A0” and the value the whole series only one reduced layer is seen. In sam-
of 0.47 for Ge/Bi. TheS bulk value in Si and Ge glass ple “Sl1a” it resembles the thin layer in “A1” and extends
decreases as the content of Bi increases. What seems to bdown to about 10 nm, with th&parameter only slightly
dependent on the glass matrix type is the diffusion length, higher (0.49) than in the non-reduced bulk. In samples
which amounts to 15-20 nm for Si-based glasses (samples'S1b” and “S1¢ — a single layer with a higts-parameter
“A0”, “S0” and, less evident, also “C0") and to 35—40nm (0.54), extending down to 200 and 600 nm, respectively, is

for Ge-based glasses. observed.
Structural changes in reduced samples (of series Il and Germanium-based bismuth glassegé. 5 and Hshow a
IV) were previously studiedi2,3] by the atomic force mi-  somewhat more gradual rise of tBgarameter value in the

croscopy, optical microscopy and X-ray diffraction meth- reduced inner layer than it was seen for “S1b—S1c” samples.
ods. For example, after 44 h reduction time in Si/Bi sam- For example, both for “S1b” and “B2” samples the modified
ples (series Il) rather big, about ldn, microcrystals of inner layer extends down to 200—300 nm but for “B2” sample
rhombohedric Bi on the surface and a & thick layer the S-parameter is lower, about 0.52, than the “saturation”
of Bi-granules embedded in the glass were observed. Forvalue (0.532 for sample “B4”). Similarly, in samples “G”,
the same long reduction time, Ge/Bi samples show a thin, the S-parameter rises gradually in the (inner) reduced later,
4 um layer of embedded granules and nano-drops of Bi with from 0.47 for non-reduced bulk (“G0”) to 0.507 in sample
some admixture of Ge metallic phase on the surfi@je “G2” and 0.525 in sample “G3".

In positron measurements we observe, with long reduction The changes o&-parameter in the first 10 nm in Bi/Ge
times (seeTable 1), a general rise of th&parameter, to  glasses are quite complex. Reduction times shorter than 1/2 h
about 0.53-0.54, almost independently on the kind of glass. (samples “B1” and “G1") cause a decrease of$halue in
Such high values have been measured for highly defectedthe first 10 nm, below the values for “as-obtained” glasses,
SiO, non-stoichiometric layers, s48] (we reported there  seeFigs. 5 and 6In sample “B2”, treated for 1.2 h we ob-
theS-parameter values normalized to silicon bulk — without served a rise of th&parameter in the first few nm. With
normalization theS-parameter would amount to 0.53-0.54, longer reduction times, when the inner modified layer is well
depending on oxygen deficiency in S)OIn the reduced  developed, the near-to-surfaBgarameter is again low, be-
layers nano-precipitates of Bi in Gg@nd SiQ matricesare  low theS-received value (samples “G2”, “G3”, “B3”", “B4").
formed. In such a structure positrons are expected to mainly Somewhat similar changes can bee seen also for “A” Si/Bi
annihilate in defects at the interfaces of nano-precipitates series, but for Ge/Bi glasses they are more evident. We re-
and the open structures of SiP] and GeQ, giving the call the conductivity curvekig. 1, in which lowering of the

observed increase of ti&parameter. surface conductivity is observed for Ge/Bi glasses for 1-2 h
Let us consider first Si/Bi glasses: the two series “A1-A3" annealing time.
(Fig. 3) and “Sla—S1c”Kig. 4 show some essential dif- VEPFIT analysis hardly gives any quantitative insight on

ferences. Samples of series “A”, with 30% molar contents these near-to-surface changes of tparameters. Mod-
of Bi (relative to Si), require very long (up to several days) elled Svalues depend on several input data, like epithermal
reduction times in order to obtain satisfactory high surface positron scattering length and the diffusion length, and
conductivity and secondary-electron emission coefficients these vary with changes in the glass structure (and den-
[3]. FromS-curves one notes that 3 h reduction time (sample sity). Qualitative analysis would indicate different type of
“Al") do change this glass, apart from the very superfi- changes in inner and outer layers. In the inner layer a more
cial, 20nm deep laye— a slight rise of theS-parameter defected structure, resembling Si{20], while in the outer
is observed, seg@able 1 In sample “A2”, heated for 25h, = — a more compact3rises but remain lower than in Si
the near-to-surface layer seems to disappear if compared tanetal-enriched composition is observed. For example, Then
“Al” — a modified layer with a high value o&parameter  and Pantandl] observed a silicon rich zone in the outer
(0.54) extends from 25 to 500 nm depth. However, in order 20-50nm layer of the surface layer. Other techniques,
to reproduce th&-curve in sample “A2” we had to assume more element-specific thais-parameter measurements,
two layers and a non-modified bulk. The near-to-surface must be applied for understanding differences between
layer extends down to 25 nm and shows Swealue (0.50) the two layers observed in our present and previfd]s
slightly higher than that in non-reduced bulk (0.49); the measurements.
positron diffusion length in this layer is about 5nm, much  Changes in lead glasses, series “C” are clear although
shorter than in the bulk. In sample “A3” (heated for almost experimental errors are somewhat higher than in series
4 days) both, the near-to-surface (first few nm) and the I-IV. The reduced layer in sample “C1” extends beyond the
deeper (below 35nm) layers have the same, high (0.54)positron-implantation range of our apparatus.
Sparameter indicating a new structure with more open It is important to note that in spite of the fact that
volumes. Sparameters in non-reduced samples differ much between
In samples “Sla-Sic”, silica-based with a higher con- single glasses (from 0.47 to about 0.50), in all reduced
tents of bismuth than series in “A”, we do not observe glasses theSparameter values are closer (0.53-0.54).
such a complex reduction dynamics as in series “A”. For The Sparameters in reduced layers prove to be almost
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05 +——7F——F—T T T T T 71— defects, then th&\V/S plot shows some separated straight
024 ("\l/b“"‘ 1 segmentg14].
] \% ° S0 ] In Fig. 8 we compare two types of glasses, Si/Pb and
0.23 oi:;‘;},\ 2}2 . Si/Bi. The points for these two glasses form two distinct
_ 022_‘ °"~Aq:§ﬁ . st | triangles (with vertices signed by circles): annihilation sites
2 1 ST ] are not the same in the two types of glasses. This confirms
€ 0.21+ . the conclusions from “as-received” curvdsg. 2 — the
g 0 20_‘ ] annihilation sites arglass-specifiand not related to one of
=z ] : the components, Si or Pb (Bi). For the non-reduced sample
0.19 - : ' reduced laye] “S0” only one surface and one bulk annihilation-si'ge; are
0 18_‘ 1 p_resent. For samples “S1a—S1c” another type of annihilation
] sites appear.
71 . For Ge/Bi glasses, sekig. 9, the spread of points is
046 047 048 049 050 051 052 053 0.54 055 somewhat large but essentially full points (“G” series”) and

S parameter open points (“B") series occupy the same region of the
Fig. 8. Positron-annihilation parameted vs. S plot for selected S-W plane: anmhllatlon_ Sltes_ _are_the same in both glasses.
bismuth-silicon and lead-silicon glasses (series Il and V). Experimental HOV‘_/ever! the _Un'VOQaI identification _Of the atoms near Fhe
SW points lay on two different triangles for the two glass series, with POSitron-trapping sites would require investigation with

vertices signed by circles. In “as-received” “S0” glasses the (open) points positron-coincidence techniqu{.ﬁ@]_
lay on a segment between the upper (open) circle, corresponding to a

surface-annihilation site and the middle (open) circle corresponding to a

non-modified bulk. The lower vertex of the open-circle triangle corre-

sponds to annihilation sites in the modified glass. Similar dependencies

are observed of Si/Pb glass (full points and heavy-line triangle). 4. Conclusions

Present analysis of positron measurements prove to be

independent on the kind of glass (0.54 with experimental complementary to other methods used in characterisation
error for silica glasses, 0.53 for germanate glasses). of conducting glasses. The positron beam method allows to
To get some more |ns|ght on the nature of positron_trappinng”OW the growth of the modified Iayer with the reduction
sites, inFigs. 8 and 9ve show plots of thaN-parameter  time, in particular at early stages of the process. For example,
versus theSparameter for four series of samples. ThES silica glass samples “A3” (Bi) and “C1” (Pb) show that the
plots allow to determine how many types of annihilation used reduction times (91h at 300 and 21h at 400C,
centres co-exist in the glass. If the annihilation takes place respectively) caused “over reduction” of the samples: the
only in the surface-related and in the bulk defect-free sites, reduced layer thickness extends over 1000 nm (sgs. 3
all W/S points lay on one segment. If several kinds of anni- and 7. Samples of series Il-IV, annealed at slightly higher

hilation centres co-exist in the material, surface, bulk and temperature (340C) have thinner reduced layers, so it is
possible to observe them for the entire sectiBigg. 4—6.

We observe also some changes in near-to-surface layers,

0.25 — — like for samples “A2",“S1a”, “B1”, “G1". However, positron
1 measurements are not able to show the presence of any
0247 & o BO ] metallic layers on the surface and indicate only a complex
0.23 E " = Bl | dynamics of the reduction processes in the near-to-surface
1 Bt v B2 layers.
8 0% L. 0 ° B3 7 The conclusion that the bulk values Sfparameter de-
g o214 pi 2 ~ B4 ] pends on the whole composition of tgeassand does not
g 1 " R correlate just to one metallic component is important. It in-
; 020 . GO o " e i dicates that positrons annihilate in sites surrounded by sev-
0194 s+ G ‘:b%",@ 4 eral different atoms — the glass seems to be homogeneous
] v G2 o at a nano-scale.
0.18+ ¢+ G3 b Essential difference between silica-based and germanium-
0‘17' — ] based bismuth glasses is that in Ge/Bi glasses more gradual
046 047 048 049 050 051 052 053 054 changes of th&parameter in modified layers are observed
S parameter than in Si/Bi ones. Also, for similar treatments, like for

samples “S1c” and “G3", the reduced layer remains some-

Fig. 9. Positron annihilatiokV vs. S plot for selected bismuth—germanium hat thi i te q Th f Ge/Bit
glasses (series Il and V). These data show a bigger scatter than the dataVNaL thinner for germanate glasses. ereiore, /bl types

from Fig. 8 but all of them lay in the same region of W plane, of glasses seem to be more appropriate for technological
indicating a similar nature of trapping centres in both samples. applications than Si/Bi glasses.



D. Pliszka et al./Journal of Alloys and Compounds 382 (2004) 257-263

References

[1] A.M. Then, C.G. Pantano, J. Non-Cryst. Solids 120 (1990) 178.

[2] B. Kusz, K. Trzebiatowski, M. Gazda, L. Murawski, J. Non-Cryst.
Solids 328 (2003) 137.

[3] D. Pliszka, M. Gazda, B. Kusz, K. Trzebiatowski, G.P. Karwasz, W.
Deng, R.S. Brusa, A. Zecca, Acta Phys. Polon. 99 (2001) 465.

[4] B. Kusz, D. Pliszka, M. Gazda, R.S. Brusa, K. Trzebiatowski, G.P.
Karwasz, A. Zecca, L. Murawski, J. Appl. Phys. 94 (2003) 7270.

[5] P. Asoka-Kumar, K.G. Lynn, D.O. Welch, J. Appl. Phys. 76 (1994)
4935.

[6] R.S. Brusa, G.P. Karwasz, M. Bettonte, A. Zecca, Appl. Surf. Sci.
116 (1997) 59.

[7] A. Zecca, R.S. Brusa, M. Duarte-Naia, Measur. Sci. Technol. 5
(1994) 61.

[8] A. Zecca, M. Bettonte, J. Paridaens, G.P. Karwasz, R.S. Brusa,
Measur. Sci. Technol. 9 (1998) 1.

263

[9] R.S. Brusa, G.P. Karwasz, N. Tiengo, A. Zecca, F. Corni, R. Tonini,
G. Ottaviani, Phys. Rev. B 61 (2000) 10154.

[10] R.S. Brusa, G.P. Karwasz, G. Mariotto, A. Zecca, R. Ferragut, P.
Folegati, A. Dupasquier, G. Ottaviani, R. Tonini, J. Appl. Phys. 94
(2003) 7483.

[11] A. van Veen, H. Schut, J. de Vries, R.A. Hakvoort, M.R. ljpma, in:
P.J. Schultz, G.R. Massoumi, P.J. Simpson (Eds.), Positron Beams for
Solids and Surfaces, AIP Conference Proceedings, vol. 218, London,
Ontario, 1990, p. 171.

[12] M. Fujinami, N.B. Chilton, K. Ishii, Y. Ohki, J. Appl. Phys. 74
(1993) 4540.

[13] W. Anwand, G. Brauer, M. Hasegawa, O. Dersch, F. Rauch, Acta
Phys. Polon. A 99 (2001) 321.

[14] M. Clement, J.M.M. de Nijs, P. Balk, H. Shut, A. Van Veen, J. Appl.
Phys. 79 (1996) 9029.

[15] W. Deng, D. Pliszka, R.S. Brusa, G.P. Karwasz, A. Zecca, Acta
Phys. Polon. A 101 (2002) 875.



	Positron-annihilation monitoring of reduction processes in conducting glasses
	Introduction
	Experimental
	Results
	Conclusions
	References


