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PARAMAGNETIC CENTERS INDUCED BY GAMMA IRRADIATION
IN B,03-GeO, GLASSES

M PETEANU', L. COCIU' , 1 ARDELEAN!

ABSTRACT Borogermmanate glasses of the system B,0;-GeO. subjected to gamma
mradiation, were studied by means of EPR Iracation induced centers, reveahng
structural and compositional details of the matrix were detected Both electron- and
hole-centers were 1dentified. These are electron trapped at a hydrogen compensated
germanium 10n centers, boron oxygen hole centers; electron trapped at an oxygen

vacancy centers

Introduction The scientific interest concerning the structure of borogermanate glasses 1s
yustified by therr technical applications [1, 2] The system B;05-GeO, was less studied The
purpose of our research was to prepare stable vi1‘xeous matrices corresponding to this system, to
check 1ts structural stabihty when subjected to wradiation, and to umprove its properties if the
detected structural damages would be too large The investigation techmique was EPR.

Our results concerning the paramagnetic centers detected m irradiated borogermanate
glasses by means of EPR, and the revealed compositional and structural details, are reported as

follows.

Experimental. Glasses of the system B,0;-GeO, were prepared by melting the
corresponding oxide mixtures m an electric heated furnace, at 1250°C. Smtercorundum cructbles
were used After 0 5 h of stabilizing at this temperature, the molten material was rapidly quenched
m air, on a stamless-steel plate. Typical glasses, 1 both aspect and structure were obtained The X-
rays diffraction analysis did not show any crystalle phase.

Trradiation was performed at room temperature by usmg a “Co unit,

EPR absorption spectra were detected at room temperature by using a JES-3B equipment,
m X-frequency band, and 100 kHz field modulation.

Results and discussion. Prior to uradiation the studied samples did not show any EPR
absorption
The spectral structures detected after irradiations by means of EPR, are well resolved

complex ones and, as will be ponted out latter, may be regarded as a superposition of several

! Babes-Bolyar Umversity, Faculty of Physics, 3400 Cly-Napoca, Romana “
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contributions

Defect formation occurs at low y doses suggesting 10mzation processes

The EPR absorption spectrum corresponding to a sample irradiated at about 15« 10°
Gy 1s presented m Fig 1 There are the margmal lmes of a hyperfine doublet (1), and a
central set of sharper hnes (2), partially covered by a very mtense absorption lme (3) By
companing the EPR parameter values (lme height, linewidth, intensity, g factor values, etc) and
the shape of the absorption
hine composing the spectrum,
it was possible to made
distinction  between  these
types of spectra
superrmposed m the final
pattern The lines of the

3340

®

3420
3430

doublet (1) are separated at
about 120' G, and differ m
shape, suggesting  that
hyperfine amsotropy contri-

3500

butes sigmficantly to the

observed broademing The

N 0 x10 corresponding g tensor 1s

3300

axial, and the calculated
@ values are g = 2.0006 and
~H " g. = 19987. The sharper

central Tmes (2), separated at

Fig. 1 EPR absorption pattern of B,O3-GeO, glasses after y iradiation at a about 14 G, are components
dose of 15-10° Gy

of a hyperfine structure due
to mteractions with the nucleus of boron atom. This structure overlaps with the wings of the
mtense central Ime (3), which 18 a characteristic pattern for a center with S = 1/2, and an axially
symmetric g tensor having the values g; =2 0033 and g. = 1 9976

This distinction was also pomted out by the specific evolution of the absorption lines as
mcreasing the dose of irradiation, and dunng a thermal treatment m a bleachmg expermment The
evolution of the EPR absorption pattern as rising the nradiation dose was followed with respect to
that of a "standard" sample This was a fragment of the mvestigated glass previously subjected to
wrachation (4 5-10° Gy), and preserved as reference Another fragment was progressively
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irradrated and after each stage of irradiation its spectrum was line-by-line compared to that of the
standard, simultaneously recorded The resulted evolutions are presented m Fig 2. Accordmg 1o
the diagrams in Fig 2 the absorptions (1) and (3) tend to saturate after a dose of 6° 10° Gy,
while the absorptions (2) did not reach saturation even at a dose of 15+ 10° Gy

When thermal treated, the absorptions correspondmg to (2) disappear after 250°C, and
those corresponding to (3) disappear at annealing temperatures of about 270°C.

The paramagnetic centers giving mise to the above mentioned EPR absorptions, were
identrfied as

(1) - an electron trapped by the Ge aiww, wierictmg with the pucleus of a charge
compensating hydrogen
The bydrogenic ongin of a 119 G hyperfine donblet observed 1 a vanety of irradiated vitreous
sthca samples was proved by Vitko [3] by uwsing various tnesns of deutezaton. The most
satisfactory model suggested by hus study atinbutes the 210 (5 dowblet to 2n eleciron trapped at a
L, drogen-compensaied substitutional germasivm iepuuty The comuonsating hydrogea nought no.
Le presem ai the defect eite pnos to wiadiation Lat subreguently mupraies there The case of 2
feurfoid coordmated Ge™” subsitutional v 81, was studesd by Wed [4], the charge champensat:on
pormg cupplted by two alkal or two ny-irogen was frradiabon 1evfs w the formation of Ge'H
(1), vnth g values 0f 2 00115, 1 99622, 1 99456 resparirnety and 2 large temperany o dependent
W avperdse sphiting Such detesis savelnng ez b droger hvocisne sphomg way oomlaip 2o
1i% G Joutler i3]

In onr glasses H 10n could be nemer 1o Ge' with  lareer resugting hypasfine sphiong

(2) - fhe boron oxyzen hole center having the characienstic hypei{in: sttuctwe duc to
vocos, Zrviag rise to a four-line spectrum

Tn low alkali borates trapped hole cente:= were found to be stable af 100m wmperature,
Thase yield a "five lme plus a showider” spectrum } 5], synthesized by Griscom et al [6] usmg
@ = 2002, & = 2010 and g- showmgz » dwinbuton abum 2 035 The model of the so cali~i
o, on-oxygen-hole-center comsistent wub thers patameiers aad with the associated ~i0 G
sypedfine coupling constant was & hole freppel at ¢ budging oxygen connechug a three-
ccordmated boron with a four-coordmated oue {5, 0]. As the 2lkak content used above 25 mol %
the five-lme plus a shouider spectrum twrned wtn a four-hae spectrum assigned by Lee and Bray
[71 1o a hole on a {(BO;) oxygen as disimct from a beidgmg oxygen Griscom [8] showed that both
four-lme and five-lme spectra can be synthesized vemg spin Hamiltonians differmg m munor ways
(the g, value and the width of the g5 distnbuuon fimction) This wmplies that a smgle center
perturbed progressively by environmental changes nught be responsible for both spectra.
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The structure
h/Ls T B/hs Jabeled (2) in our specira
3t [ was identified as a four lime
6 | BOHC by comparing it
r »”  with the spectrum corres-
ponding to an irradiated
borate glass. The similarity

was evident m both shape

1 1) )

0 5 10 15 ¢ 5 10 15
DOSE (Gy+10°) DOSE (Gy»10%) and hyperfine spliting of

the two spectra.

1y
»

AtIg/ Tss

(3) - the GeE' defect
having the unpaired electron
1r at a nonbridging orbital of

Ge with an oxygen vacancy

] >
>

0 5 10 15 The paramagnetic
DOSE (Gy.10%)
Fig. 2. Defects formation dependence on the dose of irrachation. The mtensity of state of GeO, m glass and
each absorbtion line was related to a corresponding hine 1n a "standard” spectrum the pOWdered cryst Iime
chosen as reference

phases, after 1rradiation,
were mvestigated by Weeks and Purcell [9, 10] A charactenistic powder pattern for a center with
S = 1/2 and an axially symmetric g tensor, having g; = 2 0016 and g = 1.9957 was detected as
being charactenstic to 21l glass and hexagonal crystal-phase specimens for irradiations at room
temperature. It was proposed the model of an electron trapped at an oxygen vacancy [9] It was
assumed that only one of the sp® hybrid orbitals of Ge at an oxygen vacancy furnishes the trapping
level, that 1s, the overlap of the sp orbital from the other Ge 10n is small Thus, the g tensor at a
trapped electron (8 = 1/2) should be axial and gy approximately equal to the free electron g value

The axial symmetry and the values of g; for the experimentally detected lme of our
samples, agree resonably with the previously reported data {9, 10]

According to diagrams m Fig 2 the Ge-involving centers reach rapidly their maximum
concentration in the matrix duning irradiaton The B-involving ones accumulate progressively
when prolonged the irradiation process

Defect formation was mhibit by small amounts of paramagnetic 1ons, namely Cu’,
dissolved mto the matnix [12] Both boron and germamum environments were strongly mfluenced

Because of the gradual removal of the four-coordinated borons and of the oxygen vacancies when
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Cu®" progressively enter the matnx, the concentration of the paramagnetic centers mduced by
iradiation dimimsshed rapidly, until their total disappearance

Conclusions. Prior to irradiation the samples corresponding to the B;03-GeO, vitreous
system did not show any EPR absorption

The EPR spectra detected after y irradiation are typical for the wradiation-induced
paramagnetic defects, in both shape and EPR parameter values

Defect formation occurs at low y doses suggesting 1onization processes

The structure of the recorded spectra 1s a complex one, and may be mterpreted as a
superposition of contributions These are due to several types of paramagnetic centers

The hyperfine doublet of lines separated at about 120 G was 1dentified as arismg from an
electron trapped at a hydrogen compensated germanum ion center, evidencing amounts of
dissolved hydrogen 1n our samples

The sharp central hyperfine structure was identified as beng a four-line boron oxygen hole
center, after compansons with the absorptions due to a y-irradiated borate system

The central mtense line 1s due to the GeE' paramagnetic center, arnismg as electron trapped

at an oxygen vacancy.
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ELECTRON PARAMAGNETIC RESONANCE OF Mn’ IONS IN
' Bi203-GeO2 GLASSES

M. PETEANU,' I. ARDELEAN!, S, FILIP?, L. TODOR', G. SALVAN',

ABSTRACT. Structural details of bismuth-germanate glgsses of the B1p03-
GeO9 system were mvestigated by means of the EPR of Mn  10ns within a large
range of concentratons The paramagnetic 1ons distribution m the matnx, as
mvolved m several types of structural units, revealed 1solated 1ons entering the
matox m low-symmetnic vicinities, and complex clusterized aggregates of
manganese A great structural stability of the matrix 1 accumulating MnO was
evidenced

Introduction. When EPR absorptions are detected in oxide vitreous systems
containing manganese, these are due to Mn2* (3d5, 6Ss/) paramagnetic 1ons Generally, at
low mmpunfymg levels, Mn2* enter the system as mvolved m structural units building the
network thus ordermg the matnx i their vicimty In such cases the dopant ions are
magnetically 1solated When the structural units involving Mn2+ are structurally alike to each
other, the hyperfine structure (hfs) due to the mteraction with the nuclear spm (I = 5/2) 1s well
resolved The resolution is preserved when the mdividual width of components of the
hyperfine sextet does not exceed the separation between them The ligand field fluctnations
cause the components broadening and consequently the loosing of resolution Another
mechanism of the absorption lme broadening 1s the dipolar interaction, which increases with
the paramagnetic 10ns concentration imcreasing

Over a certamn concentration range the network sites available for such isolated
impurities are occupied, so the next manganese enter the matrix as network modifier The
mvolved structures are more complicated and become clustered formations of 10ns at higher
concentrations. During the dopant 1ons accumulation m the vitreous matrix, the mitially
aci:ept‘e:d 100s vicinities 4qtenorate, the hfs resolution 18 compromused, and the absorption line
1_5 prqures51ve1y overlapped ?y the large envelope resulted from all contibutions

e b;apending on the glass composition, the structural umts contaimng Mn2" may be
highly symmetric giving absorptions centered at g = 2.0 values In the spin hammltonam the
Zeempn term 1s the principal one, all other acting as perturbations Such absorptions
characterize the spectrum of Mn2* 1ons m alkali-borate systems, they are mtense and show a
we]i resolved hfs [1-6]

' “Babes-Bolym" Unwversity, Faculty of Physics, 3400 Cly-~Napoca, Romania
* Umwversuty of Oradea, Department of Physics, 3700 Oradea, Romama
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Fig 1 Spectral features of the EPR absorption of Mn2* 1n xMnO (1-x)[B1203 GeO2]
glasses at low content (2) and high content (b) of manganese

The distorted versions of these structural units may also be involved, and for the very
distorted vicinities the absorptions centered at g = 4 3 values arise There are several low-
symmetric vicinities giving rise to such absorptions [7] The theoretical approach for these
resonances accounts for the strong higand field effects In the spin hamiltonian describing the
Mn2™ state, the term corresponding to the crystallime field mteraction 15 taken as principal, the
others, mcluding the Zeeman one, act as perturbations [8-11] The hfs of the g = 43
absorption was reported 1n chalcogenide glasses [12-14] Schreurs [9] was the firstto observe

the hfs resolved at absorptions with g >>2.002, m oxide vitreous matrices having a complex

10



ELECTRON PARAMAGNETIC RESONANCE

composition In tellurite systems previously investigated by us [15, 16] we detected mtense
absorptions at g = 4 3 having the hfs very well resolved, on a short concentration range Their
width and intensity abrupily decreased for x > 1 mol % MnO. Interesting results concerning
the local structure of the magnetically active Mn2* centers 1n halide and chalcohalide glasses
were recently obtammed [17-19]

In the past few years glass systems based on heavy-metal oxides (bismuth and/or lead)
were 1nvestigated [20]. They are characterized by high density, high refractive index, high
thermal expansion, low transformation temperature and excellent infrared transmission Since
the network bond strengths of heavy-metal oxide glasses are relatively weak compared to
those of silicate and borate glasses, the glass forming regions are comparatively hmuted
[20-22] Nakamura et al investigated the magnetic properties of the rapidly quenched
samples from the B1y03-L1,0-Fe;O3 [23] and B1,03-CuO-FeyO3 [24] systems Dinmutriev and
Mihailova [25] mvestigated the glass formation 1 the binary systems Bi1O3-CuO, B1;03-
MnO and B1;03-TiO; The glass formation and magnetic propetttes of xMO
(1-x)[B1203 PbO] with M = Cu, Fe, Mn or Cr {26-29] and xCuO (1-x)[B1;,03 GeO3] [30]
glasses, were also mvestigated by Ardelean et al

We report m this paper the EPR studies of xMnO-(1-x)[{B1;03-GeO3] glasses with
0 < x < 50 mol % m order to obtain further mformations about the manganese ions

distribution m oxide glasses.

Experimental. Glasses of the system xMnO (1-x)[Bi;O3-GeOz] were prepared by
using reagent grade oxides, within a large concentration range, 1e 01 < x <50 mol % The
oxide muxtures were molten in sintered corundum crucibles, at 12500C, in an electncally
heated furnace. The molten material was homogenized at this temperature during 10 minutes,
then quenched at room temperature on a stainless steel plate Typical glasses were obtamed

EPR measurements were performed at room temperature by usmmg a JES-3B
spectrometer, m the X frequency band, and 100 kHz field modulation. Powdered samples
were studied m tubular sample-holders of the same calibre Identical quantities of sample

were mnvestigated

Results and discussions. Glasses of the system xMnO (1-x)[B1,03 GeO;] were
mvestigated by means of EPR 1 a large concentrations range, namely 0 1 < x < 50 mol %
The detected absorptions, due to Mn2* joms, are presented m Fig 1. The EPR spectrum

consists mamly m absorptions centered at g = 43 and g = 2 0 values, their prevalence

1
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Fig 2 The hne-mtensity dependence on the manganese

content of the sample, for absorptions atg=43

10

1000

AH[G]

| i

500 W—"——_‘

0 1 3 5
X [mol % MnO]

10

Fig. 3. The line-width evolution of the absorptions at

g =4 3 with the MnO content of the sample

depending on the manganese content of
This structure

correspondmg to lower MnO content,

the sample spectral
reduces to a single absorption lme at the
upper hmut of the 1mvestigated
concentration range (Fig. 1 b).

According to Fig la at low
manganese content (01 < x < 1 mol %
MnO) the characterisic hfs 15 well
resolved for the g = 4.3 absorption. The

resolution 18 loosed when increasing

concentration due to the already
mentioned broadenng mechamisms The
separation between the hfs lines mcreases
progressively with the magnetic field,
suggesting second order effects to be
taken

theoretical

mnto account in am accurate

approach The hyperfine
constant seems to be less affected by the
concentration variations within
01 <x <10 mol % MnO

No hfs was detected at absorptions
centered at g=2 0 .
of the

absorption line, 1.e the le-height I, the

The EPR parameters

line-width AH, and the intensity approxi-
mated as J = I(AH)?, also depend on the

MnO content of the sample Their evolution is‘plotted i Figs 2 to 5 According to Figs 2 and

4 there 1s a good correlation between the intensities varation of the two absorbtion lines

allowng us to follow the Mn2* 10ns distrrbution 1 specific structural umts Up to 3 mol %

MnQ the intensity of the g = 4 3 absorption increases almost linearly This imcreasmg

attenuates for x > 3 mol % but the absorption lime 1s still mtense and well resolved even after

10 mol % MnO being completely removed only for x>30 mol % MnO (Fig 1 b).

12
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Contrarily to this evolution, the absorption at g = 2 0 increases very slowly in the
01 <x <3 mol % concentratron range. This increasing 1s more pronounced after 5 mol %

MnO, and appreciable for x > 10 mol % MnO, as may be seen m Fig. 4
The line-width’ of the

1400 L, g = 43 absorption is practically
independent on concentration

1200 (Fig 3), whereas that corres-
—1000 pondng to the g = 2 0 absorption
= mcreases with the MnO content

800 mn the sample. The slope of this

mcreasing changes for x > 30 mol

600 % MnO due to narrowing effects

(Fig 5)
The relative weight of the

400

200 two absorptions m the spectrum 1s

given m Fig.6 by comparmg

135 10 30 50 their intensities at various

X [mol % MnO] concentrations. This may give

Fig. 4. Line-mtensity evolution for the g = 2.0 absorptions of Mn2*+ 1nformations on the relative
1ons m xMnO (1-x)[B1203:GeO2] withm 0 1 < x £ 50 mol % weight of the structural units

involving Mn2* as wvicmities

specific for the g = 43 and

3000 g = 2.0 absorptions
<) Accordmg to the
% 2000 previously mentioned considera-
tions the g = 4 3 absorptions are
1000 due to magnetically 1solated

Mn2* jons, in distorted sites of

1 L 1

135 10 30 50 low-symmetry The features of

X [mol % MnO] these absorptions and therr

Fig 5. Line-width dependence for the g = 2 0 absorptions of Mn2t €volution  when Mn?*  10ns
ons m  xXMnO (1-x)[B1203 GeOg] vitreous matrices, within

0 1<x < 50 mol % accumulate 1 the studied matnx

pointed out a great similitude m
structure and symmetry of the aggregates involving manganese Consequently the hfs

13
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characte-ristic to Mn2* 15 very well resolved up to 1 mol % MnO The spectrum preserve the
same structure along a wide range of concentration, the g = 4.3 absorptign\remaimng clearly
resolved, and distinct from that at g = 20, and 1ts width practically does not depend on
concentration The structural stability of the matnix at the progressive doping with manganese
was revealed as a distimct characteristic of the mvestigated system.

The g = 2 0 absorption being a broaden structureless hne may be attributed to Mn?2*
1ons 1mvolved in clustered formations Therr distribution in such sites becomes more
important after the complete occupancy of the previous discussed ones, 1 e for compositions
having x > 10 mol % MnO. This may be observed in Figs. 2, 4 and 6 which evidence a
perfect correlation in evolution of intensities corresponding to the two absorptions, at
different steps of the matnx dopmg One may follow, consequently, the distmbution of
paramagnetic ions i structural aggregates composing the matrix, when concentration
mcreases within the investigated range At the upper it of this, the major contribution 1s
due to formations resulted as dopant ions agglomerations mto the matrix The shght

narrowing of the absorption

20 line (Fig5) suggests ex-

change mechanisms to be

2 taken mto account for such
= L0F ¢ compositions mvolving clus-
=

~ terized 10ns

—

[l t
0 1 3 5 10
X [mol % MnO] of the system xMnO

Fig. 6 Concentration dependence of the Mn2* 10ns distribution on sites (1-x)[B1203 GeOy] show
spectfic to the two EPR absorptions, at g =4 3 respectively g=2 0 EPR absorption spectra due

Conclusions. Glasses

to Mn2* 10ns, 1n a large range of concentra-tions, 1.6 0 1<x < 50 mol % MnO

Up to x = 10 mol % manganese enter the matrix as mvolved i structural units where
strong hgand-field effects are preponderant Thus results in g = 4 3 absorptions characte-tistic
for 1solated ions 1 low-symmetric sites There is a great structural stability of the matrx m
accumulating Mu2* 10ns in such positions, attested by the wide compositional range m which
the g = 4 3 absorptions show 1ntense and well resolved traces

Within the low concentrations range the charactenstic hfs due to the 1nter;10t10n with

the nuclear spin I = 5/2 is very well resolved at the g = 4 3 line, due to the great structural

14
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stmilanity of the aggregates mvolving manganese Ligand field fluctuations m the Mn2*
vicmity alter the hfs resolution for x > 1 mol % MnO

Broaden, unresolved lmes were detected at g = 2.0 due to clusters of ions, when
manganese enter the matrix agglomerated 1 disordered vicimties They play an mmportant
part m the spectral structure for x > 10 mol % MnO and domunate at the upper limut of the
investigated concentration range For such compositions the superexchange interactions

shghtly narrow the absorption line
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STUDIA UNIVERSITATIS "BABES-BOLYAT", PHYSICA, XL, 2, 1995

EFFECT OF Mn SUBSTITUTION FOR Cu ON THE ELECTRICAL
PROPERTIES OF THE (Bi,Pb):2223 SUPERCONDUCTOR

A.V.POP!

ABSTRACT. The partial substitution of Mn for Cu on the electrical properties of
(B1; 6Pbyg 4)(St; sBag2)Cay(Cuy,Mn,)O, (0sx<0.05) has been wvestigated by electrical
resistance The zero resistivity transition temperature T (p=0) decreases with mcreasimg Mn
concentration and the samples are charactenized by a lmear temperature dependence of the
electrical resistance Below T, the resistance curves indicate the presence of weak links The
nfluence of the Mn 10ns on the mter- and ntragrain superconducting trapsition are
discussed -

Introduction. Transport and magnetic properties of Bi-Pb-Sr-Ca-Cu-O ceramucs are
quahlitatively simmlar to those observed in YBaCuO, indicating the presence of some weak hnks
These may be responsible for the current dependence of the resistivity transition curves [1]. The
mtergranular transport critical current density ts hmited by the weak link behavior of the gram
boundaries 2] Ths deletrious mfluence of gram boundaries 1s belived to be due to the shortness
of the coherence length x 1n these cuprate oxides. The substitution of Cu by other 3d elements
should produce substantial changes 1n the electric and magnetic properties of the compound, useful
to elucidate the mechanism of superconductivity in these matenals.

In this paper the effect of the Cu substrtution by Mn on the "2223" superconducting phase

was mmvestigated by electnical resistivity measurements

Experimental. The bulk samples of nominal composition (By; Pbg 4)(St1 $Bag2)Cay(Cuy«
Mau,)O, were prepared by the conventional solid state reaction. The qualitative X-Ray diffraction
analysis performed with a DRON-2 equipment confirmed the predominant "2223" phase for
x=0,x=0 02 Mn and 90%"2223" in the x=0 05 Mn sample The presence of about 5% "2212"

phase was detected n the x=0 05 sample along with a small amount of CapPbO4.

No EPR signals related to some paramagnetic 1ons were observed at room temperature m
our bulk samples

The electrical resistance was measured by the standard four lead techmigue between 77 and
290 K by usmng a Kerthley 220 programmable cgnent device and a Keithley 182 sensitive digital

4

voltmeter

"Babes-Bolyar” Umversuty, Faculty of Physics, 3400 Chy-Napoca, Romama
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Fig. 1. The temperature dependence of the electrical resistance for the x=0.00, 0 02 and x=0 05
Mn samples

Results and discussion. The temperature dependencies of the electnical resistance R(T)
for the samples x=0 00, 0 02 and x=0 05 are shown in Fig 1, a, b and ¢ In the 180-290 K range,
these samples are characterized by a hnear temperature dependence of the resistance

R=R(0)+a-T ¢))
By usmg the measured room temperature resstivity pe=p(290K) and the parameters R(0) and a,
found by a hnear regression on the data, the residual resistivity p(0) and the temperature
coeffictent of the resistivity, dp/dT were obtained (Table 1) In Table 1 one may observe an
increase m p(0) with mcreasing x which may be due to the Mn 10ns

The measured resistivity above T, is related to the mtrmsic resistivity m the ab plane of an

1
(T):_ pub+ ct
p p( Pu) "

1deal single crystal, pap, by [3].

The fact that p(T) depends only on p.(T) 1s due to the e-axis orders of magmtude larger
resistivity The coefficients p and r associated with the sample polycrystalinity are extracted for
each sample by assuming p,,(T) =CxT, where C=dp.,/dT=1 4 mQcm/K 15 the slope of resistivity
for the "2212" smgle crystal [4] This approximate value was tentatively considered 1 the absence

I8



were obtamned.
Table 1. The concentration dependences of the superconducting critical transition temperatures

and some paramelers obtained from resistivity measurements

EFFECT OF Mn SUBSTITUTION FOR Cu

X T. T(=0) p(0) a P Pet
K] X] [mQxem] |  [MQOQ*xen/K] [mQxem]
000 109.0 106.0 87 44 032 27
002 106 5 1000 375 97 014 52
005 1052 975 430 99 0.14 62
The coeffictent p 1s associated with
0x=0,00 the sample porosity (which reduces
0 x=0,05 Mn
0,015 4 L x=0.02Mn the conductive cross section) and
-] with a path lengthemng due to the
0,010 E a random onentation of the ab planes
- a':' of the different grains [5] The
7] a mcrease of pn with increasmg x
0,005 - 0
. « agree with the mcrease of contact
] e f resistance between the grains and
. ,5;:' & between subgrain domams Eq (2)
0,000 FTTTTTTTTl also shows that the intragrain critical
96 106 116

Fig 2 The tais near T, 1n the R(T) dependence

temperature T, concerns only the

term pw(T) associated with the

,grams and T(p=0) concerns pe(T).

The same value dr/dT4(p=0)=4 1

mQenV/K, where Ar,=p(x=0 02,0 05)-p(x=0) and AT (p=0) is the difference of zero resistivity
temperature for the x=0.00 sample and x=002;0 05 samples respectively) suggests that the

mtergram contact resistivity 1s similarly affected with mcreasing x
Fig 2 shows the shift in temperature at which the resistivity becomes zero, T.(p=0) as the
Mn concentration increases The small tail observed in Fig. 2 is related to the weak links between

the gramms The dissipation below T. and the broademing of the transition around the cntical

transition temperature T. may be attributed to mtergrain below T, and intragramn weak links around

T. respectively The mtragrain critical transition temperature T, 15 defined as the mflection pomt

of p(T) 1¢ the maximum of the first denvative
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In the same substitution range, the smail decrease m T, with mcreasmg x compared with
the decrease of T(p=0) suggests a concentration gradient of the Mn substrtuent mside the gram
The energy dispersive analysis by X-rays (EDAX) measurements performed on quite simular
samples by Gitsu et al [6] show that the Mn concentration at the gram boundary is substantially
larger than inside the grams. The values of T, intragramn reststive transition are very close to the
T dramagnetic transition temperature observed in the a ¢ susceptibility measurements [7)

The ceramuc high-temperature superconductors may be considered as a system of
superconducting grams terconnected by three-dimensional Josephson weak-hnks [8]. the
variation of T(p=0) mmplies a range of weak-hnks charactenistics for the samples mnvestigated
Thus, 1t can argued that the strength of the coupling between grawms is larger for the undoped
sample and decreases by Mn doping. The presence of Mn magnetic moments in the Josephson
junctions yields a change m the phase shippage between the grams consequently reducmg the
Josephson current. The constant difference between T(p=0) and the temperature T, (at which the
mmaginary part ¢" from ac susceptibility presents a loss peak) denotes a completed percolation
path determmed by the Josephson coupling in the zero resistivity region [9]

Comparatively to the present study, in similar Cr doped samples [10] the mtergrain
properties are more strongly mfluenced m the same substitution range x while the ntragran
properties are less mfluenced. A large broadening of the intergram transition was observed m the
B12223 system doped with Sn, Sb and Ge [11,12] along with the increase of the weak-lmks
mfluence. In our (B1 ¢Pby4)(StisBag2)Ca(Cuy,M)Oy (02x>0.05) M=Fe,Ni the wmter- and
mtragramm properties are similarly affected [13,14] for x£0 02, The broademng of the intragranular
fransition may distort the smaller but broader intergranular transition upon the nature of the 3d
substituents for Cu

Conclusions. The effect of Mn doping on the normal and superconducting properties of
(Bi,Pb)-(Sr,Ba)-Ca-Cu-O has been mvestigated '

The temperature dependence of the electrical resistivity 1s hinear above the paraconductive
region The partial substitution of Mn for Cu yields a small decrease of T, but substantially
mcreases the residual resistivity p(0) and the slope dp/dT The values of the
polycrystallmity coefficients p and p, are evaluated indicating the decrease of the percolation path
length These parameters also show the different role of the mter and mtragram properties of our
polycrystalline samples

The Josephson coupling between the grains decreases with mcreasing Mn content. This
result agrees well with a ¢ susceptibility measurements [7]
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EFFECT OF Ma SUBSTITUTIONFOR Cu .

The mtergranular transition shifts towards lower temperatures and the width of the

intragrain transition mcreases with increasing dopant concentration.

REFERENCES

P Svoboda, P Vasek, O Smrckova, D. Sykorova, Physica C167, 188 (1990)

RL Peterson, JW Ekin,Phys Rev B37, 9848 (1988)

J Mazda, T Vidal, Phys Rev B43, 10560 (1991)

B von Hedt,W Lisseck, K. Westerholt, H Bach, Phys Rev B49, 9898 (1994)

5 O Cabeza, A Diaz, G Damaro, JA Veira, F Vidal, Research Actwities MIDAS
Program 1990-1992,Edited by Felix Yndurain (1993)

6 D. Gitsu, V Kantser, L.LA Konopko, G Panaitov,] Superconductivity 7, 893 (1994)

7 AV.Pop, Gh Ilonca, D. Ciurchea, V Pop, LI Geru, Balkan Physics Letters 2, 91 (1994)

8 M Tinkham, CJ Lobb, Solid State Phys 42, 91 (1989)

9 E Ozdas, T Firat,Phys Rev B48, 9754 (1993)

10 AV Pop, Gh Ilonca, D Ciurchea, V Pop, LA Konopko, Il Geru, M Todici
and V Ioncu,Int J Mod. Phys B9, 695 (1995)

11 TW Krause, KR Nkum, WR. Datars, Physica C210, 333 (1993)

12 RK Nkum, WR Datars, Supercond Sc1 Technol 5, 549 (1992)

13 AV Pop, Gh Ilonca, D Ciurchea, M Ye, R Deltour, II Geru, VG Kantser,
LA Konopko,Int J Mod Phys B10, 967 (1996)

14 AV Pop, Gh Ilonca, D Ciurchea, M Ye, Il Geru, VG Kantser,V Pop,

M Todicd, R Deltour,mnpress,J of Alloys and Compounds (1996)

1
2
3
4

21



Fel

haee 4

40 AL
s ®

=y o
"m‘
e



STUDIA UNIVERSITATIS "BABES-BOLYAI", PHYSICA, XL, 2, 1995

BAND STRUCTURE OF YFe;7.xSix COMPOUNDS

V. CRISAN'

ABSTRACT. The Y2Fel7-xS1x, density of states and magnetic moments were
calculated 1n the framework of the recursion method of Haydock The self energies
and the width of the Fe 3d bands were computed from the TB-LMTO calculations
for pure Y and Fe and from bulk modulus It was found that all the compounds are
weak ferromagnets The S1 atoms were placed m 4f crystallographic positions for
x=2, and m 6g positions for x=3 The density of states for the majonty and
nunority spin states are dominated by Fe 3d states. The S1 bands are very extended
and do not have significant contributions at the Fermm level The obtained magnetic
moments of 215, 191 and 172 mg for x=0, 2 and 3 are consistent with the
expenumental data

Introduction. The Y,Fe,; based compounds have gained much attention as high quality
magnetic matenals especially when the lattice 1s expanded by using interstitial metalloid atoms as,
CorN

In the Fe compounds the low Curie temperature 1s usually explamned by the small Fe-Fe
nearest neighbor distance of the dumbbell positions and the concomitant antiferromagnetic
exchange mteraction between corresponding Fe atoms. The uptake of N or C expands the lattice
and m consequence enhances the Curie temperature drastically

The increase of the transition temperature can be achieved, also, by partly substitution of
Fe atoms i Y,Feys, [1], or m Y,Fe;7,C, [2], compounds with atoms as Co, Ni, Ga, Al or 81
Recent expenmental results show that Y,Fe,7..S1,Ny have sumilar properties, [3].

However, 1t was observed that the metalloid atoms have different effect on the lattice volume As
usual in the RyFe;; compounds the yttrium atoms were used mstead of rare earth, R, atoms
because they have the same properties as the trivalent rare earth 10ns Yttrium atoms don't carry
any magnetic moment and consequently we are not forced to treat the locahized 4f electroxis Itis
obvious that the Y compounds have some properties which are not the same as the rare earth ones
but m our calculations they are not concludent In Y;Fe;7,M,C for x=0 and M= Al and Ga the
lattice 1s expanded but when M=S}, Ni and Co the effect 1s contrary The most important change
the transition temperature was achieved by the Co substitution of Fe but this leave the lattice
volume almost unchanged. So the increase of transition temperature couldn't be ascribed entirely

to the magneto-volume effect.

! Babes-Bolyar University, Faculty of Physics, Cly-Napoca, Romama
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Two explanation for the magnetic
T ' ' roperties were used
1200 prop
| One explan the magnetic
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oler r\Lﬁ;"h L ‘mei J) Wl strength of chemical bond 1s
06 05 04 03 02 01 0 01 02
» ENERGY Ry ) varymg to a large extent as
Fig 1. DOS for majonity spin bands of Y,Fe; function of S1 content.

The other explanation
ascribe the mcrease of transition temperature to the preferential substitution of metalloid atoms
mto the dumbbell sites [1] which in many cases 1s not confirned by neutron, X-ray and
diffraction experunents or Mossbauer data

In the present paper the density of states, (DOS), and magnetic moments were computed
for expermentally determmed lattice parameters The obtained magnetic moments show a good

agreement with the magnetic measurements [3]

The crystalline structure The Y,Fe;; compound crystalize m the ThyNy7 type of
structure with P6;/mmc space group This structure was derived from CaCuS structure type 1n
which every third Ca atoms are substituted by a pair of Cu atoms, the so called 'dumbbell' paus,
[4] The atoms from the dumbbell posttions are separated by the shortest distance m the umt cell.
But the substitutions take place not always mn a regular way and 1t 1s obvious that, the most
common defect in these compounds 1s the presence of the rare earth between the dumbbell
posttions, and the concomitant displacement of transition metal atoms 1 4e positions, but the
chemical composition 1s preserved How the defect concentrations are affected by the transition
metal substitutions 1s not known at present. Anyway, the effect of the defect concentration on the
magnetic moments and transitton temperatures 1s rather mmportant even at low concentration
values [S] Also present in the structure are the stacking faults m both the rhombohedral and
hexagonal Y,Fe;; compounds, [6,2]
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Frg. 3. DOS for majonty spin bands of Y,Fe,sS1,

In the Y,Fei7.S1, compounds the Si atoms substituted some of the ron atoms To explamn the
magnetic properties it was assumed, [1], that the S1 atoms preferentially substituted the Fe atoms
located wm 4f positions.

But the neutron diffraction expenments [7] shows-that mm these compounds the assumption
is no longer valid. The same results were obtamed from Mossba;ler experiments for Er, Nd and
Tm compounds, [8,9,10] It was proved that for x<1 the substitution have the same probability for
4f and 12k positions, a little smaller for 6g and no subsutution for 12j. For x>1 the rate of

substitution are the same for all the atomic sites ¥
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atomic structure of Y2Fel7-xSix which contamn 38 atoms 1n a unit cell and has two, (2b and 2¢)
non-equivalent cnistallographic positions for Y atoms, and four, (4f, 6g, 12j and 12k), for Fe

atoms
We used the tight-binding hamiltoman, (1), where [i > and |j > are d orbitals located m 1

H=3" Zli,u>tij“ <U,jl+z Sl v>e, < v, )

W o
or j positions with  and v as magnetic quantum number

The transfer mtegrals were expressed as finctions of the two center hopping mtegrals as
function of the Wigner-Seitz radius, the distance to the nearest neighbor, and the width of the d{p)
band, [14]

The Wigner - Settz radn for the umt cell atoms, were computed from the Hartree potential
calculations with the Andersen code. The values obtained from the maximum of the potential were
scaled so that the total volume of the spheres are equal with the umt cell volume The resulted
Wigner -~ Sertz radu are different from that used m other band structure calculations, (Table 1),

where the radii were taken as constants for all transition metal atoms.

Table 1 The Wigner-Seitz radii for unit cell atoms, (in A)

YoFerz  YoFesSn YaFeis51 The basis sets of valence
Y(2b) 3.373 3361 3.378 states used 1n the calculations were 4d
Y(@2d) 3373 3361 3378 for Y, 3d for Fe and 3p for St atoms
Fe[S1](4f) | 2529 2531 2521 The potental parameters
Fe[Si1](6g) | 2678 2.671 2701 were deterrmined from the TB-LMTO
Fe(12)) 2811 2 807 2783 method, [12,13]

Results and discussions

4.1. Total DOS. In Figures 1-6 the total DOS for all the compounds for non magnetic state are
shown As was expected all compounds are weak ferromagnets In all compounds the total DOSs
for both majority and munority -spin bands show two rather well separated peaks of bonding and
antibonding character The Fermi levels are situated above the antibondmg peak of majority - spm
DOS and below of the mmonty -spm DOS antibonding peak The same form of the total DOS
was reported for Y3Fe;; in [4,5], [16,17] '

4.2. Local moments and local DOS In Table 2 the calculated local moments are compared with

data of Mossbauer and neutron diffraction expertments as well as with other band calculations
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Table 2. The computed magnetic moments for YyFe;7..Siy, x=0,2,3

Y(2b) Y(2d) TFe[Stj4f) Fe[S1(6g) TFe(12j) Fe(12k) WwFe  Ref
028 027 215 199 2.29 192 206 ftluswork
238 166 206 193 198 [s]
Y, Feys 231 155 186 173 [21]
047 047 253 192 225 200 [16,17)
043 043 245 215 2.09 2.10 [22]
206 [7]
YFesSu | 024 021 007 172 2.29 195 199 flus work
1.83 (7]
Y,FeuSi; | -0.19 -020 191 013 2.07 177 186 s work
186 [7]

For Y,Fe,7 the Fermi level 1s situated m front of the antitbonding DOS for up spm bands,
on a local maximum formed by states of Fe(12j,12k,and 6g) atoms and not at all by Fe(4f) atoms
For the munority spm bands the Fermi level 1s sitnated m a mumimum of the DOS where the mam
contributions came from Fe(125,12k, 6g,4f)

For Y,Fe;5Si,, the Fermi level is situated agan n the front of the majonty -spm bands
DOS and 1 the mummum between the bonding and antibonding bands DOS As m the Y,Fey;
compound the maximum 1s formed from Fe(12j,12k,6g) contributions The local mimimum of the
down spm bands DOS where the Fermu level is situated, cames from Fe(12j,12k,6g) states The S1
atom states are very extended and have no sigmficant values at the Fermu level. So the Si
substitution (in 4f positions) cancel the Fe contributions to the DOS of the mmority spin bands In
the same tume, with the increase of S1 content, the DOS at the Fermi level for majority -spin
bands are dimimished It could explam the increase of transition temperature as regard the Y,Fe;;
compound

For the Y,Fe;4Si; the total DOS have the same structure bonding and anttbonding for both
spmn bands For minority -spin bands the Fermi level 1s situated 1 a valley between bonding and
antibonding states but where the 4f contribution 1s not canceled. The Fermu level for the up tates 1s
situated very close to an maximum Agam major contribution cames from the mmornty -spm
bands

It seems that the lathice parameters are not the crucial for the transition temperatue

vanafion It depends also on what sites the substitutions take place Together these two effects
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could be important. In the spirit of Mochn and Wohlfarth spin fluctuation theory the crucial fact 1s
the decrease of the DOS at the Fermi level So, the small mcreases of transition temperature for
Y,FesAl, as compared with the imcreases of transition temperature m YoFe;sS, could be
explamed wsmg the Y,Fe;sSi; bands by moving the Fermi level towards the lower energy It 1s
seen that the decreases of the DOS at the Fermu Ievel 1s not so important as 1n the case of Si alloy,

and consequently the decreases of transition temperature 1s not so important.

Acknowledgment. The author are indebted to helpful discussions with O. K. Andersen and
O.Jepsen Our computer code 1s based on a TB-LMTO-ASA. program developed m the group of
O K.Andersen at the Max-Planck-Institut fur Festkorperforschung in Stuttgart.
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BAND STRUCTURE OF UCr;C; AND UW,C4 COMPOUNDS

H

V. CRISAN'

ABSTRACT Using the TB-LMTO method the band structure parameters were
determuned for ternary carbides UCryCs and UW,C; The parameters were used m a
recurston method calculations taking mto account all electromc states The compounds
were found to have metallic character when the f states of urantum were considered to
form band states The contributions of different orbitals at the Fenmu level were
determmed The tungsten atoms lost 0 8 electrons, the chromium atoms 0 93 electrons
per atom, and uramum atoms gaw about 0 6-0 75 electrons per atom The density of
states at the Fermu level m UW4C4 and UCr4C4 are 106 and 141 states/formula
umt/Ry. Based on these results a three band model for the electronic states at the Ferrm
level was proposed.

[

Introduction. The actinoid - transition metal - carbon systems have been mvestigated
especially because of therr mmportance m nuclear reactor technology, [1]. The uramum
-chromium-carbon system contams few compounds as UCrG,, UsCrCy [2,3], UCrC4 [4], and
UCryC,, reported by Behrens and Jertschko, [5]

The uranium-tungsten-carbon system contams UWGC,, [2], with 1solated carbon atoms or
C2 pairs, [3,6], UWC,, [7,8,9] and UW.C,, [10,11] The ternary compounds UCrC, and
UW,C, have very hugh magnetic susceptibilities, which also are slight temperature dependent
This behaviors were ascribed to the spin fluctuations of the mixed valent systems, [10,12]

The Crystalline Structure The crystal structure of UCrsC4 can be derived from that of
MoNy The posttions of uranium and carbon atoms correspond to the positions of the Mo and N:
atoms 1 MoNy The carbon atoms occupy distorted octahedral voids formed by four chrommum
and two adjacent urantum atoms The uranmum atoms have 8 carbon atoros at 252 0 pm, the
chrommm atoms have 4 carbon atoms at 195-198 7 pm and the carbon atoms have 4 chrommum
atoms at195.8-198.7 pm as nearest neighbors The UW,C, with tetragonal symmetry, a=832 71pm
and c=313 58pm, [10], have the same atomic arrangement like UCr,C; The differences consists
m small distortions which lower the symmetry from I4/m to P4/m While m UCr,C, all the
chemical identical atoms are also identical from crystallographic pomnt of view, in UW,C, there are
two different atomic posttions for each chemucal sort of atom i the structure ‘There are two
kinds of uranium atoms one with 8 carbon atoms as nearest neighbor at 263pm, and another with

the same number of carbon atoms as nearest neighbors but at 248 pm, two kinds of tungsten
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atoms one with 4 carbon atoms as nearest nesghbors at 207-219 pm and the other with 4 carbon

atoms as nearest neighbor at 207-211pm, and two kinds of carbon atoms one with 4 tungsten

atoms as nearest neighbors at 211-219 pm and the other also with 4 tungsten atoms as nearest

neighbors at 207pm

So, gomng from UCr,C, to UW,C, the bonding of each atom will be changed 1 such a way
that- the U-C bond will be, in UCr4Cy, between the two U-C bonds of UW,C,, the tungsten atoms
have different nearest neighbors, and the W-W bonding 15 the most affected by the sphitting of the

two kind of tungsten atoms

Density of States Calculations.Results Using the Hartree part of the TB-LMTO
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Fig 1 Total density of states, (DOS) for Uer, C
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Fig 2 DOS for uranum (1-3) for Uer,C

Andersen code the band
parameters were computed
The input valence states for
the two compounds
787p%6d'5£  for
65%6p°Sd*sf’
tungsten atoms, 2s°2p*3d’4f°

are
uranum
atoms, for
for carbon atoms and
45'4p"3d’4f° for chrommm
atoms In the crystallme
structure, 2 empty spheres m
UCr4Cy and 3 empty spheres
n UW,C, were
accommodated

Taking into account
the d and s states for
uranium, the d, p and s for
tungsten and cromium, and p
and s states for carbon atoms
and the determuned band
parameters we used the
TeCursion method of
Haydock, [13, 14] +to
compute the local and total
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density of states It was obtained that the mam contribution at the Fermm level 1s done by the

urantum states which are situated m an mterval of 0.1 Ry around the Fermm level
Unlike m the UCrCs, m the UW4Cy compound, the unit cell contams two sorts of
uranmm, tungsten as well as carbon atoms From the TB-LMTO calculations it resulted that the

center of the (7s) bands of one uranium atom 1s at the Fermu level, and of the other one 15 shufted

with 0 08 Ry towards higher energy. The same peculianities are seen for all 6d, 7p and 5f uranium

bands.
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Fig 3 DOS for cromum (1=0,1,2) from UCr,Cy
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Fig 4. DOS for carbon (1=0,1) from UCr,C,4

The s and p bands of the two
sorts of tungsten atoms are
1o longer shifted. The same
trend was observed for the
C(2s) and C(2p) bands. On
the other hand, the shft
between the two sorts of
tungsten 4d bands, 02 Ry,
have no importance because
these bands are located far
away from the Fermi level
It resulted that the electron
occupation numbers are
practically the same for the
urantum and carbon atoms
m the two structures, due m
special to the same number
of valence electrons for W
and Cr atoms. It 15 seen that
m both compounds the s
states lost their electrons to a
large for all the atoms Also,
m both compounds the W
and Cr atoms lost 08
electrons for each tungsten

atom and 0.93 electrons for

each chromium atom and the uramum atoms gain about 0 6-0 74 electrons for each atom The
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Fig 5 Total DOS for UW,Cy

carbon atoms don't change
the total valence charge per
atom m the compound, but
i the formation of the solid
the contribution of the 1=0 1s
dmminishing and of the 1=1 18
growmng

The total and local
density of states, (DOS), are
shown m Figures (1-4) for
UCrC, and in Fagures (5-11)
for UW,C, The total DOS at

the Fermu level m UW,C,; and UCrsCs are 106.81 and 141 73 states/formula umit/Ry The total

DOS have a maxmum just above the Fermi level for both compounds The band width of the 5F
states 1s 0.8 Ry and of the 6d states 1s 0 9 Ry The most important contribution to the density of

states comes from the chromium 3d states, which 1s four times larger than that of wranium atom

The contnibutions of the 4s and 4p states at the Fermu level are small as well as the carbon atoms

As compared with the uranium and chromium atoms the carbon contribution to the density of

states at the Fermu level, 1s the smallest. The ratio of the total DOS at the Fermu level of the two

substances 1s
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The Three Orbital
Model. Using the previous
results, the DOS at the Fernu
level were recalculated m the
tight binding approximation
by the recurston method
[13, 14] iu a model with one
orbital per atom Due to the
computational problems, as
m previous calculations, the f

states are replaced by d
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states The mode} we used have one d orbital for uranium, d(xy), and for chromium atoms, d(yz),

and one p orbital for carbon atoms, p(x).

The self-energies were taken from Herman-Skillmann calculations for free atoms [15] as

follows*

£(U) =-6.1064eV, £(Cr) =-6 513€V,&(C) =-8 98¢V, s(W) =-9.30376eV.
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Fig 7 DOS for U2 (1-3) atom from UW,C,
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The transfer mtegrals were
computed in the two center
approximation of Slater and
Koster, usmg the Harrison's
umversal formulas [16]. The
Fermu level is located m
front of the peak of the Cr
(W) states The uranium
states are in front of the
Fermm level, as resulted 1n
previous calculations The
DOSs for the UWLC,

compound have the same shape as those of UCr4C, but the C contribution 1s closer to the Fermu

level m the first compound The ratio of the total DOS at the Fermi level 1s
NOW4CY) _, 59
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The obtained
ratio 1s almost the same
as that resulied from full
states calculations
Because in our model the
shape of density of states
are the same as that
resulted from full states
calculations, 1t seems that
a tight bindmg picture
with one orbital/atom 1s

rather good.
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N.A.A OF Ay, Ag, AND Cu WITH ISOTOPIC NEUTRON SOURCES
AND Nal(TY)

L.DARABAN, T.TARSU, T.FIAT, C.COSMA, D.BOROS', M.BAYER?

ABSTRACT. The paper advances the removing of mterference problemns in
establishing the Au, Ag and Cu contents from archaeological silver objects, when
using 1sotopic sources and Nal(Tl) scmtillator detector. The conditions which lead
to correct analysts are discussed and results are given for some antique and
medieval silver cons and jewelry

Introduction. In the last decades a mew science has developed archacometry, by
which the nvestigative techniques of archaeology have radically changed The applymng of
N.A A methods, offered an investigation technique which permits the coins analysis and the
finding out of forgeries, jewels and Weapons analysis, but first ranking the source
identification of some matenals used for manufacturing archaeological objects: obsidian
ceramics, marble statues, coins, weapons, jewels, pamtings.

The 1dentification of sources based on mmpurity marks of material and source is an
mcontestable evidence of economucal relations between different human communities

Thus, 1t 1s possible:

a) The evidence of gold sources from different geographical regions by Au/Ag
diagram 1n relation to Bi/Ag ratio, or at silver coins the changing of raw matenal source or of
stlver title, according to the lead or iron traces {1-4]

b) The identification of obsidian sources, which 1 the prehistory of the world could
be found on large areas (in Romania there are no obsidian sources), obtaimng this way
mformation about the areas m which this material was found 1n the Neolithic [5-8] as well as
about the relations between the communities ‘

¢) The discovery of the sources of clay pots [9-12] and of the marble statues [13]
markes 1t possible to establish 1f these had been imported or locally manufactured, after
models brought from antique metropolis

d) The study of the alloys composttions and accordmgly of the structural
modification, which permit to furnish mformation about the manufacturing technol(;gy Thus,
by the ore processing for the mining of silver, Mn and As evaporate with the slag, while Sb,

Pb, Cu, Sn remain. Lead 1s the best mdicator for the efficiency of the technological process,

! Natronal History of Transilvania Museum
2 CMSSC - Chy-Napoca
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and the Cu and Ni have a strong correlation with the source because of their entity 1 the ore-

father [14]

The method of N.A.A. N A A. 1s most attractive for archaeological subjects because
of 1ts great sensitiveness, simphicity, rapidity and especially because 1t 15 nondestructive
N A A 1s based on nuclear reactions which form m the sample 1sotopes with radioactivity
directly proportional with the mass (therefore with the concentration) of the irradiated

element, according to formula {15]-

A= N@c—sﬂm [1— exi- M,r)]exp(—xtdez) %)

where A[Bq] is the activity of the studied radioisotope, measured after disintegrating time
tdez,
N = 6.023 1023 atoms/mol (Avogadro's number),
@ [0/(cm? s)] - neutron flux which crosses the sample,
o [cm?2] - activation cross-section
0 [%] - 1sotopic abundance of the activated 1sotope,
m [g] - the mass of pure target-element,
}»(= Tll'nT/a - radioactive constant of the formed radioisotope, T2 18 the half-life of this
1sotope, (4 and tdez are expressed n same units as Tq/9), tyr - the irradiating time

If there are many radioisotopes created 1n the sample, the total activity 1s the sum of
all the activities of the created radioactive isotopes:
. Ay = Z Ai 2
That's why m N A.A there are used gamma spectrometers with the purpose of apart
determination of Ay activity of each created radioisotope

The difficulties m obtaining precise measurements, the differences found m scientific
works between the values of activation cross-section and half-hfes, the errors m absolute

measuring of activity are the main factors which affect this method. That's why [15], the

most used method 1s the relative one, based on the relation’

Asample _ C:sample

€)

Astan dard Cstandard
where A are the activities of the studied radioisotope m the sample and 1n the standard and C

are the concentrations of this 1sotope
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In this calculation, 1t must also be considered too tdez, the weight of the sample and

the separation efficiency (1f chemical separation were made).

'

Nuclear reaction for the activation of Au, Ag, Cu For the determunation of gold,

the main nuclear reaction for the analys:s 1s

197Au + n@ —> 198Au + prompt radiation, ie 197 A0 (@, 7 198 Ay

A new radioisotope (198Au, with T1/ = 2.7 days) 1s formed which emits a gamma quantum
with E, =410 KeV (Fig 1) This nuclear reaction is producedf the sample is irradiated with
thermal neutrons

But, 1f the 1rrad‘1atlon 1s made with fast neutrons another nuclear reaction occurs

197 Au(n, 2n)196mAu  The formed radioactive 1sotope (T1/2 = 10 hrs) emuts several energies

of gamma radiation According to {15}, E, = 149 KeV, E, =176 KeV and E, =188

KeV, in keeping with [16] interest presents only the quantums E, = 147.8 KeV (42,5%) and

E) = 188 3 KeV (37.4%) for the 1somer 196m: Aw About E,, the disintegration diagram of

this 1somere has not yet been elucidated

The nuclear reactions (n, 2n) of 197Au are less studied m the scientific literature In
[17] there have been studied the reactions 197 Au(n, 2n) 196Au and !97Au(n, g)!98Au and 1t
has been calculated the cross-section of 197Au for a neutron energy of 14 MeV In the
graphic G, 5, /G, for the nuclear reaction 197Au(n, 2n)1%Au as a function of excitmg
energy of the nucleus from [18], the maximum of the curve is at 14 3 MeV.

The nuclear reacttons wath fast neutrons of Au, Ag, Cu have been studied 1n [19] and
used m the determimation of the content of these elements 1n antique cotns

The study of gold activation has been approached m other papers too The
radioactivity of the sample confirmed the development of the nuclear reaction
197 Au(n, 2n)196Au Tt was produced the resonance reactton 197Au(nm, y)!98Au too, with
T1/2= 2 7 days But at irradiation of gold with fast neutrons of 14 MeV, [15] points out the
reaction 197 Au(n, p)197mPt on the gamma peak of 0 34 MeV, with T1/2 = 80 mun.

In [20] 1t 1s proved that the 1sotope 196Au has Ty, = 5 5 days and that at the gold
mrradiation with fast neutrons an 1sotope with Ty = 10 & 0.5 hrs occurs ‘

The B radiations spectrum of 198Au 1s grven i paper [21], the maximum energy being
of 962 KeV '

L
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At the silver irradiation with thermal neutrons, the nuclear reactions 107Ag(n, v)108Ag

and 109Ag(n, y)110Ag take place simultaneously (Fig 2)

L10KeV, auin, 31 Ay

counts / channel
180 Kev,mAu{n.zn] mmAu

'

channel nr

}Bg 1. Gamma radiation spectrum emutted by a purely gold sample,
irradiated 10 a mixed (fast and thermal) neutrons flux and measured by a
Nal(TI) scintillation counter of 2 x 2 inch

As a result 1t 1s
formed [15] the radioisotope
108Ag with Ty = 2 5 mm,
which emits gamma
quantums with the energy
632 98 KeV (100 %), 618 85
KeV (14 3 %) (therefore as a
whole 063 MeV) and
gamma quantums of 433 932
KeV (27 4 %) [16]

The disintegration
diagram of 108Ag given by
[22] shows that 1t 1s emutted

too a BT radiation (15 %)
with the maximum energy of
780 KeV, therefore in the
gamma spectrum of a silver
sample 1t must occur too the
peak of 511 KeV due to the
positronic annihilation.

The nuclear reaction
109Ag(n,y)110Ag which
forms the radioactive isotope
110Ag with Ty = 24 2 sec
[23] and which emuts a main

gamma quantum of 657 71

KeV (100 %) [16], that means the peak from 0 66 MeV (Fig. 2). The disintegration diagram

1s given m [22] With these nuclear reactions we shall make the silver analysis from

archaeological objects, but it is worth pomnting out that, according to [15] and [19], the

1sotope 108Ag can be formed also through fast neutrons irradiation 109Ag(n, 2n)198Ag, and

that to the 0 511 MeV peak can contribute copper too, but also the nuclear reaction 107 Ag(n,

2n)106Ag, which gives 106Ag with Ty, =24 mm (it 1s possible to have it on the spectrums
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Fig. 2 Gamma radiation spectrum of a silver sample at different tirme moments, recorded by us with a Ge(L1)
semiconductor detector, accumulated each time till 107 impulses (30 mnutes wrradiating time), a) 19 sec, 19
sec + lmin, ¢) 19 sec + 5 min disintegration tume

from fig 2) Through wradiation with fast neutrons of 14 MeV, the following nuclear
reactions are pomted out [15]
107 Ag(n,p)!07mPd on the peak of 0.21 MeV resulting the radioisotope 107mpd with Ty = 21
sec, at the energy of 0 093 MeV 1t contributes the reaction 107Ag(n,n")!107mAg having T/ =
44 3 sec, and at the 0 088 MeV peak contrnbutes with the greatest efficiency the reaction
109Ag(n, n")109mAg with the half-ife of the formed 1somere T1/; = 39.2 sec

Because at silver irradiation with neutrons radioisotopes with very short half-hifes
(under 1 munute) are also formed , 1t is necessary that the irradiated sample to be
mmediately measured, because otherwise in less than 7 seconds an important part of the
radioactivity disappears

Copper can generate Bt - active radioisotopes, received on the gamma peak of 0 511
MeV (fig 3) Thus, according to [15], at this energy from the spectrum of the wrradiated
copper with thermal neutrons, 1t contributes ¢4Cu with Ty, = 12 8 hrs, formed through
nuclear reacttons 63Cu(n, y)%#Cu with thermal neutrons and 65Cu(n, 2n)%4Cu with fast

neutrons It contributes another BT - active 1sotope too, with T2 = 9 8 mum, namely 62Cu,

formed through fast-neutrons mradiation 63Cu(n, 2n)62Cu
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Reaction Tin
83Cu(n,20)?Cu  9,8mun
Cu(n,2n)**Cu  12,80re
Scu(n,y)*Cu  12,80re

channel nr

Fig. 3. Gamma radiation spectrum of wrradiated copper with fast and
thermal neutrons
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Fig. 4. Neutrons uradiation device

Disposing of neutron sources, motion mode and possibilities of
samples wrradiation

1 241 Am-9Be neutron source, 2 239py-9Be neutron source, 3 Borc
paraffine, 4 Moderator block of pure paraffine, 5 Sample for
irradiation, 6 Cd-Pb covering, 7 Irradiation channels; 8 Gliding tube;
9 Iron vase, 10 Protection brick of boron paraffine

9

It 1s pomted out at the
117 MeV peak the nuclear
reaction 95Cu(n, «)%2Co with
Tyz2 = 139 mm, for 62Co
[15] and at the 104 MeV
peak the reaction 95Cu(n,
¥)66Cu obtamed through
thermal neutrons 1rradiation,
with Tyj2 = 5.15 nun for 66Cu
[15], both with small

efficiency

Presentation of irradi-
ation  arrangement  For
obtammg such nuclear reac-
tions, the control of reaction
channels can be achieved by
neutron energy using a neutron
irradiation  arrangement  like
the one described in fig.4

The uradiation
arrangement 1ncludes two
1sotopic  sources of mneutron
one of type 241Am-9Be with 5
C1 activity, which debits m a
4m sohd angle 11 x 107 n/s
flux, and a source of type
239pu-9Be of 15 Ci, with an
emussion of 55 x 107 u/s
They emit [24]two mam

groups of fast-neutrons with

the energy of 3 2 and 5 1 MeV, but also a fractional part of slow neutrons

In both types of sources the neutrons are obtained through bombarding beryllium
with o - particles of 5 48 MeV (the case of 24! Am-9Be source) and 5 15 MeV (the 239Pu-9Be
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source) resulting from the nuclear reaction ?Be(a, n)!2C following the mtermediate 13C*

nuclens transttion The remaing 12C nucleus can remain m the exciting state of 4.43 MeV m
60% of all cases, emutting this desexcitation gamma quantum simultaneously with the
corresponding neutrons 1

The sources are plased 1n a polyethylene tube, closed at an extrenuty, which can move
them vertically from the store position up to the wrradiation position, when m the lateral
channels can be generated a thermal neutron flux too, after the passage through paraffin of
the neutrons emitted by the source, next to the neutrons that remained fast (fig. 4)

The trradiation times differ, as a function of the analysed element, but for obtaming a
maximum activity one can carry out a saturation irradiation when tiy = 3.5 T1p9

1t 1s obvious that other chemical elements of the sample can catch neutrons too and
transform themselves i radioactive 1sotopes and so the radioactivity m the sample 1s
according to relation (2) a sum of emussion of many radioisotopes. That's why the
radioactivity measurement of the irradiated samples can't be made through a total
measurement but through gamma spectrometry, 1e. measuring the intensity of gamma

radiation enutted by the sample as a function of energy

Measurement conditions With the purpose of analyzing the samples urradiated with
neutrons, we used a gamma radiation spectrometer, which consists 1 a scintiliation probe
with Nal(T1) crystal of 2x2 inch coupled to an mmpulses selector (the monochannel selector
type 20160 RFT made in GDR). The scintillation detector 1s protected in a lead fower for
reducing the radiation background The device provides the number of impulses as a function
of therr amphitude (expressed m volts) etther step by step (numerical system) or continuously,
through mtegration and graphic These mmpulse spectrums are calibrated with gamma sources
of known energies, ike 137Cs, 60Co, 24 Am

Although 1t has a better detection sensitivity, the energetically resolution of this
device 1s smaller than of the one using a Ge(L1) semuconductor detector, the peaks of the
spectrum being much larger and that's why the interference probability with other
radioisotopes 1s greater and a succession of analysis errors can occur,

Thus, at the 410 KeV peak of 198Au can also contribute 116min with T1/2 = 54 min,
occured m the nuclear reaction !15In(n, y)!16@n, 1f the sample contams In traces, this
element being, very easy to activate with neutrons (fig. 5) and at the neighbouring energy of
430 KeV (difficult to solve by the scintillation detector) can contribute too a peak of 108Ag
(see fig 2) and of 198Ay.
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But, there have the half-hife much shorter than of the radioisotope 198Ay and then,
these interferences can be elummated by waiting the disappearance of these radioactive

1sotopes by dismtegration and carrymg out measurements later (after some hours) only on

198 A, which has T/ =2 7 days

. 198 A0 counts ] E,[MeV]
min n
; 4000 |- J 0,8
1000 | g
T ?i % o7
4
{
b 3000 | 4 0,6
it
i |
; | 40,5
; o
j}i L 2000 + f—Hﬁ——— {04
500 i‘z P 1HL
I nE Jo3
S e
" 1000 N 02
H‘l - V l '~ - U,
: }
‘U a;;“ . 4 _.0,1
| L1
5 1 2 3 4 5
0 3 7
! 2 43 6 pulses amplitude (V)

pulses amplhitude (V)

Fig 5. Radioisotopes 198 Ay and 116Mmyy nterference Fig. 6. Calibration Iine i the Au-Cu zone, makes the

on the same 410 keV energy connection between the analysed inpulses amplitude

and the energy of the generating gamma raciation

Because the determined element concentration is directly proportional with the
surface of the peak corresponding to the gamma radiation emutted of that isotope, 1t results
that, 1if one can fit in a window from the electronic adjustment of the device, we can record
only 1t self, determming n this way the intensity of the spectral line by counting the mmpulses
produced by the gamma quantums.

This means that by adjusting the scales of the potentiometers of the impulse selector
(1n our case’ 760 V probe tension and 24 x 2 dB amphfication) one can determunate, for
example, copper at a threshold of 4V and a 09 V window (fig 3) by countmg for a
preselected time of only 2 mmutes, mmpulses with the amphitude between 4 0 and 4.9 V
correspondmng only to the 511 KeV energy emitted by the copper (fig. 6), the adjustment
bemg made through the calibration line
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For gold determmation, the 410 KeV peak of 198Au extends between 3 0 V and 3 9 V on the
amphitude register of the monochannel selector-establishing in this way the window and the
threshold of the device for the analyses. But the following thing happens- if the sample
contains copper, and because this element is emitting nearly to the peak of gold, copper will
mtroduce 1mpulses through the inferior window, from the (30 + 0.9V register
(corresponding to gold) through the "Compton edge" effect, which 1t produces mn the inferior
zone of the spectrum (fig 7)

The problem to solve 1s how one can eliminate this mterference because one can use
no more the previously described technique for mdium and silver, copper having a
radiotsotope with T1/2 = 12 8 hrs (64Cu) and 1f one waits for its disintegration 1t remams very
Iittle of the activity of 198Au.

But from fig 7 can be
see that the 410 KeV peak of
198Ay 1s mght in the part
between the 511 KeV peak of
copper and the Compton edge

(511 KeV)

62,64 cy
z

correspondmg to 1t, but the

-
R [N

copper contribution n this zone

T ——

1 1sn't null

The question which

counts / channel

| occurs is. what are the
‘l conditons 1  which  this
1\ contribution 1s null or, 1f it
\L,/\_,-r\__\é can't be eliminated, when can

0 3,035 45 pulses amplitude (V) this contribution be rectified,
Fig. 7 The superposed spectrums of gold and copper It can be

noticed how copper, 1 the night side of gold, introduces 1n the 1€ extracted  from  the
measunng zone of this, a Compton edge form 1stnibution.

determuned values for gold
concentrations

By carrying out an investigation with a neutrons activied copper tablet, one
can observe that the "valley" has a mimmal value at a precise measurement geometry,
exactly at a sample-detector distance of 1.5 cm (when the ratio photopeak-Compton edge is
best too) (fig 8)
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If we built the ratio (for
+ copper, fig 3) between the
number of impulses counted
through the gold window (30 —,
39 V) ansed from the pure

Compton

Cu and

copper, noted with N

the number of impulses through
the wmdow which fits the
photopeak of copper
{4 0 —4 9 V), noted with N¢y, we
will find a correction for the
interference of copper at gold

determimation from other

0 pulses amplitude (V) ¥ spectrums (figs 6 and 7)

For a spectrum of a gold

Fig. 8. The copper spectrum for different source-detector distance
and copper sample, from the
mpulses number N, of the gold photopeak one substracts the contrrbution of that copper
which accompanied the gold, having N'c,, on the photopeak and which interfers with the

(3 0—39V) of gold photopeak m this way

N Compton
NrAeil =Ngy— N'cy @
N Cu

In this manner one can make gold determmations in the presence of copper which
accompanies 1t, even 1f this imterfers in the gold window (see fig 7)

Therefore the correction is made numencal It must be standardized at fixed
mrradiation and disintegration times and of course, at the copper concentration from the
sample The results at gold determunations are very precise.

The silver determination doesn't introduce such problems because 1t emuts quantums
of greater energy than gold and copper and so these elements can't influence photopeak of
silver, with the condition that the splitting threshold of copper impulses sould be correctly
chosen Therefore, n our conditions, according to figs 6 and 7, at a treshold of 5 V and 2
window of 1 V for the silver analysis on 1ts two peaks of 630 KeV and 660 KeV, with the

condition that copper should not prevail because than 1ts peak extends
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If 1t 1s so, the sphitting threshold should be carefully increased because it occurs the
nisk to split the 630 KeV gamma spectral line of 108Ag, too. .
These adjustments and corrections being made, we passed to the N A.A of different

archaeological gold and silver objects especially coms and jewels

N.A.A. of some archaeological objects The nradiating tumes were chosen this way
for silver determination 1o minutes, for copper 24 hours and for gold 63 hours
The rradiating times are grven by the expression
Asample __Msample 1~ exp(—t,, samph?")
Agandard  Mstandard 1- ex;(— &y stardard’)”)

®)

where Agample and Agtandard are the radioactivities on the peaks corresponding to the
analysed element, Agample/Astandard bemg equal to the ratio of impulses number
Nsample/Nstandard, read through the impulses selector window msample and mgtandard are
the masses of determuned element from sample and standard, A - the radioactive constant of
the 1sotope produced through neutrons irradiation of the analysed element The connection
between A and the half-hife 1s given by the relation A = (In 2)/T1/,

1f t;r sample and t;y standard are equals, formula (8) 1s reducing to formula (3)

For the analysis 1t have been used silver and gold chemically pure standards all the
analysed samples bemng carefully weighed

Furst silver coms from the early Middle Ages, found m Transylvania have been

analysed The results are grven m Table 1

Table 1
Crt Nr Con type Weight Analysed content

(® Ag (%) Au (%) Cu (%)
1 Belall (1131-1141) 0423 88 5+11.5 0710 1 70£11
2 Belall (1131-1141) 0396 89.5%10 5 13:02 95+14
3 Belall (1131-1141) 0383 87.8£12.2 1.6+0 2 95+l 4
4 Coloman (1095-1114) 0791 8794121 0.3+0 1 8§9+£13
5 Coloman (1095-1114) 0368 972428 06x01 72411
6 Coloman (1095-1114) 0 624 824124 0740 1 8$1+12
7 Coloman (1095-1114) 0343 978422 04401 9.0+1 4
8 Coloman (1095-1114) 0351 866+13 4 0301 91414
9 Coloman (1095-1114) 0437 95 844 2 04201 44407
10 Coloman (1095-1114) 0.774 834+125 0.720 1 90+14
11 Coloman (1095-1114) 0483 834125 0.6+0.1 98£l5
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Another analysed lot is made up of antique silver coms and jewels from Zalau Museum of

History The results are shown in Table 2

Table 2
Crt.Nr Archaeological object and the discovery Silver content (%)
place
1 Roman Denar (Magura Simleulm) 86.9+13.0
2 Dacic Com (Porohssum) 50 947 6
3 Roman Weding Ring (Porolissum) 100
4 Ear-ring (Magura Simleulur) 741111
5 Ring (Crasna) 77116
6 Piece of silvered bracelet 7 8+1.2

Although 1t have been carefully studied all the extraction proceedings of mterferences,
the analysis 1s affected by errors between 10 and 15 percents. These errors can occur at silver
determiation because of massive dimmution of radioactivity of 110Ag isotope with T/p=24
sec although m the case of all the samples the dismntegration tine was standardized at 7
seconds.

One can notice an important fluctuation of the concentration i the case of repeated
determunations on the same chamn Other causes can be. faulty positions m the neutron flux of
archaeological objects during the irradiation msufficient punty of standards thermal drift

fluctuations of the monochannel selector's channels during the measurements

Conclusions Despite the difficulties, we succeeded in creating, by means of the
above mentioned researches a N.A A. hne for silver, gold and copper from a series of

archaeological objects, a line that has already become a routine system
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National History of Transylvania Museum from Cluj-Napoca, for the furnished samples
We have benefited from discussions and suggestions from many of our colleagues,
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MANUFACTURING TECHNOLOGY OF THE Si(Li) DETECTORS
L.DARABANY, M D.CROITORU", V.SEVIANU', . BOSCANEANU?, I CHEREJI®

ABSTRACT. Si(Lt) detectors have been realized by compensatng Si-p
(p=6002 cm) with L1 1ons The manufactunng technology 1s described in detail
following the steps' mechanical processing of the silicon plates, chemucal etching,
Iithium evaporation and diffusion together with the ment figures of the dnfting
and pasi-vation During the different steps, the detectors are tested by plotting the
volt-amperic charactenistic Finally X, o and P radiation spectrums have been
obtamed showing the performance of these detectors

Introduction. For measuring the energy of penetrating radiation (electrons, X and y-
ray, protons, etc ) there 1s necessary to have a sufficient large sensible volume of detectton
[1] In the case of diffused p-n junctions there 1s a thick spatial charge region when the base
materials have a large resistivity, because they work at larpge reverse potentials The obtaming
of S1 with large resistivity (p=10° Q cm) 1s a difficult technological problem and the reverse
polarization potential that can be supported, before the excessive leakage currents, 1s about
hundred of volts and depends appreciably on the surface conditions.

For example, the detectors with charged barrier at the surface where produced till now
from S1-n,but recently, the using of the p-type silicon became advantageously [2] because.

1. Si-p can be produced with a better purity than Si-n, which 1s obtamed by
overcompensating the p silicon with n impurities and so the number of imperfections rises.

2 S1-p can be grown m monocrystals with low radial resistivity unlike Si-n

3. The thickness of the layer free of carriers m Si-p 1s approximately the half of the one
formed m the p-type matenal for a given resistivity and reverse potential Simultaneous, the
ntensity of the electric field in the layer free of carriers for the p-type material, 1s larger and
this 1s an important factor for the radiation spectroscopy

4 Si-p 1s a lot easier to obtain

A method to produce large sensible regions, starting with Si-p that has even low
resistivity (p=10—100 Q cm) is to compensate the carriers m excess, from a certain region of
the base material, by doping 1t with lithium mmpurnties (donor 1 Si) that has an activation
energy of 003 eV[3]. By using this method, developed by Pell [4], the resistivity of

! “Babes-Bolyar"University, Faculty of Physics, Cly-Napoca, Romania
2 Institute of Isotopic and Molecular Technology, Cly-Napoca, Romania

53



L DARABAN,MD CROITORU, V SEVIANU, S BOSCANEANU, I CHEREJL

compensated region mught rise to ~105 Q c¢m and tts thickness may be over 10 mm A p-1-n

structure 1s obtained This name comes from the presence of two junctions m the device. one,

nt—, at the frontal surface and the other 1-p on the back to the ohmic contact When a
reverse potential 1s apphed, the spatial charge region spreads very fast n to the "1" region and
a subsequent mcrease of the potential value will not produce any variation of the thickness of
the spatial charge region (and therefore of the semiconductor diode capacity) but only an
mtensification of the electric field that collects the charge produced by nuclear radiation
iomzation [5] Lithium s used for producing the p-1-n structures because the diffusion of
other impunty type would mask the effect of the dnft, when compensation 1s made on a
bigger depth Bemng an mterstitial impunity and having the largest diffusion constant, 107
times bigger{6] than that of the substitutional impunities (for example B or P) Initially, the

acceptor ion is uniform distributed 1 the whole volume of the base material(Si-p) having an

4 ! ]
nt w ] t: -n 1
typ-o b7 e P
2 k=
= E ]
:g_ typ-p g €
c @ S
0 —
- Li content P =
3 mn =
= Ne | E 2
O T 5 B
] E‘ 1 i
— 1’/' \ R
— 0 a b .
depth x depth x
a) b)

Fig. 1. L11on distnibution 1 Si-p. a) after diffusion, b) after L1 10n dnft
N4 acceptors/cm? level (Fig 1a)

By diffusing L1 in to the surface (usually at temperatures between 350°—400°C) 1t
will distribute into the crystal bulk by the law*

Np =N, exp(———z\ﬁ%——z] ¢y
where D 1s the diffusion constant of lithrum 1n silicon, for the respective temperature and tQ
18 the diffusion time

In this way, after a tume t(, a diffused linear graduated n-p junction 1s obtamed, the
plane of the stoichiometric junction being placed at a depth, x=a, from the surface (Fig 1)
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If, to thus junction, a reverse potential 1s apphied (the second time) sufficiently hagh for
the dnft speed of the L1:+}ions to exceed the drft one, then the L1™ 10ns are moved from the

region rich in LiT ions to the region poor m L1t jons, through the region of the x=0 plane,

where an electric field exists This 1on movement 1s made with a reasonable speed in the

when the temperature 1s sufficiently high, so the L1T ions have a considerable mobility

Because Ls has a great chemical affinity to oxygen, it 1s very important for the base material

to have a low content of oxygen (< 1015atoms/cm3), otherwise, the 1on mobility remams
low, even at high temperatures, the oxygen impurnties speeding up the preciprtation of
Ithrum and Cu impurities lowering 1t. The effect of copper (acceptor in S1), 15 very
interesting, because he 1s an interstitial impurity (hike lithrum) and has great mobility [6]
comparable with lithium's one, but with low solubility [7].

As a result of the Li 1ons dnft m the proximity of the x=a plane (Fig 1), the
untformity of their concentration 1s produced at the ND=NA level indeed, if x<a, Np can
not be less NA, because the acceptors i excess would modify the field configuration, so that
Np=NA For the same reason, an overcompensation (ND>NA) can not take place m the
region X>a.

Therefore, an intrinsic region 1s produced between x=a and x=b (Fig 1b) whose
thickness rises with the duration of\the dnft

It has been proved [1, 3, 5] that for constant potential V and temperature, the
thickness compensated with lithium, d, varies with t1/2, t bemng the time m which the dnift
was made

d =2uvt @
where m 1s the mobility, which depends on the temperature at which the drift was made.

We stress out that compensatg the silicon by drfting Iithrum till the opposite surface
can be used for building semiconductor detectors with charge barrier at the surface {8] and
obtaming thus free of charge regions on large depths for the spectroscopy of the 3 radiation
and high energy protons

Using the p-type front surface of the semiconductor detector as has the advantage of a
better temporal response because of the difference between the mobility of electrons and

holes [9] In this case the dead layer is lower than 0.05mm

Preparation of the start material. The selection of the start material is not so
restrictive as to the surface charge barrier detectors because the acceplor impurties,

mdifferently of their concentration, will be easily disactivated by compensating with L1
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Therefore, the publications that describe the manufacturing technology for the Si(Li)

detectors present a large variety m choosing the resistivity r for the Si-p they use
100Q em [10,11], 50=200Q-cm [8], 200~600Q cm [12], 102-104Q) cm [5], 404 10%Q-cm
[13] We have work with Si-p doped with boron (Romanian source) and having p=600Q2 cm

The plates have been cut to the dunensions of 15x1 5mm2, with a diamond disc Initially, the

plates had a thickness of 3 mm and a plane surface with a roughness lower than Smm after
rectification of the stlicon bar The crystal surface had to be well polished to obtain a uniform
electric field Crystals grown after the <111> direction (parallel to the axis of the cylmder,
the form under which the crystal 1s grown) are usually used, but other orientations may also
be used [5].

To mummize the surface currents of the detector, the role of the center of the detector
1§ separated from the margimns by practicing a circular channel m the monocrystalin sthcon
plate and by building eventually, a guard ring [5,14] We have made a circular channel with a
?=8mm diameter and 1 5mm deep, 1n the Si1-p plate, with a wet S0um abrasive metallic tube,
(Fig.2)

After that, the crystal has been washed with double deionizated water and ethilic
alcohol to remove the impurities generated during the mechanical treatment The Si-p was
mtroduced after that in CP-4 (1in a polyethylene vessel, a mixture was made contamming the
following parts 3.1 1 of HNO3 HF CH3COOH) for 2—3 munutes for chemical cleaning The
plate was again washed in double deionizated water It 1s very important to avoud the contact
of the plate with air because sihicon fixes quick oxygen

Finally, the plate 1s stored 1n methanol (for avoirding contact with oxygen because
Irthium can be blocked at the surface of the crystal when reacting with oxygen) until Irthrum

will be deposited on its surface

Signal Diffusion of lithium.

Before realiz o
Sensible fore realizing the mtrinst

area compensated layer in Si-p by
Difused n* dnifting  bthrum, 1t 18
Detector zona
Bias necessary to bulld an n't-p
Contact p* ) 4
junction (n™ means here that
Depleted 1 region

n 15 m excess) by the

Base plate matenal
diffusion of ltthium 1 to the

Fig 2. Cross section mn S1(L1) detector material at high
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temperatures Relation (1) gives [12] the diffusion tume for a certam depth x=W established
beforehand -

wZ
- 3
t«=324D @

where D 1s the diffusion coefficient of hithium i silicon at the working pressure. This
coefficient can be calculated [13] with the relation

D, ., =23 10™ exp (— 15;?0

) (cm’/sec ) 4)

or may be taken from table [6]

There are a few techmiques for the diffusion operation of lithium One of them
consists 1n the pammting of the crystal surface with a mixture composed of metallic Li
suspension 1n mineral o1l or vaselne, fol)lowed by an external heating (in a glass capsule with
shiif) m argon stream The heating had to be made m two steps the first till 250-270°C to
evaporate the o1l and the second till 400-450°C for 5 minutes to diffuse the metallic ithrum
layer left (186°C m p ) after the first heating step. This technique was used at large [4, 10, 11,
15-17] and we have used too at the beginnings, but we found out that, duning the diffusion
process, some little holes, like craters, arose on the sthcon surface, which led, finally, durmg
the short chemucal attack with CP-4, to a nonuniform detector surface, because the conosion
rate depends on the lithrum concentration on the surface The evaporation of hthium m
vacuum, followed by diffusion, leads to a better quality of the surface layer [5, 8, 12, 13, ~

18-20], but thus method 1s more complicated than the fust Lithium 1s evaporated i vacuum

better than 10-> torr followed by a diffusion process m mnitrogen atmosphere [8] at
temperatures between 350°C and 400°C. We have successfully used this method, but
prudence measures had to be to be taken against the spreading of metallic lithrum out of the
evaporation tantalum boat when connecting the heating current The hithium was pure and
stored under argon. Evaporation started with a proloﬁged heating at a temperature under the
melting pomt, followed by the evaporation process at (1372°C=b p of L1) The sihcon plate
was heated with an electric furnace heated at 350°C and a Pt-PtRh thermocouple was
attached also to the plate The diffusion time was 5 minutes and the obtained diffusion depth
was 0 1mm thick 1n the mner of the circular channel (Fig.2) The cooling had to be done very
rapidly by turning the heating off and feeding pure argon in the bell jar after closing the lugh
vacuum way After the diffusion process has ended the hthium in excess 1s washed 1n
methanol The surface,has to be smooth and matted; a metallic view shows the presence of
msufficient diffusion and the diffusion procelss must be renewed. The plate must be stored mn

pure methyl alcohol, so the mterstitial diffused Iithrum will not react chemucally till the
o 1
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ohmic contacts will be deposited (Usually gold contacts are used [5] ) We deposited gold on
both sides of the silicon plate (70mg/cm?) by using a mask having the same window as for
the deposttion of lithrum and the plate was heated at 100°C for obtamming a better adherence
We have noticed that the deposition of Al as dnft contact 1s better because the
aluminum film does not exfoliate at the drift temperatures(130°C) in the o1l bath
In the hiterature there are some examples of using Ni contacts much durable than gold [13,
15, 18, 19] but difficult to obtain We made some attempts to obtan these contacts through a
chemical method, the way 1t 1s described m [18,19], but they were to thin so we did not trust
them
The n-p junction may be tested [16] by capacity and reverse current measurements
but it 1s difficult to define a ment figure at this fabrication step, the basic requirements for
good detectors being low potentials over the detector and big reverse current We tested the

Junction by making 1ts potential vs current characteristic (Fig 3).

The drift of Li jon in Si-p. Like we sad before, the transport of the Lit 1on from a
crystal surface to another 1s made by polanzing properly (plus pole at the diffused contact)

the junction The operation 1s made under controlled temperature conditions, m continuous

current and by controlling the drift current, because a current density bigger than 50mA/cm?
breaks through the junction

1( mA)‘ The thermal Tunming 15 very
sk moportant If the junction 1s
1k Ja— mtroduced m a silicon o1l
R el
osk T * bath [11,22], the temperature
s s apasets

) i T m the central zone 1s bigger

- 20 40 60 80 100 120 140 160 180 200 2
20 0 180 200 220° than the temperature of the

0,5 Reverse bias 4%

extremities and so a slightly
curved compensation profile

of the mmpurities m the

-
1
N
[=]

crystal 1s obtamed Silicon
oil, might be substituted with

n-hexane [15] or hqud
fl
Fig. 3 . Volt-amperic characteristic of the detector after hthxum diffusion uorocarbon [10] and used at
their botling pomts A plain
layer compensated through dnft can be obtamed 1f both faces of the are maintamed at high

and constant temperature[5,16-19] between two metallic plates. These systems hold the dnift
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current at fixed values controlling

the temperature or the power and

disconnecting the system when the
dnifted region reaches the back of
the plate It 1s also necessary 1o

control the depth the L1 ions have
reached durmg the drift because 1f
hthium would get to the opposite

face 1t would form there an n-1-n

structure When such a junction 1s

polarized, one of the 1-n junctions

would be directly polarized and the

other reverse polarized and the
Fig 4. Experimental arrangement for dnft i sithicon mj ected current given by the direct

1-cc power supply Statron 4208, 2-voltmeter, 3- miliampermeter, polarized junction would rise very

4-electrony d circurt of the heating, 5- upply of
clectrome cammane Glett & >-power SIPPY much the noise of the detector. A

the command cicutt Multistab235, 6-heating resistor,

udde; e the reverse ¢ t
7-preheater, 8-autotransformers, 9-silicon plate, 10-contact § 1 nse of the reverse curren

thermometer through the device may be used as
an indication for the total com-
pensation, followed by a rednift process
One of the methods for finding the depth of the lithrum 10ns 15 to use the formula (2)

But because durmg the drift the potential and the temperature have small vaniations and the
concentration of the acceptors 1s not uniform, this method gives only approximate results
Another method is to determune the depth of the compensated region by stooping pertodically
the dnft for measuring the inverse current, noticing a reduction of the blocking current and a
flattening of the charactenstic line or by measuring the capacity of the junction at room
temperature, because it 1s reverse proportional to the depth of the compensated zone[16]
Other techmiques, like the chemical one (plating with copper), are synthesized in paper [23]

For realizing the compensation with hthium, the detector has to be kept 1 a medrum
free of oxidant agents and heated at the drift temperature We used the method of dnft at
constant power [11, 22], using a apparatus where the crystal 1s pl‘aced m sthicon oil (Fig 4)
The crystal was mounted in a device and fixed with a screw and teflon 1solators The whole
ensemble was sank mto a razoterm glass containing sxlic'on o1l and after that in brass
contamer, to protect the detector from hght when checking the potential v current

characteristic during the different steps of the manufacturing The silicon bath contams also a
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heatmg resistor(supplied from a autotransformator at 10V), closed in a quartz tube, working
only for fine adjusting of the temperature and a contact thermometer preset for 130°C The
contamer 1s seated on a electnc boiling ring supplied by a autotransformer at 140V, The S1
crystal will be polarized with drift potentials between 50V and 200V. The heating system has
a precision of £2°C when the drift power consumed by the detector is constant although the
resistivity of the material rises. The depth of the compensated region can be calculated by
using the nomogram 1n Fig 5 that was taken from [24]

Table 1 presents a state of the parameters of the apparatus during the drift and the
depth of the compensated region 1n a S1 plate, calculated with the nomogram (Fig 5)

POLARIZATION SENSIBLE DRIFT TIME Mog%rw TEMP
™ THICKNESS (mm) ® (@*Vs) Q)
t 4o 1 4 + by

e pDTa
01 L
—-10 ’ T 110
4 —+4-10%
| 02 4 14 of
20 I 3
125 03 12 g..
130 3 0,34 4| o251 . T34 S‘_
04 J. 1 T r
T 0 12y T1z 4t
dso .g T 04 sf14i3 T 0 2+
<60 0, T 05T 3 4:3 3l
470 07 4 41
Is 08 + 0.7 I, i
1 0,9 + s + 24 4
e 140,75 131 1918 50l g I7 160
100 10 T9 155 4+
+ 150 4
12
+150 %(5).:{-;18 st
9
T200, 2 1+ 1,2718]2429 J75. R 9‘[__10 140
"3 1842 3035[;- + 50440, - - T
1400 . 1~ 1 LIES - BT
+4 - EY 4~ - -
L s00 s 3%‘2 S I a9 T100 5 1251+
+600 5+ s 4 ot
T 6 2,755 adssf |
1 900 T ] st BT
- 8 +
000 4
lg:_ ] 1o+
2 105 +
1004
oo

Fig. 5. Nomogram for the lithrum compensation of the silicon detectors
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Table No.1

Dnft time Reverse Dnft current Thickness of
wntervals potential (decreasing) compensated
() ™) (mA) region (mm)

2 50 20-16 02

25 70 255-205 027 “

2.5 90 25-24 029

1 100 19-16 02

3 100 15-9.5 0.4

2 150 16-14 035

15 200 24-18.5 03

total time.13 Sh

total thickness. 2.01'mm

We have noticed that during the drnft time m oil the detector was impurified, so we had to do

a short cleaning with CP-4 and to redeposit the contacts for continuing the process

Between the different steps of the drifting some charactenistic of the detector have

been taken, to control the compensation with Li ions The final characteristic of the p-1-n

diode looks very good (Fig 6).

1[zA)
60

40

3er

20 _e__‘__,_.,_—t—"—"""
A —a a0
10
1 I 1 A L I ] - J—l‘;
0 100 200 300 400 500 600
o) uwv)

Fig 6 Volt-amperic characteristic of the Si(Li1) detector at

Reverse bias

room temperature

The final step, after dnfting, to mprove
the quality of the detector, is the clean-up

operation. The LiT 1ons in excess (which
did not pair with an acceptor atom) are
brought back to the face n of the crystal
For doing thus, the detector 1s polanzed
with the plus pole on face p and minus
pole on face n (the face through which L1
was diffused) The potential apphied
during the clean-up was between S0V
and 500V The temperature must not

exceed 100°C, because over this lmut,

the bond between Li and acceptor mmpurities 1s destroyed by the thermal agitation and the

then all lithium atoms are brought back During the clean-up, the current decreases because
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Fig. 7. Block scheme of the spectrometer with cooled S1(L1)
1- preamplifier type 1141FAN , 2- spectrometric amplifier type NE4658, 3-hugh voltage power supply
type 1135FAN, 4-power supply for the preamplifier, type 1112FAN , 5- standard power supply type
ST614 , 6- Si(L1) detector mounted 1n a cryostat with Be window , 7- multichannel analyzer type
NTA1024 , 8-printer type NZ291 , 9- plotter type NE230

the resistivity mcrease The clean-up operation has to be done until the stabilhization of the
current 1s noticed

We kept a potential of 50V and a temperature of 100°C for several hours and after
that, the potential was misen to 200V at room temperature After the clean-up operation, the
quality of the detector has improved, the reverse current measured at 100V bemg ImA We
infer from this that the oniginal sihcon crystal was overcompensated (ND>NA)

The mounting of the detector was made as follows. fine silver wires where stuck with
silver paste on the chmic contacts, the other ends of the being soldered to gilded connectors,
mounted on a polyethylene box On the back of the detector a metallic piece(pin-plng) was

stuck with silver paste, for cooling

Testing the detector to nuclear radiation. The resolution of a detector depends on
the signal to noise ratio By cooling the semiconductor detectors, the noise current due to the
thermal generation of free carriers decreases very much The Si(Li) detector must not be
cooled but during working and can be stored at room temperature unlike the Ge(L1) detector
that has to be maintamned cool all the ime We cooled the Si(L1) by two methods * when
measuring the charged particles, the cooling has been made with a Peltier element at -20°C
(the Peltier cell 1s sufficiently, because the measured signals are large enough) , in other tests,
a cryostat with a Be window (0 Imm thick and having a diameter $=10mm) was used, that
cools the detector to liquid nitrogen temperature. The problem of constructing such cryostats
1s described elsewhere [25-29] The detector was mounted on the cold finger mn the cryostat

which was outgased in vacuum by heating 1t for 3 hours and than mtroduced mn liquid
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nitrogen in a dewar vessel when the final vacuum was 10-6torr The first test was performed

with the detector mn X-rays (or low energy vy-rays) of 60keV, emitted by 241 Am

Expenmental setup is shown in Fig 7.

The detector was polarized with 600V and after cooling the low energy g-rays

spectrum was taken (Fig 8)

4

'l
I
]

‘l‘ ¥, 60 KeV 2! Am, 2pCt

’a
\

'-?E_ \ laboratory source
< “ ll
@
2 g \‘
] q
\-\A
Channel number

Fig.8. The spectrum of the 60keV y-rays from 241 Am
detected with the S1(L1) detector

The resolution of the detector
was established to be 7keV at 60keV.
We must mention that the signals
generated by the radiation are very low
and because of a 50 Hz electronic noise
which generates microfonics,
measurements at energies lower than
40keV where disturbed Tlus noise 1s
hard to elimiate because it 15 generated
by the magnetic component of the
electric network so the tests had to stop
here

We noticed that the successive

chemrcat attacks with CP-4 made the window so thin that a particles could be detected under

certain conditions (Fig 9)

The signal produced by the o particles is larger and can be easily discrimmated from

>

W 55MeV
;f k ZHAJD

i

b
]

:ﬁu\ ’JU?M; ,}J"J l\
Y .-*].mh:)_ v""\,-«.v“‘ M

\
w,

e

>
-

Relative intensty

Channel number

Fig. 9. The spectrum of the 5 5 MeV o particles from 2‘“Am
detected at room temperature trough the thin window on the
n side of the Si(L1) detector

the 60keV radiation background of the

241 Am source This test 1s enough to
demonstrate how thin the entrance
wmdow on the n face of the detector is,
because otherwise the 5 5 MeV 1 Fig 9
would have a "tall" This means that
thas detector could be used also for
detecting a particles or protons
generated by reactions with rapid
neutrons 1 a target mounted m the
front of the detector As a matter of fact
our detector 1s sensing also’ electrotis

(Fig 10)
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t Conclusions. We described 1n deta1l the
x manufacturing technology of the
% ||‘, Siy(L1)detectors The detectors realized through
g ‘H}t‘ q this method are very good for detecting X and

%k low y-rays, o and B particles The detectors are

-

m L} stable m trme and their working service time 1s
I&QMWWW"I‘
Bl ,wmﬂ%ﬁw ’

L4

of a few years.

Fig. 10 The P spectrum from a 137¢s source,
measured differentially
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LOCAL PLASTIFICATION OF HARD SHELLED SEMI-PRODUCTS

L]

BICA IOAN

ABSTRACT. The work presents the experimental results concerning the local
plastification with plasma of Diesel motor cylinders, using a specialized plasma
generalor

Description of the procedure Cylinders of Diesel motors are obtammed through
centnifugal chill casting of grey cast ron FCX 250 The margmal surfaces of the cyhn&érs have
surfaces of the high hardiness (HB 250), for the reason the machme is operated under heavy duty

1t 1s known [1] that the tensile strength of metals and metallic alloys decreases due to

6:=6,,° exp[—m(lJ :' 4))
Ty

temperature, pursuant to the law such as
where-

X g,, -tensile strength of metal (or of the alloy) at environmental temperature,

x Tt -melting temperature of the metal,
xm, n matenal constants,

In case of alloy steels, lugh alloy steels, cast ron etc the above mentioned matenal
constants (1) have the values [2].

m=125, n=3

1

Accordmmg to (1), the main cuttng force F. decreases exponenttally with the metal temperature T

Gy

mcreases [1,4,5]

where

! Umversuty of Timnsoara, Facdty of Plysics, Romania
*"The papet has been financed by ISIM Timtsoara, Bv.Mihar Viteazu nr 30a (contract 1647/1088)
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Fa mam cutting force at ambient temperature.
Therefore that force Fz 1s a measure of the local plasufication of the metal. The local

plastification of the metal 1s obtamned with plasma (Fig. 1). The plasma generator 1, with
transferred arc , supplied by direct current from the current source 2, warms up locally (part MIN)

1
GAS —— _ — .,
—_
WATER
—
3 L\ ~ 1
1 M

| ?L/HT_S

Fig. 1 Block diagram of the equipment used at the local plastification of hard shelled semi-products,

Q - circular speed of the semi-products.

the semi-product 3

The cutting tool roughs on a breadth b = MN and a pre-set depth T, the surface of the
semu-product. The advance S of the cutting tool is the same with that of the plasma generator. The
posttive termunal of the current source is connected to the collector brush 5. So the electnic circust
1s closed and therefore the electric supply of the plasma (position 6 m Fig 1)

The distance on the circumference of the semu-product between the plasma generator 1 and
the cutting tool 4 1s L

The theory shows that in case of a plasma generated by a DC electric arc with a circular

anode spot, the temperature distribution m the coordmmates x and y (Fig 1) is as 5+

0 16PT] ao 4 2
T = / - 3
*,y) AL Vo tr exp(-10** k;y") 3

where
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P - power m plasma
M - local heating efficiency

A - thermic conductibility of metal. ’
The magmtude 3, is the ( confinement) coefficient of the plasma

It depends on the mtensity E of the axial electric field, the electroconductibihity ¢, of the

plasma and on the mtensity I of the electric discharge current [5]

E
ao:WO‘oT 1G]
v
=— 5
ki 4ol (%)

The maximum of k; is obtained from [5]

where
v - tangent speed of the part,
@ - thermic diffusibility of the metal (or of the alloy)

It can be noticed m (3) that the reaching the temperature T at the plastification of the metal
1s conditioned by the power p of the plasma, nature of plasmagenous gas through ,, the
distance generator - machme pz;rt through the election of the dimension E, on the material of the
semi-product through ® and A and respectively on the posttion of the plasma generator set for
the cutting tool by the dimension L

The plasma generator. The plasma generator 1s designed for the conversion of electric
epergy given by the source in thermuc energy of the plasma. ,

In Fig 2 we see the plasma generator used at the local plastification of hard shelled
semi-products.

It conststs of two groups of different elements electrode 1 with fixing tweezers and the
cooling chamber 3, and respectively the nozzle 4 with the cooling chamber The two compounds
are 1solated one of the other through the ceramic msulators 6 and 7 The plasmagenous gas
(argon) penetrates through the pipe 8, pressure is equalized in the equalization chamber 9 and then
1t comes out mto the space electrodenozzle through the space between the tweezers 2 and the
coolmg chamber 3.

The pressurized cooling water 1s introduced through the tube 10, and then arrives through

ramufications mnto the cooling chambers 3 and 4 The water out of the cooling spaces 1s evacuated
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by tube 11 Spacers 12 mamtain equidistant the plasma generator water and gas supply tubes

The protection of the generator compounds occurs through metal sleeve 13, msulated by
the nozzle trough an msulation of mica (posttion 14 m Fig 2) The plasma generator flexible
pipes are protected by the metal case 15 It's small size (see Tig 2) allows 1t's utihzation for the

l" %‘_ _-“»_\‘we._ £
[ ey

l- | T A ARANRAN

Fig. 2. The plasma generator
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Tocal plastification with plasma, inside Diesel's cylinder sleeves

Experimental results and conclusions. The testing equipment used at fhe local
plastificatton of margial surfaces at Diesel cylinder sleeves is shown in (Fig 1). The plasma

generator used 1s shown in (Fig 2)

{; \‘\

ﬁ e ‘ " .
B

Ha

Fig. 3. Aspect during the 10cal plasufication with plasma, mside the semi-product Diescl engine cylinder sleeve

Figure 3 shows an aspect durmg the experrments The diesel engine cylinder sleeve 1s
sized 240/ 209x460mm It 1s casted centrifugally according to the MAN 380 3 standard having
at surface a hardness of at least 250 HB. The plastification temperature of the matenal 15 about
900K [5]

For measuring the mam cutting force, as a measure of the materials plastification, 1t has
been used a lathe tool having mside tensometric sensors (Fig 4). The machine-tool used 1s of type
SP 630 The lathe tool 1s reinforced with plates 2 of metal carbide K 10 [3,4]

Into the tool's body are practiced a transversal and a longitudmal aperture The first one 1s
necessary for the emplacement of the sensors, and the second one 1s designated for the afferent
lays. The assembly m (Fig 4) foreseen with the sprmg gasters 3, holding screws 4 and 5 and
tespectively the socket bung 6 The connecting diagram between the socket bung 6 and the sensors

1s shown m (Fig 5), strain gauges (tensometric sensors)
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g,*\-m“‘m“

2

i

Fig 4. Lathe tool fit out with tensometric sensors

The signal recerved from the tensometric bridge is processed by a recording amplifier,

prior gratuated )

At a argon plasma power (151/min) of 13 KW, obtamed with the plasma generator in Fig
2 (nozzle diameter of 6 mm) the cutting force decreased from 356 51 daN to 230.56 daN (Fig 6).

t

a a

— 1 1

L &l

-2
b b’
— 1 03
¥ol
| A
Lugs

Fig. 5. Connecting diagram of the strain gauges m order to measure the force F,
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Fz
A (daN) .
400 L gxthout
Without Plasma asma
350 With Plasma
200k F,¢=357,57 daN
N F=230,56 daN
2sof F=356,51 daN
time

Fig. 6. Time emphasizing of the cutting forces at plasmaless machine processing (Fyo) and respectively at

machine processing using plasma (F,)

We remark that the semi-product m the tool-machine jaw has a speed €2 = 40rev/ min,
the advance of the cutting tool 1s of 0 28 mm/tumn and the cutting depth 1s t=4.5mm In the
impact Zone plasma - metal the measured temperature 1s 1473 K.

The roughing zone remarns at a temperature of about 400 K.

Of (Fig 6) 1t can be observed that the metal 1s plastified m plasma and the mam cutting

force decreases with about 46 %

Acknowledgements Thanks to Mr Cheveresan Traian, main researcher at ISIM
Timsoara for the realization of the plasma generator and respectively to Mr Gngoriu Theodor,

main researcher for the performing measurement for the cutting forces.

REFERENCES

1 D N Klauci, Energomasinostroemie, 7 (1984), 26 - 27

2 AN Reznikov, Energomasinostroemie, 11 (1981), 26-18

3 I Bica, T. Udo1, T Grigoriu, Symposium "Tehnologn neconventionale", Baza Acadenuer
Romane, Timsoara 30-31 may 1986 Proceedings pag 123-128

41 Bica, G. Mucsy, T Udo1, Symposium "SITNECI" Birlad 1988, Proceedings pag 255 - 262

5 T Bica, Doctoral thesis, Umversity of Timusoara 1991

71



TEEE

S 71

e 5%

Rt 2|



STUDIA UNIVERSITATIS "BABES-BOLYAI", PHYSICA, XL, 2, 1995

STUDY OF WIG ARC STARTING IN AC C e
L BICA!

ABSTRACT. The paper present the experimental research about igmition and
stability of the WIG arc m AC

Theoretical introduction The WIG arc 1s an electnical discharge m an nert gas medium,
between a wolfram electrode an a metal piece (Fig 1) The pressure of the inert gas 1s at least
equally to the atmosphere pressure In AC the wolfram electrode and also the metal piece are
connected at the output of a step-down transformer (380 V,/ 80 V,, with a descendent
characteristic "V - A") (fig 1) From electrical pomt of view the arc WIG in AC shows a

capacittve character impedance

Z,=R."JXa 1)

where
R. = ohmic resistance
X, = arc reactance

The voltage U, appled to the arc WIG determinate the appearig of a current of intensity
I. along the arc As a consequence of the phenomena between the electrode 1 and 2 the 10mzed
gas 1s transformed mto plasma (pos3 - Fig 1) The current I, through has a tune varation
similar to that of \;Bltz;'ge U. At passing through zero of 1, the arc WIG extmguishes

Reignition of the WIG arc requires a starting voltage [1,2]

. LI ‘
UV e s @

where v

V. =1onization potential of the mert gas (v, = 13,56 V - for Argon) N
p = pressure of the mert gas, torr "

d = distance between the electrodes, mm

A = a constant depending of the nature of electrodes and also of the plasmagenous g;ls

The dependence of the starting voltage fr, from the product between the pressure p _of the

B Vit et

y ot

Y Umversity of Timisoara, Faculty of Physics, Romama
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mert gas and and the distance d between the wolfram (W) Nickel (N1) resp of iron electrodes is
presented in (Fig 2)

' At metal processing by arc WIG the mumimal distance between the Wolfram electrode and
piece has to be d > 3 mm. From Fig 2 1t yiclds that the voltage U, in Argon, at a pressure of 760
mm Hg 1s of about 3 KV and linearly with d The U, voltage of the current source respectively

voltage of the current source respectively voltage U, on the arc WIG meet the condition.

Uo, U Us ©)

As a consequence of the

N | mequality (3) the arc WIG does

> > ¥ 42;- LY l not start For starting the WIG
Q”E jtcL A ' - arc m AC 1t s requured
™~ 4 superposing a voltage J, over

ke
2 4
N r \ /2
~ _ r"[ 4 } the voltages U, and U, of a
‘ 1 WIG source, as shown m Fig
1 For protection of source

WIG, the signal {J, has to be

Fig 1. Basic electrical diagram for AC supply of the arc WIG
of mgh frequency (f>1 MHz) The elements L and C (Fig. 1) protect the WIG source from the

high frequency signal given by the arc starting device (D A.Ar)

AC WIG arc starting device. The basic electnical diagram of the AC WIG arc starting device 18
presented m Fig 3 The

U, (V)
" operation mode of D.A Ar,

3000
2000 referrmg to Fig 3 1s as
1000 follows The device presented
500 L m Fig 3 1s fed at a voltage

300
00 ] Ua = 220 Ve The static

200 |
contactor with friac Vg

100
sol o pd (torr cm) conducts when the voltage on
051 2 3 5 10 20 30 50 100 200300 fhe capacitor C, teaches the

Fig. 2. Dependence of the starting voltage U, of the product between the oo v,
oltage UB, the
pressure p of the inert gas and the distance d between electrodes & s of

diac v - as well m the
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posttive semu-period but also m the negative semu-period of the supply voltage 4
Through the phase difference circuit C; - R, there 1s set the start angle of triac V;
tgd=0Ci*R ON
where ® ~ AC pulsation.

The voltage applied on the senial oscillatmg circutt 1,,- C; being significantly deformed,

will contain a mgh number of harmonics.

The oscillated circuit 1,,- C; will enter the resonance on one of the harmonics of which

the frequency is.
£o = ! ®
P R S
21[‘\' Lp L4 C3
Ay
O
Ll
Uu] Co=r = d
v Va2 —
i
;— : .
Fig.3. Basic diagram of D A Ar (3]
where
L, = mductance of the primary winding of the lugh frequency transformer
G; = capacity of the series capacitor
The number of pulses during a semiperiod of the supply voltage 1s
106
N, ==——ef, Of N,=— ©
T 0

where
6+ m-¢ - is the conduction angle of the triac
fo= Ti - is the oscillation frequency of the serial oscillating circuit L ,-Cs.
0
The pulse amplitude of the oscillating circuit are increased by a factor of K through the
high voltage transformer (T 1 T ) shown m Fig. 3:
K= )

Bp
where

1, = number of turns m the secondary winding

=75



BICA IOAN

N, =number of turns m the primary winding

27
o

IOR}. (‘:1 :RZC]

10R;0 G =Ry Cy

S-Uaut

| (kV) >
6L Q
4l
2L =}

r i I I'd y i L L 1 » N 1 1 >
0 1 2 3 4 d(mm)

Fig. 4. D A Ar output voltage variation as 2 function of the
distance dy between the eclators.

®

Elimnation of the elecinc
hysteresis phenomenon 1s obtamed
by meeting the conditions [4]

For meetmg the condition
(8) the opening pulses of the tmac
Vs are given the same moment on
the sme curve of the supply
voltage The circuit Ry-C; protects
the tniac V; at overvoltage

The voltage supplied by
TIT 1s applied to the scintillation

oscillatmg crrcuit The scntilla-

tion oscillating circmt 15 cons-tituted by the spark gaps E, the capacitor C, and the coil L [4] The

coil L has a protective role for the WIG supply source (Fig 1) The oscillation frequency of the

scitillation oscillating circuit 1s

f:_l_o 1

2n fLe Ca

and the oscillator output signal power is

P=fo0Cs®Uln

20 VI

2 ms
—

Fig. 5. Tume vaniation of the control voltage on the gate of the tnac [6]
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Experimental results
and conclusions The voltage Ugy,
at the output of the starting
device, which had been measured
using the sﬁhere eclators method
[S] The sphere eclators measure
the maximal voltage pulse value

The measurements have been

performed with spark gaps with
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drameters of 20 mm and also a radioactive cell *Kr

Tt has been observed the modification of the output voltage U,y as a function of the
distance di between the spark gaps E Experimental results are synthesized i Fig 4 The lnear
dependence of the voltage U, of the distance dg allows the control of starting voltage of the WIG
arc The conduction time, corresponding to the angle of the triac Vs in a semipeniod of the
alternating supply voltage 1s of 2 ms (Fig 5)

The frequency of electrical oscillations in the curcurt Cs - Ly 1s ¥y = 1 MHz (Fig 6) Asa
consequence the number of hugh frequency pulses (Fig 7) over a semuperniod of the voltage
calculated by expresston (6) is N, =2 The frequency of signal (Fig. 7) obtamned at the output
OAAr sf=5MHz

The study of the connecting mode of the WIG source and that of the D A Ar. to the

electnicity supply net has been done using the connection given m Fig 8

1 21314

S.WIG - WIG source , D A Ar. - arc starting device, 1, C - protecting
RI{N|R]|S elements for the WIG source, Cy, Gy, C; - Capacitive voltage divider
RINIS IR The connecting mode of the WIG source at the three-phase

supply net (R, S, T) and also the connecting mode of D A.Ar at the
RINIS)T single phase electricity supply net 1s according to Table 1
RIN|T]|S Electricity  supply output termunals of table 1 correspond to
RN TR T those m fig 8 (1 -2 =supply D A Ar, 3 - 4 = WIG source supply)

They have been displayed on an oscilloscope and photographed

RINIT IR the WIG source output voltage and pulses obtained at the output of the

Table 1 electric arc starting device
If Upn 1s the D A Ar supply voltage and Ugs, Usg, Ust, Urs, Utr
and Ugr the WIG source supply voltages, then the mgh frequency high voltage pulses are phase

0,5 ms
80V
N
Fig. 6 Electrical oscillations i the priwary widing Fig. 7. Form of efficient signal at D A Ar output
of the high voltage transformer TIT (£=5 MHz) [6]

77



BICA IOAN

Jlr ﬁ{
D A An
Cy
3 E Iq OSCILLOSCOPE
u — CHANNEL
L3 L OSCILLOSCOPE o ( 10
(CHANNEL I) T 3
e 1
S4 win

Tig. 8. Principal electrical diagram of the connection used for study of WIG arc

starting m AC

displaced from the
current through the
arc WIG, as shown
mhg 9 InFg 9
there  has
assumed that, the

been

current through the
arc WIG m, m a
prime  approxima-
tion, m phase with

the voltage at the

termunals of the WIG source There has been found by expeniment that approximation does not

affect the results of the measurements

On the experimental data it yields that high frequency high voltage are applied at the

moment of passing through zero of the discharge current only m the cases corresponding to Fig 9

1s according to Fig. 9-f

S

In the oscillating circuit C4-L the capacitor C4 has values of hundreds of picotarads The

Ur

4 UR A UR
Usr
27 2% o
t / t
Usrs
a) Ue # b)
u 2n USI U 2n J/:
t t
/ MUTS
d
C) UR » ) UR
TR RT
U 21 N T 2n N
IR Y2
e) 1)

Fig 9. Hhgh frequency lgh voltage pulses (vertical Imes of the semisinusord Ug) related to the no
load voltage Ugs, Usg, Ust, Uts, Utr and Ugr of the WIG source

78



STUDY OF WIG ARCSTARTING INAC

power P m pulse of the high frequency high voltage signal for the value rank of the output voltage

has a maxamal value of 32 W (fig 10)

By connecting D A Ar to the supply voltage (as n fig. 9-¢ or as in fig.9-f) and selecting a

P
N
3
24}
jo=10° Hz
16 C4=500 pF
P=joCaUu
81 )

Ld

0 2 4 6 8 UmEY)

Fig. 10 Varnation of the power P 1n pulse of the ligh frequency
hugh voltage signal as a function of the output voltage Uy of
DAAr

power P for the lgh frequency
voltage, by adjusting the distance dg,
due to concrete technological
requirements , the WIG arc 1s easily
started and burns stable

Acknowledgements. The
paper has been prepared with
financial assistance of TES SA
Timisoara, Avenue Mihar Viteazul
30b, according to the cooperation
agreement No 130/04 05 1992

I also wish to express may

gratitude to Prof Dr Titithazan Viorel

of the Technical Umversity m Tumsoara for high voltage measurements

REFERENCES

1 B Tareev , Physics of dielectric materials, Mar Publishers Moskow, 1975
2 JF Lancaster, The Physics of Welding, Program Press, Oxford 1984

31 Bica, G Mucsy - Patent RO No 83348/1983
4 H Lilem , Thyristor et trracs, Ed Rodio, Panis 1971

5 F1 Tanasescu, High voltage electric measurements, Vol 1II, Ed Tehmc#, Bucharest 1971
6 I Bica, Annals of the University mm Tumsoara, Series Physical Sciences 27 (1989), 51 - 54

79



e

¥ i

o

e

R:.w;_m'r‘

S




STUDIA UNIVERSITATIS "BABES-BOLYAI", PHYSICA, XL, 2, 1995

DOUBLE-EXCITATION OF HELIUM BY FAST CHARGED PARTICLES

.

N

L.NAGY', D BODEA!

ABSTRACT. The double-excitation cross sections of the helum to the 2s2p state
by proton and antiproton (electron) mmpact have been evaluated. We have used a
perturbation expausion 1 the projectile-electron interaction, and have included 1n
our calculations the first-order (shake) and the time-ordered second-order (TS2)
terms Electron-electron interactions have been approximated with a screening
potential OQur results are 1 good agreement with the experimental data and the
close-coupling calculations [8]

Introduction. Two-¢lectron transitions 1 fast collistons with charged particles have beeif
studied by various groups m the past several years both theoretically [1-11] and experimentally
[12-15] These studies yield mformation on the dynamucs of the electron-electron nteraction stnce
two-electron transitions are domnated by the eleciron-electron interaction 1n very fast collisions
At moderately fast velocities, a two-electron transition may be described [1] i terms of a coherent
sum of first and second order terms in a Born expansion in the mteraction strength (1 e projectile
charge), Z

The square of such a first plus second order amphtude yields a Z* contribution to physical
observables such as transitton probabilities and cross sections Since the uncorrelated contribution
to the second order amphtude does not contribute to the z term, such observable Z’ effects may

also be classified as a dynamuc correlation effects
The most mvestigated atom for two-electron processes was the simplest two-electron’

system, the helium atom Calculations were made for the double ionization [3,4], 1onization
excitation [11] and for double excitation [2,8] Fritsch and Lin [8] have made coupled-channel
calculations for the double excitation of the helum by differently charged projectiles to four,
different final states Therr results are m fair agreement with the experimental data Straton and
McGuire [2] have made a perturbation expansion m the projectile-electron interaction. . The
second-order amplitude includes a time-ordermng term, leading to mnterference between the first
and second-order amphtude However, their results does not agree with other calculations and the
experimental data

We have developed a stmitar method (using perturbation expansion) for the calculation of

! Babes-Bolyat Uneversity, Department of Atomic and Nuclear Physics, 3400 Chy-Napoca, Romama
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We have developed a similar method (using perturbation expansion) for the calculation of
the cross sections for two-electron processes [10,11]. The calculation of the time-ordered second-
order amphtude 1s made directly We have pubhshed our results for the 1onization-excitation [11]
of the helhum

In the present paper we report our calculations for the double excitation of the helwm by
fast charged particles mmpact. We have mvestigated collisions rangig from asymptotically large

veloctties, where double to smgle excitation cross section ratios tend to a constant to moderately

high velocities where 72 term occur

Theory. For the calculation of the double-excitation cross section of the helium by
charged particles impact we treat the projectile as a classical particle with a straight lme trajectory,
R(t) = b + vt and treat the electronic evolution separately [16]. The mteraction of the projectile
with the two electrons 1s considered as a perturbation

VO =vi)+Vv,(® M

The wave function of the two-electron system 1s approximated as a product of one-electron wave

1 Zr Zr, 1
Hoexacl :"(A12+A22)'_T'_T+_ . (2)
2 n rz 1Im

fimctions Thus, instead of the exact vnperturbed Hamultonan of the two electrons, namely

1 1
HO:'EAlz'é+V2(1’1)'EA22‘Q+V1(1‘2) 3

11 2

the states are approximately described by a sum of one-electron Hartree-Fock Hamiltonians
Here Va(r1) is the screening potential for the electron 1 created by the electron 2 and
vi(r2) 1s the screemmg potential for the electron 2 created by the electron 1 The screening

potentials are different for the mitial and for the final states.

Because m the imtial state we have two electrons m the same (1s) state, the effect of
electron symmetry may be 1gnored In tlus paper we have mvestigated the excitation to the 2s2p
state, which 1s described as a product of a 25 and a 2p wave functions

The first-order amplitude, with a smgle mteraction with the projectile 1s.

a® = <ff | > [T dt " < v, (O)fis >
S <P |y > [ dt BB < g5y, (D], >

@

where for the mitial state, 1, we consider a2 wave function consisting of a /s orbital only, neglectmng
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double excited state while Eq 1s the ground state of the helium

Because the imtial and final states has different Hanultomans, the overlap integrals m (4)
can be nonzero The first-order term 1n the amplitude can be regarded as a shake-up contribution.

In our second-order term the transition 1s caused by two consecutive projectile-electron
mteractions, We keep track of the time-ordering: the energy transfer to the mndividual electron
depends on the order of the nteractions [7]. Theoretically there are an mfinty of imtermediate
states, but we keep only two. electron 1 m the final and electron 2 in the mutial state,’and vice
versa.

Let AEs and AE, denote the excitation energies for the two possible simple-excited states
(1n tlus case one electron is m the ground state, so the screemng potential is Voroumd(r)) The energy

transfer to the second excited electron is AE¢' or AEp' which are different from AEg respectively
AE, The relations between the two energie transfers are

Ef- Eg=AEs + AE}, or Eg-Eg=AE, + AEy{'
So we have

AEy' = Efr- Eg - AEg and AE¢' = Eg- Ep - AEp

The second-order amplitude may now be written as follows

a®= ‘I : dt oMErEAEN < lz" Va1 >
X[ d'te B < £V ()] >
-[77 dt gBrEAEN < £ |7, (D), >

X[, d'te B < £2lv, ()1, >

®)

where the unprimed wave functions are calculated m a screenmg potential created by the other
electron 1n the ground state, while the primed wave functions are calculated with the other electron
m the final state

For a given state the first-order amplitude 1s purely imagmary The second-order
amplitude, because of the ime-ordermg term, 1s complex. Interference occurs between first-order
and second-order amplitudes, so we obtamn different cross sections for positively and negatively
charged projectiles.

The cross section can be calculated by integrating the square of the amplitude over the
mpact parameters,

o =2[la®+a®Fd%

where the factor 2 stands for the two possible equivalent final states electron 1 excited in the 2s
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where the factor 2 stands for the two possible equivalent final states electron 1 excited m the 2s
state and 2 excrted m the 2p state, or 2 excited mn the 2s state and 1 excited m the 2p state

Results and discussion. We have made calculations for the excitation of the 2s2p state of
the helium atom by positively and negatively charged particle impact. The mi1tial state 15 descnibed
by Hartree-Fock wave functions [17] and the final state by a product of two hydrogemc wave
functions In the mtermediate state the mmer electron 1s taken m a hydrogenic state, the excited one
15 screened [17]. In the calculation of the amplitudes and cross sections, mtegrals over angles were
performed analytically, while the radial intergrals in the matrix element, the mtegrals over time

and the impact parameter were performed numertcally

T~
4\ — — _ Present p~
1 . Present
1 I — Theory p  Ref(2
1~ \\\\ — — Theory p Ref(2

~ “~-.__“
—-18_]| -~ ;—--:-‘-a"‘&u.-

L1075 -

o i

o) -

o

R i

O

) 4

2

@10 =

(o] -

4 ]

&) A

ip ™ T T T T TTTT T T T T T T

0.1 10

!
Projectile Energy (MeV/amu)

Fig.1. Double excitation cross section of the helium by charged particle impact as a function of
projectile energy Crrcles represents experumental data of Giese et al [14], squares are the data of Pedersen
and Hvelplund [13] and triangles the theoretical results of Fritsch and L [8] Open symbols stand for proton
mpact. full symbols for equivelocity electron impact

Figure 1 shows our calculated double-excitation cross section as a function of the projectile
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Giese et al [14], and the theoretrcal calculations of Fritsch and L [8] and McGuire and Straton
[2] The data are for protons of given energy and for the same velocity electrons The experrmental
data of Pederson and Hvelplund [13] represent a sum of the 2s2p('P) and the 2p°('D) cross
sections, other data are for the excitation of the 2s2p(’P) alone In the energy range between 200
keV and 5 MeV our cross sections for negatively charged particle (antiprotons or same velocity
electrons) are higher than the cross sections obtained with proton projectiles, 1n agreement with. &e
expermmental data and the coupled-channel calculations of Fritsch and Lin [8] The absolute value
of our results are between the experimental data of Giese et al [14] and the theoretical results of
Frtsch and Lm [8] On figure 2 1s represented the relative importance of the two considered
mechamsms, shake-up (first-order term) and TS2 (second-order term) As 1t was expected, the
second-order cross section falls down more rapidly with the energy than the first-order one, and is

negligible at hugh projectile energies. At 100 keV the two mechanisms have the same importance

N’
=
O
o=
i)
Q
()]
7]
/2]
3
& —21_] AN
010 3 N\
._ \
] Shake—up N
1 T-_Ts2 N
_______ - P \
s \
— — P .
T r T T T T IT T T T T T T T
0.1 10

!
Projectile Energy (MeV/amu)

Fig 2. The contributions of the first and second-order amphtudes to the double excitation cross
sections to the 2s52p state of the helium by proton and antiproton mmpact as a function of the projectile energy
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We can conclude that our calculated cross sections for the double excitation of the hehum
to the 2s2p state are m good agreement with the available experimental data, m spite of the fact
that for the description of the two-electron states we have used simple product wave-functions We
obtain hugher cross sections for negatively charged projectiles than for positive ones i agreement
with the expenrments and the coupled-channel calculations of Fritsch and Lin [8] We have get this
dependence of the cross section on the sign of the charge of the projectile due to the mterference of
the shake-up (first-order) and the time-ordered TS2 (second order) amphtudes Further studies
should reveal the importance of the (here neglected) electron-electron correlations m the double

excitation process.
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MNR OBSERVATION OF THE RESIDUAL DIPOLAR INTERACTION IN
MOLTEN POLYBUTADIENE

M Todica*

ABSTRACT. The superposition property of the relaxation curves of the
transversal magnetization and the specific properties of the pseudo-sohd echoes,
were used to demonstrate the existence of the residual dipolar interaction between
the protons attached to the polymenic chan

Introduction. It 15 well known that the relaxation function of the transversal
magnetization 1s a rich source of mformation concerning the local and long range properties
of polymeric cham Generally the mathematically expression of thus function 1s not simple,
because the relaxation of the transversal magnetization 15 a complex process governed by the
mteraction between the protons attached to the polymenc chain.

In many cases 1t 1s very difficult to find the exact form of this function, but some
conclustons about the relaxation process can be disclosed by analyzing the properties of
relaxation curves For mstance, the superposition property of the relaxation curves, in
association with the pseudo-solid behavior were utihzed to demonstrate the existence of the
residual dipolar mteraction, [1]

In thus work we are interested to analyze the properties of the relaxation curves, m

order to characterize the relaxation mechamsm

Experimental. We studted two polybutadiene samples, PB1507 and PB1009, kindly
supplied by the Manufacture Michelin, France The microstructure and the molecular mass of
two samples were M;=190000 g/mole, 40% m vinyl conformation, 36% i trans
conformation, 24% 1n cis conformation and Tg=202K for PB1507, My=70000 g/mole, 8% m
vinyl conformation, 54% in trans conformation, 38% 1 ci1s conformation and Tg=175K, for
PB1009

All the measurements were performed usmg a CXP Bruker spectrometer working at
45 MHz, m the temperature range of 250 X to, 344 K The relaxation of the transversal

magnetization was observed using the Carr-Purcell sequence, [2], and the pseudo-solid echoes

! Faculty of Physics, "Babes-Bolyar" Untversity, 3400 Cluy-Napoca
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were observed usmg the following pulse sequence: [p/2]y - [t- ®)y - thn - [p2]x - [t~ (p)y -
tlg - echo, [3]

Results and discussion. Some typical relaxation curves of the transversal

magnetization, for many temperatures, are shown mn Fig 1
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Fig 1 The relaxation curves of the transversal magnetization observed
for the PB1507 sample for some temperatures

The relaxation curve 1n not a simple exponential function We observed a radical change of
the shape of these curves 1n the vicimty of one characteristic temperature for each sample,
which was called "reference temperature”, Tref The values of these temperatures are
Tyef=294 K for PB1507 and Tye=264 K for PB1009. These temperatures were hugher than
the glass transition temperature, of about 90 K, so that Tref-Tg=const

For temperatures higher than Tyef, the relaxation curves obeys to a superposition
property For mstance we can consider f1(T,t) the relaxation function correspondng to the
temperature T1 and f5(T9,0) the relaxation at Ty, where Ty >T1> Tyer Apparently £1(T1,t)
and f5(T9,t) are two different functions In our case we can superpose these curves by
dividing the time scale with a constant factor S, named “superposition factor”, so that

11(T1,0=(T,S), Fag 2
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Fig. 2 The superposition of the relaxation curves observed
for the PB1507 sample above Tygf.

The temperature dependence of the superposition factor 1s shown 1 Fig 3 Then we
can affirm that these functions have the same mathematically expression That means that the
relaxation of the transversal magnetization, for temperatures higher than Tyref, 15 governed by

!

the same mechamism.

When the temperature is lower than Tgef; the superposition property 1s not respected
and the relaxation curves have different mathematically forms We can conclude that the
mathematically expression of the relaxation function change m the viciuty of Tyer and thus
the relaxation mechanisms are different for temperatures uppers and lowers than Tyef Tref1s

then an important parameter which denote changes 1 the relaxation properties
The domunant mechamusm which govern the relaxation of the transversal

magnetization 1s the dipolar iteraction between the protons attached to one polymenc chamn,
but this interaction 1s affected by two mam factors the temporary junctions between two
different chams and the dynamics of skeletal bonds. The temporary junctions mduces an
orientation order of the conformational fluctuations. and thus an amsotropy of the monomer
Totations As a results, the dipolar mteraction 1s not averaged to zero. This residual dipolar
mteraction determine the pseudo-solid behavior of the relaxation function, [4] In thig case the

pseudo-solid echoes have specific properties
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- the mtersection of two echoes generated at mstants t=t; and t=t,, must occur at

t=t;+t, where t,=2tn; and t2=2tn2
- the slopes of the relaxation function and of the echoes function must be symmetric at

the ongm of the echo, [3]

® S(T) PB1507 Tref=294K
0 S(T) PB1009 Tref=264K

260 280 300 320 340
T(K)

Fig 3 The temperature dependence of the superposition parameter
observed for the PB1507 and PB1009 samples

‘When T > Trer, we observe the pseudo-solid echoes with specific properties for both
poly;ners, PB1507 and PB1009, Fig 4. The relaxation of the transversal magnetization 1s
governed 1n this case by the residual dipolar interaction

When the temperature is lower than Tpef, the psendo-solid echoes do not respect the
specific properties This srtuation 1s illustrated in Fig 5 We observe agam that the Tyeg1s the
macroscopic parameter which mark changes of the properties of the pseudo-solid echoes

' We can explain this behavior 1f we suppose that the relaxation function can be
expressed as a product of two other functions My (t)=My®(t)*F(t) The function Mx®(t) 1s
associated with the asymmnetry of monomeric umits rotations and distort the pseudo-solid
echoes Fe(t) determine the pseudo-solid behavior of the relaxation function and reflects the

dynamics of the skeletal bonds, [5] The function Fe(t) depends upon the spectral density of
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thermal energy J(wolc), where Wy, 1s the Larmor frequency and t¢ is the correlation time of

the molecular motion

1?; ; T T T
IBEBB ® 71=06ms

@ 0 12=1ms

B oMy

? o 8 Mx(t)/Mx(0) T=314K
0.5}

T1
0

0

t{ms)

Fig. 4 The pseudo-solid echoes, with specific properties,
observed for the PB1507 sample above Tref, (T=314K)

For lower temperatures that Tof, the correlation trme t; 15 very long and the function
Fq(t) has the major contribution on the total relaxation function My(t) For this reason the
pseudo-solid echoes do not respect theus specific properties and the relaxation function do
not obey to the superposition property When the temperature mcrease, the correlation time
dummish and the function Fg(t) 1s very long, practically constant mm compartson with the
function Mg®(t). In this case the function My®(t) has the major contribution to the total
relaxation function My(t). The relaxation curves obey to the superposition property and the
pseudo-solid echoes have specific properties, [6]. The relaxation of the transversal
magnetization is governed by the residual dipolar interaction when T > Tyof We associate the
change 1 the dommance of one of the two functions Fe(t), or My (1), with the reference
temperature  Also the superposition of the relaxation functions 1s observed m correlation
with this temperature. We can associate the two observations to established the domjmix;ce of
the residual dipolar mteraction For this, 1t 15 not necessary to observe the pseudo-solid echoes

for each temperature, 1t 1s sufficiently to test the superposition property of the relaxation
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for each temperature, 1t 1s sufficiently to test the superposition property of the relaxation
functions and then 1t 1s necessary to observe the pseudo-solid echoes for some temperatures in
the superposition domamn If the pseudo-solid echoes have the specific properties, then the

relaxation 1s governed by the residual dipolar mteraction In the contrary case, the relaxation

18 affected by the dynammcs of skeletal bonds

® e 11=0.6ms
) o 12=1ms
. * Mx(t)/Mx{0) T=274K
0.5
0
0

Fig 5 The pseudo-sohd echoes observed for the PB1507 sample,
for temperatures lower than Tref, (T=275K)
The slopes of the echoes and the relaxation curves are not symmetric

Superposition of the relaxation functions associated with the observation of the
psendo-sohd echoes, 1s a simple way to characterize the relaxation mechanism

We analyzed also the superposition of the relaxation functions and the properties of
the pseudo-sohid echoes for the PB1009 sample. We observed the same behav1or as m the
case of the PB1507 sample. The reference temperature 1s Tref=264 K, so that Tref Tg91K
For T > Tyef, the relaxation functions obey the superposition property and the pseudo-sohd
echoes have specific properties, Fig 6. This propertics were not observed for temperatures

lower than T, ef
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T T L
71=0.4ms .
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73=1.6ms

Mx(t)}/Mx(0) T=295K
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Fig 6 The pseudo-sohd echoes with specific properties,
observed for the PB1009 sample, above Tyef, (T=295K)

The samples PB1009 and PB1507 have different microstructures and different
molecular masses, but the general behavior of the relaxation functions 1s the same m both
cases We can conclude that the analysis of the relaxation functions previously described, 1s

a general way to observe the residual dipolar mnteraction

Conclusion. The relaxation curves of the transversal magnetizaion observed m
molten polybutadiene, obey to a superposttion property This property 1s observed for
temperatures higher than a characteristic temperature for each polymer, called reference
temperature, Tror The superposition property indicate that different relaxation curves can be
described by the same mathematical expression. In this case the relaxation of the transversal
magnetization 1s governed by the same mechanism

The existence of the pseudo-sohid echoes with specific properties, indicate that the
dominant mechanism of the relaxation 1s the residual dipolar interaction between the protons
of one polymeric chain This echoes were observed for temperatures higher than Trer For

temperatures lowers than Tref, the superpositton and the specific properties of pseudo-solid
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echoes were not observe and the relaxation of the transversal magnetization 1s affected by the
dynanmucs of skeletal bonds

The observation of the superposition of the relaxation curves and the observation of
the pseudo-sohid echoes with specific properties, 1s a simple way to demonstrate the existence

of the residual dipolar interaction
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6 MeV ELECTRON BEAM CALIBRATION FOR GE SATURN 41
ELECTRON LINEAR ACCELERATOR

Gy. Hegyi', Maria Gherasim’, Alexandra Lup?, V. Simon®

ABSTRACT Cahbration data for 6 MeV electron beam of GE Saturn 41 electron
linear accelerator are reported Absorbed radiation doses in a PMMA phantom for
radiation fields rangmg from 4x4 cm up to 30x30 cm, obtamned by applying
additional tungsten plate apphcators at distances of 9 5 cm 1 X direction and 13
cm 1n Y direction above the irradiated surface m the plane of 1socenter as well as
output factors for therapeutic fields are investigated The results indicate that the
absorbed doses m a certain uradiated volume are lunited by the iradiation field
dimensions It 1s also evidenced an asymmetry of the output factors for wradiated
fields of same surface but of different dimensions

Introduction The use of electron beams in radiotherapy requires to establish the
proper method 1 order to obtan a therapeutical beam with very exactly known parameters
(field dimensions, given dose etc ) The desired parameters are practically obtamed by means
of electron beam calibration. The beam calibration method consists of two stages (1) dose
measurement 1n a certain reference point m an wradiated phantom and (2) the relative dose
determunation 1n the reference pomnt i other conditions than the reference ones For the
second stage it 1s necessary to determine the output factor and the depth dose absorption
curve On the other hand the electron beam depends on type of linear accelerator, on transport
phenomena 1nside the beam, on beam profile flattening system as well as on collimating
system The results regarding the calibration of the locally unexplored 6 MeV electron beam,
interesting for certain ireatment techniques, provided by a GE Saturn 41 hnear accelerator,

are presented 1 this paper

Experimental. The results presented m this study were obtamned usmg a General
Electric (GE) Saturn 41 linear accelerator providing electron beams with energies ranging

from 6 to 15 MeV The electron beam generated by the acceleration system 1s flattened by

! Ton Chiricut Institute of Oncology , Clu-Napoca, Romania
2 Faculty of Physics, Babes-Bolyat University, Clu-Napoca, Romania
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means of a two scattermg foils system The first foil has the scattering role whale the second
one has the beam profile flattenmg role for the whole 1rradiation field [i, 4] Therefore in the
output of the accelerator head a divergent and uniform electron beam 1s obtamed The
expansion of the trradiation field was limited by the field collimators (40x40 cm) disposed m
the accelerator head and by the additional tungsten applicators (30x30 cm) disposed outside
the linear accelerator at 9.5 cm 1 X direction and 13 cm 1 Y direction above the pradiated
surface m the plane of 1socenter The set up of the PMMA. phantom was controlled by a laser
beam system The source surface distance (SSD) was 100 cm The 6 MeV electron beam
calibration was accomplished using the absorbed dose method [2] 1n a reference point 1n the
PMMA phantom, at a depth of 11 cm The absorbed dose was measured first mm the
reference field and then 1t was measured for all accessible fields of dimensions ranging
between 4 and 30 cm along OX and OY directions The reference field size was selected as
10x10 cm

The absorbed doses measurements were carried out by means of a UNIDOS dosimeter
with PTW 0 3 cm3 Normal M 233332 type 1onisation chamber [2] Pressure and temperature

corrections were operated

Results and discussion. The air as mtegral part of the experimental structure used 1n
our calibration expeniments scatters nearly the right amount of electrons back into the beam
The interactions of the electron beam with the air i the space between the uradiation head
and the maéilated surface and with the field limitation system determme the scattering of a
parl of electrons and consequently the alleration of their energy [3, 4] These scattering
processes determine a contamunation of the primary radiation beam with low energy
electrons The average energy of the scattered electrons going back mto the beam represents
about 40% of the average energy correspondmng to the electrons from the primary radiation
[4] - The contribufion of the scattered low energy electrons to the primary electron beam
leads to hot spots along the field edges Consequently the irradiated field surface can mcrease
much above the useful field surface The scattered electrons represent a contamimation for the
primary election beam One of the effects of ths contar)mna‘uon consists of the irradiation

field broadenmg, much above the desired surface In order to avoid the undesired
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contammation of the primary electron beam with low encrgy electrons outside the desired
wrradiation field, additional external field limiting applicators are used to mtroduce a minimal
glectron scattering outside the electron beam The field hmiting applicators may be plates or
cylindeis The used plate applicators mtroduce an additional flattening that can vary
considerable with the distance from the end of the applicators to the 1rrad1ate(f surface
because of a fraction of the scattered electrons. The electron beam must be collimated close to
the irradiated surface and the beam cross section should be significantly wider than the
geometric beam m order to obtamn a balance at the edge of the beam between electrons
scattered mto and out of the beam

In the treatment with electron beams the specification of the therapeutical range
according to the mternational medical requirements [1, 5] 1s needed The 6 MeV electron
beam calibration was accomplished by absorbed dose and output factor determination The
absorbed dose was measured first in the reference field and then 1t was deterouned for all
accessible fields of dimensions ranging between 4 and 30 cm along OX and OY directions
The results ate given m Table 1 They indicate that for given field dimensions the absorbed
doses are different for mterchanged sizes

The output factors summarised m Table 2 were obtained as ratio between the absorbed
doses mm different extended fields and the absorbed dose m the 10x10 cm reference field
One remarks that the output factor for a xxy field has not the same value with that
of the Table 2 yxx field Ths effect may be assigned to the fact that the two applicators
OX and OY directions are i different planes The output factors dependence on x
respectively y dimension of the irradiated field are represented ;n Figures 1 and 2 for
two particular cases The same dependences may be obtained for any other field

dimensions combination
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Table 1. The absorbed doses (in Gy) for different irradiated field surfaces.

y/x

4 5 6 7 8 9 10 12 15 18 20 25 30

[cm]
4 2.946 3.101 3214 3308 3334 3446 3499 3552 3598 3.637 3 664 3707 3731
S 3124 3329 3319 3444 3526 3597 3 641 3729 3785 4307 3.832 3925 3959
6 3339 3524 3624 3699 3.829 3812 3906 3.967 3995 4 06 408 412 4158
7 3675 3638 3823 3.915 3995 4 029 4 095 4176 4 235 4.267 431 4422 4413
8 3636 3 806 3953 4 041 413 418 4 248 4331 4 378 4413 4.455 4 565 4 548
9 3721 3913 4.004 4138 4219 4 298 433] 4341 4378 4.499 4 529 4.67 4678
10 3 847 4 053 418 4 285 4375 4 455 4.522 4 575 4 636 4 685 4742 4.79 4.839
12 3973 418 4323 4434 452 4 596 4 655 4718 478 4 839 4901 4.959 5021
15 4106 4 268 4.409 4.512 4619 4702 4775 4854 4921 4976 5044 5.097 5149
18 4.293 4 417 4.544 4 635 4733 4 807 4 873 496 5026 5101 514 5.226 5266
20 4211 4 426 4.556 4 682 4.781 4.846 4923 5001 508 5137 5201 5275 5331
25 4338 4 559 4 699 4 821 4.93 5024 5099 518 5259 5322 538 5469 5495
30 4 477 4.67 4 841 4 946 5 068 5156 5.254 5305 5404 5 465 5551 5649 5686




Table 2. The output factor, f, for different uradiated field surfaces

yix 4 | s 6 7 8 9 10 12 15 18 20 25 30
[cm]
4 | o06sis| 06858] 07107] 0.7315| 07483 07621| 07738] 07855 0.7957| 08043| 08103| 08198| 0.8251
s | omz21| 07375] 07618] 07828| 0801] 08167| 08308] 0845| 08582| 08706] 0.8797| 0.8892] 08967
6 | 07596 08005| 08226 08392] 08569| 08709| 0.885| 08985 09091 09191] 09279] 09368| 0.9407
7 | 08339 08523] o09711] 0887] 09047] 09188| 09334] 09447| 0.9578| 09693] 09788| 09881 09971
8 | 08253 08629] 08932] 09149| 09345 09509| 09628] ©0979| 09894| - 10015| 10108| 10219 1027
o | o08441] 0.8866] 09155| 09363] 09564 09717| 09812] 09923| 10049| 10161 10316] 10429| 10557
10 | 08507 08963 09244 09476] 09675| 09852 1| 1o117] 10252] 1036 1.0487] 10593] 10701
12 | 08786] 09244] 09s6] 0980s| 09996] 10164] 10294]| 10433] 10571| 10701] 10838| 10966 1.1103
15 09008| 09438 0975] 09978] 1.0215| 10398 10559| 10734| 10882| 11004| 1.1154] 11272] 11387
18 | 09494 09768] 10049] 1.025| 10467] 1063| 10776] 10969 11115|  1128] 11367 11557| 11645
20 | 09312] 09788] 10075| 1.0354] 10573| 10716] 10887] 1.1059] 11234 1136| 1.1502| 11665 11789
25 | 09593] 10082| 1.0391] 10661] 10002 1111] 11676] 11455 1163] 11769| 11897| 1.2094| 12152
30 099 10327] 10705| 10938] 1.1207] 11402] 11619 11732] 1.195| 12085| 12276 12492| 1.2574
Table 3
XM 1 4 5 6 7 8 9 10 12 15 18 20 25 30
[cm]
1024 | 1045 | 206 | 2007 | 2048 | 300 | 30300 | 4012 | so150 | eo18 | 70 | go43 | 100
1027 | 1049 | 2011' | 2033 | 2055 | 3016 | 3039 | 4022 | so28 | 6033 | 706 | se4 | 1008
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One remarks from the shape of these curves that the absorbed doses are mcreasing with the

irradiated field dimension, but for large values of the field dimensions the absorbed doses

O 8]
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0.6F
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OT 1 1 1 1 1 | I i 1 1 1 1
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Fig.1 Output factor dependence on the x dimension of the uradiated field for y =4 cm () and y = 5 cm (o)

0 ! 1 { ) 1 1 t L 1 1 1}

L S 6 7 8 9 W 12 15 1 20 % 30
y [cm]

Fig.2 Output factor dependence on the y dimenston of the uradiated field for x =4 cm (*) and x = 5 cm (0)

1emamn practically unmodified. These results could be explained by he fact that as the field
dimension exceeds the electrons path, for the considered electron beam, the electrons which
are the furthest scattered relative to the dose measurement pomt do not contribute to the
absorbed dose 11 that pomt Consequently the dose mn a given pomnt cannot exceed a certam

Iimit by mcreasing of the nradiated field dimensions

Conclusions. The results obtamed 1n this study are applied in the radiotherapy with 6
MeV electron beam provided by a GE Saturn 41 linear accelerator The experimental data
evidence an asymmetry of the output factors for trradiated fields of same surface but of

different dimensions The asymmetry 1s determimed by the electron scattering on the
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additional applicators One also observes that the absorbed dose m a certain  pomt of the

itradtated surface has a upper it regardless of the irradiated field dimensions mmcrease
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