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STUDIA UNTVERSITATIS "BABES-BOLYAT, PHYSICA, XL, 2,1995

PARAMAGNETIC CENTERS INDUCED BY GAMMA IRRADIATION
IN B20 r G e 0 2 GLASSES

M PETEANU1, L СОСШ1 , 1 ARDELEAN1

ABSTRACT Borogermanafe glasses of the system B2Oj-Ge02 subjected to gamma 
irradiation, were studied by means of EPR hradiation induced centers, revealing 
structural and compositional details of the matrix were detected Both electron- and 
hole-centers were identified. These are electron trapped at a hydrogen compensated 
germanium ion centers, boron oxygen hole centers; election trapped at an oxygen 
vacancy centers

Introduction The scientific interest concerning the structure o f  borogennanate glasses is 

justified by their technical applications [1, 2] The system В г0з-0е02 was less studied The 

purpose o f  our research was to prepare stable vitreous matrices corresponding to this system, to 

check its structural stability when subjected to irradiation, and to improve its properties if  the 

detected structural damages would be too large The investigation technique was EPR.

Our results concerning the paramagnetic centers detected m irradiated borogennanate 

glasses by means o f  EPR, and the revealed compositional and structural details, are reported as 

follows.

Experimental. Glasses o f  the system B2O3-GCO2 were prepared by melting the 

corresponding oxide mixtures m an electric heated furnace, at 1250°C. Smtercorundum crucibles 

were used After 0 5 h o f  stabilizing at this temperature, the molten material was rapidly quenched 

m air, on a stamless-steel plate. Typical glasses, in both aspect and structure were obtained The X- 

rays diffraction analysis did not show any ciystalhne phase.

Irradiation was performed at room temperature by usmg a S0Co unit.

EPR absorption spectra were detected at room temperature by using a JES-3B equipment, 

m Х-frequency band, and 100 kHz field modulation.

Results and discussion. Prior to irradiation the studied samples did not show any EPR 

absorption

The spectral structures detected after irradiations by means o f  EPR, are well resolved 

complex ones and, as will be pointed out latter, may be regarded as a superposition o f  several

1 Babeş-Bolyai University, Faculty o f  Physics, 3400 Cluj-Napoca, Romania
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contributions

Defect formation occurs at low у doses suggesting ionization processes 

The EPR absorption spectrum corresponding to a sample irradiated at about 15 • 106 

Gy is presented m Fig 1 There are the marginal lines o f  a hyperfine doublet (1), and a 

central set o f  sharper lines (2), partially covered by a very intense absorption line (3) By 

comparing the EPR parameter values (line height, linewidth, intensity, g factor values, etc ) and

the shape of the absoiption 

hne composing the spectrum, 

it was possible to made 

distinction between these 

types o f spectra 

superimposed m the final 

pattem The lines o f the 

doublet (1) are separated at 

about 120 G, and differ in 

shape, suggesting that 

hyperfine anisotropy contri­

butes significantly to the 

observed broadening The 

corresponding g tensor is 

axial, and the calculated 

values are gy = 2.0006 and 

gL = 1 9987. The sharper 

central lines (2), separated at 

about 14 G, are components 

o f a hyperfine structure due 

to interactions with the nucleus o f boron atom. This structure overlaps with the wings o f the 

intense central hne (3), which is a characteristic pattem for a center with S = 1/2, and an axially 

symmetric g tensor having the values gj =  2 0033 and gi = 1 9976

This distinction was also pomted out by the specific evolution o f  the absoiption lines as 

increasing the dose o f  irradiation, and during a thermal treatment m a bleaching experiment The 

evolution o f  the EPR absorption pattem as rising the irradiation dose was followed with respect to 

that o f  a "standard" sample This was a fragment o f the investigated glass previously subjected to 

irradiation (4 5 • 106 Gy), and preserved as reference Another fragment was progressively

Fig. 1 EPR absorption pattern of B20 3-Ge02 glasses after у irradiation at a 

dose of 15 • 106 Gy
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PARAMAGNETIC CENTERS

irradiated and after each stage o f  irradiation its spectrum was hne-by-line compared to that o f the 

standard, simultaneously recorded The resulted evolutions are presented m Fig 2. According to 

the diagrams in Fig 2 the absorptions (1) and (3) tend to saturate after a dose o f 6 • 106 Gy, 

while the absorptions (2) did not reach saturation even at a dose o f 15 • 10s Gy

When thermal treated, the absorptions corresponding to (2) disappear after 250°C, and 

those corresponding to (3) disappear at annealing temperatures o f  about 270°C.

The paramagnetic centers giving rise to the above mentioned EPR absorptions, were 

identified as

(1) - an electron trapped by the Ge atom, interacting with the nucleus o f  a charge 

compensating hydrogen

The hydrogemc origin o f a 119 G hyperfine doublet observed in a variety o f  irradiated vitreons 

sihca samples was proved by Vitko [3] by using various means o f  deuteiation. The most 

satisfactory model suggested by his study attributes the Î c> G doublet to an electron trapped at a 

hydrogen-compensated substitutional germanium impurity The cortmcnsafing hydrogen might no, 

be present at the defect site prioi to uiadiation but subsequently migrates there The case o f a 

fourfold coordinated Ge”" substitutional for Si, was student by Wei! [4 j, the charge compensation 

>-mg tupphed by two alkali or two Hydrogen ions ínvirtútiion leviits m the formation o f  Ge3'H" 

( if ')_ with g values o f 2 00 И 5, I 99623, 1 994hó ’ f.spty.iv.etv and a large temperam' о dependent 

IT iivpeiüne splitting Such deicers nwvivmg hydrogen hvn^iiuto splubng may explain -be 

i 3 V G doubler [3].

In our glasses I f  ion could be neu ei liieGe^ with a larger resulting kyparfine splitting

(2) - the boron oxygen hole center having the characteristic hypeitin j structuie due to 

boron, giving rise to a four-line spectrum

In low alkali borates trapped hole center were found to be stable at mom temperature. 

Those yield a "five hue plus a shoulder" spectrum j5J, synthesized by Griscom st al [6] using 

gi -  2 002, g2 =  2 010 and g: showing h distribution ábcui 2 035 The model of the so cailei 

Ъо, on-oxygen-holc-center consistent wuh the;e parameters and with the associated ~ i0  G 

eyperiine couphng constant was a hole trapped at a bndging oxygen connecùug a tliree- 

eoordmated boron with a four-coordinated one [5, 6]. As the fikák coûtent rised above 25 mol % 

the five-hue plus a shoulder spectrum turned into a four-hue spectrum assigned by Lee and Bray 

[71 to a hole on a (BO4) oxygen as distinct from a bridging oxygen Gnscom [8] showed that both 

four-line and five-Ime spectra can be synthesized in,rig spin Hamiltonians differing ш minor ways 

(the gi value and the width o f the gi distribution function) This implies that a single center 

peihírhed progressively by environmental changes might be responsible for both spectra.
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The structure

labeled (2) in our spectra 

was identified as a four line 

BOHC by comparing it 

with the spectrum corres­

ponding to an irradiated 

borate glass. The similarity

was evident in both shape 

and hyperfine splitting o f  

the two spectra.

(3) - the GeE defect 

havmg the unpaired electron 

at a nonbridging orbital of 

Ge with an oxygen vacancy 

The paramagnetic

Fig. 2. Defects formation dependence on the dose of irradiation. The intensity of m  glass and
each absorbtion line was related to a corresponding line in a "standard" spectrum ţjje powdered crystalline 

chosen as reference
phases, after irradiation,

were investigated by Weeks and Purcell [9, 10] A  characteristic powder pattem for a center with 

S = 1/2 and an axially symmetric g tensor, having gj =  2 0016 and g± = 1.9957 was detected as 

being characteristic to all glass and hexagonal crystal-phase specimens for irradiations at room 

temperature. It was proposed the model o f an electron trapped at an oxygen vacancy [9] It was 

assumed that only one o f  the sp* 3 hybrid orbitals o f Ge at an oxygen vacancy furnishes the trapping 

level, that is, the overlap o f  the sp3 orbital from the other Ge ion is small Thus, the g  tensor at a 

trapped electron (S = 1/2) should be axial and gj approximately equal to the free electron g value 

The axial symmetry and the values o f  gj for the experimentally detected line o f our 

samples, agree resonably with the previously reported data [9,10]

According to diagrams in Fig 2 the Ge-mvolving centers reach rapidly their maximum 

concentration in the matrix during irradiation The В-involving ones accumulate progressively 

when prolonged the irradiation process

Defect formation was inhibit by small amounts o f  paramagnetic ions, namely Cu2+, 

dissolved into the matrix [12] Both boron and germanium environments were strongly influenced 

Because o f the gradual removal o f  the four-coordinated borons and o f the oxygen vacancies when

6
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Cu2+ progressively enter the matrix, the concentration o f the paramagnetic centers induced by 

irradiation diminished rapidly, until their total disappearance

Conclusions. Prior to irradiation the samples corresponding to the IbOrGeCb vitreous 

system did not show any EPR absorption

The EPR spectra detected after y irradiation are typical for the irradiation-induced 

paramagnetic defects, m both shape and EPR parameter values

Defect formation occurs at low y doses suggesting ionization processes 

The structure o f  the recorded spectra is a complex one, and may be interpreted as a 

superposition o f  contributions These are due to several types o f  paramagnetic centers

The hyperfine doublet o f  lines separated at about 120 G was identified as arising from an 

electron trapped at a hydrogen compensated germanium ion center, evidencing amounts of 

dissolved hydrogen m our samples

The sharp central hyperfine structure was identified as bemg a four-line boron oxygen hole 

center, after comparisons with the absorptions due to a y-irradiated borate system

The central intense line is due to the GeE1 paramagnetic center, ansmg as electron trapped 

at an oxygen vacancy.
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STUDIA UNTVERSITATIS "BABES-BOLYAI", PHYSICA, XL, 2,1995

ELECTRON PARAMAGNETIC RESONANCE OF Mn2+ IONS IN 
Bi2 0 3 -Ge0 2  GLASSES

M. PETEANU,* 11. ARDELEAN1, S. FILïP1, 1. TODOR1, G. SALVAN1,

ABSTRACT. Structural details o f bismuth-germanate g loses o f the B 12O3- 
G e02 system were mvestigated by means of the EPR of Mn 10ns within a large 
range of concentrations The paramagnetic ions distribution m the matrix, as 
involved m several types o f  structural units, revealed isolated 10ns entering the 
matrix m low-symmetnc vicinities, and complex clustenzed aggregates of 
manganese A great structural stability of the matrix m accumulating MnO was 
evidenced

Introduction. When EPR absorptions are detected in oxide vitreous systems 

containing manganese, these are due to Mn2+ (3d5, 6Ss/2) paramagnetic ions Generally, at 

low impunfymg levels, Mn2+ enter the system as involved m structural units building the 

network thus ordering the matrix m their vicinity In such cases the dopant ions are 

magnetically isolated When the structural units involving Mn2+ are structurally alike to each 

other, the hyperfíne structure (hfs) due to the interaction with the nuclear spin (I =  5/2) is well 

resolved The resolution is preserved when the individual width o f  components o f  the 

hyperfíne sextet does not exceed the separation between them The hgand field fluctuations 

cause the components broadening and consequently the loosing o f  resolution Another 

mechanism o f  the absorption line broadening is the dipolar interaction, which increases with 

the paramagnetic ions concentration increasing

Over a certain concentration range the network sites available for such isolated 

impurities are occupied, so the next manganese enter the matrix as network modifier The 

involved structures are more complicated and become clustered formations o f  ions at higher 

concentrations. During the dopant ions accumulation m the vitreous matrix, the initially 

accepted ions vicinities deteriorate, the hfs resolution is compromised, and the absorption line 

is progressively overlapped by the large envelope resulted from all contributions

Depending on the glass composition, the structural units containing Mn2+ may be 

highly symmetric giving absorptions centered at g = 2.0 values In the spin hamiltonam the 

Zeempn term is the principal one, all other acting as perturbations Such absorptions 

characterize the spectrum o f  Mn2+ ions in alkali-borate systems, they are intense and show a 

well resolved hfs [1-6]

' "Babes-Bolyai" University, Faculty o f  Physics, 3400 Cluj-Napoca, Romania
1 University o f  Oradea, D e tr im e n t o f  Physics, 3700 Oradea, Romania
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10 0 4 3 2 0

(a) (b)

Fig 1 Spectral features o f the EPR absorption o f Mn2+ in xMnO (l-x)[Bi203  Ge02] 
glasses at low content (a) and high content (b) o f manganese

The distorted versions o f  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- 

symmetnc vicinities giving rise to such absorptions [7] The theoretical approach for these 

resonances accounts for the strong hgand field effects In the spin hamiltoman describing the 

Mn2+ state, the term corresponding to the crystalline field interaction is taken as principal, the 

others, including the Zeeman one, act as perturbations [8-11] The hfs o f  the g  s  4 3  

absorption was reported m chalcogenide glasses [12-14] Schreurs [9] was the first to observe 

the hfs resolved at absorptions with g » 2 .002, m oxide vitreous matrices having a complex

10
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composition In tellurite systems previously investigated by us [15, 16] we detected intense 

absorptions at g =  4 3 having the hfs very well resolved, on a short concentration range Their 

width and intensity abruptly decreased for x > 1 m ol % MnO. Interesting results concerning 

the local structure o f  the magnetically active Mn2+ centers m halide and chalcohahde glasses 

were recently obtained [17-19]

In the past few years glass systems based on heavy-metal oxides (bismuth and/or lead) 

were investigated [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 o f  heavy-metal oxide glasses are relatively weak compared to 

those o f  silicate and borate glasses, the glass forming regions are comparatively limited 

[20-22] Nakamura et al investigated the magnetic properties o f  the rapidly quenched 

samples from the В^Оз-РлгО-РегОз [23] and В^Оз-СиО-РегОз [24] systems Dimitnev and 

Mihailova [25] investigated the glass formation in the binary systems B 12O3-Q 1O, B12O3- 

MnO and B12O3-TÍO2 The glass formation and magnetic properties o f  xMO 

(1-х)[В1гОз PbO] with M = Cu, Fe, Mh or Cr [26-29] and xCuO (1-х)[В1гОз ОеОг] [30] 

glasses, were also investigated by Ardelean et al

We report in this paper the EPR studies o f  xMhO-(l-x)[BÍ203-Ge02 ] glasses with 

0 < x < 50 m ol % m order to obtain further informations about the manganese ions 

distribution in oxide glasses.

Experim ental. Glasses o f  the system xMnO (l-x)[BÍ203-GeC>2] were prepared by 

using reagent grade oxides, within a large concentration range, 1 e 0 1 < x < 50 m ol % The 

oxide mixtures were molten m sintered corundum crucibles, at 1250°C, in an electrically 

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 obtained

EPR measurements were performed at room temperature by using a JES-3B 

spectrometer, m the X  frequency band, and 100 kHz field modulation. Powdered samples 

were studied m tubular sample-holders o f  the same cahbre Identical quantities o f  sample 

were investigated

Results and discussions. Glasses o f  the system xMnO (I-XXB12O3 ОеОг] were 

investigated by means o f  EPR in a large concentrations range, namely 0 1 < x < 50 m ol % 

The detected absorptions, due to Mn2+ 10ns, are presented m Fig 1. The EPR spectrum 

consists mainly in absorptions centered at g = 4 3 and g  = 2 0 values, their prevalence

11
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Fig 2 The line-intensity dependence on the manganese 
content o f the sample, for absorptions at g = 4 3

Fig. 3. The Lune-width evolution o f the absorptions at 
g = 4 3 with the MnO content o f the sample

depending on the manganese content o f  

the sample This spectral structure

corresponding to lower MnO content, 

reduces to a single absorption line at the 

upper limit o f  the investigated

concentration range (Fig. 1 h).

According to Fig 1 a. at low 

manganese content (0 1 < x < 1 m ol % 

MnO) the characteristic hfs is well 

resolved for the g  = 4.3 absorption. The 

resolution is loosed when increasing 

concentration due to the already

mentioned broadening mechanisms The 

separation between the hfs hnes increases 

progressively with the magnetic field, 

suggesting second order effects to be 

taken into account in an accurate 

theoretical approach The hyperfine 

constant seems to be less affected by the 

concentration variations within 

0 1 < x S 10 mol % MnO

No hfs was detected at absorptions 

centered at g = 2 0 ,

The EPR parameters o f  the 

absorption hne, i.e the hne-height I, the

hne-width AH, and the intensity approxi­

mated as J =  I(AH)2, also depend on the 

MnO content o f  the sample Their evolution is  plotted in Figs 2 to 5 According to Figs 2 and 

4 there is a good correlation between the intensities variation o f  the two ahsorbtion hnes 

allowing us to follow the Mn2+ ions distribution in specific structural units Up to 3 mol % 

MnO the intensity o f  the g =  4 3 absorption increases almost linearly This increasing 

attenuates for x > 3 mol % but the absorption hne is still intense and well resolved even after 

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

12
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Contranly to this evolution, the absorption at g = 2 0 increases very slowly in the 

0 1 < x  < 3 m ol % concentration range. This increasing is more pronounced after 5 mol % 

MnO, and appreciable for x  > 10 m ol % MnO, as may be seen m Fig. 4

The line-width o f  the

g s  4 3  absorption is practically 

independent on concentration 

(Fig 3), whereas that corres­

ponding to the g s  2 0 absorption 

increases with the MnO content 

m the sample. The slope o f  this 

increasing changes for x  > 30 mol 

% MnO due to narrowing effects 

(Fig 5)

The relative weight o f  the 

two absorptions m the spectrum is 

given in Fig.6 by comparing 

their intensities at various 

concentrations. This may give 

Fig. 4. Line-intensity evolution for the g s  2.0 absorpUons of Mn2+ informations on the relative
ions m xMnO (l-x)[B i2 0 3 'Ge0 2 l within 0 1 á  x á  50 mol %

13 5 10 30 50
X  [mol % MnO]

weight o f  the structural units 

involving Mn2+ as vicinities 

specific for the g =  4 3 and 

g = 2.0 absorptions

According to the

previously mentioned considera­

tions the g = 4 3 absorptions are 

due to magnetically isolated 

Mn2+ ions, in distorted sites o f  

low-symmetry The features of 

these absorptions and their

Fig 5. Lme-width dependence for the g = 2 0 absorptions of Mn2+ evolution when Mh2+ ions
ions m xMnO (1-х)[В120з GeCbl vitreous matrices, within , , , , ,
0 lix  < 50 mol % accumulate m the studied matrix

pointed out a great similitude in

structure and symmetry o f  the aggregates involving manganese Consequently the hfs

13
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characte-nstic to Mh2+ is veiy well resolved up to 1 mol % MnO The spectrum preserve the 

same structure along a wide range o f  concentration, the g =  4.3 absorption remaining clearly' 4
resolved, and distinct from that at g =  2 0, and its width practically does not depend on 

concentration The structural stability o f  the matrix at the progressive doping with manganese 

was revealed as a distinct characteristic o f  the investigated system.

The g = 2 0 absorption being a broaden structureless line may be attributed to Mn2+ 

ions involved m clustered formations Their distribution in such sites becomes more 

important after the complete occupancy o f  the previous discussed ones, l 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 o f  intensities corresponding to the two absorptions, at 

different steps o f  the matrix doping One may follow, consequently, the distribution o f  

paramagnetic ions in structural aggregates composing the matrix, when concentration 

increases within the investigated range At the upper limit o f  this, the major contribution is

into the matrix The slight 

narrowing o f  the absorption 

line (Fig 5) suggests ex­

change mechanisms to be 

taken into account for such 

compositions involving clus- 

tenzed ions

Conclusions. Glasses 

o f the system xMnO 

(l-x )[B i2C>3 GeOî] show 

EPR absorption spectra due 

to Mn2+ ions, m a large range o f  concentra-tions, i.e 0 1< x  < 50 m ol % MnO

Up to X = 10 m ol % manganese enter the matrix as involved m structural units where 

strong ligand-field effects are preponderant This results in g  S  4 3 absorptions characte-nstic 

for isolated ions m low-symmetnc sites There is a great structural stability o f  the matrix in 

accumulating Mn2+ ions in such positions, attested by the wide compositional range m which 

the g =  4 3 absorptions show intense and well resolved traces

Within the low concentrations range the charactenstic hfs due to the interaction with 

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

due to formations resulted as dopant ions agglomerations

0 1 3 5 10
X [mol % MnO]

Fig. 6 Concentration dependence of the Mn2+ ions distribution on sites 
specific to the two EPR absorptions, at g = 4 3 respectively g = 2 0

14
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similarity o f  the aggregates involving manganese Ligand field fluctuations in the Mn2+ 

vicinity alter the hfs resolution for x >  1 mol % MnO

Broaden, unresolved hnes were detected at g = 2.0 due to clusters o f  ions, when 

manganese enter the matrix agglomerated m disordered vicinities They play an important 

part m the spectral structure for x  > 10 mol % MnO and dominate at the upper limit o f  the 

investigated concentration range For such compositions the superexchange interactions 

slightly narrow the absorption line
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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 
(Bi 16Pb04)(Sri 8Ва02)Са2(Си|.лМпх)Оу (0Sx<0.05) has been investigated by electncal 
resistance The zero resistivity transition temperature Tc(p=0) decreases with increasing Mn 
concentration and the samples are characterized by a linear temperature dependence o f the 
electncal resistance Below Tc, the resistance curves indicate the presence of weak links The 
influence of the Mn ions on the mter- and intragrain superconductmg transition are 
discussed

Introduction. Transport and magnetic properties o f  Bi-Pb-Sr-Ca-Cu-O ceramics are 

qualitatively similar to those observed in YBaCuO, indicating the presence o f  some weak links 

These may be responsible for the current dependence o f  the resistivity transition curves [1]. The 

intergranular transport critical current density is limited by the weak link behavior o f  the gram 

boundaries [2] This deletrious influence o f  gram boundaries is behved to be due to the shortness 

of the coherence length x m these cuprate oxides. The substitution o f Cu by other 3d elements 

should produce substantial changes m the electric and magnetic properties o f  the compound, useful 

to elucidate the mechanism o f superconductivity in these materials.

In this paper the effect o f  the Cu substitution by Mn on the "2223" superconducting phase 

was investigated by electrical resistivity measurements

Experimental. The bulk samples o f  nominal composition (Bq r,Pbo4)(Srj вВао^СагССщ.* 

Mnx)Oy 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 o f  about 5% "2212"

phase was detected m the x=0 05 sample along with a small amount o f Ca2PbC>4.

No EPR signals related to some paramagnetic ions were observed at room temperature m 

our bulk samples

The electncal resistance was measured by the standard four lead technique between 77 and 

290 К  by usmg a Keithley 220 programmable current device and a Keithley 182 sensitive digital 

voltmeter J 1

1 "Babes-Bolyai " University, Faculty o f  Physics, 3400 Cltij-Napoca, Romania
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T (К)
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 o f  the electrical resistance R(T) 

for the samples x=0 00, 0 02 and x=0 05 are shown in Fig 1 , a, b and c In the 180-290 К  range, 

these samples are characterized by a linear temperature dependence o f  the resistance

Rn=R(0) + a*T (1)

By using the measured room temperature resistivity po=p(290K) and the parameters R(0) and a, 

found by a linear regression on the data, the residual resistivity p(0) and the temperature 

coefficient o f  the resistivity, dp/dT were obtained (Table 1 ) In Table 1 one may observe an 

increase m p(0) with increasing x which may be due to the Mn ions

The measured resistivity above Tc is related to the intrinsic resistivity in the ab plane o f  an

p(T) = - ( p ab+ p cl)
P (2)

ideal smgle crystal, раь by [3].

The fact that p(T) depends only on pn[l(T) is due to the c-axis orders o f magnitude larger 

resistivity The coefficients p and rct associated with the sample polycrystalinity are extracted for 

each sample by assuming раЬ(Т) s O T ,  where C=dpab/dT=l 4 mQcm/K is the slope o f  resistivity 

for the "2212" smgle crystal [4] T b s approximate value was tentatively considered in the absence
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were obtained.

Table 1. The concentration dependences o f  the superconducting critical transition temperatures 

and some parameters obtained from resistivity measurements

X Tc Tc(r=0) P(0) a P Pet

[K] [K] [m il* cm] [milxcm/K] [mflxcm]

0 00 109.0 106.0 87 4 4 0 32 27

0 02 106 5 100 0 375 9 7 014 52

0 05 105.2 97 5 430 9 9 0.14 62

The coefficient p is associated with 

the sample porosity (which reduces 

the conductive cross section) and 

with a path lengthening due to the 

random orientation o f  the ab planes 

o f the different grains [5] The 

increase o f  pa with increasing x 

agree with the increase o f  contact 

resistance between the grains and 

between subgrain domains Eq (2) 

also shows that the intragram critical 

temperature Tc concerns only the 

term Pab(T) associated with the 

Fig 2 ГЬе tails near Tc in the R(T) dependence grams and Tc(p=0) concerns pct(T).

The same value drc/dTt(p=0)s4 1 

milcm/K, where Arct=pct(x=0 02,0 05)-pct(x=0) and ATc(p=0) is the difference o f  zero resistivity 

temperature for the x=0.00 sample and x=0 02;0 05 samples respectively) suggests that the 

mtergrain contact resistivity is similarly affected with increasing x

Fig 2 shows the shift m temperature at which the resistivity becomes zero, Tc(p=0) as the 

Mu concentration increases The small tail observed in Fig. 2 is related to the weak links between 

the grains The dissipation below Tc and the broadening o f  the transition around the critical 

transition temperature Tc may be attributed to mtergram below Tc and mtragram weak links around 

Tc respectively The mtragram critical transition temperature Tc is defined as the inflection point 

o f p(T) l e the maximum o f the first derivative

□ x= 0,00

116

19



A V  POP

In the same substitution range, the small decrease m Tc with mcreasmg x compared with 

the decrease o f Tc(p=0) suggests a concentration gradient o f  the Mn substituent inside the gram 

The energy dispersive analysis by X-rays (EDAX) measurements performed on quite similar 

samples by Gitsu et al [6] show that the Mn concentration at the gram boundaiy is substantially 

larger than inside the grams. The values o f  Tc intragram resistive transition are very close to the 

TcG diamagnetic transition temperature observed in the a c susceptibility measurements [7]

The ceramic high-temperature superconductors may he considered as a system of 

superconducting grams interconnected by three-dimensional Josephson weak-hnks [8]. the 

variation o f Tc(p=0) implies a range o f  weak-links characteristics for the samples investigated 

Thus, it can argued that the strength o f  the coupling between grains is larger for the undoped 

sample and decreases by Mn doping. The presence o f Mn magnetic moments in the Josephson 

junctions yields a change m the phase shppage between the grams consequently reducing the 

Josephson current The constant difference between Tc(p=0) and the temperature Tp (at which the 

imaginary part c" írom a c susceptibility presents a loss peak) denotes a completed percolation 

path determined by the Josephson coupling m the zero resistivity region [9]

Comparatively to the present study, in similar Cr doped samples [10] the mtergiain 

properties are more strongly influenced m the same substitution range x  while the mtragrain 

properties are less influenced. A  large broadening o f  the intergram transition was observed m the 

Bi 2223 system doped with Sn, Sb and Ge [11,12] along with the increase o f  the weak-hnks 

influence. In our (B ii6Pbo4)(Sri8Ba02)Ca2(Cui.xMx)Oy (0>x>0.05) M=Fe,№ the inter- and 

mtragrain properties are similarly affected [13,14] for x£0 02. The broadening of the mtragranular 

transition may distort the smaller but broader intergranular transition upon the nature o f  the 3d 

substituents for Cu

Conclusions. The effect o f  Mn dopmg on the normal and superconducting properties o f 

(Bi,Pb)-(Sr,Ba)-Ca-Cu-0 has been investigated

The temperature dependence o f  the electrical resistivity is linear above the paràconductive 

region The partial substitution o f  Mn for Cu yields a small decrease o f  Tc but substantially 

increases the residual resistivity p(0) and the slope dp/dT The values o f the 

polyciystalhnity coefficients p and pc, are evaluated indicating the decrease o f the percolation path 

length These parameters also show the different role o f  the inter and intragram properties o f  our 

polycrystalhne samples

The Josephson coupling between the grains decreases with increasing Mn content This 

result agrees well with a c susceptibility measurements [7]
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The intergranular transition shifts towards lower temperatures and the width o f  the 

intragrain transition increases with increasing dopant concentration.
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STUDIA UNTVERSITATIS "BABES-BOLYAT, PHYSICA, XL, 2,1995

BAND STRUCTURE OF Y2Fe]7-xSix COMPOUNDS

V. CRIŞAN1

ABSTRACT. The Y2Fel7-xSix, density o f states and magnetic moments were 
calculated m 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 Si atoms were placed m 4 f  crystallographic positions for 
x=2, and m 6g positions for x=3 The density of states for the majority and 
minority spin states are dominated by Fe 3d states. The Si bands are very extended 
and do not have significant contributions at the Fermi level The obtained magnetic 
moments o f 2 15, 1 91 and 1 72 mB for x=0, 2 and 3 are consistent with the 
experimental data

Introduction. The Y2Fei7 based compounds have gamed much attention as high quality 

magnetic materials especially when the lattice is expanded by using interstitial metalloid atoms as, 

C orN

In the Fe compounds the low Curie temperature is usually explained hy the small Fe-Fe 

nearest neighbor distance o f  the dumbbell positions and the concomitant antiferromagnetic 

exchange interaction between corresponding Fe atoms. The uptake o f  N  or C expands the lattice 

and m consequence enhances the Curie temperature drastically

The increase o f  the transition temperature can be achieved, also, by partly substitution o f  

Fe atoms m Y2Fei7, [1], or m Y2Fe17-xC<, [2], compounds with atoms as Co, N1, Ga, A1 or Si 

Recent experimental results show that Y2Fe17_xSixNy have similar properties, [3].

However, it was observed that the metalloid atoms have different effect on the lattice volume As 

usual in the R2Fen  compounds the yttrium atoms were used instead o f rare earth, R, atoms 

because they have the same properties as the trivalent rare earth ions Yttrium atoms don't carry 

any magnetic moment and consequently we are not forced to treat the locahzed 4 f electrons It is 

obvious that the Y  compounds have some properties which are not the same as the rare earth ones 

but in our calculations they are not concludent In Y2Fei7_xMxC for x=0 and M= A1 and Ga the 

lattice is expanded but when M=Si, Ni and Co the effect is contrary The most important change in 

the transition temperature was achieved by the Co substitution o f  Fe but this leave the lattice 

volume almost unchanged. So the increase o f  transition temperature couldn't be ascribed entirely 

to the magneto-vohime effect

l Babes-Bolyai Umveisrty, Faculty o f  Physics, Cluj-Napoca, Romania
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Two explanation for the magnetic 

properties were used

One explain the magnetic 

behavior through the lattice 

expansion, which seems not to be 

the case for Si, N 1 or Co atoms 

Moreover, the deviation from the 

Vegard low for M = Si 

compounds shows that the 

strength o f chemical bond is 

varying to a large extent as 

function o f  Si content

The other explanation 

ascribe the increase o f  transition temperature to the preferential substitution of metalloid atoms 

mto the dumbbell sites [1] which in many cases is not confirmed by neutron, X-ray and 

diffraction experiments or Mossbauer data

In the present paper the density o f  states, (DOS), and magnetic moments were computed 

for experimentally determined lattice parameters The obtained magnetic moments show a good 

agreement with the magnetic measurements [3]

The crystalline structure The Y2Fen compound crystallize m the Th2Nii7 type of 

structure with P63/mmc space group This structure was derived from CaCu5 structure type in 

which every third Ca atoms are substituted by a pair o f  Cu atoms, the so called 'dumbbell' pairs,

[4] The atoms from the dumbbell positions are separated by the shortest distance in the unit cell. 

But the substitutions take place not always m a regular way and it is obvious that, the most 

common defect in these compounds is the presence o f the rare earth between the dumbbell 

positions, and the concomitant displacement o f transition metal atoms in 4e positions, but the 

chemical composition is preserved How the defect concentrations are affected by the transition 

metal substitutions is not known at present Anyway, the effect o f  the defect concentration on the 

magnetic moments and transition temperatures is rather important even at low concentration 

values [5] Also present in the structure are the stacking faults in both the rhombohedral and 

hexagonal Y2Fei7 compounds, [6,2]
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Fig. 3. DOS for majority spm bands of Y2Fe15Si2

In the Y2Fei7.xSix compounds the Si atoms substituted some o f  the iron atoms To explain the 

magnetic properties it was assumed, [1], that the Si atoms preferentially substituted the Fe atoms 

located in 4 f  positions.

But the neutron diffraction experiments [7] shows that in these compounds the assumption 

is no longer valid. The same results were obtained from Mossbauer experiments for Er, Nd and 

Tm compounds, [8,9,10] It was proved that for x< l the substitution have the same probability for 

4 f and 12k positions, a little smaller for 6g and no substitution for 12j. For x> l the rate of 

substitution are the same for all the atomic sites ..

25



V CRIŞAN

1200

1000

DOS 800 
(states/
Ry cell) 600

400

200

0
ENERGY (Ry’f

Fig. 4. DOS for minority spin bands of Y2FeisSi2

It is known, [11], 

that the dumbbell Fe 

atoms are responsible 

for the easy plane 

anisotropy X-ray 

diffraction analysis o f  

ahgned powders on 

Er2Fei5Si2 indicate that 

the easy magnetization 

direction is perpendicu­

lar to the c axis for all Si

DOS 
(states/ 
Ry cell)

Fig 5. DOS for majority spm bands of YjFeuSij

concentrations

Computational Method.

The density o f  states 

calculations were 

performed using the 

Haydock ecursion method, 

[12,13], with the parameters 

determined with the 

TB-LMTO method, [15] 

because o f the complex
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atomic structure o f  Y2Fel7-xSix which contain 38 atoms ш a unit cell and has two, (2b and 2c) 

non-equivalent cristallographie positions for Y  atoms, and four, (4f, 6g, 12j and 12k), for Fe 

atoms

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

H=Z Z|i»*l>C <u’i|+Z Zli-u>e.<°>ll 0)
1,J [X,ü 1 и

or j positions with p. and v as magnetic quantum number

The transfer integrals were expressed as functions o f  the two center hoppmg integrals as 

function o f  the Wigner-Seitz radius, the distance to the nearest neighbor, and the width o f  the d(p) 

band, [14]

The Wigner - Seitz radii for the unit cell atoms, were computed from the Hartree potential 

calculations with the Andersen code. The values obtained from the maximum o f the potential were 

scaled so that the total volume o f the spheres are equal with the unit cell volume The resulted 

Wigner - Seitz radn are different from that used in other band structure calculations, (Table 1), 

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

The basis sets o f  valence 

states used in the calculations were 4d 

for Y, 3d for Fe and 3p for Si atoms 

The potential parameters 

were determined from the TB-LMTO 

method, [12,13]

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

Y2Fe17 Y2Fei5Si2 Y2Fe14Si3

Y(2b) 3.373 3 361 3.378

Y(2d) 3 373 3 361 3 378

Fe[Si](4f) 2 529 2 531 2 521

Fe[Si](6g) 2 678 2.671 2 701

Fe(12j) 2811 2 807 2 783

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 minority -spin bands show two rather well separated peaks o f  bonding and 

antibonding character The Fermi levels are situated above the antibonding peak o f  majority - spin 

DOS and below o f the minority -spin DOS antibonding peak The same form o f  the total DOS 

was reported for Y23FeI7 in [4,5], [16,17]

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

data o f  Mossbauer and neutron diffraction experiments as well as with other band calculations
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Table 2. The computed magnetic moments for Y2Fei7.xSix, x=0,2,3

Y(2b) Y(2d) Fe[Si](4f) Fe[Si](6g) Fe(12j) Fe(12k) (i/Fe Ref

-0 28 -0.27 215 1 99 2.29 1.92 2  06 this work

2 38 1 66 2 06 1 93 1.98 [5]

Y2Fe17 231 1 55 1 86 173 [21]

-0 47 -0 47 2 53 192 2 25 2 00 [16,17]

-0 43 -0 43 2.45 215 2.09 2.10 [22]

2 06 [7]

Y2Fe15Si2 -0 24 -0 21 -0 07 172 2.29 1 95 1 99 this work

1.83 [7]

Y2Fei4SÍ3 -0.19 -0 20 1.91 -0 13 2.07 177 1.86 this work

1 86 [7]

For Y2Fei7 the Fermi level is situated m front o f the antibonding DOS for up spin bands, 

on a local maximum formed by states o f  Fe(12j,12k,and 6g) atoms and not at all by Fe(4f) atoms 

For the minority spin bands the Fermi level is situated m a minimum o f the DOS where the mam 

contributions came from Fe(12j,12k, 6g,4f)

For Y2FelsSi2, the Fermi level is situated agam m the front o f  the majority -spin bands 

DOS and m the minimum between the bonding and antibonding bands DOS As in the Y2Fei7 

compound the maximum is formed from Fe(12j,12k,6g) contributions The local minimum o f the 

down spm bands DOS where the Fermi level is situated, cames from Fe(12j,12k,6g) states The Si 

atom states are very extended and have no significant values at the Fermi level So the Si 

substitution (m 4 f  positions) cancel the Fe contributions to the DOS o f the minority spm bands In 

the same time, with the increase o f  Si content, the DOS at the Fermi level for majority -spm 

bands are diminished It could explain the increase o f  transition temperature as regard the Y2Fei7 

compound

For the Y2FeI4Si3 the total DOS have the same structure bonding and antibonding for both 

spm bands For minority -spin bands the Fermi level is situated m a valley between bonding and 

antibonding states but where the 4 f  contribution is not canceled. The Fermi level for the up tates is 

situated very close to an maximum Agam major contribution cames from the minority -spm 

bands

It seems that the lattice parameters are not the crucial for the transition temperatuie 

variation It depends also on what sites the substitutions take place Together these two effects
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could Ъе important In the spirit o f  Moohn and Wohlfarth spin fluctuation theory the crucial fact is 

the decrease o f  the DOS at the Fermi level So, the small increases o f  transition temperature for 

Y2Fei5Al2 as compared with the increases o f transition temperature m YiT'e^S^ could be 

explained using the Y2Fej5Si2 hands by moving the Fermi level towards the lower energy It is 

seen that the decreases o f  the DOS at the Fermi level is not so important as in the case o f  Si alloy, 

and consequently the decreases o f transition temperature is not so important
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BAND STRUCTURE OF UCr4C4 AND UW4C4 COMPOUNDS

V. CRIŞAN1

ABSTRACT Using the TB-LMTO method the band stmcture parameters were 
determined for ternary carbides UC^Ci and UW4C4 The parameters were used m a 
recursion method calculations taking into account all electronic states The compounds 
were found to have metallic character when the f  states of uranium were considered to 
form band states The contributions of different orbitals at the Fermi level were 
determined The tungsten atoms lost 0 8 electrons, the chromium atoms 0 93 electrons 
per atom, and uranium atoms gam about 0 6-0 75 electrons per atom The density of 
states at the Fermi 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 Fermi 
level was proposed.

Introduction. The actinoid - transition metal - carbon systems have been investigated 

especially because o f  their importance in nuclear reactor technology, [1]. The uranium 

-chromium-carbon system contains few compounds as UCrC2, U3Cr2C4 [2,3], UCr2C 4 [4], and 

UCr4C4, reported by Behrens and Jeitschko,[5]

The uranium-tungsten-carbon system contains UW C2, [2], with isolated carbon atoms or 

C 2 pairs, [3,6], U W Q .„  [7,8,9] and UW4C4, [10,11] The temaiy compounds UCr4C4 and 

UW4C4 have very high magnetic susceptibilities, which also are shght temperature dependent 

This behaviors were ascribed to the spin fluctuations o f  the mixed valent systems, [10,12]

The Crystalline Structure The crystal structure o f  U Q 4C4 can he derived from that o f  

M0N14 The positions o f  uranium and carbon atoms correspond to the positions o f  the Mo and N1 

atoms in M0N14 The carbon atoms occupy distorted octahedral voids formed by four chromium 

and two adjacent uranium atoms The uranium atoms have 8 carbon atoms at 252 0 pm, the 

chromium atoms have 4 carbon atoms at 195-198 7 pm and the carbon atoms have 4 chromium 

atoms atl95.8-198.7 pm as nearest neighbors The UW4C4 with tetragonal symmetry, a=832 71pm 

and c=313 58pm, [10], have the same atomic arrangement like иСг4С4 The differences consists 

m small distortions which lower the symmetry from I4/m to P4/m While m UCr4C4 all the 

chemical identical atoms are also identical from ciystallographic pomt o f  view, in UW4C4 there are 

two different atomic positions for each chemical sort o f  atom in the structure 1 There are two 

kinds o f uranium atoms one with 8 carbon atoms as nearest neighbor at 263pm, and another with 

the same number o f  carbon atoms as nearest neighbors but at 248 pm, two lands o f tungsten
> c

1 "Babes-Bolyai" University, Faculty o f  Physics, 3400 Cluj-Napoca, Romania
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atoms one with 4 carbon atoms as nearest neighbors at 207-219 pm and the other with 4 carbon 

atoms as nearest neighbor at 207-21 lpm, and two kinds o f  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, going from UCr4C4 to XJW4C4 the bonding o f  each atom will be changed in such a way 

that- the U-C bond will be, m UCr4C4, between the two U-C bonds o f  UW4C4, the tungsten atoms 

have different nearest neighbors, and the W-W bonding is the most affected by the splitting o f the 

two kind o f  tungsten atoms

Density of States Calculations.Results Usmg the Hartree part o f the TB-LMTO

Andersen code the band
300

Fig 1 Total density o f states, (DOS) for Ucr, C

Fig 2 DOS for uranium (1-3) for Ucr,C

parameters were computed 

The input valence states for 

the two compounds are 

7s27p66d15fä for uranium 

atoms, 6s26p°5d45i° for 

tungsten atoms, 2s22p23d°4f° 

for carbon atoms and 

4s4p 03d54f° for chromium 

atoms In the crystalline 

structure, 2 empty spheres m 

UCr4C4 and 3 empty spheres 

m UW4C4 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 determined band 

parameters we used the 

recursion method of 

Haydock, [13, 14] to

compute the local and total

32



BAND STRUCTURE OF UCr4C< AND UW4Cd COMPOUNDS

density o f  states It was obtained that the main contribution at the Fermi level is done by the 

uranium states which, are situated ш an interval o f 0.1 Ry around the Fermi level

Unlike m the UQ4C4, in the UW4C4 compound, the unit cell contains two sorts o f  

uranium, tungsten as well as carbon atoms From the TB-LMTO calculations it resulted that the 

center o f the (7s) bands o f one uranium atom is at the Fermi level, and o f the other one is shifted 

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

bands.

The s and p bands o f  the two 

sorts o f  tungsten atoms are 

no longer shifted. The same 

trend was observed for the 

C(2s) and C(2p) bands. On 

the other hand, the shift 

between the two sorts of 

tungsten 4d bands, 0 2 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 

uranium and carbon atoms 

m the two structures, due in 

special to the same number 

o f valence electrons for W  

and Cr atoms. It is seen that 

in both compounds the s 

states lost their electrons to a 

large for all the atoms Also, 

ш both compounds the W  

and Cr atoms lost 0 8 

electrons for each tungsten 

Fig 4. DOS for carbon (1=0,1) from UCr4C4 atom and 0 93  electrons for

each chromium atom and the uranium atoms gain about 0 6-0 74 electrons for each atom The
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carbon atoms don't change 

the total valence charge per 

atom m the compound, but 

m the formation o f  the sohd 

the contribution o f  the 1=0 is 

diminishing and o f the 1=1 is 

growing

The total and local 

density o f  states, (DOS), are 

shown m Figures (1-4) for 

UQ4C4 and in Figures (5-11) 

for UW4C4 The total DOS at 

the Fermi level in UW4C4 and иСг4С4 are 106.81 and 141 73 states/formula unit/Ry The total 

DOS have a maximum just above the Fermi level for both compounds The band width o f  the 5f 

states is 0.8 Ry and o f  the 6d states is 0 9 Ry The most important contribution to the density of 

states comes írom the chromium 3d states, which is four times larger than that o f  uranium atom 

The contributions o f  the 4s and 4p states at the Fermi level are small as well as the carbon atoms 

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

states at the Fermi level, is the smallest The ratio o f  the total DOS at the Fermi level o f  the two 

substances is

N(UW4C4) 36 
N(UCr4C4)

-1 -0,5 0 0,5 1 1,5 2 2,5 3
ENERGY (R y)

Fig 6 DOS for U1 (1=3) atom from TJW4C4

The Three Orbital 

Model. Using the previous 

results, the DOS at the Fermi 

level were recalculated m the 

tight binding approximation 

by the recursion method 

[13, 14] in 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 model 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-

s (U) = -6.1064eV, e(Cr) =  -6 513eV,s(C) = -8 98eV,e(W ) = -9.30376eV.

The transfer integrals were 

computed in the two center 

approximation o f  Slater and 

Koster, using the Harrison's 

universal formulas [16]. The 

Fermi level is located in 

front o f  the peak o f  the Cr 

(W) states The uranium 

states are in front o f  the 

Fermi level, as resulted in

previous calculations The
Fig 7 DOS for U2 (1-3) atom from UW4C4 l r a , „

DOSs for the UW4C4

compound have the same shape as those o f UQ4C4 but the C contribution is closer to the Fermi

level m the first compound The ratio o f  the total DOS at the Fermi level is

NÇUW4C4) = 1 5 9
N(UCr4C4)

The obtained 

ratio is almost the same 

as that resulted from full 

states calculations 

Because in our model the 

shape of density o f  states 

are the same as that 

resulted from full states 

calculations, it seems that 

a tight binding picture 

with one orbital/atom is 

rather good.
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Fig 9. DOS for W2 (1=0,1,2) atom from UW4C4
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Fig. 10 DOS for Cl (1=0,1) atom from UW4C4
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N.A.A OF Au, Ag, AND Cu WITH ISOTOPIC NEUTRON SOURCES
AND NaI(Tl)

L.DARABAN, T.TÂRSU, T.FIAT, C.COSMA, D.BOROS1, M-BAYER*

ABSTRACT. The paper advances the removing of interference problems in 
establishing the Au, Ag and Cu contents from archaeological silver objects, when 
using isotopic sources and NaI(Tl) scintillator detector. The conditions which lead 
to correct analysis are discussed and results are given for some antique and 
medieval silver coins and jewelry

Introduction. In the last decades a new science has developed archaeometry, by 

which the investigative techniques o f  archaeology have radically changed The applying o f  

N.A A  methods, offered an investigation technique which permits the coins analysis and the 

finding out o f  forgeries, jewels and weapons analysis, but first ranking the source 

identification o f  some materials used for manufacturing archaeological objects' obsidian 

ceramics, marble statues, coins, weapons, jewels, paintings.

The identification o f  sources based on impurity marks o f  material and source is an 

incontestable evidence o f  economical relations between different human communities

Thus, it is possible-

a) The evidence o f  gold sources from different geographical regions by Au/Ag 

diagram m relation to Bi/Ag ratio, or at silver coins the changing o f  raw material source or o f  

silver title, according to the lead or iron traces [1-4]

b) The identification o f  obsidian sources, which in the prehistory of the world could 

be found on large areas (in Romania there are no obsidian sources), obtaining this way 

information about the areas m which this material was found in the Neolithic [5-8] as well as 

about the relations between the communities

c) The discovery o f  the sources o f  clay pots [9-12] and o f  the marble statues [13] 

markes it possible to establish i f  these had been imported or locally manufactured, after 

models brought from antique metropolis

d) The study o f  the alloys compositions and accordingly o f the structural 

modification, which permit to furnish information about the manufacturing technology Thus, 

by the ore processing for the mining o f  silver, Mh and As evaporate with the slag, while Sb, 

Pb, Cu, Sn remain. Lead is the best indicator for the efficiency o f  the technological process, 1 2

1 National History o f  Transilvania Museum
2 CMSSC- Cluj-Napoca
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and the Cu and N i have a strong correlation with the source because o f  their entity m the ore- 

father [14]

The m ethod of N.A.A. N  A  A. is most attractive for archaeological subjects because 

o f its great sensitiveness, simplicity, rapidity and especially because it is nondestructive 

N A  A  is based on nuclear reactions which form in the sample isotopes with radioactivity 

directly proportional with the mass (therefore with the concentration) o f the irradiated 

element, according to formula [15]'

where A[Bq] is the activity o f  the studied radioisotope, measured after disintegrating time 

tdez;

N  = 6.023 1023 atoms/mol (Avogadro's number),

0  [n/(cm2 s)] - neutron flux which crosses the sample, 

a  [cm2] - activation cross-section 

0 [%] - isotopic abundance o f  the activated isotope, 

m [g] - the mass o f  pure target-element,

A, =  ̂I - radioactive constant o f  the formed radioisotope, T 1/2 is the half-life o f  this
V T V2J

isotope, (tlr and tdez are expressed m same units as T1/2), % - the irradiating time

If there are many radioisotopes created in the sample, the total activity is the sum of 

all the activities o f  the created radioactive isotopes:

That's why m N  A .A  there are used gamma spectrometers with the purpose o f  apart 

determination o f  Aj activity o f  each created radioisotope

The difficulties m obtaining precise measurements, the differences found m scientific 

works between the values o f  activation cross-section and half-lifes, the errors m absolute 

measuring o f  activity are the mam factors which affect this method. That's why [15], the 

most used method is the relative one, based on the relation-

(1)

^tot 2 ^ 1 (2)

(3)

where A  are the activities o f  the studied radioisotope in the sample and in the standard and C 

are the concentrations o f  this isotope
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In this calculation, it must also be considered too tdez, the weight o f the sample and 

the separation efficiency ( if  chemical separation were made).

Nuclear reaction for the activation o f Au, Ag, Cu For the determination o f  gold, 

the main nuclear reaction for the analysis is

197Au +  n0  — ^ 198ди + prompt radiation, i e 197 д и у) 198дц

A  new radioisotope (198ди, with Т1/2 = 2.7 days) is formed which emits a gamma quantum 

with Ey = 410 KeV (Fig 1) This nuclear reaction is produced .if  the sample is irradiated with 

thermal neutrons

But, if  the irradiation is made with fast neutrons another nuclear reaction occurs 

197Au(n, 2n)196mAu The formed radioactive isotope (T1/2 =  10 hrs) emits several energies 

o f gamma radiation According to [15], Eyt =  149 KeV, E,  ̂ = 176 KeV and Еуз = 188 

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

Е'Уз= 188 3 KeV (37.4%) for the isomer 196,112 Au About E ^  the disintegration diagram of 

this isomere has not yet been elucidated

The nuclear reactions (n, 2n) o f  197Au are less studied m the scientific literature In 

[17] there have been studied the reactions 197Au(n, 2n) 196Au and 197Au(n, g )198Au and it 

has been calculated the cross-section o f  197Au for a neutron energy o f  14 M eV In the 

graphic o n 2 i /c jn n for the nuclear reaction 197Au(n, 2n)196Au as a function o f  exciting 

energy o f  the nucleus from [18], the maximum o f  the curve is at 14 3 MeV.

The nuclear reactions with fast neutrons o f  Au, Ag, Cu have been studied m [19] and 

used m the determination o f  the content o f  these elements in antique coins

The study o f  gold activation has been approached in other papers too The 

radioactivity o f  the sample confirmed the development o f  the nuclear reaction 

197Au(n, 2n)196Au It was produced the resonance reaction 197Au(n, y)198Au too, with 

Ti/2= 2 7 days But at irradiation o f  gold with fast neutrons o f  14 MeV, [15] points out the 

reaction 197Au(n, p)197mPt on the gamma peak o f  0 34 MeV, with T1/2 = 80 min.

In [20] it is proved that the isotope 196Au has T 1/2 =  5 5 days and that at the gold 

irradiation with fast neutrons an isotope with T 1/2 = 10 ± 0.5 hrs occurs

The ß radiations spectrum o f  798Au is given m paper [21], the maximum energy being 

o f 9 6 2 KeV
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a
<

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

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

As a result it is 

formed [15] the radioisotope 

108A g with T1/2 -  2 5 mm, 

which emits gamma 

quantums with the energy 

632 98 KeV (100 %), 618 85 

KeV (14 3 %) (therefore as a 

whole 0 63 MeV) and 

gamma quantums o f  433 932 

KeV (27 4 %) [16]

The disintegration 

diagram o f 108Ag given by 

[22] shows that it is emitted 

too a ß+ radiation (15 %) 

with the maximum energy o f  

780 KeV, therefore in the 

gamma spectrum o f a silver 

sample it must occur too the 

peak o f  511 KeV due to the 

positronic annihilation.

The nuclear reaction 

109Ag(n,y)110Ag which 

forms the radioactive isotope

ijjg 1 . Gamma radiation spectrum emitted by a purely gold sample, ^ 9A g  With T j/2 — 2 4  2  sec  

irradiated in a mixed (fast and thermal) neutrons flux and measured by a [23] and w h ich  em its a m ain  

Nal(Tl) scintillation counter o f 2 x 2 inch gam m a quantum  o f  6 5 7  71

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

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

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

isotope 108A g can be formed also through fast neutrons irradiation 109Ag(n, 2n)108Ag, and 

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

2n)106Ag, which gives 106A g with T \ / 2  = 24 mm (it is possible to have it on the spectrums
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Fig. 2 Gamma radiation spectrum of a silver sample at different tune moments, recorded by us with a Ge(Li) 
semiconductor detector, accumulated each time till 102 impulses (30 minutes irradiating time), a) 19 sec, 19 

sec + limn, c) 19 sec +  5 mm disintegration time

from fig 2) Through irradiation with fast neutrons o f  14 MeV, the following nuclear 

reactions are pointed out [15]

107Ag(n,p)107mPd on the peak o f  0.21 MeV resulting the radioisotope ,07raPd with T1/2 = 21 

sec, at the energy o f  0 093 MeV it contributes the reaction 107Ag(n,n')107mAg having T1/2 = 

44 3 sec, and at the 0 088 MeV peak contributes with the greatest efficiency the reaction 

109Ag(n, n')109mAg with the half-hfe o f  the formed isomere T 1/2 = 39.2 sec

Because at silver irradiation with neutrons radioisotopes with very short half-hfes 

(under 1 minute) are also formed , it is necessary that the irradiated sample to he 

immediately measured, because otherwise in less than 7 seconds an important part o f  the 

radioactivity disappears

Copper can generate ß+  - active radioisotopes, received on the gamma peak o f  0 511 

MeV (fig 3) Thus, according to [15], at this energy from the spectrum o f  the irradiated 

copper with thermal neutrons, it contributes 64Cu with T1/2 = 12 8 hrs, formed through 

nuclear reactions 63Cu(n, y ^ C u  with thermal neutrons and 65Cu(n, 2n)64Cu with fast 

neutrons It contributes another ß+ - active isotope too, with T1/2 = 9 8 mm, namely 62Cu, 

formed through fast-neutrons irradiation 63Cu(n, 2n)62Cu
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I

Fig. 3. Gamma radiation spectrum of irradiated copper with fast and 
thermal neutrons

It is pointed out at the 

1 17 MeV peak the nuclear 

reaction *^Cu(n, a.)®Co with 

T i/2 = 1 3  9 min, for 62Co 

[15] and at the 104  MeV 

peak the reaction 65Cu(n, 

y)66Cu obtained through 

thermal neutrons irradiation, 

with T i/2 =  5.15 min for 66Cu 

[15], both with small 

efficiency

Presentation of irradi­

ation arrangement For 

obtaining such nuclear reac­

tions, the control o f reaction

channels can be achieved by 

neutron energy using a neutron 

irradiation arrangement like 

the one described in fig.4

The irradiation

arrangement includes two 

isotopic sources o f  neutron 

one o f  type 241Am-9Be with 5 

Ci activity, which debits m a 

4ti solid angle 11 x 107 n/s

„  . . - , . flux, and a source o f  typeFig. 4. Neutrons irradiation device r
Disposing of neutron sources, motion mode and possibilities o f 239pu_9j^e  o f  15 Cl With an 
samples irradiation ’
1 244Am-9Be neutron source, 2 2^^Pu-^Be neutron source, 3 Bone emission o f  5 5 X 107 n /s  
paraffine, 4 Moderator block of pure paraffiné, 5 Sample for
irradiation, 6 Cd-Pb covenng, 7 Irradiation channels; 8 Gliding tube; ТЬеУ emit [24]tWO mam 
9 Iron vase, 10 Protection bnck o f boron paraffine groups Qf fast_neutrons wlth

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

In both types o f  sources the neutrons are obtained through bombarding beryllium 

with a  - particles o f  5 48 MeV (the case o f  241Am-9Be source) and 5 15 MeV (the 239Pu-9Be
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source) resulting from the nuclear reaction 9Be(oc, n)12C following the intermediate 13C* 

nucleus transition The remaing 12C nucleus can remain m the exciting state o f  4.43 MeV m 

60% o f  all cases, emitting this desexcitation gamma quantum simultaneously with the 

corresponding neutrons

The sources are plased m a polyethylene tube, closed at an extremity, which can move 

them vertically from the store position up to the irradiation position, when m the lateral 

channels can be generated a thermal neutron flux too, after the passage through paraffin o f  

the neutrons emitted by the source, next to the neutrons that remained fast (fig. 4)

The irradiation times differ, as a function o f  the analysed element, but for obtaining a 

maximum activity one can carry out a saturation irradiation when tjj = 3.5 Т у2

It is obvious that other chemical elements o f  the sample can catch neutrons too and 

transform themselves in radioactive isotopes and so the radioactivity in the sample is 

according to relation (2) a sum o f emission o f  many radioisotopes. That's why the 

radioactivity measurement o f  the irradiated samples can't be made through a total 

measurement but through gamma spectrometry, 1 e. measuring the intensity o f  gamma 

radiation emitted by the sample as a function o f  energy

M easurement conditions With the purpose o f analyzing the samples irradiated with 

neutrons, w e used a gamma radiation spectrometer, which consists in a scintillation probe 

with NaI(Tl) crystal o f  2x2 inch coupled to an impulses selector (the monochannel selector 

type 20160 RFT made in GDR). The scintillation detector is protected in a lead fower for 

reducing the radiation background The device provides the number o f  impulses as a function 

o f  their amplitude (expressed m volts) either step by step (numerical system) or continuously, 

through integration and graphic These impulse spectrums are calibrated with gamma sources 

o f  known energies, like 137Cs, 60Co, 241 Am

Although it has a better detection sensitivity, the energetically resolution o f  this 

device is smaller than o f  the one using a Ge(Li) semiconductor detector, the peaks o f  the 

spectrum being much larger and that's why the interference probability with other 

radioisotopes is greater and a succession o f  analysis errors can occur.

Thus, at the 410 KeV peak o f  198Au can also contribute 116mIn with T1/2 =  54 mm, 

occured in the nuclear reaction 115In(n, y)116mIn, i f  the sample contains In traces, this 

element being, very easy to activate with neutrons (fig. 5) and at the neighbouring energy o f  

430 KeV (difficult to solve by the scintillation detector) can contribute too a peak o f  108Ag 

(see fig 2) and o f  198Au.
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But, there have the half-life much shorter than o f  the radioisotope 198Au and then, 

these interferences can he eliminated by waiting the disappearance o f  these radioactive 

isotopes by disintegration and carrying out measurements later (after some hours) only on 

198Au , which has Т щ  = 2 7 days

E,[MeV]

0,8

0,7

0,6

0,5

0,4

0,3

0,2

0,1

pulses amphtude (V) pulses amphtude (V)

Fig 5. Radioisotopes 9̂8Au and 4 ^ mIn interference 

on the same 410 keV energy

Fig. 6. Calibration line in the Au-Cu zone, makes the 

connection between the analysed impulses amphtude 

and the energy of the generating gamma radiation

Because the determined element concentration is directly proportional with the 

surface o f  the peak corresponding to the gamma radiation emitted o f  that isotope, it results 

that, i f  one can fit in a window from the electronic adjustment o f  the device, we can record 

only it self, determining in this way the intensity o f  the spectral line by counting the impulses 

produced by the gamma quantums.

This means that by adjusting the scales o f  the potentiometers o f  the impulse selector 

(m our case- 760 V  probe tension and 24 x 2 dB amplification) one can determinate, for 

example, copper at a threshold o f  4V  and a 0 9 V  window (fig 3) by counting for a 

preselected time o f  only 2 minutes, impulses with the amphtude between 4 0 and 4.9 V  

corresponding only to the 511 KeV energy emitted by the copper (fig. 6), the adjustment 

being made through the calibration line
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For gold determination, the 410 KeV peak o f 198Au extends between 3 0 V  and 3 9 V  on the 

amplitude register o f  the monochannel selector-establishing in this way the window and the 

threshold o f  the device for the analyses. But the following thing happens- i f  the sample 

contains copper, and because this element is emitting nearly to the peak o f  gold, copper will 

introduce impulses through the inferior window, from the (3 0 + 0.9)V register 

(corresponding to gold) through the "Compton edge" effect, which it produces m the inferior 

zone o f  the spectrum (fig 7)

The problem to solve is how one can eliminate this interference because one can use 

no more the previously described technique for indium and silver, copper having a 

radioisotope with Тцг -  12 8 bis (^C u) and i f  one waits for its disintegration it remains very

little o f  the activity o f  198Au.

Fig. 7 The superposed spectrums of gold and copper It can be 
noticed how copper, in the right side of gold, introduces in the 

measuring zone of this, a Compton edge form istnbution.

But from fig 7 can be 

see that the 410 KeV peak o f  

198Au is right in the part 

between the 511 KeV peak o f  

copper and the Compton edge 

corresponding to it, but the 

copper contribution in this zone 

isn't null

The question which 

occurs is. what are the 

conditions m which this 

contribution is null or, i f  it 

can't be eliminated, when can 

this contribution be rectified, 

l e extracted from the 

determined values for gold

concentrations

By carrying out an investigation with a neutrons activied copper tablet, one 

can observe that the "valley" has a minimal value at a precise measurement geometry, 

exactly at a sample-detector distance o f  1.5 cm (when the ratio photopeak-Compton edge is 

best too) (fig 8)
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Fig. 8 . The copper spectrum for different source-detector distance

If w e built the iatio (for 

copper, fig 3) between the 

number o f  impulses counted 

through the gold window (3 0 - ,  

3 9 V) ansed from the pure

copper, noted with N^“mpton and

the number o f  impulses through 

the window which fits the 

photopeak o f copper

(4 0 -  4 9 V), noted with N cu, we 

will find a correction for the 

interference o f  copper at gold 

determination from other 

spectrums (figs 6 and 7)

For a spectrum o f  a gold 

and copper sample, from the

impulses number N au o f  the gold photopeak one suhstracts the contribution o f  that copper 

which accompanied the gold, having N'çu on the photopeak and which interfers with the 

(3 0 -  3 9 V) o f  gold photopeak m this way

Nrreal. 
Au N

^Compton

Au
___ Qu ■N’,Cu (4)

In this manner one can make gold determinations in the presence o f  copper which 

accompanies it, even i f  this interfere m the gold window (see fig 7)

Therefore the correction is made numerical It must be standardized at fixed 

irradiation and disintegration times and o f  course, at the copper concentration from the 

sample The results at gold determinations are very precise.

The silver determination doesn't introduce such problems because it emits quantums 

o f greater energy than gold and copper and so these elements can't influence photopeak of 

silver, with the condition that the splitting threshold o f  copper impulses sould be correctly 

chosen Therefore, m our conditions, according to figs 6 and 7, at a treshold o f  5 V  and a 

window o f 1 V  for the silver analysis on its two peaks o f  630 KeV and 660 KeV, with the 

condition that copper should not prevail because than its peak extends

48



N A A  OF Au, Ag, AND Cu WITH ISOTOPIC NEU IKON SOURCES AND NaI(Tl)

If it is so, the splitting threshold should he carefully increased because it occurs the 

risk to spht the 630 KeV gamma spectral line o f  108Ag, too.

These adjustments and corrections being made, w e passed to the N  A.A  o f  different 

archaeological gold and silver objects especially coins and jewels

N.A.A. o f som e archaeological objects The irradiating times were chosen this way 

for silver determination lo  minutes, for copper 24 hours and for gold 63 hours 

The irradiating times are given by the expression

^sample_____^sam ple 1 t|f sam pf^)

■^standard ^standard 1 ' 6Xf^~ fr staniarT^)
(5)

where Asample and Astandard are the radioactivities on the peaks corresponding to the 

analysed element, As ample/As tan d ard being equal to the ratio o f  impulses number 

Nsample/Nstandard, read through the impulses selector window msample and mstandard are 

the masses o f  determined element from sample and standard, X - the radioactive constant o f  

the isotope produced through neutrons irradiation o f  the analysed element The connection 

between X and the half-life is given by the relation X = (In 2)/T i/2

If % sample and tu standard are equals, formula (8) is reducing to formula (3)

For the analysis it have been used silver and gold chemically pure standards all the 

analysed samples being carefully weighed

First silver coins from the early Middle Ages, found in Transylvania have been 

analysed The results are given in Table 1

Table 1

CrtNr Coin type Weight

(g)

Analysed content

Ag(%) Au (%) Cu (%)

1 Bela П (1131-1141) 0 423 88 5±11.5 0.7±0 1 7 Oil 1

2 Bela П (1131-1141) 0 396 89.5Ü 0 5 1 3±0 2 9 5±1 4

3 Bela П (1131-1141) 0 383 87.8Í12.2 1.6±0 2 9 5±1 4

4 Coloman (1095-1114) 0 791 87 9±12 I 0.3±0 1 8 9 i l  3

5 • Coloman (1095-1114) 0 368 97 2±2 8 0 6i 01 7 2 i l  1

6 Coloman (1095-1114) 0 624 82 4±12 4 0 7±0 1 8 1±1 2

7 Coloman (1095-1114) 0 343 97 8±2 2 0 4±0 1 9 .0Í14

8 Coloman (1095-1114) 0 351 86 6±13 4 0 3±0 1 9 1±1 4

9 Coloman (1095-1114) 0 437 95 8±4 2 0 4±0 I 4 4±0 7

10 Coloman (1095-1114) 0.774 83 4± 1 2 5 0.7±0 1 9 Oil 4

11 Coloman (1095-1114) 0 483 83 4± 1 2 5 0 .6±0.1 9 8i l  5
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Another analysed lot is made up o f  antique silver coins and jewels from Zalau Museum o f  

History The results are shown in Table 2

Table 2

CrtNr Archaeological object and the discovery 
place

Sliver content (%)

1 Roman Denar (Magúra Simleului) 8 6 .Ш 3 .0
2 Dacic Com (Porohssum) 50 9±7 6
3 Roman Weding Ring (Porohssum) 100
4 Ear-nng (Magúra Simleului) 74±11 1
5 Ring (Crasna) 7 7 ± 116
6 Piece o f  silvered bracelet 7 8±1.2

Although it have been carefully studied all the extraction proceedings o f  interferences, 

the analysis is affected by errors between 10 and 15 percents. These errors can occur at silver 

determination because o f  massive diminution o f  radioactivity o f  110A g isotope with T ;/2 = 2 4  

sec although m the case o f  all the samples the disintegration time was standardized at 7 

seconds.

One can notice an important fluctuation o f  the concentration in the case o f  repeated 

determinations on the same chain Other causes can be. faulty positions m the neutron flux o f  

archaeological objects during the irradiation insufficient purity o f  standards thermal drift 

fluctuations o f  the monochannel selector's channels during the measurements

Conclusions Despite the difficulties, we succeeded in creating, by means o f  the 

above mentioned researches a N .A A . hne for silver, gold and copper from a senes o f  

archaeological objects, a line that has already become a routine system
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MAWJFACTUMNG TECHNOLOGY OF THE Si(Li) DETECTORS

L.DARABAN1, M D.CROITORU1, V.SEVIANU1, S.BOŞCÂNEANU1 2,1CHEREJT

ABSTRACT. Si(Li) detectors have been realized by compensating Si-p 
(р=600П cm) with Li ions The manufacturing technology is described in detail 
following the steps' mechanical processing of the silicon plates, chemical etching, 
lithium evaporation and diffiision together with the ment figures o f the drifting 
and pasi-vation During the different steps, the detectors are tested by plotting the 
volt-ampenc charactenstic Finally X, a  and ß radiation spectrums have been 
obtained showing the performance of these detectors

Introduction. For measuring the energy ,of penetrating radiation (electrons, X and y- 

ray, protons, etc ) there is necessary to have a sufficient large sensible volume o f  detection 

[1] In the case o f  diffused p-n junctions there is a (hick spatial charge region when the hase
Г

materials have a large resistivity, because they work at large reverse potentials The obtaining 

o f  Si with large resistivity (p>104 Ç1 cm) is a difficult technological problem and the reverse 

polarization potential that can be supported, before the excessive leakage currents, is about 

hundred o f  volts and depends appreciably on the surface conditions.

For example, the detectors with charged barrier at the surface where produced till now 

from Si-n,but recently, the using o f  the p-type silicon became advantageously [2] because.

1. Si-p can be produced with a better purity than Si-n, which is obtained by 

overcompensatmg the p sihcon with n impurities and so the number o f  imperfections rises.

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

3. The thickness o f  the layer free o f  earners m Si-p is approximately the half o f  the one 

formed m the p-type matenal for a given resistivity and reverse potential Simultaneous, the 

intensity o f  the electnc field in the layer free o f  earners for the p-type material, is larger and 

this is an important factor for the radiation spectroscopy 

4 Si-p is a lot easier to obtain

A  method to produce large sensible regions, starting with Si-p that has even low  

resistivity (p=10-100  Í2 cm) is to compensate the earners m excess, from a certam region o f  

the base matenal, by doping it with lithium impunties (donor m Si) that has an activation 

energy o f  0 03 eV[3]. By using this method, developed by Pell [4], the resistivity o f

1 "Babeş-BolyaT'Umversity, Faculty o f  Physics, Cluj-Napoca, Romania
2 Institute o f  Isotopic and Molecular Technology, Cluj-Napoca, Romania
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compensated region might rise to ~10^ Í2 cm and its thickness may be over 10 mm A  p-i-n 

structure is obtained This name comes &om the presence o f  two junctions in the device, one, 

n~*~—i, at the frontal surface and the other i-p  on the back to the ohmic contact When a 

reverse potential is applied, the spatial charge region spreads very fast m to the "1" region and 

a subsequent increase o f  the potential value will not produce any variation o f  the thickness o f  

the spatial charge region (and therefore o f  the semiconductor diode capacity) but only an 

intensification o f  the electric field that collects the charge produced by nuclear radiation 

ionization [5] Lithium is used for producing the p-i-n structures because the diffusion o f  

other impurity type would mask the effect o f  the drift, when compensation is made on a 

bigger depth Being an interstitial impurity and having the largest diffusion constant, 10^ 

times bigger[6] than that o f  the substitutional impurities (for example В or P) Initially, the 

acceptor ion is uniform distributed m the whole volume o f  the base matenal(Si-p) having an

Fig. 1. Li ion distribution in Si-p. a) after diffusion, b) after Li ion dnft 

Na  acceptors/cm^ level (Fig la)

By diffusing Li in to the surface (usually at temperatures between 350°-400°C) it 

will distribute into the crystal bulk by the law

f  \
N d = N 0 exp ( 1)D 0 ■ t 0 j

where Do is the diffusion constant o f  lithium m sihcon, for the respective temperature and to 

is the diffusion time

In tb s way, after a time to, a diffused linear graduated n-p junction is obtained, the 

plane o f  the stoichiometric junction being placed at a depth, x=a, from the surface (Fig 1)
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If, to this junction, a reverse potential is applied (the second time) sufficiently high for 

the drift speed o f  the Li+ ,ions to exceed the drift one, then the Li+ ions are moved from the 

region rich in Li+ ions to the region poor m Li+ ions, through the region o f  the x=0 plane, 

where an electric field exists This ion movement is made with a reasonable speed in the 

when the temperature is sufficiently high, so the Li+ ions have a considerable mobility 

Because Li has a great chemical affinity to oxygen, it is very important for the base material 

to have a low content o f  oxygen (< lO^atoms/cm^), otherwise, the ion mobility remains 

low, even at high temperatures, the oxygen impurities speeding up the precipitation o f  

hthium and Cu impurities lowering i t  The effect o f  copper (acceptor in Si), is very 

interesting, because he is an interstitial impurity (like lithium) and has great mobility [6] 

comparable with lithium's one, but with low  solubility [7].

As a result o f  the Li ions drift m the proximity o f  the x=a plane (Fig 1), the 

uniformity o f  their concentration is produced at the N d =Na  level Indeed, i f  x<a, Nd  can 

not be less N a , because the acceptors m excess would modify the field configuration, so that 

ND=Na  For the same reason, an overcompensation (Nd >N a ) can not take place m the 

region x>a.

Therefore, an intrinsic region is produced between x=a and x=b (Fig lb ) whose 

thickness rises with the duration o f  the drift

It has been proved [1, 3, 5] that for constant potential V  and temperature, the 

thickness compensated with lithium, d, vanes with t^ 2; t being the time m which the dnft 

was made

d = 4 l ilv t  (2)

where m  is the mobility, which depends on the temperature at which the drift was made.

We stress out that compensating the silicon by drifting hthium till the opposite surface 

can be used for building semiconductor detectors with charge barrier at the surface [8] and 

obtaining thus free o f  charge regions on large depths for the spectroscopy o f  the ß radiation 

and high energy protons

Using the p-type front surface o f  the semiconductor detector as has the advantage o f  a 

better temporal response because o f  the difference between the mobility o f  electrons and 

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

Preparation o f the start material. The selection o f  the start material is not so 

restrictive as to the surface charge barrier detectors because the acceptor impurities, 

indifferently o f  their concentration, w ill be easily deactivated by compensating with Li
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Therefore, the publications that describe the manufacturing technology for the Si(Li) 

detectors present a large variety in choosing the resistivity r for the Si-p they use 

lOOficm  [10,11], 50-200П-СШ [8], 200-600Í2 cm [12], 102-104f2cm  [5], 40^4 104O-cm 

[13] We have work with Si-p doped with boron (Romanian source) and having p=600D cm

The plates have been cut to the dimensions o f  15x15mm2, with a diamond disc Initially, the 

plates had a thickness o f  3 mm and a plane surface with a roughness lower than 5mm after 

rectification o f  the sihcon 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 o f  the cylinder, 

the form under which the crystal is grown) are usually used, but other orientations may also 

be used [5].

To minimize the surface currents o f  the detector, the role o f  the center o f  the detector 

is separated from the margins by practicing a circular channel m the monocrystalm sihcon 

plate and by building eventually, a guard ring [5,14] W e have made a circular channel with a 

0=8m m  diameter and 1 5mm deep, m the Si-p plate, with a wet 50 pm abrasive metallic tube, 

(Fig-2)

After that, the crystal has been washed with double deionizated water and ethikc 

alcohol to remove the impurities generated during the mechanical treatment The Si-p was 

introduced after that m CP-4 (m a polyethylene vessel, a mixture was made containing the 

following parts 3 .11  o f  HNO3 HF CH3COOH) for 2 -3  minutes for chemical cleaning The 

plate was again washed in double deionizated water It is very important to avoid the contact 

o f the plate with air because sihcon fixes quick oxygen

Finally, the plate is stored m methanol (for avoiding contact with oxygen because 

lithium can be blocked at the surface o f  the crystal when reacting with oxygen) until hthium 

will be deposited on its surface

Signal

Detector
Bias

Fig 2. Cross section in Si(Li) detector

Diffusion of lithium.

Before realizing the mtnnsic- 

compensated layer in Si-p by 

drifting lithium, it is 

necessary to build an n+-p 

junction (n+ means here that 

n is m excess) by the 

diffusion o f  lithium in to the 

material at high
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temperatures Relation (1) gives [12] the diffusion time for a certain depth x=W  established 

beforehand •

W1
tdlf 2 .4  D ^

where D is the diffusion coefficient o f  lithium in silicon at the working pressure. This 

coefficient can be calculated [13] with the relation

D u->s. = 23 10 ̂  exp [ -  j  (cm 2/sec )  (4)

or may be taken from table [6]

There are a few techniques for the diffusion operation o f  lithium One o f  them 

consists in the painting o f  the crystal surface with a mixture composed o f  metallic Li in 

suspension m mineral oil or vaseline, followed by an external heating (in a glass capsule with 

shlif) m argon stream The heating had to be made m two steps the first till 250-270°C to 

evaporate the oil and the second till 400-450°C for 5 minutes to diffuse the metallic lithium 

layer left (186°C m p ) after the first heating step. This technique was used at large [4, 10, 11, 

15-17] and w e have used too at the beginnings, but w e found out that, during the diffusion 

process, some little holes, bke craters, arose on the silicon surface, which led, finally, during 

the short chemical attack with CP-4, to a nonuniform detector surface, because the conosion  

rate depends on the lithium concentration on the surface The evaporation o f  lithium m 

vacuum, followed by diffusion, leads to a better quality o f  the surface layer [5, 8, 12, 13, 

18-20], but this method is more complicated than the fiist Lithium is evaporated m vacuum 

better than 10"̂  torr followed by a diffusion process m nitrogen 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 o f  metallic hthium out o f  the 

evaporation tantalum boat when connecting the heating current The hthium was pure and 

stored under argon. Evaporation started with a prolonged heating at a temperature under the 

melting point, followed by the evaporation process at (1372°C=b p o f  Li) The silicon 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 in the inner o f  the circular channel (Fig.2) The cooling had to be done very 

rapidly by turning the heating o ff and feeding pure argon in the bell jar aftei closing the high 

vacuum way After the diffusion process has ended the lithium in excess is washed in 

methanol The surface has to be smooth and matted; a metallic view shows the presence o f  

insufficient diffusion and the diffusion process must be renewed. The plate must be stored m 

pure methyl alcohol, so the interstitial diffused lithium will not react chemically till the
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ohmic contacts w ill be deposited (Usually gold contacts are used [5] ) W e deposited gold on 

both sides o f  the silicon plate (70mg/cm2) by using a mask having the same window as for 

the deposition o f  lithium and the plate was heated at 100°C for obtaining a better adherence

We have noticed that the deposition o f  A1 as drift contact is better because the 

aluminum film  does not exfoliate at the drift temperatures(130°C) in the oil bath 

In the literature there are some examples o f  using N1 contacts much durable than gold [13, 

15, 18, 19] but difficult to obtain W e made some attempts to obtain these contacts through a 

chemical method, the way it is described m [18,19], but they were to thm so we did not trust 

them

The n+-p junction may be tested [16] by capacity and reverse current measurements 

but it is difficult to define a merit 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 its potential vs current characteristic (Fig 3).

The drift o f  L i ion in Si-p. Like w e sad before, the transport o f  the Li+ ion from a 

crystal surface to another is made by polarizing properly (plus pole at the diffused contact) 

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

current and by controlling the drift current, because a current density bigger than SOmA/cm^

breaks through the junction 

The thermal running is very 

important If the junction is 

introduced in a silicon oil 

bath [11,22], the temperature 

m the central zone is bigger 

than the temperature o f  the 

extremities and so a slightly 

curved compensation profile 

o f  the impurities m the 

ciystal is obtained Silicon 

oil, might be substituted with 

n-hexane [15] or liquid

^ ,,  , , fluorocarbon [10] and used at
Fig. 3 . Volt-ampenc characteristic o f  the detector after lithium diffusion

their boiling points A  plain

layer compensated through drift can be obtained i f  both faces o f  the are maintained at high 

and constant temperature[5,16-19] between two metafile plates. These systems hold the drift
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Fig 4. Experimental arrangement for drift in silicon 

1-cc power supply Statron 4208, 2-voltmeter, 3- miitampermeter, 

4-electronic command circuit o f the heating, 5-power supply of 

the command circuit Multistab235, 6-heating resistor, 

7-preheatei, 8-autotransformers, 9-sihcon plate, 10-contact 

thermometer

current at fixed values controlling 

the temperature or the power and 

disconnecting the system when the 

drifted region reaches the hack o f  

the plate It is also necessary to 

control the depth the Li ions have 

reached during the drift because if  

lithium would get to the opposite 

face it would form there an n-i-n 

structure When such a junction is 

polarized, one o f  the l-n junctions 

would he directly polarized and the 

other reverse polarized and the 

injected current given hy the direct 

polarized junction would rise very 

much the noise o f  the detector. A  

sudden rise o f  the reverse current 

through the device may he used as 

an mdication for the total com­

pensation, followed by a rednft process

One o f  the methods for finding the depth o f  the lithium ions is to use the formula (2) 

But because during the drift the potential and the temperature have small variations and the 

concentration o f  the acceptors is not uniform, this method gives only approximate results 

Another method is to determine the depth o f  the compensated region hy stooping periodically 

the drift for measuring the inverse current, noticing a reduction o f  the blocking current and a 

flattening o f  the characteristic line or hy measuring the capacity o f  the junction at room 

temperature, because it is reverse proportional to the depth o f  the compensated zone[16] 

Other techniques, like the chemical one (plating with copper), are synthesized in paper [23]

For realizing the compensation with lithium, the detector has to he kept m a medium 

free o f  oxidant agents and heated at the drift temperature W e used the method o f  drift at 

constant power [11, 22], using a apparatus where the crystal is placed in silicon oil (Fig 4) 

The crystal was mounted m a device and fixed with a screw and teflon isolators The whole 

ensemble was sank into a razoterm glass containing silicon oil and after that in brass 

container, to protect the detector from light when checking the potential v current 

characteristic during the different steps o f  the manufacturing The silicon bath contains also a
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heating resistor(supplied from a autotransformator at IOV), closed in a quartz tube, working 

only for fine adjusting o f  the temperature and a contact thermometer preset for 130°C The 

container is seated on a electric boiling ring supplied by a autotransformer at 140V. The Si 

crystal will be polarized with drift potentials between 50V and 200V. The heating system has 

a precision o f  ±2°C when the drift power consumed by the detector is constant although the 

resistivity o f  the material rises. The depth o f  the compensated region can be calculated by 

using the nomogram in Fig 5 that was taken from [24]

Table 1 presents a state o f  the parameters o f  the apparatus during the drift and the 

depth o f  the compensated region in a Si plate, calculated with the nomogram (Fig 5)
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Table N o .l

Drift time Reverse Drift current Thickness o f

intervals potential (decreasing) compensated

(h) (V) (mA) region (mm)

2 50 20-16 0 2

2 5 70 25 5-20 5 0 27

2.5 90 25-24 0 29

1 100 19-16 0 2

3 100 15-9.5 0.4

2 150 16-14 0 35

1 5 200 24-18.5 0 3

total time. 13 5h total thickness. 2.01mm

We have noticed that during the drift time in 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 o f  the drifting some characteristic o f  the detector have 

been taken, to control the compensation with Li ions The final characteristic o f  the p-i-n 

diode looks very good (Fig 6).

The final step, after drifting, to improve 

the quality o f  the detector, is the clean-up 

operation. The Li+ ions in excess (which 

did not pair with an acceptor atom) are 

brought back to the face n o f  the crystal 

For doing this, the detector is polarized 

with the plus pole on face p and minus 

pole on face n (the face through which Li 

was diffused) The potential applied 

during the clean-up was between 50V

Fig 6 Volt-ampenc characteristic o f the Si(Li) detector at and 500V The temperature .must not 
room temperature exceed 100°C, because over this limit,

the bond between Li and acceptor impurities is 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 Si(Li)

1- preamplifier type 1141FAN , 2- spectrometnc amplifier type NE4658, 3-high voltage power supply 

type 1135FAN, 4-power supply for the preamplifier, type 1112FAN , 5- standard power supply type 

ST614 , 6- Si(Li) detector mounted in a cryostat with Be window , 7- multichannel analyzer type 

NTA1024, 8-prmter type NZ291 ,9-  plotter type NE230

the resistivity increase The clean-np operation has to he done until the stabilization o f  the 

current is noticed

We kept a potential o f  50V and a temperature o f  100°C for several hours and after 

that, the potential was risen to 200V at room temperature After the clean-up operation, the 

quality o f  the detector has improved, the reverse current measured at 100V being 1mA We 

infer from this that the original silicon crystal was overcompensated (N]j >Na )

The mounting o f  the detector was made as follows, line silver wires where stuck with 

silver paste on the ohmic contacts, the other ends o f  the being soldered to gilded connectors, 

mounted on a polyethylene box On the back o f  the detector a metallic piece(pm-plug) was 

stuck with silver paste, for cooling

Testing the detector to nuclear radiation. The resolution o f  a detector depends on 

the signal to noise ratio By cooling the semiconductor detectors, the noise current due to the 

thermal generation o f  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(Li) detector 

that has to be maintained cool all the time We cooled the Si(Li) by two methods • when 

measuring the charged particles, the cooling has been made with a Peltier element at -20°C 

(the Peltier cell is sufficiently, because the measured signals are large enough) , in other tests, 

a cryostat with a Be window (0 1mm thick and having a diameter 0 = 1  Omm) was used, that 

cools the detector to liquid nitrogen temperature. The problem o f  constructing such cryostats 

is described elsewhere [25-29] The detector was mounted on the cold finger m the cryostat 

which was outgased in vacuum by heating it for 3 hours and than introduced in liquid
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nitrogen in a dewar vessel when the final vacuum was lO'^torr The first test was performed 

with the detector in X-rays (or low energy y-rays) o f  60keV, emitted by 24 1 д ш 

Experimental setup is shown m Fig 7.

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

spectrum was taken (Fig 8)

detected with the Si(Li) detector

The resolution o f  the detector 

was established to be 7keV at 60keV. 

We must mention that the signals 

generated by the radiation are very low  

and because o f  a 50 Hz electronic noise 

which generates microfonics, 

measurements at energies lower than 

40keV where disturbed This noise is 

hard to eliminate because it is generated 

by the magnetic component o f  the 

electric network so the tests had to stop 

here

We noticed that the successive 

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

certain conditions (Fig 9)

The signal produced by the a  particles is larger and can be easily discriminated from

the 60keV radiation background o f the

Fig. 9. The spectrum of the 5 5 MeV a  particles from Am 
detected at room temperature trough the thm window on the 
n side o f the S i(L i) detector

241 Am source This test is enough to 

demonstrate how thm the entrance 

window on the n face o f  the detector is, 

because otherwise the 5 5 MeV in Fig 9 

would have a "tail" This means that 

this detector could be used also for 

detecting a particles or protons 

generated by reactions with rapid 

neutrons in a target mounted m the 

front o f  the detector As a matter o f  fact 

our detector is sensing also electrons

(Fig 10)
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Fig. 10 The ß spectrum from a source, 

measured differentially

Conclusions. W e described m detail the 

manufacturing technology o f  the 

Si(Li)detectors The detectors realized through 

this method are very good for detecting X and 

low y-rays, a  and ß particles The detectors are 

stable m time and their working service time is 

o f  a few years.
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L O C A L  P L A ST IFIC A T IO N  O F H A R D  SH E L L E D  SE M I-PR O D U C T S

BICAIOAN1"

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

Description of the procedure Cylinders o f  Diesel motors are obtained through 

centrifugal chill casting o f  grey cast iron FCX 250 The marginal surfaces o f  the cylinders have 

surfaces o f  the high hardiness (HB 250), for the reason the machine is operated under heavy duty 

It is known [1] that the tensile strength o f metals and metallic alloys decreases due to

CTr = a ro»exp (1)

temperature, pursuant to the law such as 

where-

X (jro -tensile strength o f  metal (or o f  the alloy) at environmental temperature,

X T, -melting temperature o f  the metal, 

xm, n material constants,

In case o f  alloy steels, high alloy steels, cast iron etc the above mentioned material 

constants (1) have the values [2].

m =12.5 , n = 3

According to (1), the main cutting force L  decreases exponentially with the metal temperature T 

increases [1,4,5]

Fz — Fzo exp -m (2)

where

1 University o f  Timişoara, Faculty o f  Physics, Romania
**The papei has been financed by ISIM Timisoara, Bv.Mihai Viteazu nr 30a (contract 1647/1088)
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^Zo mam cutting force at ambient temperature.

Therefore that force is a measure o f the local plastification o f the metal. The local 

plastification o f  the metal is obtained with plasma (Fig. 1 ). The plasma generator 1, with 

transferred arc, supplied by direct current from the current source 2, warms up locally (part MN)

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

П  - 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 o f  the 

semi-product. The advance S o f  the cutting tool is the same with that o f  the plasma generator. The 

positive terminal o f  the current source is connected to the collector brush 5. So the electric circuit 

is closed and therefore the electric supply o f  the plasma (position 6 in Fig 1 )

The distance on the circumference o f  the semi-product between the plasma generator 1 and 

the cutting tool 4 is L

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

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

T(x, y) =  exp(-104 •  к, y 2) (3)
л Ь  V ao +■ k i

where
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P - power m plasma

T| - local heating efficiency

X - thermic conductibihty o f  metal.

The magnitude ao is the ( confinement) coefficient o f  the plasma 

It depends on the intensity E o f  the axial electric field, the electroconductibihty a  о o f  the 

plasma and on the intensity I o f  the electric discharge current [5]

E
ao -  Я а о у (4 )

ki -
V

4œL
(5 )

The maximum o f ki is obtained from [5] 

where

V - tangent speed o f  the part,

со - thermic diffusibility o f  the metal (or o f the alloy)

It can be noticed in (3) that the reaching the temperature T at the plastification o f the metal 

is conditioned by the power p o f  the plasma, nature o f  plasmagenous gas through ao > the 

distance generator - machine part through the election o f  the dimension E, on the material o f  the 

semi-product through со and X and respectively on the position o f the plasma generator set for 

the cutting tool by the dimension L

The plasma generator. The plasma generator is designed for the conversion o f  electric 

energy given by the source in thermic energy o f  the plasma. ,

In Fig 2 we see the plasma generator used at the local plastification o f  hard shelled 

semi-products.

It consists o f  two groups o f  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 isolated one o f  the other through the ceramic insulators 6 and 7 The plasmagenous gas 

(argon) penetrates through the pipe 8, pressure is equalized in the equalization chamber 9 and then 

it comes out into the space electrodenozzle through the space between the tweezers 2 and the 

cooling chamber 3.

The pressurized cooling Water is introduced through the tube 10, and then arrives through 

ramifications mto the cooling chambers 3 and 4 The water out o f  the cooling spaces is evacuated
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by tube 11 Spacers 12 maintain equidistant the plasma generator water and gas supply tubes

The protection o f  the generator compounds occurs through metal sleeve 13, insulated by 

the nozzle trough an insulation o f mica (position 14 m Fig 2) The plasma generator flexible 

pipes are protected by the metal case 15 It's small size (see Fig 2) allows it's utilization for the
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local plastification with plasma, inside Diesel's cylinder sleeves

Experimental remits and conclusions. The ţesting equipment used at the local 

plastification o f marginal surfaces at Diesel cylinder sleeves is shown in (Fig 1). The plasma 

generator used is shown in (Fig 2)

\

.________________________ ~________________________________________
Fig. 3. Aspect during the local plastification with plasma, inside the semi-product Diesel engine cylinder sleeve

Figure 3 shows an aspect during the experiments The diesel engine cylinder sleeve is 

sized 240 / 209x460mm It is casted centrifugally according to the MAN 380 3 standard having 

at surface a hardness o f  at least 250 HB. The plastification temperature o f  the material is about 

900K [5]

For measuring the mam cutting force, as a measure o f  the materials plastification, it has 

been used a lathe tool having inside tensometric sensors (Fig 4). The machine-tool used is o f  type 

SP 630 The lathe tool is reinforced with plates 2 o f  metal carbide К 10 [3,4]

Into the tool's body are practiced a transversal and a longitudinal aperture The first one is 

necessary for the emplacement o f  the sensors, and the second one is designated for the afferent 

lays. The assembly ш (Fig 4) foreseen with the spring gaiters 3, holding screws 4 and 5 and 

respectively the socket bung 6 The connecting diagram between the socket hung 6 and the sensors 

is shown m (Fig 5 ), strain gauges (tensometric sensors)
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Fig 4. Lathe tool fit out with tensometric sensors

The signal received from the tensometric hndge is processed by a recording amplifier, 

pnor gratuated

At a argon plasma power (151/min) o f  13 KW, obtained with the plasma generator in Fig 

2 (nozzle diameter o f  6 mm) the cutting force decreased from 356 51 daN to 230.56 daN (Fig 6 ).

Fig. 5. Connecting diagram o f  the strain gauges in order to measure the force F,,
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Fz

Fig. 6. Time emphasizing o f the cutting forces at plasmaless machine processing (I’20) and respectively at

machine processing using plasma (Fz)

We remark that the semi-product m the tool-machine jaw has a speed Ci -  40rev / m in , 

the advance o f the cutting tool is o f 0 28 mm/tum and the cutting depth is t =  4.5mm Jn the 

impact zone plasma - metal the measured temperature is 1473 K.

The roughing zone remains at a temperatul e o f about 400 K.

Of (Fig 6 ) it can be observed that the metal is plastified m plasma and the main cutting 

force decreases with about 46 %

Acknowledgements Thanks to Mr Cheveresan Traian, main researcher at ISIM 

Timisoara for the realization o f the plasma generator and respectively to Mr Gngonu Theodor, 

main researcher for the performing measurement for the cutting forces.
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STUDIA UNTVERSITATIS "BABES-BOLYAI", PHYSIC A, XL, 2,1995

S T U D Y  O F W IG  A R C  S T A R T IN G  IN  A C

I. BICA1

ABSTRACT. The paper present the experimental research about ignition and 
stability o f the WIG arc in AC

Theoretical introduction The WIG arc is an electrical discharge m an inert gas medium, 

between a wolfram electrode an a metal piece (Fig 1) The pressure o f  the inert gas is at least 

equally to the atmosphere pressure In AC the wolfram electrode and also the metal piece are 

connected at the output o f  a step-down transformer (380 V«/ 80 Vac with a descendent 

characteristic "V - A") (fig 1) From electrical pomt o f  view the arc WIG in AC shows a 

capacitive character impedance

Z. -Ri-JXa (J)

where

Ra = ohmic resistance 

X , = arc reactance

The voltage U„ apphed to the arc WIG determinate the appearing o f  a current o f intensity 

Ia along the arc As a consequence o f  the phenomena between the electrode 1 and 2 the ionized 

gas is transformed into plasma (pos 3 - Fig 1) The current L through has a time variation 

similar to that o f  voltage ua At passmg through zero o f  l a the arc WIG extinguishes 

Reignition o f  the WIG arc requires a starting voltage [1,2]-

U z = V .«
p * d

A  + ln(p •  d)
(2)

where ' 1

V, = ionization potential o f  the inert gas ( V, = 13,56 V - for Argon) 1 ,

p = pressure o f the inert gas, torr 

d = distance between the electrodes, nun

A = a constant depending o f  the nature o f electrodes and also o f the plasmagenous gas

The dependence o f  the starting voltage j j z from the product between the pressure p of the

1 University o f  Timisoara, Faculty o f  Physics, Romania
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mert gas and and the distance d between the wolfram (W) Nickel (N1) resp o f iron electrodes is 

presented in (Fig 2)

At metal processing by arc WIG the minimal distance between the Wolfram electrode and 

piece has to be d >  3 mm. From Fig 2 it yields that the voltage Uz in Argon, at a pressure o f  760 

mm Hg is o f  about 3 KV and linearly with d The Uo voltage o f  the current source respectively 

voltage o f the current source respectively voltage Un on the arc WIG meet the condition.

Uo ï Ua» Uz (3)

Fig 1. Basic electrical diagram for AC supply of the arc WIG

As a consequence o f  the 

inequality (3) the arc WIG does 

not start For starting the WIG 

arc m AC it is required 

superposing a voltage Uz over 

the voltages Uo and U a o f a 

WIG source, as shown m Fig 

1 For protection o f source 

WIG, the signal U z bas to be

of high frequency (£>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. At )

AC W IG arc starting device. The basic electrical diagram o f the AC WIG arc starting device is

presented m Fig 3 The
Uz(V)

operation mode o f  D .A A r, 

referring to Fig 3 is as 

follows The device presented 

in Fig 3 is fed at a voltage 

Uai = 220 V ac The static 

contactor with tnac y 6 

conducts when the voltage on 

the capacitor G reaches the

Fig. 2. Dependence of the starting voltage U, o f the product between the 
pressure p of the mert gas and the distance d between electrodes

starting voltage UBo o f the 

diac Vs - as well m the
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positive semi-penod but also m the negative semi-penod o f  the supply voltage 4

Through the phase difference circuit Q  - Кг there is set the start angle o f  tnac V 6

tgiji = ш Ci • Ri (4) '
where ю - AC pulsation.

The voltage apphed on the serial oscillating circuit l p - Сз being significantly deformed, 

will contain a high number o f  harmonics.

The oscillated circuit LP - Сз will enter the resonance on one o f  the harmonics o f  winch 

the frequency is.

fa ~  •- 'T"1 ■ -  (5)
2tĉ L p«C3

Lp = inductance o f  the primary winding o f  the high frequency transformer 

C3 =  capacity o f the senes capacitor

The number o f  pulses dunng a semipenod o f the supply voltage is

10*0 г
N , = --------*fo or N , = —  (6)

To
where

0 + it - ф - is the conduction angle o f  the triac

f  0 =  —  - is the oscillation frequency o f  the serial oscillating circuit Lp-C3.
To

The pulse amplitude o f  the oscillating circuit are increased by a factor o f  К  through the 

high voltage transformer ( T I T )  shown m Fig. 3:

K = - ^  (7)
Up

where

ns = number oftums in the secondary winding ‘
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Np = number o f  turns m the primary winding

1 0 R , » C i = R 2C,

1 0 r 3 » C , = R 2 C i

Fig. 4. D A A 1 output voltage variation as a  function o f the 
distance dp betw een the eclators.

tton oscillating circuit is cons-tituted by the spark gaps E, the 

coil L has a protective role for the WIG supply source (Fig 

scintillation oscillating circuit is

f _  1 ,  1 
2я Vl »C4

and the oscillator output signal power is

Elimination o f  the electnc 

hysteresis phenomenon is obtained 

by meetmg the conditions [4]

For meetmg the condition 

(8) the opemng pulses o f the tnac 

~V6 are given the same moment on 

the sme curve o f  the supply 

voltage The circuit R4-Ç2 protects 

the tnac V6 at overvoltage

The voltage supplied by 

ТГГ is apphed to the scintillation 

oscillating circuit The scintilla- 

capacitor C4 and the coil L [4] The 

1 ) The oscillation frequency o f the

(8)

(9)

P = fo*C4»uL (10)

Experimental results 

and conclusions The voltage Uout 

at the output o f  the starting 

device, which had been measured 

using the sphere eclators method

[5] The sphere eclators measure 

the maximal voltage pulse value 

The measurements have been 

performed with spark gaps with
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diameters o f 20 mm and also a radioactive cell 85Kr

It has been observed the modification o f the output voltage Uout as a function o f  the 

distance dE between the spark gaps E Experimental results are synthesized in Fig 4 The linear 

dependence o f  the voltage Uout o f  the distance dE allows the control o f  starting voltage o f  the WIG 

arc The conduction time, corresponding to the angle o f  the tnac V6 in a semipenod of the 

alternating supply voltage is o f  2 ms (Fig 5)

The frequency o f  electrical oscillations in the circuit C3 - Lp is Fo = 1 MHz (Fig 6) As a 

consequence the number o f  high frequency pulses (Fig 7) over a semipenod o f  the voltage 

calculated by expression (6) is N, =  2 The frequency o f signal (Fig. 7) obtamed at the output 

O A A r is f= 5 M H z

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

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

S.WIG - WIG source , D  A  Ar. - arc starting device, L, C - protecting 

elements for the WIG source, Ci, C2, C3 - Capacitive voltage divider

The connecting mode o f  the WIG source at the three-phase 

supply net (R, S, T) and also the connecting mode o f  D A.Ar at the 

single phase electricity supply net is according to Table 1

Electricity supply output terminals o f  table 1 correspond to 

those in fig 8 ( 1 - 2  = supply D A  A r, 3 - 4 = WIG source supply)

They have been displayed on an oscilloscope and photographed 

the WIG source output voltage and pulses obtamed at the output o f  the 

electric arc starting device

If  Urn is the D A  Ar supply voltage and URS, Usr, Ust, Uts, U-щ 

and Urt the WIG source supply voltages, then the high frequency high voltage pulses are phase

1 2 3 4

R N R S

R N S R

R N s T

R N T S

R N R T

R N T R

Table 1

Fig. 6 Electrical oscillations in the primary winding 
of the high voltage transformer TIT

Fig. 7. Form o f efficient signal at D A Ar output 
(f=5 MHz) [6]
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Fig. 8. Principal electrical diagram of the connection used for study o f WIG arc 
starting ш AC

displaced from the 

current through the 

arc WIG, as shown 

in Fig 9 In Fig 9 

there has been 

assumed that, the 

current through the 

arc WIG m, in a 

prime approxima­

tion, m phase with 

the voltage at the

terminals of the WIG source There has been found by experiment that approximation does not 

affect the results o f  the measurements

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

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

is according to Fig. 9-f

In the oscillating circuit Gf-L the capacitor C4 has values o f  hundreds o f picofarads The

78

Fig 9. High frequency high voltage pulses (vertical lines o f the semisinusoid UR) related to the no 
load voltage Urs, U s r , Ust, Uts, Utr and Urt o f the WIG source
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power P in pulse o f  the high frequency high voltage signal for the value rank o f  the output voltage 

has a maximal value o f 32 W (fig 10)

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

power P for the high frequency 

voltage, by adjusting the distance dE, 

due to concrete technological 

requirements , the WIG arc is easily 

started and bums stable
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L.NAGY1, D BODEA1

ABSTRACT. The double-excitation cross sections o f the helium to the 2s2p state 
by proton and antiproton (electron) impact have been evaluated. We have used a 
perturbation expansion in the projectile-electron interaction, and have included m 
our calculations the first-order (shake) and the tune-ordered second-order (TS2) 
terms Electron-electron interactions have been approximated with a screening 
potential Our results are in good agreement with the experimental data and the 
close-coupling calculations [8]

Introduction. Two-electron transitions in fast collisions with charged particles have been 

studied by various groups in the past several years both theoretically [1-11] and experimentally 

[12-15] These studies yield information on the dynamics o f the electron-electron interaction since 

two-electron transitions are dominated by the electron-electron interaction in very fast collisions 

At moderately fast velocities, a two-electron transition may be described [1] in terms o f  a coherent 

sum o f first and second order terms in a Bom expansion in the interaction strength (l e projectile 

charge), Z

The square o f  such a first plus second order amplitude yields a Z contribution to physical

observables such as transition probabilities and cross sections Smce the uncorrelated contribution
3 3to the second order amplitude does not contribute to the Z term, such observable Z effects may

also be classified as a dynamic correlation effects
The most investigated atom for two-electron processes was the simplest tWo-electron'

system, the hehum atom Calculations were made for the double ionization [3,4], ionization 

excitation [11] and for double excitation [2,8] Fntsch and Lin [8] have made coupled-channel 

calculations for the double excitation o f the hehum by differently charged projectiles to four, 

different final states Their results are in fair agreement with the experimental data Straton and 

McGuire [2] have made a perturbation expansion in the projectile-electron interaction. .,The 

second-order amplitude includes a time-ordering term, leading to interference between the first, 

and second-order amplitude However, their results does not agree with other calculations and the 

experimental data

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

1 Babeş-Bolyai University, Department ofAtomic and Nuclear Physics, 3400 Cluj-Napoca, Romania ' ’ ‘1
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We have developed a similar method (using perturbation expansion) for the calculation o f  

the cross sections for two-electron processes [10,11]. The calculation o f  the tune-ordered second- 

order amplitude is made directly We have pubhshed our results for the mnizaton-excitation [11] 

o f the helium

In the present paper we report our calculations for the double excitation o f the helium by 

fast charged particles impact We have investigated collisions ranging from asymptotically large 

velocities, where double to single excitation cross section ratios tend to a constant to moderately
3

high velocities where Z term occur

Theory. For the calculation o f  the double-excitation cross section o f  the hehum by 

charged particles impact we treat the projectile as a classical particle with a straight line trajectory, 

R(t) =  b + vt and treat the electronic evolution separately [16]. The interaction o f  the projectile 

with the two electrons is considered as a perturbation

V ( t )= v , ( t )+ v 2(t) (1)

The wave function o f  the two-electron system is approximated as a product o f  one-electron wave

H0_ t = 4 ( Ai2 + A22) - — — + -  . (2)
1 ri r2 ri2

functions Thus, instead o f  the exact unperturbed Hamiltonian o f  the two electrons, namely

H° = 4 . A,2 - —  + V 2 '(n) ~ .Д22 - —  + Vi (r2) (3)
4 ri I  Г2

the states are approximately described by a sum o f  one-electron Hartree-Fock Hamiltonians

Here V2(ri) is the screening potential for the electron 1 created by the electron 2 and 

vl(r2) is the screening potential for the electron 2 created by the electron 1 The screening 

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

Because m the initial state we have two electrons m the same (Is) state, the effect of 

electron symmetry may be ignored In this paper we have investigated the excitation to the 2s2p 

state, which is described as a product o f a 2s and a 2p wave functions

The first-order amplitude, with a smgle interaction with the projectile is.

a® = -i < t í  Ii2 >  j;;d t el(ErEo)t < f í  IV, (t)|i, >
(4)

-J <fF  li. > C d t e l(M “)t< f ] |V 2(t)li2 >

where for the initial state, í, we consider a wave function consisting o f a Is  orbital only, neglecting
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double excited state while Eo is the ground state o f  the helium

Because the initial and final states has different Hamiltonians, the overlap integrals m (4) 

can he nonzero The first-order term in the amplitude can he regarded as a shake-up contribution.

In our second-order term the transition is caused by two consecutive projectile-electron 

interactions. We keep track o f  the time-ordering- the energy transfer to the individual electron 

depends on the order o f  the interactions [7]. Theoretically there are an infinity o f  intermediáte 

states, but we keep only two. electron 1 in the final and electron 2 in the initial state,'and vice 

versa.

Let AES and AEp denote the excitation energies for the two possible simple-excited states 

(m this case one electron is in the ground state, so the screening potential is Vg,ound(r)) The energy 

transfer to the second excited electron is AE3' or AEp' which are different from AES respectively 

AEp The relations between the two energie transfers are

Ef - Eo =  AEs + AEp', or Ef - Eo =  AEp + AES'

So we have

AEp' = Ef- Eo - AES and AES' = Ef - Eo - AEp 

The second-order amplitude may now be written as follows

ap) = - C d t e * * - * ^ *  < f t  IV2(t)|i2- > 

x /!«, d't e1̂ ^* < ft I Vj (01 u >

- j^ d t  el(E,'Eo_AEp)1 < f i ’|Vi(t)|ii' >

xj!„d 'te‘(AE,)l' < f 21V 2 (t')| i2 >

where the unpnmed wave functions are calculated m a screening potential created by the other 

electron in 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 is purely imaginary The second-order 

amplitude, because o f  the time-ordering term, is complex. Interference occurs between first-order 

and second-order amplitudes, so we obtain different cross sections for positively and negatively 

charged projectiles.

The cross section can be calculated by integrating the square o f  the amplitude over the 

impact parameters,

a  =  2 i|a (,) + ap)f d 2b

where the factor 2 stands for the two possible equivalent final states electron 1 excited in the 2s
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where 1he factor 2 stands for the two possible equivalent final states electron 1 excited in the 2s 

state and 2 excited in the 2p state, or 2 excited in the 2s state and 1 excited in the 2p state

Results and discussion. We have made calculations for the excitation o f the 2s2p state o f  

the helium atom by positively and negatively charged particle impact The initial state is described 

by Hartree-Fock wave functions [17] and the final state by a product o f  two hydrogenic wave 

functions In the intermediate state the inner electron is taken in a hydrogenic state, the excited one 

is screened [17]. In the calculation o f  the amplitudes and cross sections, integrals over angles were 

performed analytically, while the radial intergrals in the matrix element, the integrals over time 

and the impact parameter were performed numerically

Fig.l. Double excitation cross section of the helium by charged particle impact as a function of 

projectile energy Circles represents experimental data o f Giese et al [14], squares are the data of Pedersen 

andHvelplund [13] and triangles the theoretical results o f Fritsch and Lm [8] Open symbols stand for proton 

impact, full symbols for equivelocity electron impact

Figure 1 shows our calculated double-excitation cross section as a function o f  the projectile
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Giese et al [14], and the theoretical calculations o f  Fntsch and Lin [8] and McGuire and Straton 

[2] The data are for protons o f  given energy and for the same velocity electrons The experimental 

data o f Pederson and Hvelplund [13] represent a sum o f the 2s2p(/P) and the 2p2(  D) cross 

sections, other data are for the excitation o f the 2s2p(lP) 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, m agreement with, the 

experimental data and the coupled-channel calculations o f  Fritsch and Lm [8] The absolute value 

o f our results are between the experimental data o f  Giese et al [14] and the theoretical results o f  

Fntsch and Lm [8] On figure 2 is represented the relative importance o f  the two considered 

mechanisms, shake-up (first-order term) and TS2 (second-order term) As it was expected, the 

second-order cross section falls down more rapidly with the energy than the first-order one, and is 

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

Fig 2. The contnbutions of the first and second-order amplitudes to the double excitation cross 
sections to the 2s2p state o f the helium by proton and antiproton impact as a function o f the projectile energy
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We can conclude that our calculated cross séchons for the double excitation o f the hehum 

to the 2s2p state are ш good agreement with the available experimental data, m spite o f the fact 

that for the description o f  the two-electron states we have used simple product wave-functions We 

obtain higher cross séchons for negatively charged projectiles than for posihve ones m agreement 

with the experiments and the coupled-channel calculations o f Fntsch and Lin [8] We have get this 

dependence o f  the cross section on the sign o f  (he charge o f the projectile due to the interference o f  

the shake-up (first-order) and the hme-ordered TS2 (second order) amplitudes Further studies 

should reveal the importance o f  the (here neglected) electron-electron correlations m the double 

excitation process.
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M N R  O B S E R V A T IO N  O F  T H E  R E S ID U A L  D IP O L A R  IN T E R A C T IO N  IN  

M O L T E N  P O L Y B U T A D IE N E

M Todica1

ABSTRACT. The superposition property of the relaxation curves of the 
transversal magnetization and the specific properties o f the pseudo-solid echoes, 
were used to demonstrate the existence of the residual dipolar interaction between 
the protons attached to the polymeric chain

Introduction. It is well known that the relaxation function o f  the transversal 

magnetization is a rich source o f  information concerning the local and long range properties 

o f  polymeric chain Generally the mathematically expression o f  this function is not simple, 

because the relaxation o f  the transversal magnetization is a complex process governed by the 

interaction between the protons attached to the polymeric chain.

In many cases it is very difficult to find the exact form o f this function, but some 

conclusions about the relaxation process can be disclosed by analyzing the properties of  

relaxation curves For instance, the superposition property o f  the relaxation curves, m 

association with the pseudo-sohd behavior were utihzed to demonstrate the existence o f  the 

residual dipolar interaction, [1]

In this work w e are interested to analyze the properties o f  the relaxation curves, m 

order to characterize the relaxation mechanism

Experimental. We studied two polybutadiene samples, PB1507 and PB1009, kindly 

supplied by the Manufacture Michelin, France The microstructure and the molecular mass o f  

two samples were Mn=190000 g/mole, 40% m vmyl conformation, 36% m trans 

conformation, 24% in cis conformation and Tg=202K for PB 1507, Mn=70000 g/mole, 8% m 

vinyl conformation, 54% in trans conformation, 38% m cis conformation and Tg=175K, for 

PB 1009

АП the measurements were performed using a CXP Bruker spectrometer working at 

45 MHz, m the temperature range o f  250 К  to, 344 К  The relaxation o f  the transversal 

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

1 Faculty of Physics, "Babeş-Bolyai" University, 3400 Cluj-Napoca
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were observed using the following pulse sequence- [p/2]y - [t- (p)y - t]n - [p/2]x  - [t -  (p)y - 

4k - echo, [3]

Results and discussion. Some typical relaxation curves o f  the transversal 

magnetization, for many temperatures, are shown m Fig 1

Fig 1 The relaxation curves o f  the transversal magnetization observed 

for the PB1507 sample for some temperatures

The relaxation curve in not a simple exponential function We observed a radical change o f  

the shape o f  these curves in the vicinity o f  one characteristic temperature for each sample, 

which was called "reference temperature", Tref  The values o f  these temperatures are 

Tie f=294 К  for PB 1507 and Tref=264 К  for PB 1009. These temperatures were higher than 

the glass transition temperature, o f  about 90 K, so that Tref-Tg=const

For temperatures higher than Tref, the relaxation curves obeys to a superposition 

property For instance we can consider fj(T j,t) the relaxation function corresponding to the 

temperature T] and Í2(T2 ,t) the relaxation at T2, where T2 >T j> Tref  Apparently fj(T j,t) 

and f'2 (T2,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 

fl(T l,t)= f2(T2,t/S), Fig 2
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Fig. 2 The superposition o f the relaxation curves observed 

for the PB1507 sample above Trcp

The temperature dependence o f  the superposition factor is shown m Fig 3 Then we 

can affirm that these functions have the same mathematically expression That means that the 

relaxation o f  the transversal magnetization, for temperatures higher than Tref, is governed by 

the same mechanism. 1 '
When the temperature is lower than Tref, the superposition property is not respected 

and the relaxation curves have different mathematically forms We can conclude that the 

mathematically expression o f  the relaxation function change m the vicinity o f  TTef  and thus 

the relaxation mechanisms are different for temperatures uppers and lowers than Tref  Tref  is
then an important parameter which denote changes m the relaxation properties

The dominant mechanism which govern the relaxation o f  the transversal

magnetization is the dipolar interaction between the protons attached to one polymeric chain,

but this interaction is affected by two mam factors the temporary junctions between two

different chains and the dynamics o f  skeletal bonds. The temporary junctions induces an

orientation order o f  the conformational fluctuations, and thus an anisotropy o f  the monomer

rotations As a results, the dipolar interaction is not averaged to zero. This residual dipolar

interaction determine the pseudo-sohd behavior o f  the relaxation function, [4] In this case the

pseudo-sohd echoes have specific properties
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- the intersection o f  two echoes generated at instants t=ti and t-t2, must occur at 

t=ti+t2 where ti=2tni and t2=2tn2
- the slopes o f  the relaxation function and o f  the echoes function must be symmetric at 

the origin o f  the echo, [3]

T(K)

Fig 3 The temperature dependence o f  the superposition parameter 

observed for the PB 1507 and PB 1009 samples

When T  > T ref, we observe the pseudo-solid echoes with specific properties for both 

polymers, PB1507 and PB1009, Fig 4. The relaxation o f  the transversal magnetization is 

governed in this case by the residual dipolar interaction

' When the temperature is lower than Tref, the pseudo-solid echoes do not respect the 

specific properties This situation is illustrated in Fig 5 We observe again that the Tref is th e  

macroscopic parameter which mark changes o f  the properties o f  the pseudo-solid echoes

We can explain this behavior i f  we suppose that the relaxation function can be 

expressed as a product o f  two other functions Mx (t)=Mxe(t)*Fe(t) The function Mxe(t) is 

associated with the asymmetry o f  monomeric units rotations and distort the pseudo-sohd 

echoes Fe(t) determine the pseudo-sohd behavior o f  the relaxation function and reflects the 

dynamics o f  the skeletal bonds, [5] The function Fe(t) depends upon the spectral density o f
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thermal energy J(w0tc), where w 0 is the Lannor fiequency and tc is the correlation time o f  

the molecular motion

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

For lower temperatures that Tref, the correlation time tc is very long and the function 

Fe(t) has the major contribution on the total relaxation function Mx(t) For this reason the 

pseudo-solid echoes do not respect theirs specific properties and the relaxation function do 

not obey to the superposition property When the temperature increase, the correlation time 

dimmish and the function Fe(t) is very long, practically constant m comparison with the 

function Mxe(t). In this case the function Mx e(t) has the major contribution to the total 

relaxation function Mx (t). The relaxation curves obey to the superposition property and the 

pseudo-sohd echoes have specific properties, [6]. The relaxation o f the transversal 

magnetization is governed by the residual dipolar interaction when T > Tref  We associate the 

change m the dominance o f  one o f  the two functions Fe(t), or Mxe(t), with the reference 

temperature A lso the superposition o f  the relaxation functions is observed in correlation 

with this temperature. W e can associate the two observations to established the dominance o f  

the residual dipolar interaction For this, it is not necessary to observe the psèudo-sohd echoes 

for each temperature, it is sufficiently to test the superposition property o f  the relaxation
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for each temperature, it is sufficiently to test the superposition property o f  the relaxation 

functions and then it is necessary to observe the pseudo-solid echoes for some temperatures in 

the superposition domain I f  the pseudo-solid echoes have the specific properties, then the 

relaxation is governed by the residual dipolar interaction In the contrary case, the relaxation 

is affected by the dynamics o f  skeletal bonds

Fig 5 The pseudo-sohd echoes observed for the PB1507 sample, 
for temperatures lower than Tref, (T=275K)

The slopes o f  the echoes and the relaxation curves are not symmetric

Superposition o f  the relaxation functions associated with the observation o f  the 

pseudo-sohd echoes, is a simple way to characterize the relaxation mechanism

We analyzed also the superposition o f  the relaxation functions and the properties o f  

the pseudo-sohd echoes for the PB1009 sample. We observed the same behavior as in the 

case o f  the PB1507 sample. The reference temperature is Tref=264 K, so that Tref-Tg-91 К  

For T > Tref, the relaxation functions obey the superposition property and the pseudo-sohd 

echoes have specific properties, Fig 6. This properties were not observed for temperatures 

lower than Tle f
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t(ms)

Fig 6 The pseudo-solid echoes with specific properties, 
observed for the PB1009 sample, above Tref, (T=295K)

The samples PB 1009 and PB 1507 have different microstructures and different 

molecular masses, but the general behavior o f  the relaxation functions is the same m both 

cases We can conclude that the analysis o f  the relaxation functions previously described, is 

a general way to observe the residual dipolar interaction

Conclusion. The relaxation curves o f  the transversal magnetization observed m 

molten polybutadiene, obey to a superposition property This property is observed for 

temperatures higher than a characteristic temperature for each polymer, called reference 

temperature, Tle f  The superposition property indicate that different relaxation curves can be 

described by the same mathematical expression. In this case the relaxation o f the transversal 

magnetization is governed by the same mechanism

The existence o f  the pseudo-solid echoes with specific properties, indicate that the 

dominant mechanism o f  the relaxation is the residual dipolar interaction between the protons 

o f one polymeric chain This echoes were observed for temperatures higher than Tref  For 

temperatures lowers than Tref, the superposition and the specific properties o f  pseudo-solid
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echoes were not observe and the relaxation o f  the transversal magnetization is affected hy the 

dynamics o f  skeletal bonds

The observation o f  the superposition o f  the relaxation curves and the observation of  

the pseudo-sohd echoes with specific properties, is a simple way to demonstrate the existence 

o f the residual dipolar interaction
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6 MeV ELECTRON BEAM CALIBRATION FOR GE SATURN 41 

ELECTRON LINEAR ACCELERATOR

Gy. Hegyi1, Maria Gherasim1 2, Alexandra Lup2, V. Simon2

ABSTRACT Calibration 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 ranging Írom 4x4 cm up to 30x30 cm, obtained by applying 
additional tungsten plate applicators at distances o f  9 5 cm m X direction and 13 
cm in Y direction above the irradiated surface in the plane of isocenter as well as 
output factors for therapeutic fields are investigated The results indicate that the 
absorbed doses m a certam irradiated volume are limited by the irradiation field 
dimensions It is also evidenced an asymmetry of the output factors for irradiated 
fields o f same surface but of different dimensions

Introduction The use o f  electron beams in radiotherapy requires to estahhsh the 

proper method m order to obtain a therapeutical beam with very exactly known parameters 

(field dimensions, given dose etc ) The desired parameters are practically obtained by means 

o f electron beam calibration. The beam calibration method consists o f  two stages (1) dose 

measurement m a certain reference point m an irradiated phantom and (2) the relative dose 

determination m the reference point m other conditions than the reference ones For the 

second stage it is necessary to determine the output factor and the depth dose absorption 

curve On the other hand the electron beam depends on type o f  linear accelerator, on transport 

phenomena inside the beam, on beam profile flattening system as well as on collimating 

system The results regarding the cahbration o f  the locally unexplored 6 MeV electron beam, 

interesting for certain treatment techniques, provided by a GE Satum 41 linear accelerator, 

are presented m this paper

Experim ental. The results presented m this study were obtained using a General 

Electric (GE) Satum 41 linear accelerator providing electron beams with energies ranging 

from 6 to 15 M eV The electron beam generated by the acceleration system is flattened by

1 Ion Chmcută Institute of Oncology, Cluj-Napoca, Romania ,
2 Faculty o f Physics, Babes-Bolyai University, Cluj-Napoca, Romania
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means o f  a two scattering foils system The first foil has the scattering role while the second
!

one has the beam profile flattening role for the whole irradiation field [1, 4] Therefore in the 

ontput o f  the accelerator head a divergent and uniform electron beam is obtained The 

expansion o f  the irradiation field was limited by the field collimators (40x40 cm) disposed in 

the accelerator head and by the additional tungsten applicators (30x30 cm) disposed outside 

the linear accelerator at 9.5 cm m X  direction and 13 cm m Y  direction above the irradiated 

surface in the plane o f  isocenter The set up o f 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] in a reference point in the 

PMMA phantom, at a depth o f  1 1 cm The absorbed dose was measured first m the 

reference field and then it was measured for all accessible fields o f  dimensions ranging/ 

between 4 and 30 cm along OX and OY directions The reference field size was selected as 

10x 10 cm

The absorbed doses measurements were earned out by means o f  a UNIDOS dosimeter 

with PTW 0 3 cm3 Normal M  233332 type ionisation chamber [2] Pressure and temperature 

corrections were operated

Results and discussion. The air as integral part o f  the experimental structure used m 

our calibration experiments scatters nearly the right amount o f  electrons back mto the beam 

The interactions o f  the electron beam with the air m the space between the irradiation head 

and the irradiated surface and with the field limitation system determine the scattering o f  a 

part o f  electrons and consequently the alteration o f  their energy [3, 4] These scattering 

processes determine a contamination o f  the primary radiation beam with low energy 

electrons The average energy o f  the scattered electrons going back mto the beam represents 

about 40% o f  the average energy corresponding to the electrons from the primary radiation 

[4] . The contribution o f  the scattered low energy electrons to the primary electron beam 

leads to hot spots along the field edges Consequently the irradiated field surface can increase 

much above the useful field surface The scattered electrons represent a contamination for the
I

primary election beam One o f  the effects o f  this contamination consists o f the irradiation 

field broadening, much above the desired surface In order to avoid the undesired
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contamination o f  the primary electron beam with low energy electrons outside the desired 

irradiation field, additional external field limiting applicators are used to introduce a minimal 

electron scattering outside the electron beam The field hmitmg applicators may be plates or 

cylmdeis The used plate apphcators introduce an additional flattening that can vary 

considerable with the distance from the end o f  the apphcators to the irradiated surface 

because o f  a fraction o f  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 obtain a balance at the edge o f  the beam between electrons 

scattered into and out o f  the beam

In the treatment with electron beams the specification o f  the therapeutical range 

accoidmg to the international medical requirements [1, 5] is needed The 6 M eV electron 

beam calibration was accomplished by absorbed dose and output factor determination The 

absorbed dose was measured first in the reference field and then it was determined for all 

accessible fields o f  dimensions ranging between 4 and 30 cm along OX and OY directions 

The results aie given m Table 1 They indicate that for given field dimensions the absorbed 

doses are different for interchanged sizes

The output factors summarised m Table 2 were obtained as ratio between the absorbed 

doses m different extended fields and the absorbed dose m the 10x 10 cm reference field 

One remarks that the output factor for a Xxy field has not the same value with that 

o f the Table 2 yxx field This effect may be assigned to the fact that the two apphcators in 

OX and OY directions are m different planes The output factors dependence on x 

respectively y dimension o f  the irradiated field are represented in Figures 1 and 2 for 

two particular cases The same dependences may be obtained for any other field 

dimensions combination
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T a b le  1. T he absorbed doses (in  G y) for different irradiated fie ld  surfaces.

y/x

[cm1
4 5 6 7 8 9 10 12 15 18 20 25 30

4 2.946 3.101 3 214 3 308 3 384 3 446 3 499 3 552 3 598 3.637 3 664 3 707 3 731

5 3 124 3 329 3 319 3 444 3 526 3 597 3 641 3 729 3 785 4 307 3.832 3 925 3 959

6 3 339 3 524 3 624 3 699 3.829 3 812 3 906 3.967 3 995 4 об 4 08 4 12 4 158

7 3 675 3 638 3 823 3.915 3 995 4 029 4 095 4 176 4 235 4.267 431 4 422 4 413

8 3 636 3 806 3 953 4 041 4 13 4 18 4 248 4 331 4 378 4 413 4.455 4 565 4 548

9 3 721 3 913 4.004 4 138 42 1 9 4 298 4 331 4 341 4 378 4.499 4 529 4.67' 4 678

10 3 847 4 053 4 18 4 285 4 375 4 455 4.522 4 575 4 636 4 685 4 742 4.79 4.839

12 3 973 4 18 4 323 4 434 4 52 4 596 4 655 4 718 4 78 4 839 4 901 4.959 5 021

15 4 106 4 268 4.409 4.512 4 619 4 702 4 775 4 854 4 921 4 976 5 044 5.097 5 149

18 4.293 4 417 4.544 4 635 4 733 4 807 4 873 4 96 5 026 5 101 5 14 5.226 5 266

20 4211 4 426 4.556 4 682 4.781 4.846 4 923 5 001 5 08 5 137 5 201 5 275 5 331

25 4 338 4 559 4 699 4 821 4.93 5 024 5 099 5 18 5 259 5 322 5 38 5 469 5 495
30 4 477 4.67 4 841 4 946 5 068 5 156 5.254 5 305 5 404 5 465 5 551 5 649 5 686



T a b le  2 . T he output factor, f, for d ifferent irradiated field  surfaces

y/x
[cm!

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

4 0 6515 0.6858 0 7107 0.7315 0 7483 0 7621 0 7738 0 7855 0.7957 0 8043 0 8103 0 8198 0.8251

5 0 7121 0 7375 0 7618 0 7828 0 801 0 8167 0 8308 0 845 0 8582 0 8706 0.8797 0.8892 0 8967

6 0 7596 0.8005 0.8226 0 8392 0 8569 0.8709 0.885 0 8985 0 9091 0 9191 0 9279 0 9368 0.9407

7 0 8339 0.8523 0 9711 0 887 0 9047 0 9188 0 9334 0 9447 0.9578 0 9693 0 9788 0 9881 0 9971

8 0 8253 0 8629 0 8932 0 9149 0 9345 0 9509 0.9628 0 979 0 9894 ■ 10015 1 0108 1 0219 1 027

9 0 8441 0.8866 0 9155 0 9363 0 9564 0 9717 0.9812 0 9923 1 0049 1 0161 1 0316 1 0429 1 0557

10 0 8507 0 8963 0 9244 0 9476 0 9675 0 9852 1 1 0117 1 0252 1 036 1.0487 1 0593 1 0701

12 0 8786 0 9244 0 956 0.9805 0 9996 1 0164 1 0294 1 0433 1 0571 1 0701 1 0838 1 0966 1.1103

15 0 908 0 9438 0.975 0 9978 1.0215 1 0398 1 0559 1 0734 1 0882 1 1004 1.1154 1 1272 1 1387

18 0 9494 0 9768 1 0049 1.025 1 0467 1 063 1 0776 1.0969 1.1115 1 128 1 1367 1 1557 1 1645

20 0 9312 0 9788 1 0075 1.0354 1 0573 1 0716 1 0887 1.1059 1 1234 1 136 1.1502 1 1665 1 1789

25 0 9593 1 0082 1.0391 1 0661 1 0902 1 111 1 1676 1 1455 1 163 1 1769 1 1897 1.2094 1 2152

30 0.99 1 0327 1 0705 1 0938 1.1207 1 1402 1 1619 1 1732 1.195 1 2085 1 2276 1 2492 1.2574

Table 3

x (y )  - 
[cm!

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

a 1°24' 1°45' 2°6' 2°27' 2°48' 3°9' 3°30' 4°12’ 5°15' 6°18' 70 8°43' 10°

b 1°27' 1°49' 2°1T 2°33' 2°55' 3°16' 3039' 4°22' 5°28' 6°33' 7°6' 8°4' 10°5'
40
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One remarks from the shape o f  these curves that the absorbed doses are increasing with the 

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

4  ,
О I----------- 1----------- 1----------- 1_______ !_______ !_______ I_______ I_______ I I I I

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

X [cm]
F ig.l Output factor dependence on the x dimension of the irradiated field for y = 4 cm (*) and y = 5 cm (o)

0 .u -

0 I I I ! ' ____ I------ 1------ 1------ ■-------'------ 1------ 1------ 1
U 5 6 7 8 9 10 12 15 18 20 25 30

y [cm]

Fig.2 Output factor dependence on the у  dimension of the irradiated field for x = 4 cm (*) and x = 5 cm (o) 

iernam 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 point do not contribute to the 

absorbed dose m that point Consequently the dose m a given point cannot exceed a certain 

limit by increasing o f  the irradiated field dimensions

Conclusions. The results obtained m 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 o f  the output factors for irradiated fields o f  same surface but o f  

different dimensions The asymmetry is determined by the electron scattering on the
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additional applicators One also observes that the absorbed dose m a certain point o f  the 

irradiated surface has a upper limit regardless o f  the irradiated field dimensions increase
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