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C.Z.U. 538.911

PROPRIETATILE FIZICE ALE ANTIMONIDULUI DE GALIU
DOPAT CU FIER

Eugen Gheorghita, Igor Postolachi, Leonid Gutuleac, Olga Zlotea
(Universitatea de Stat din Tiraspol, Republica Moldova)

S-au studiat conditiile tehnologice de obtinere, omogenizare si purificare a antimonidului de
galiu dopat cu fier. In baza cercetatorilor proprietitilor galvanomagnetice ale antimonidului de galiu
nedopat si dopat cu fier in concentratii de pana la 3% atomice pentru intervalul de temperaturi (4,2
+ 300K) s-au analizat mecanismele de imprastiere a purtitorilor de sarcind. Se demonstreaza ca
pentru explicarea datelor experimenta e obtinute pentru functia U=U(T) este necesara aplicarea unui
mecanism suplimentar de imprastiere a purtatorilor de sarcina specific incluziunilor formate in
antimonidul de galiu — clustere. Cu gjutorul acestui mecanism s-au calculat caracteristicile de baza
aleimprastierii purtatorilor de sarcind determinate de clustere.

Introducere

Problema comportarii dopantilor din grupa elementelor de tranzitie, spre
exemplu Fe, Ni, Cr, Mn, in antimonidul de galiu este actuala si controversata. Sunt
cunoscute doar doua lucrari in care se analizeaza particularitatile proprietatilor
fizice ale antimonidului de galiu dopat cu fier [1] si dopat cu mangan [2]. In
lucrarea [2] se demonstreaza ca manganul formeaza in antimonidul de galiu
incluziuni orientate de-a lungul directiei deplasarii zonei topite, care modifica
mecanismele de imprastiere a purtatorilor de sarcina. Proprietatile fizice ale
antimonidului de galiu dopat cu elemente din grupa de tranzitie, practic, nu sunt
studiate.

In prezenta lucrare se analizeaza proprietitile fizice ale antimonidului de
galiu dopat cu fier in diapazonul de concentratii (0,01 + 3 % atomare) si intervalul
de temperaturi (4,2 ~ 300K).

Rezultatele experimentalesi discutia lor

Antimonidul de galiu, dopat si nedopat, studiat in aceasta lucrare s-a obtinut
printr-un proces tehnologic, derulat in urmatoarele etape: sinteza antimonidului de
galiu in eprubete evacuate din cuart optic din elementele (galiu, stibiu) pure si
dopantul fier concentratii prestabilite; containerului cu componentele respective a
fost ingtalat in cuptorul electric in care se mentinea temperatura 900°C conectat cu
un vibrator mecanic de frecventa 50Hz. In conditiile tehnologice enuntate mai sus,
procesul de sinteza a durat 24 ore, apoi cuptorul electric cu containerul in care a
decurs sinteza s-aracit in regim liber. Urmatoarea etapa a procesului tehnologic de
obtinere a antimonidului de galiu este omogenizarea si procesul de crestere a
monocristalelor in instalatia de topire zonala.

Pentru masurarile galvanomagnetice s-au pregatit esantioane in forma de
paralelipiped, prelucrate preliminar chimic cu 6 contacte sudate. In experiment, s-
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au masurat conductivitatea electrici si efectul Hall. In baza acestor date, s-a
calculat mobilitatea purtatorilor de sarcina. Toate probele studiate de antimonidiu
de galiu, nedopat si dopat cu diferite concentratii de fier, au avut conductivitatea de
tipul p. Concentratia impuritatilor in probele studiate varia in intervalul (Na —
Nb)=(1,2+3,0)10""cm’,

S
f/ B

:
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Fig.1. Spectrul mobilitatii antimonidului de galiu nedopat (curba A) si dopat cu Fein concentratie
0,01% atomice (curba B).

in figura 1 sunt prezentate dependentele mobilitatilor purtatorilor de sarcina
de temperatura pentru doua esantioane: antimonidul de galiu nedopat (consemnata
conventional F-0) curba A, antimonidul de galiu dopat cu fier in concentratie de
0,01% atomice (proba F-2) curba B. Diapazonul de temperaturi este 4,2 + 300K.

Comparind spectrele mobilitatilor pentru probele A si B, observam ca
doparea GaSb cu fier duce la o modificare considerabila a dependentei mobilitatii
de temperatura in digpazonul temperaturilor joase (de pana la cca 50K) si la o
modificare neesentiala pentru intervalul de temperaturi ridicate.

Se cunoaste [3] ca mobilitatea purtatorilor de sarcina este influentata de
diferite mecanisme de imprastiere. La temperaturi joase predomina imprastierea de
catre impuritatile ionizate, la temperaturi mai ridicate predomina imprastierea de
catre oscilatiile retelel cristaline (fononi acustici si fononi optici).

Studiile metalografice ale probelor obtinute inregistreaza incluziuni orientate
de-a lungul deplasarii zonei topite, care pot fi, dupa structura, niste combinatii ale
fierului cu oxigenul.

Analizindu-se dependenta mobilitatii de temperatura pentru diferite
mostre, s-a observat ca aceste mecanisme nu sunt suficiente pentru a explica
dependenta. Se cunoaste ca in GaSb exista tendinta de formare a clusterilor (regiuni
cu concentrare a sarcinilor spatiale). Mobilitatea este influentata deci de
urmatoarele mecanisme de imprastiere:

1) oscilatii acustice ale reteler;

2) oscilatii optice ale reteler;
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3) clusteri (un mecanism suplimentar specific antimonidului de galiu dopat
cu fier).
Mobilitatea conditionata de 1imprastierea purtatorilor de sarcina pe
impuritatile ionizate se calcula utilizand relatiile:

3

u =388 x10*em™® 1 aeigz eT 02 1 , «y
i N. Z? 16 g 100 ¢ -
i elog e g lln(1+ﬁ2)
mO
unde:
1
19 -3 B3
ﬂ:ivg o T ><8E92,35><10 cm g : 2
Z 16 100 N, p

unde: N; - concentratia impuritatilor ionizate; ¢ - permeabilitatea dielectrica statica;
T - temperatura absoluta; m* - masa efectiva a golurilor; mp - masa de repaus a
electronului; Z - numarul de sarcina al impuritatii.

Mobilitatea conditionata de imprastierea pe oscilatiile acustice ale retelei
cristaline se calculeaza astfel:

_ 3.6 x10* LC, (©)]
Up= 5 3 10%2
am @ eT ¢ .
m g 6100g

unde: Ea - energia oscilatiilor acustice; C, - coeficientul longitudinal de elasticitate.
Mobilitatea conditionata de imprastierea pe oscilatiile optice ale retelei
cristaline se calculeaza astfel:

3
2

& 0

U _g 2,6 x10 ° xexp (6 /7T) + (4)
o = - P
A PV
e m, g €op gbg

unde: 6- temperatura lui Debye; o, — permeabilitatea dielectrica optica.
Mobilitatea conditionata de imprastierea de catre clusteri se calculeaza
astfel:
e
U, = , (5)
© N XA%/2mxk, T
unde: e - sarcina elementara; ks - constanta Boltzmann; N: - concentratia
clusterilor; A - sectiunea efectiva a clusterilor.

Aceasta formula nu poate fi utilizata direct, deoarece nu se cunosc
parametrii N si A (sectiunea depinde de temperatura). La calcule, poate fi folosita o
formula empirica aproximativa:

U ¢ - ba ' (6)
T
unde parametrii f si o pot fi determinati prin metode numerice.
In cazul actiunii mai multor mecanisme, mobilitatea se calculeaza astfel:

1 _1ee1 1 .1 .19 ©)

UA UO Ucé
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unde f este un factor ce caracterizeaza partea de spatiu ocupata de clusteri.
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-
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Fig.2. Spectrul mobilitatii purtitorilor de sarcina in antimonidul de galiu nedopat: linii sesgmentate —
calcule teoretice utilizand formulde (1,2,3,4,5); m— date experimentale; linia continue — calcule
teoretice utilizand formula (7).
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Fig.3. Dependenta mobilitatii purtatorilor de sarcina in antimonidul de galiu dopat cu fier in
concentratia 0,03% atomice (m) si 2 % atomice (o): linii segmentate — cal cul e teoretice utilizand
formulee (1,2,3,4,5); puncte — date experimental e; linia continue — cal cul e teoretice utilizand
formula (7).

Marimile a, g, f au fost determinate prin metode numerice de analiza
regresionala astfel incat mobilitatea teoretica calculata prin formula (7) sa coincida
cu cea experimentala. La calcule, au fost folosite urmatoarele valori ae
parametrilor pentru GaSb:

Z =1, ¢ = 156; eop = 14,44; m* = 0,55:my; Ep = 4€V; § = 340 K; C_ =
0,64-10"dyn/cn.
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In figura 2 sunt prezentate, drept exemplu, rezultatele obtinute pentru
mostra F-0 (antimonidul de galiu nedopat). Rezultatele experimentale sunt notate
prin patratele, prin linii discrete sunt prezentate dependentele U, (T), Ua(T), Uo(T)
si Ug(T). Linia continua exprima dependenta rezultanta Ug(T) calculata prin
formula (7). Se evidentiaza o corelare suficienta a datelor experimentale cu calcule
teoretice.

In figura 3 sunt prezentate spectrele mobilitatilor pentru esantionul F—3
antimonidul de galiu dopat cu 0,03% atomice de fier. Calculele teoretice pentru
mobilitatea integrald corespund formulei (7). In baza principiilor expuse in lucrarea
[3] si a rezultatelor experimentale pentru antimonidul de galiu au fost estimati
principalii parametri ai clusterilor: Vs — volumul; Rs — raza; Ns — concentratia
clusterilor. In calcule s-a presupus ci clusterii sunt identici si au sarcini determinate
de Z=35 i au fost folosite formulele:

Vg = ﬁ; (8)
R, = By ¥ 9)
S e4 S ﬂ
N, = Vf—; (10)
S
m, = N AVZTKT | . (11)

Ultima formula corespunde teoriei clusterilor.
Rezultatele calculelor pentru parametrii clusterilor probelor studiate in
aceasta lucrare sunt prezentate in tabelul 1.

Tabelul 1.
Caracteristicile de baza ale clusterilor in antimonidul de galiu
Mostra | Dopant, (Fe) %at. | f | Na-No, 207 cm®| 7o | 3% | | 8
F-0 0 0.83 1.7 53| 21 4.0
F-1 0.005 0.81 1.9 517| 18 4.4
F-2 0.01 0.72 2.2 42| 16 45
F-3 0.03 0.56 2.1 500 17 3.4
F-4 0.10 0.67 3.1 439 11 5.9
F-5 0.30 0.72 25 472 14 5.1
F-6 1.00 0.55 3.6 418 10 5.7
F-7 2.00 0.62 4.2 397| 08 7.4
F-8 3.00 0.81 6.3 347| 06 14.6
FT-9 0.01+0.10Te | 0.69 2.2 42| 16 4.3
Concluzii

1. S-a modificat tehnologia de obtinere, omogenizare, purificare si dopare a
antimonidului de galiu cu fier in concentratii de pana la 3%; s-au studiat
proprietatile galvanomagnetice ale antimonidului de galiu dopat cu fier si
nedopat in intervalul de temperaturi (4,2 +~ 300K).
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2. S-au analizat mecanismele de imprastiere a purtatorilor de sarcina in raport cu
antimonidul de galiu nedopat. Rezultatele experimentale obtinute ale
dependentei U=U(T) se explica prin aplicarea unui mecanism suplimentar de
imprastiere si formarea unor incluziuni numite clustere. Bazindu-ne pe
conceptiile expuse in lucrarea [4] s-au calculat toate caracteristicile de baza ale
clusterilor: Vs — volumul ocupat de clustere, Rs — raza, Ns — concentratia,
reiesind din presupunerea ca clusterii sunt identici si au sarcini determinate de
Z=35.

P.S. Autorii aduc sincere multumiri profesorului V.lvanov-Omskii de la
Institutul Fizico-Tehnic "A.loffe” Sankt-Petersburg pentru gutorul acordat in
efectuarea masuratorilor latemperaturi joase si pentru discutiile fructuoase.

Lucrarea este indeplinita in cadrul programului de cercetari stiintifice
finantate din bugetul Republicii Moldova
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PHISSYCAL PROPERTIES OF GALLIUM ANTIMONIDE
DOPED WITH IRON

Eugen Gheorghita, L eonid Gutuleac, Igor Postolachi, Olga Zlotea
(Tiraspol State University, Republic of Moldova)

Technological conditions for obtaining, homogenizing and purifying gallium antimonide
doped with iron were studied.

Mechanisms of charge carriers dispersion using the research results of galvanometric
properties of gallium antimonide undoped and doped with iron in a concentration up to 3 atomic %
in the temperature interval (4,2 + 300K) wereandyzed. It is demonstrated that the experimental
results for function U=U(T) were explained with the implication of an additional mechanism of
dispersion determined by the formation of some inclusions called clusters. Using the physical
conceptions of this mechanism the basic characteristics of charge carriers disperson determinated
by clusters were cal culated.

Prezentat laredactie 1a 15.09.07
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C.Z.U. 538.546

FOTOLUMINESCENTA COMPUSILOR CERAMICI Cdin,Oysi
CdGa204

Vasle Jitari, Stepan Muntean, Galina Volodina, Tatiana Shemiakova
(Institutul de Fizica Aplicata, Republica Moldova)
Efim Arama
(Universitatea de Medicina si Farmacie ,,Nicolae Testemitanu”,
Republica Moldova)

Probele crigtaline de Cdin,O, si CdGa,O, de singonie cubicid au fost preparate printr-o
metodd similara celel aplicate la prepararea materialelor ceramice. Spectrele de fotol uminescenta au
fost masurate la temperatura 77 si 300 K sub influenta excitatiei laserului de argon. Ele constau din
benzi intensive inguste rosii, generate datorita recombinarii.

Introducere

In prezent, conform relatarilor autorilor [1, 2], obiectul cercetarilor stiintifice
in domeniu il constituie diferite tipuri de oxizi in forma de cristale, pelicule si
ceramice. Un interes deosebit il prezinta, in acest sens, compusii de tipul
A'B,"'CV, datorita proprietatilor lor fotoluminescente excelente in domeniul
vizibil al spectrului, excitate de radiatia laser sau razele X [3,4]. Din categoria
acestora fac parte compusii cu spectrele liniare in domeniul rosu al spectrului [5].
In acesti compusi a fost observati, de asemenea, radiatia stimulata, fapt care a
condus la utilizarea lor in laserele ce functioneaza in domeniul vizibil [6]. In
ceramica ZnGayO, a fost depistata si descrisi 0 singura banda intensiva cu
maximum ce variaza de la’520 pana |a 580 nm, a carei pozitie depinde de conditiile
de excitare [4]. Pornind de la faptul cunoscut ca in sistemul 1n;0s-CdO se contine
compusul Cdin,O,4, s-a pus problema obtinerii, prin metode simple, a compusilor
ceramici Cdiny,O, si CdGay0; si a studierii fotoluminescentei lor.

Experimentul

Ambii compusi au fost obtinuti prin coacere in decurs de 50 ore din
materialele oxizilor presati CdO si 1Oz, CdO si GapOsz luati in cantitati
stoechiometrice la temperatura 1070 si, respectiv, 1179 K. Analiza difractiei razelor
X afost efectuata cu gutorul difractometrului DRON - UMI. Analiza probelor de
difractie a produselor finale a demonstrat ca ele contin linii spectrale caracteristice
policristalelor Cdin,O4 si CdGayO4 (in corespundere cu ASTM 12-675 si 20-863).
Ambele materiale sunt de culoare alba. Compusii au structura cubica cu grupa
spatiald Fd3m, parametrii cristalografici fiind de 9.115 si, respectiv, 8.602 4.
Monocristalele acestor tiocompusi analogi au fost supuse, in conditii identice,
tratamentului termic in rezultatul caruia s-au transformat in structuri policristaline.
Structura tetragonala CdGa,S; se transforma in structura cubica CdGayO,, iar
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structura cubica Cdin,S, nu se transforma in Cdiny,O4, Ci se formeaza un amestec
de In203 $i CdO.

In materialele ceramice CdGa,0, a fost masurata dependenta rezigtivitatii de
intuneric (p;) de temperaturi, valorile ei fiind de ordinul a 30 si 40 Ohmcm™ la4 si
300 K respectiv. Caracteristica contine o particularitate daba la 75 K. Spectrele de
fotoluminescenta au fost ridicate in domeniul lungimilor de unda 500-900 nm la
temperaturile 77 si 300 K, utilizand si filtrele 2-60 si 3-71. Excitarea
fotoluminescentei s-a produs cu agjutorul radiatiei laser cu lungimea de unda
A=479.5 nm (laser cu Argon). Ridicarea spectrelor fotoluminescentei s-a efectuat la
instalatia cu rezolutie spectrala inalta in regim automat de inscriere.

Rezultatele si discutia lor

Intr-un sir de lucrari sunt descrise conditiile ce permit obtinerea probelor
monofazice ale compusilor CdGa,0O, si Cdin,S,. Rezultatele obtinute nu confirma
afirmatiile din [7] cu privire la calificarea drept conditii optime pentru Cdin,O4 a
duratel tratamentului termic de 10 ore si atemperaturii de 1070 K. S-a constatat ca,
dupa 24 de ore de prelucrare termica, materialul obtinut inca nu are structura
monofazici. In lucrarea [8] se mentioneaza posibilitatea sintetizarii mai multor
compusi, inclusiv ai celor studiati in prezenta lucrare, printr-o metoda diferita de
cea utilizata de noi. In particular, dupa cum se mentioneazi in [8], componentele
stoechiometrice de CdO si In,Os; au fost incarcate in fiole din Pt si supuse
tratamentului termic timp de 16 ore la temperatura 1270 K la presiunea de 3 Kbar.
Apoi, prin metoda fluxului in sistem echicurent, la temperatura de 1320 K, in
decurs de 4 ore au fost obtinute cristale ce aveau culoare verde. In lucriarile
mentionate au fost publicate date referitor la conductivitatea si energia interna a
compusilor sintetizati. Noi am obtinut compusul CdGayO4 prin mai multe metode,
inclusiv prin metoda de recoacere a monocristalelor tiocompusilor respectivi.
Spectrele fotoluminescentel compusului Cdin,O4, masurate la temperaturile 300 si,
respectiv, 77 K in aer si latemperatura 300 K in vid sunt prezentate in figura 1. Ele
sunt analogige dupa forma. Cele mai intensive s-au dovedit a fi benzile inguste cu
maximurile intre 688 si 712 nm (T=300 K), avand semilatimea Dhn » 0.04 eV . La
micsorarea temperaturii pana la 77 K, intensitatea primei fasii descreste
aproximativ de doua ori si se despica, deplasarea de temperatura fiind
3—5 —.1.06X0 ‘eV x . Intensitatea celei de-a doua fasii in vid este slaba, insi atat
la 77 K, cat si la 300 K, creste. In toate cazurile cercetate aceasta fasie nu este
elementara. Daca ea este considerata drept o singura banda, atunci coeficientul

deplasirii termice are valoarea dE = .1.0540 eV K -1. In conditiile aerului, este
dT

depistata o fasie slaba cu maximul la 512 nm (2.42 eV), observata atat la 77, cat si
la 300 K, insa slab vizibila cand masurarile se efectueaza in vid. A fost studiat
modul in care filtrele influenteaza spectrele de fotoluminescenta. Spectrele au fost
ridicate, folosind filtrul 3-71, dupa cum este prezentat in fig. 2. Latemperatura 300
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K se observa benzi compuse intensive cu maximurile la 695, 728 si una slab
evidentiata la 735 nm. Micsorarea temperaturii duce la cresterea intensitatii primei
fasii si deplasarea maximului acesteia pana la 686 nm. Pentru fasia a doua,
viceversa, intensitatea se micsoreaza, iar maximul ei atinge 718 nm. Fasia slab
pronuntata la 77 K se manifesta slab. Spectrele de fotoluminescenta au fost
masurate utilizandu-se filtrul 2 — 60 dupa cum este prezentat in fig. 3.
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Fig. 1. Spectrele de fotoluminescentd a ceramicel Cdin,Oy:
1-T=300K inaer,2-T=300K invid, 3- T =77 K in aer.

™,
|
- — \\_ e

- P
TEO FEO

Ao, TRITE

Fig. 2. Spectrele de fotoluminescenta a probel or Cdin,O, ridicate utilizind filtrul 3 - 71:
1-T=300K, 2-T=77 K.

In aceste conditii se observi citeva particularititi ale spectrelor. Benzile
intensive au fost inregistrate la 300 K cu maximurile la 665 nm (fasie ingusta), 751
nm (4 linii spectrale), 797 nm ( 3 linii) si 840 nm (fasie ingustd). Descresterea
temperaturii pana la 77 K duce la descresterea intensitatii lor si la o deplasare
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nesemnificativa a valorii acestor maximuri, si anume: 665, 750, 809 si 840 nm,

respectiv.
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Fig. 3. Spectrele de fotoluminescentd a compusului Cdin,O, masurate cu filtrul 2 - 60:
1-T=300K, 2-T=77K.

De obicei pentru a elucida rezultatele experimentale obtinute ele trebuie sa
fie comparate cu hotarul de absorbtie si datele obtinute din spectrele
fotoconductivitatii. Analiza complexa poate explica originea liniilor de
fotoluminescenta. Mentionam ca compusul Cdin,S poate fi considerat analog cu
Cdin,O4. Este cunoscut faptul ca tiocompusul are banda interzisa directa Eg=2.62
eV [9]. Emisia de margine in cristale a fost inregistrata la T=105 K in domeniul de
lungimi deunda | » 500 nm (Eg=2.5 eV) acarel intensitate este cu 3+4 ordine de

marime mai slaba decat intensitatea conditionatd de centrele impuritare ae
fotoluminescentel. Pentru oxizi se poate obtine Eg>2.6 eV, deci fasiile inregistrate
de noi apartin domeniilor fotoluminescentei de lungimi de unda lungi. Ca regula,
acesti compusi includ defecte structurale cum ar fi vacantele Vo, Incq (ce se
manifesta ca donor), pe cand vacantele Cdin, Vcq si Vin au rolul de acceptori. Cu
toate ca cristalele Cdin,S poseda un grad inalt de perfectiune de lunga durata,
autorii [10] au mentionat ca si in probele stoechiometrice concentratiile defectelor
de antistructura (Cdin, Incg) variaza intr-un domeniu larg si pot atinge valoarea de
10%° cm?®. Centrii impuritari de suprafata in acest compus pot fi pusi in legatura
anume cu aceste defecte. Este mult mai probabil ca benzile de fotoluminescenta in
CdIn,O4 sunt datorate recombinarii cu participarea nemijlocita a acestor centri.
Pentru stabilirea gradului de certitudine a acestei afirmatii sunt necesare insa
cercetari suplimentare.

Spectrele fotoluminescentei compusului CdGa,O4 la 300 si 77 K sunt
prezentate in fig. 4. Ele contin o fasie ingusta intensiva cu maximul la 684 nm
(T=300 K), avand semilargimea Dhn » 0.01 eV . Pe panta ascendenta, au fost

rezolutionate doua benzi satelit inguste slab intensive. Mai mult, poate fi observata
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prezenta unei benzi slabe la lungimea de unda 718 nm cu sateliti vizibili intensivi.
La descresterea temperaturii pana la 77 K, intensitatea primei fasii inguste creste si
are loc dublarea ei in doua fasii cu maximurile la 684 si 694 nm. Creste si
intensitatea fasiei cu lungime de unda mare; maximul e ramane in aceeasi pozitie
718 nm si satelitii sai Slabi, de asemenea, se pastreaza si raman pe pozitii
neschimbate. Ambele benzi, indiferent de temperatura, sunt fasii compuse, iar
coeficientul deplasarii energiel odata cu variatia temperaturii are o valoare
nesemnificativa, abia observabila. Spectrele de fotoluminescenta masurate la 300 K
folosind filtrul 3 — 71 sunt redate in fig. 5.

%

L A
—

GBS0 7O0 T80
A, nm

Fig. 4. Spectrele de fotoluminescenta aceramicel CdGaO4: 1 -T =77K,2-T =300 K.
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Fig. 5. Spectrele de fotoluminescenta a probel or de CdGa,O, ridicate
utilizand filtrul 3-71: 1-T=300K,2-T=77K.

Spectrele contin o fasie rosie intensiva cu maximul la 684 nm si
Dhn » 0.04 eV . Pe panta dinspre lungimile de unda lungi se observa un satelit de

intensitate slaba cu maximul la 682 nm. A fost depistata o fasie complexa slaba cu
maximul la 718 nm. Latemperatura 77 K, intensitatea primei fasii descreste ~ cu o
treime din valoarea sa, banda descompunandu-se in 4 sateliti cu centrii la 688 nm.
Cea de a doua fasie ramane la 718 nm, intensitatea el se mareste ~ de trel ori si
contine maximuri slabe pe panta dinspre lungimile de unda lungi. Spectrul a fost
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masurat folosind filtrul 2 — 60. Benzile intensive masurate la 300 K au maximurile
la 665, 752, 810 si 836 nm. Aceste maximuri, suportand o deplasare mica de-a
lungul spectrului si intrucatva micsorate dupa intensitate, se pastreaza si la
temperatura 77 K.

Catodoluminescenta conditionata de tranzitia banda — banda cu maximul la
E,=3. 80 eV a fost observata si la 80 K in monocristalele de CdGa,S, [11]. in
lucrarea [11] se constata existenta unei fasii cu maximul la 3.19 eV care apare
datorita tranzitiilor optice ale electronilor din banda de conductie E. pe nivelul
acceptor in apropiere de banda de valenta E,. Desigur, E4"">3.80 eV pentru
CdGay0s, adica toate particularitatile de fotoluminescenta descrise mai sus se
atribuie la lungimi de unda lungi si sunt generate de defecte analogice celor din
CdinyO4, cu 0 singura diferenta: atomii de In din semiconductor sunt inlocuiti cu
atomii de Ga in ceramica. Mentionam ca fotoluminescenta in semiconductorii de
acest tip, cat si posibilitatea de a elabora laseri pe baza lor sunt suficient de
studiate. In particular, rezultate similare sunt mentionate in lucrarile [12] pentru
monocristale si policristalele CaGa,S: Eu®*.

Concluzii

Cdin,O4 si CdGax0s au fost obtinute prin metoda folosita traditional la
prepararea ceramicelor. Sunt prezentate conditiile experimentale de crestere a lor,
masurate si prezentate spectrele de fotoluminescenta. S-a constatat ca in spectrele
de fotoluminescentd se manifesta fasii inguste intensive care sunt generate de
recombinarea centrilor de structura. Prin posibilitatea activarii cu elemente
impuritare, compusii Cdln,O4 si CdGa,O4 sunt materiale de perspectiva pentru
domeniul ingineriei biomedicale, in special, in domeniul elaborarii laserilor si
luminoforilor efectivi, similari cu ZnGa;04, CaGayS,.
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PHOTOLUMINESCENCE OF CERAMIC COMPOUNDS
Cdl n,O, AND CdGa204

Vasle Jitari, Stepan Muntean, Galina Volodina, Tatiana Shemiakova
(Institute of Applied Physics, Republic of Moldova)
Efim Arama (Universitatea de Medicina si Farmacie ,,Nicolae Testemitanu”,
Republic of Moldova)

Crystalline samples of CdIn,O, and CdGa,O, of cubic syngony have been prepared using a

method similar to that commonly used for preparation of ceramic materials. Photoluminescence
spectra measured at temperature 77 and 300 K under Ar laser excitation consist of intensive narrow
red bands generated due to recombination involving centers defined by the intrinsic defect structure.
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PROPRIETATILE OPTICE SI FOTOELECTRICE ALE
MONOCRISTALELOR ZnIn,S;:Ni

Efim Arama
(Universitatea de Stat de Medicina si Farmacie ,,Nicolae Testemitanu”,
Republica Moldova)

S-a elaborat tehnologia de dopare a monocristalelor de Znin,S, dopat cu Ni. A fost stabilita
influentaimpuritatii de Ni asupra marginii de absorbtie, spectrelor fotoconductibilitatii si de excitare
a fotoluminiscentel la temperatura de 300 K. Au fost identificate nivelurile energetice 2.50, 2.64 si
2.81 eV. Este prezentata dinamica caracteridticilor in functie de concentratia dopantului si
interpretarealor.

Introducere

Sulfizii multicomponenti stretificati Znln,S, poseda fotosensibilitate mai
mare atat pentru radiatia din domeniul vizibil a spectrului, cat si in UV apropiat [1,
2]. Pe baza lor s-au elaborat detectoare de radiatie UV, fotovaricapi s.a. [3, 5].
Elaborarile mentionate motiveaza necesitatea investigarii parametrilor electrofizici
ale acestor materiale, tinandu-se cont de importanta lor atat pentru cercetarile
fundamentale, cat si pentru aplicate.

In faza initiala a studierii influentei impuritatilor dopante asupra
proprietatilor fizice, au fost efectuate cercetari ale unor compusi, rezultatele
obtinute insa s-au dovedit a fi contradictorii, Situatie care putea fi explicata atat prin
calitatea nesatisfacatoare a cristalelor cercetate, cat si prin modificatia politipului
utilizat in acest scop. De exemplu, in lucrarea [6] s-a guns la concluzia ca
impuritatile de dopaj cu concentratia de pana la 5.10° cm® influenteaza
nesemnificativ proprietatile compusilor 1n,Te;, Ga,Ses, dopati cu impuritati.
Folosind adausul de CuSin calitate de dopant, S. Shionoya a obtinut monocristalele
compusului ZnlnSy: Cu. Cercetand spectrele fotoluminiscentei la temperatura 300
K, cercetatorul a observat un maximum pronuntat cu energia 2,5 €V, cauzat de
atomii impuritari de Cu [7].

In lucrarea [8] s-a stabilit influenta slaba a impuritatilor de dopaj In, Cu, Fe,
Mn asupra parametrilor electrofizici ai compusului Hgsln,Tes, concentratia lor
ajungand pana la 10" cm®. Totodata, in cadrul aceleiasi lucrari, s-a mentionat o
influenta semnificativa a elementelor impuritare cu 3d-orbitali incompleti asupra
transparentei optice. In legatura cu cele relatate, in prezenta lucrare se analizeaza
unele proprietati ale cristalelor de Znln,Sy:Ni care contin vacante cationice in
reteaua cristalind stoechiometrica.
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M etodele de cercetare a monocristalelor Znln,Ss: Ni

Monocristalele de Znin,S, dopate cu Ni au fost preparate din faza gazoasa
prin metoda reactiilor chimice de transport, folosind iodul in calitate de agent de
transport. Analogic compusului special nedopat [4], in incarcatura initiala se
utilizau elemente chimice cu un grad inalt de curatenie. Analiza continutului
dopantului in cristale s-a efectuat cu microanalizorul spectral de masa cu laser
»,Lamma-1000" cu limita de rezolutie pe suprafata 1,0 um care asigura obtinerea
informatiei despre prezenta in monocristale a atomilor de Ni obtinuta din aceste
analize, coincide cu datele incarcaturii stoechiometrice initiale.

Ridicarea spectrelor absorbtiel de margine s-a efectuat la instalatie ce
continea monocramatorul de difractie M3/1-2 cu rezolutia +0,02 eV. Coeficientul
de absorbtie a fost determinat conform metodologiel descrise in lucrarea [8].
Instalatia pentru ridicarea spectrelor de excitare a luminiscentel include o sursa
halogena (iod) de incandescenta, un modulator de lumina, un monocromator
M3/1-2, un condensor, un filtru de lumina, un multiplicator, detector de inregistrare
sincronica si dispozitiv de inscriere pe hartie. Frecventa de modulare a radiatiel
excitante de la sursi e de 300 Hz Radiatia de excitare (in cazul luminiscen-
tei <10®) emisi de sursi se separd cu ajutorul filtrului respectiv. Pentru
esantioanele dopate cu Ni, semnalul de la fotomultiplicator a fost inregistrat in
curent continuu cu electrometrul, deoarece luminiscenta dura cateva ms. Pentru o
mai mare precizie masurarile s-au efectuat pe cristale de diferite grosimi. Semnalul
afost ridicat de pe muchia (0001).

Rezultatele obtinute si discutia lor

Monocristalele obtinute aveau rezistenta inalta (rezistivitate de intuneric
p>100 Ohm cm) si conductibilitate electronica (de tipul n). In tabelul ce urmeaza
sunt pezentate concentratiile impuritatii de Ni in cristale, rezistivitatea de intuneric,
raportul rezistivitatilor de intuneric si lailuminare (pi/ pi), parametrul caracteristic 4
si latimea benzii interzise Eg.

Parametrii principali ai monocristalelor Znln,S;: Ni

N/r | Concentratiaimpuritatii de Ni, cm® | p;, Ohmem | pi pi 4, meV | E, eV
(la 100 1x)

1 |[12.10° 8.5:10° 7.510° 52 2.45

2 |37-10° 6.6 -10° 3.0-10° 44 2.30

3 10107 1.6-10 21 38 2.31

4 [1.9.10° 7.0 10° 29 39 2.25

La doparea monocristalelor cu elemente de tranzitie influenta impuritatilor se
manifesta, in primul rand, prin modul de amplasare a atomilor impuritari in reteaua
cristalina si, in a doilea rand, prin valenta ce se modifica pentru formarea
legaturilor chimice.

in figura 1 sunt prezentate spectrele de absorbtie ale monocristalelor Znin,S,
dopate cu Ni pentru diferite concentratii. Se observa o corelare stricta dintre
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concentratia Ni si coeficientul de absorbtie o, iar marginea de absorbtie se
deplaseaza corespunzator spre lungimile de unda lungi ale spectrului. O
particularitate remarcabila a acestor spectre este ca, la concentratii mici ale
impuritatii dopante, concomitent cu deplasarea pragului de absorbtie, are loc si
micsorarea inclinatiei caracteristicii (A). Mentionam c&, pentru concentratia
1.2:10" cm®, marginea de absorbtie este mai abrupta decit in cazul cristalelor
gpecial nedopate, pentru care A=98.0 meV. Posibil ca la concentratii relativ mici
impuritatea dopanta de Ni remediaza acele defecte care se formeaza in procesul de
preparare fara adausuri dopante.

g, emm
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2.3 24 2.5 2.6 2.7 hv,aV
Fig. 1. Coeficientul de absorbtie amonocristalelor Znin,S;:Ni cu concentratia, cm®:1,9-10% (1),
1,0.10% (2), 3,7-10" (3), 1,210 (4).
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Fig. 2. Spectrele de excitare a fotoluminiscentei Znin,S;:Ni cu concentratia, cm:1,9-10% (1),
1,0.10% (2), 3,7-10" (3), 1,2:10% (4).

Dependenta spectrala a excitarii fotoluminiscentel cristalelor dopate cu Ni
este prezentata in figura 2. In spectru se poate evidentia un maximum intensiv cu
energia 3.9 eV (A=0,4 um), ce este in legatura cu excitarea purtatorilor de sarcina



Proprietarile optice si fotoelectrice ale monocristalelor Znln,Sy: Ni 21

din banda de valenta si trecerea lor in banda de conductie (E,—Ec). Micsorarea
eficientel excitarii la lungimi de unda mai mici este conditionata, probabil, de
cresterea coeficientului de absorbtie in acest domeniu al spectrului. In consecinta,
luminain cristal patrunde la adancimi mai mici si purtatorii de sarcina neechilibrati
recombina fara emisie in stratul din apropierea nemijlocita a suprafetei.

Micsorarea nivelului de excitare in panta descendenta a maximului dinspre
undele lungi ale spectrului este conditionata de micsorarea exponentiala a
coeficientului de absorbtie a.

in domeniul de unde lungi se observa maximuri intensive cu energia de 2.81
si 2.64 eV, si 0 particularitate mai putin pronuntata la 2.5 eV. La concentratii mari
particularitatile nu se manifesta, cu exceptia uneia la marirea concentratiei
impuritatii dopantului, are loc deplasarea pantei descendente a spectrului dinspre
lungimile de unda lungi. De regula, metalele de tranzitie creeaza nu unul, ci cateva
niveluri energetice adanci. Rezultatele obtinute confirma aceasta regularitate.
Deoarece procesele de emisie sunt supuse stingerii legate de concentratia
impuritatii, nivelul impuritar poate sa se manifeste in spectru numai intr-un anumit
interval de concentratii. Particularitatea cu energia 2.5 eV poate fi conditionata de
impuritatea Ni sau, dupa cum este mentionat in [6], de impuritatile necontrolate de
Cu. Benzile cu maximurile de 2.81 si 2.64 €V, sunt conditionate de prezenta
impuritatilor de Ni.
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Fig. 3. Spectrele fotoconductiei monocristalelor Znin,S;:Ni cu concentratia, cm:1,9-10% (1),
1,0-10% (2), 3,7-10" (3), 1,2:10% (4).

in figura 3 sunt prezentate spectrele fotoconductiei (FC) monocristalelor
Znin;S, dopate cu Ni pentru diferite concentratii. Dupa cum se poate observa,
maximul FC proprii se stinge, iar cel conditionat de impuritate se deplaseaza in
domeniul lungimilor de unda mici, in asa fel incat cea mai mare deplasare se
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observa la concentratii mici (curba 2, tabel E =2.45 eV). La concentratii mari,
valorile energiei maximurilor impuritare si a celor proprii spectrelor FC coincid cu
maximurile similare ale cristalelor special nedopate. Caracteristicile luxamperice
(CLA;) si aFC proprii sunt liniare (n=1) la iluminari slabe, si supraliniare (n=2) la
iluminari mai intensive [9]. La doparea cu Ni, indiciul de putere n al CLA nu
depinde de iluminare, astfel incat la marirea concentratiei inclinatia se micsoreaza
(n=0.65). Aceasta marturiseste despre schimbarea mecanismului de recombinare
din donor-acceptor in cel impuritar. Analiza datelor demonstreaza ca proprietatile
studiate se modifica cel mai efectiv atunci cand concentratia atomilor de Ni este
1,2-10" cm®. Astfel, in rezultatul compararii datelor obtinute cu datele lucrarilor
[6, 7] se demonstreaza ca impuritatea de Ni influenteaza cel mai efectiv asupra
proprietatilor studiate ale Znln,S,.

Din analiza dependentei spectrale a fotoconductiei in monocristalele de
Znin,S, dopate cu Ni rezulta ca ele poseda o particularitate comuna ce consta in
nedepistarea unor niveluri suplimentare in comparatie cu cristalele special
nedopate. Aceste particularititi permit sa presupunem ca, la introducerea
impuritatii de dopaj, are loc interactiunea atomilor impuritari cu defectele proprii
cristalului si ca, de asemenea, se manifesta o dependenta slaba a energiel de
ionizare de natura donorilor si acceptorilor introdusi. Se poate conchide ca atomii
impuritari pot ocupa diferite pozitii in reteaua cristalina. Centrii acceptori adanci se
pot afla atat in stare ionizata, cat si neutra, iar donorii de pe nivelurile mici sunt
complet ionizati.

Interactiunea coulombiana intre centrii cu particule incarcate duce la aparitia
unor unitati structurale noi ce au spectrul nivelurilor energetice situate foarte
aproape unul de altul. Din aceasta cauza, depistarea pozitiilor energetice ale acestor
niveluri din spectrele fotoconductiel este dificila. Marirea semilargimii maximului,
benzilor impuritare ce se pot contopi cu benzile permise.

Cel mai spectaculos efect in cresterea conductivitatii are loc atunci cand
doparea se face cu metale alcaline, inclusiv cu Cs [10]. Probabil, aceste elemente
genereaza niveluri donor mici, gratie electronului de valenta slab legat cu atomul.
In favoarea acestei ipoteze vorbeste si faptul ci rezistivitatea materialelor de tipul n
se micsoreaza la dopare.

Luand in considerare existenta nivelurilor de captare repartizate exponential,
putem conchide ca captarea de catre capcane a purtatorilor eliberati de la donorii
mici duce la o crestere relativ slaba a conductivitatii cristalelor (comparativ cu
concentratia impuritatilor introduse -10"® +10" cm®). intr-adevar, in cristalele
special nedopate concentratia electronilor in banda de conductie ng=10° cm®, iar
coeficientul de aditionare #~10°. Prin urmare, prezenta nivelului donor mic cu
concentratie N~10"® stimuleaza marirea concenratiei electronilor in banda de
conductie pani la Np0~10" cm® iar multiplul micsorarii rezistivititii va fi
Np0 /ng=10°, fapt care afost observat si in cazul dopirii cu ceziu [11].
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Concluzii

S-a demonstrat ca doparea compusului Znin,S; cu Ni duce la deplasarea

marginii absorbtie fundamentale in domeniul lungimilor de unda lungi a spectrului
sl genereaza marirea de cateva ori a coeficientului de absorbtie in comparatie cu
cristalele nedopate. Dependenta marginii de absorbtie este strict exponentiala.

Odata cu marirea concentratiei dopantului, creste si deplasarea marginii de

absorbtie in domeniul undelor lungi. Cea mai mare influenta a impuritatii de Ni
asupra proceselor de recombinare s-a depistat |a concentratia de 1.2-10", la care se
schimba i mecanismul recombinarii. S-au determinat valorile nivelurilor
energetice 2.50, 2.64 si 2.81 eV conditionate de impuritatea de Ni.

10.
11.
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OPTICAL AND PHOTOELECTRICAL PROPERTIESOF THE
MONOCRYSTALS ZnIn,S,:Ni

Efim Arama
(Universitatea de Medicina si Farmacie ,,Nicoale Testimitanu”,
Republic of Moldova)

The method of doping of the monocrystals Znin,S,:Ni has been elaborated. The influence of
this doping substance on the margin of absorption was established, spectra of photoconductivity and
the existence of luminescence at the temperature of 300 K. The energeticd levels of energies 2.50;
2.64; 2.81 eV were identified. The dynamics of the characteristics depending on the concentration of
doping substance and their interpretation is presented.
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FOTOLUMINISCENTA STRATURILOR SUBTIRI DE ZnSe

Mihail Popa (Universitatea de Stat ,,Alecu Russo”, R. Moldova)
Gheorgheloan Rusu (Universitatea ,,Al. I. Cuza’, Romania)

Straturile subtiri de ZnSe au fost depuse pe suporturi de sticla prin metoda evaporérii termice
in vid in volum cvazi-inchis.

Au fost studiate curbele de relaxare a fotoluminiscentel straturilor subtiri de ZnSe. Timpul
de viata a purtatorilor de sarcina de neechilibru, determinat din panta dependentei detip In(Jr. / J
(0)) =f (t) este de circa 15.38nmm.

Dependenta spectrald a fotoluminiscentel straturilor subtiri de ZnSe prezinta o curba cu un
maxim localizat la sproximativ 2.01eV. Diferenta dintre largimea benzii interzise (Eg = 2.67€V) si
energiaacestui maxim neindica un nivel delocalizareal centrelor de recombinare.

Introducere

Prin luminiscenta se intelege fenomenul prin care o substanta data transforma
energia primita in lumina vizibila. Acest proces are loc la o temperatura la care
radiatiile vizibile inca nu pot fi generate prin radiatii termice.

Luminiscenta se deosebeste de radiatia termica a corpului dat, deoarece este 0
emisie excedentara in raport cu radiatia termica.

Emisia fotonului are loc in doua cazuri:
cand un electron liber din banda de conductie se recombina cu un gol din banda
de valenta (recombinare banda-banda);
cand un electron liber se recombina cu o impuritate din banda interzisia sau un
gol liber se recombina cu un electron localizat (recombinare prin intermediul
capcanelor).
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In procesul recombinarii semiconductorul trece dintr-o stare cu energie mai
ridicata intr-o stare cu energie scazuta prin emisia surplusului de energie sub forma
radiatiilor electromagnetice. Luminiscenta este o emisie de neechilibru.

Substantele care au proprietatea de luminiscenta se numesc luminofori.
Acestia se folosesc la ecranele tuburilor cinescop (osciloscop, televizor), la diferiti
contori de scintilatie, contori pentru particule nucleare, tuburi luminiscente etc.

Pentru a se produce recombinarea sistemului dat, semiconductorul,
dielectricul trebuie sa treaca intr-o stare de neechilibru (intr-o sare excitata). Daca
energia de excitare este obtinuta prin iradierea corpurilor cu radiatii
electromagnetice, atunci astfel de luminiscenta se numeste fotoluminiscenya [1, 2].

Din caracteristicile si parametrii radiatiei de fotoluminiscenta se pot obtine
informetii referitoare la centrele de recombinare, care influenteaza atat proprietatile
radiative, cat si cele fotoelectrice ale esantioanelor [3 - 5].

Seleniura de zinc (ZnSe) este un material semiconductor din grupa A"BY' cu
mai multe caracteristici importante (banda interzisi larga, rezistivitate electrica
mica, fotosensibilitate si transmisie optici mare, etc.). In consecinta, acest compus
ofera o larga varietate de aplicatii ca fotodetectori, celule solare, dispozitive
emitatoare de lumina albastra etc. [3].

Investigatiile de structura (difractia de radiatii X, difractia de electroni,
microscopia electronica prin transmisie si microscopia de forta atomica) au
demonstrat ca straturile sunt policristaline si au o structura de tip blenda de zinc.
Cristalitii au o orientare preferentiala dupa planul (111) paralel cu suportul [9].

Scopul acestel lucrari este de a ridica curbele de relaxare ae
fotoluminiscentei si de a determina unele caracteristici semiconductoare; de a le
compara cu ate caracteristici obtinute din curbele de relaxare ale
fotoconductivitatii. O alta sarcina consta in a obtine informatii utile si din
dependentele spectrale ale fotoluminiscentei.

M etodica experimentala

Straturile de ZnSe au fost obtinute prin evaporare termica in vid pe suporti de
sticla aflati la temperatura camerei. Deasupra straturilor s-au depus electrozi de
AuCl; la distanta de 1mm unul de altul si esantioanele obtinute au fost racite in
vapori de azot pana latemperatura azotului lichid (78K) [6 —9].

Dependenta spectrala a fotoluminiscentei straturilor subtiri de ZnSe a fost
cercetata la temperatura de 78K. Fotoluminiscenta a fost excitata cu fasciculul de
radiatie a laserului molecular Ny (I & = 0.337rm, P = 1.6kW, Dt = 10°s).
Densitatea de putere de excitare a luminiscentei atinge valoarea de ~ 10° Wi/cn,
iar frecventa de modulare — 25Hz.

Schema bloc a instalatiel de determinare a distributiel spectrale a
luminiscentel este prezentata in fig.1 [6-8].

Fasciculul laser a fost focalizat pe suprafata stratului subtire de ZnSe cu
ajutorul unei lentile din cuarz L1 cu distanta focala de 75 mm.
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Stratul de ZnSe, preparat pe suportul de sticla, a fost introdus intr-un criostat
optic si racit cu vapori de azot pana latemperaturade 78K.

B2
'_J
\ > M FME-S—] sy

I 1
Lonarily /

BI G DF AAS
Lnregistrater

Fig. 1. Schemainstalatiel pentru masurarea caracteristicii spectrale a fotoluminiscente.

Suprafata activa a probei P afost asezata astfel incat, cu ajutorul unei lentile
Lo, cu distanta focala f, » 50mm si cu diametrul D = 50mm, fasciculul de radiatie
normal la proba si fie colectat, iar cel reflectat si nu nimereasca pe lentila L.

De asemeneq, lentila L, afost Situata la o distanta egala cu distanta focala
fata de sursa luminiscenta.

O lentila L3 focalizeaza fasciculul luminiscent pe o fanta de intrare a
monocromatorului M. La iesirea din monocromator, fasciculul este inregistrat cu
gjutorul unui fotomultiplicator electronic de tip FME-51, sensibil in domeniul
lungimilor de unda 0.33 — 0.85 mm.

Sistemul de inregistrare este alcatuit dintr-un amplificator selectiv US-1, un
detector de faza DF si un inregistrator.

in fig.1, B1 si B2 sunt blocuri de alimentare, iar G este un generator.
Amplificatorul selectiv si detectorul de faza sunt reglate astfel incat frecventa lor sa
coincida cu frecventa impulsurilor de lumina laser.

Intrucat fotomultiplicatorul FME-51 este un receptor cu sensibilitate diferita
ladiferite lungimi de unda, instalatia se calibreaza utilizand o sursa luminiscenta cu
distributie spectrala cunoscuta.

S-a constatat experimental ca in domeniul spectral 0.25 — 0.65mm
eficacitatea cuantica a solutiel de fluorescena nu depinde de lungimea de unda.

Masuratorile de fotoluminiscenta au fost efectuate la Facultatea de Fizica a
Universitatii de Stat din Chisinau.

Rezultate experimentale

Curba de relaxare a fotoluminiscentei reprezinta variatia cu timpul a
intensitatii luminiscente, Jr. = f(t), masurata din momentul intreruperii iluminarii
probei. Aceasta se supune legii exponentiale de forma
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Jr(t) = J.(0) expg? tig% (1)
unde Jq(0) reprezinta intensitatea luminiscenta la momentul intreruperii iluminarii
(t=10), J.(t) - intensitatea luminiscenta peste intervalul detimp t, iar t - timpul de
viata a purtatorilor de neechilibru.

In fig. 2 este reprezentata curba de relaxare a fotoluminiscentei unui strat
subtire de ZnSe. Vaoarea Jq(0) se ma numeste valoarea Stationara a
fotoluminiscentei, iar Jq (rem) - valoarea remanenta a luminiscentei. Logaritmand
ambele parti ale relatiei (1) si facand transformarile de rigoare, putem determina
timpul de viata a purtatorilor de sarcina conform relatiei

{ = to -t ’ (2)
@Jpy 0 | @y 0
O & 05
unde Jr 1 reprezinta fotoluminiscenta stationara a esantionului la momentul ty, iar
Jr 2 — fotoluminiscenta stationara a esantionului la momentul ta.

Pentru aceeasi proba de ZnSe s-a construit dependenta In(Jq./Je(0)) = f(t)
(Fig.2). Timpul de relaxare calculat din panta portiunii liniare este egal cu 15.381rs.
Aceasta valoare, precum s cele obtinute din curbele de relaxare a
fotoconductivitatii [9] sunt in buna concordanta cu cele obtinute de Seikman si Sik
[10] pentru cristalele de ZnSe.

In

Intensit:atea {unit.rel.)

J D]: Jd. ...

FLl: \

Proba ADTO )
d=0.70pm .
T.up= 300K 45

-\ r.=1.60nm's
4 .\\\ i
.
”‘xlxx.& |
JFL(rem_j_----- e Ry, B
ﬂl I !Iﬂ l-lﬂ I Elﬂ I Elﬂ I 1ﬂ|ﬂ I 1!ﬂ:
t {um)

Fig. 2. Curba de relaxare a fotoluminiscentel unui strat subtire de ZnSe,

A fost cercetata, de asemenea, a dependenta spectrala a fotoluminiscentel
straturilor subtiri de ZnSe la temperatura de 78K (Fig.3). Marimea Sy se numeste
sensibilitatea spectrala relativa a fotoluminiscentel. Curba are un singur maxim,
care este localizat la aproximativ 2.01eV. Cunoscand aceasta valoare, putem
determina pozitia centrelor de recombinare ca diferenta dintre largimea benzii
interzise (Eg= 2.67eV) [1—5] si energia acestui maxim. Astfel putem concluziona:
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in straturile subtiri de ZnSe un nivel energetic a centrelor de recombinare este
localizat la distanta de 0.66eV de la marginea superioara a benzii de valenta.
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Fig. 3. Dependenta In(Jq /3. (0)) = f(t) pentru un strat subtire de ZnSe.
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Fig. 3. Dependenta spectrala a fotoluminiscentei unui strat subtire de ZnSe.

Gasin P. si colaboratorii sai [11] au depistat picul respectiv pentru cristalele
de ZnSe recoapte in topitura de Zn si apoi racite pana la temperatura azotului
lichid. Ei presupun ca aparitia acestei benzi este determinata de tranzitiile radiante
tip Zn"® Vz,. Energia de activare a vacantelor de zinc este ~ 0.63eV, aproximativ
egala cu valoare maximul fotoluminisecentei din domeniul “rosu” al spectrului.

Concluzii

Au fost studiate curbele de relaxare a fotoluminiscentei straturilor subtiri de
ZnSe. Valoarea timpului de viata a purtatorilor de sarcina de neechilibru,
determinat din aceate curbe, este in buna concordanta cu valorile obtinute din
curbele de relaxare a fotoconductivitatii. Dependenta spectrala a fotoluminiscentei
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straturilor subtiri de ZnSe ne permite si determinam un nou nivel energetic de
localizare al centrelor de recombinare.
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THE FOTOLUMINISCENCE SPECTRA OF ZnSe THIN FILM S

Mihail Popa (,,Alecu Russo” State University, Republic of Moldova)
Gheorgheloan Rusu (,,Al. I. Cuza’ University, Romania)

ZnSe thin films were deposited onto glass substrates by the quasi-closed volume
evaporation technique under vacuum.

The relaxation curves of the photoluminescence of the thin films of ZnSe were studied. The
lifetime of charge carriers of unbalance, determined from dependence dope of type In(Je. / J. (0))
=f (t) isabout 15,38mm.

Spectral dependence of the photoluminiscence of the thin films of ZnSe presents a curve
with an maximum located at about 2.01eV. The difference between the width of the forbidden band
[Eg = 2.67€V] and this maximum energy indicates the level of the location of the recombination
centers.

Prezentat laredactie 1a 20.04.07
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DISPOZITIV PENTRU STUDIUL DEPENDENTEI DE
TEMPERATURA A CONDUCTIVITATII ELECTRICE
LA STRATURILE SUBTIRI SEMICONDUCTOARE

Mihail Popa (Universitatea de Stat ,,Alecu Russo”, R. Moldova)
Gheorgheloan Rusu (Universitatea ,Al. I. Cuza, Romania)

in lucrare se descrie congtructia si principiul de functionare a unui dispozitiv
experimental utilizat pentru masurarea rezistentei eectrice a straturilor subtiri
semiconductoare |a diferite temperaturi. De asemenes, se prezintd metodica determinarii
conductivitatii electrice si aaltor parametri caracteristici straturilor subtiri.

Introducere

Dintre parametrii caracteristici ai materialelor semiconductoare, cel
mai intens studiata in prezent este conductivitatea electrica.

Depinzand de o serie de factori ale caror actiuni nu pot fi separate
(forma si dimensiunile esantionului, valoarea tensiunii electrice aplicate,
temperatura, presiunea, natura materialului din care sunt confectionati
electrozii, natura si presiunea gazului din incinta de masurare etc.),
masurarea conductivitatii electrice a straturilor subtiri semiconductoare
constituie o problema deosebit de dificila.

Marea majoritate a datelor experimentale referitoare la
conductivitatea sau rezistivitatea electrica a straturilor subtiri se obtin in
urma masurarilor efectuate in curent continuu prin metoda celor doua
sonde [1].

Prin utilizarea metodel celor patru sonde se obtin date mai sigure,
insa in cazul straturilor subtiri, folosirea acesteia este de multe ori limitata
de existenta la suprafata lor a unui strat de sarcina spatiala care
influenteaza mult precizia masurarilor [1].

Scopul acestei lucrari este de a prezenta constructia si principiul de
functionare a unui dispozitiv experimental utilizat pentru determinarea
conductivitatii electrice a straturilor subtiri semiconductoare la diferite
temperaturi. De asemenea, este important de a prezenta metodica de
determinare si a altor parametri caracteristici straturilor subtiri.

Consideratii teoretice

Conductivitatea electrica constituie un parametru important in
studiul fenomenelor de transport ale straturilor subtiri semiconductoare.
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Intr-un semiconductor conductivitatea electrici este egalia cu suma
conductivitatilor electrice datorate electronilor s, si a golurilor s, [2-4],
adica

Si = Snt Sp = Nem, + pem, (1)
unde m, si m, reprezinta mobilitatea electronilor si, respectiv, a golurilor,
iar nsi p—concentratiile purtatorilor de sarcina respectivi.

Pentru un semiconductor intrinsec concentratiile celor doua tipuri
de sarcina sunt egale

n=p=n @)
sl in consecinta relatia (1) devine:
Si = ne(My + Mp). )

In domeniul conductiei intrinseci concentratia electronilor liberi din
banda de conductie si respectiv a golurilor din banda de valenta se poate
exprimaprinrelatia[2, 3]

@& Ey 0
n:p:,/NCNVexpg— 2k:Ti’ (4)
P

unde Nc si Ny reprezinta densitatile efective de stari in benzile respective,
ks — constanta Boltzmann, iar Eg — largimea benzii interzise.
in domeniul temperaturilor mai mari predomina imprastierea
purtatorilor pe vibratiile retelei si dependenta de temperatura a
mobilitatilor se poate scrie sub forma[2-4]
3 3

4, =BT 25i u, =BT 2, (5)
in care parametrii B, si By, practic, nu depind de temperatura.
Inlocuind relatiile (5) si (4) in (3) obtinem:

ee,/N N, (BT 2+BT 2).ﬁxpée 2kTg (6)

Notam cu So expresua din parantezele patrate ale relatiei (6). Aceasta
reprezinta o constanta caracteristica fiecarui semiconductor. Astfel,
relatia (6) poate fi scrisa sub forma[2-4]

E,
o, = Joexpg 9 (7)
2k XT 5

Dependenta conductivitatii electrice de temperatura, descrisi de
relatia (7), este comod si fie reprezentata grafic in coordonate
semilogaritmice.

Logaritmam relatia (7) si obtinem:
Ino, =|n0'0-5><£- (8)
%k, T
Deregula, expresia (8) se scrie sub forma:
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E 3
Ine. =Ino. - 5 107 (8’)
' o 2k, x0° T
B

3
Reprezentand aceasta dependenta in coordonate (In s, %), e

A,

obtine o dreapta care intersecteaza axa ordonatelor in punctul Insg

3 =
(Fig.1), iar panta portiunii liniare a dependentel In s; = f?%g este
a
egalacu _ &
2k, x10°
[In02 - |n01] _. [In02 - |n01] _. E, . ©)]

d0® 10°0 a10° 10°0  2ky X0°
T, T & TG
In acest caz, largimea benzii interzise, Ey, se poate calcula dupa relatia:
[l no, - |nal] (10)
&0’ 10°6
T TLg
fnlocuind in relatia (10) constanta lui Boltzmann (ks = 1,3840%JK =
8,6172eV/K) se obtine o relatie care da valoarea lui Eg in eV:

E, = 2k, ¥40°

E, @),1725—['””2 - '””1]_, eV (11)
0’ 10°0
Tl T2 B

10°7 T [K']
Fig. 1. Dependenta de temperatura a conductivitatii electrice pentru un strat subtire
semiconductor.
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Detalii experimentale

Pentru determinarea conductivitatii electrice a straturilor subtiri,
rezistenta electrica a acestora a fost masurata in mod direct cu un
megaohmmetru, conectat prin intermediul cablurilor ecranate (14) la
sondele de masura (11) (Fig. 3), iar temperatura probei a fost determinata
cu gjutorul unui termocuplu de cupru-constantan (12) fixat pe suprafata
stratului (Fig. 3) [5].

Rezistivitatea electrica a unui strat subtire poate fi determinata din
relatia

p=RE, (12)
unde A este aria sectiunii transversale, A = d >, d este grosimea stratului,

L — latimea stratului, iar I — lungimea stratului (distanta dintre electrozi)
(Fig. 2). Obtinem

p=REL, (13)
si, respectiv, conductivitatea electrica
o= L >~<1 : (14
d<d R

Temperatura stratului subtire de ZnSe a fost calculata din relatia
T, =7 =M™ 1 97315 (K),

str aS
(15)
unde as = 0,033 mV/°C reprezinti coeficientul Seebeck pentru
termocuplu de cupru-constantan, iar T..m este temperatura camerii.

Fig. 2. Schitaunui esantion: 1 — strat subtire de ZnSe; 2 — electrozi de In; 3 — suport de
sticla.
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Descrierea dispozitivului experimental

Pentru studiul dependentei de temperatura a conductivitatii
electrice, in laboratorul Fizica Semiconductorilor, Catedra Fizica
Corpului Solid, Universitatea ,Al. I. Cuza’ din lasi, Romania, s-a
proiectat si construit dispozitivul experimental prezentat schematic in fig.
3si4[5].

Partea principala a acestuia o constituie corpul (1) fixat pe un suport
(2), iar pe acesta prin intermediul a patru tije metalice (13) se instaleaza
un cuptor electric (3).

Contactele cu electrozii esantionului se realizeaza cu ajutorul unor
sonde (11) (cu suprafata mare de contact), fixate pe niste suporturi mobile
(10) care pot aluneca pe un ax orizontal (9), modificandu-se astfel
distanta dintre sonde. Sistemul de sustinere suporti — sonde (8) este atasat
unui brat mobil (5), care se poate roti in plan vertical si orizontal, fiind
actionat de o maneta (6). Drumul de culisare a bratului mobil este strict
determinat de o canelura (7) practicata in peretele cilindric a corpului
metalic (1).

Fig. 3. Dispozitivul experimental (vedere din fata). Elemente componente: 1 —
corpul dispozitivului, 2 — suportul dispozitivului, 3 — cuptorul eectric, 4 — esantion
(suport + strat + electrozi), 5— brat mobil, 6 — maneta de actionare a bratului mobil, 7 —
drum culisare brat — mobil, 8 — sistem de sustinere suporti-sonde, 9 —tija izolatoare, 10 —
suportii sondelor, 11 — sonde electrice, 12 — termocuplu, 13 — picioarele cuptorului
electric, 14 — cabluri ecranate.
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Rezistenta electrica a straturilor subtiri poate fi masurata cu
ohmmetre de precizie, care contacteaza cu sondele electrice (11) prin
intermediul cablurilor ecranate (14). Pentru masurari directe noi am
folosit un multimetru KEYTHLEY 2010 care poate masura rezistente
electrice cu valori cuprinse intre 10°W si 10°W (cu o rezolutie pentru
valoarea maxima de 10W), iar pentru probe cu rezistente electrice mai
mari de 10’W se poate folosi un electrometru de tip KEITHLEY 6517A,
care poare masura rezistente maxime de 10™w,

Fig. 4. Dispozitivul experimental (vedere dintr-o parte). Elemente componente;
1 — corpul dispozitivului, 3 — cuptorul eectric, 4 — esantion (suport + strat + electrozi),
5 — brat mobil, 7 — drum culisare brat — mobil, 8 — sistem de sustinere suporti-sonde,
11 — sonde electrice, 13 — picioarele cuptorului eectric.
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Fig. 4. Cuptorul eectric. Elemente componente: 15 —placi metalice, 16 — placa de

steatit, 17 — caneluri, 18 — sirma de kantal, 19 — foite subtiri de mica, 20 — suruburi de
fixare.

Cuptorul (3) pentru incilzirea probelor a fost confectionat dintr-o
placa de steatit (16) (Fig.4), in care au fost practicate (inainte de a fi
tratata termic) o serie de caneluri (17), prin care a fost bobinata o sarma
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de kantal (18) cu diametrul de 0,5 mm. Placa de stedtit (16) a fost izolata
de placile metalice (15) cu gjutorul unor foite subtiri de mica (19). Cu
gjutorul suruburilor (20) elementele cuptorului electric se fixeaza intr-o
anumita pozitie.

Alimentarea cuptorului electric se face cu un autotransformator, ce
permite obtinerea temperaturii de circa 500-600K . In scopul uniformizarii
temperaturii, placa metalica (15) prezinta o suprafata mare.

Concluzii

Dispozitivul experimental descris in lucrare are o serie de avantaje
fata de alte dispozitive bazata pe metoda celor doua sonde:
1) maneta (6) are o lungimea ce permite culisarea lina a bratului mobil;
2) sondele electrice (11) asigura un contact destul de bun cu esantionul,
nedeteriorind suprafata acestuia;
3) cuptorul electric permite incilzirea esantioanelor pina la 500-600K ;
4) dispozitivul poate fi utilizat si in incinte izolate, adica in conditii
diferite de temperatura si presiune.
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THE UNIT FOR RESEARCH TEMPERATURE DEPENDENCE
OF THE ELECTRICAL CONDUCTIVITY OF
SEMICONDUCTORSTHIN FILMS

Mihail Popa (,,Alecu Russo” State University, Republic of Moldova)
Gheorgheloan Rusu (,,Al. I. Cuza’ University, Romania)

The work describes the construction and the principle of working of an experimental unit for
measurement of electrical resistance of semiconducting thin films at different temperatures. The
methodology of electrical conductivity determination and of other characteristic parameters of thin
films are a so presented.
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CARACTERUL TENSIUNILOR ANIZOTROPICE iN PROBE
CU SUPORT LATERAL SUPUSE COMPRIMARII DE VOLUM

Virgil Cheptea
(Universitatea de Stat “Alecu Russo”, Republica Moldova)

Sunt determinate tensiunile anizotropice, care apar in probe din bismut, supuse comprimarii
de volum, laricirea lor. Aceste tensiuni au 0 natura de comprimare si ating valori de 65-70 MPa
cind proba este supusi unel presiuni hidrostatice de 0.2 GPa. La cresterea ulterioara a presiunii, ele
ramin constante si se adauga presiunii din bomba in care este situata proba.

Metoda inelului de obtinere a deformatiilor uniaxiale (anizotropice)
presupune ca sistemul proba-inel este supus unei comprimari hidrostatice.
Deformatia sistemului proba-inel va fi cu atit mai omogena, cu cit comprimarea de
volum va fi mai uniforma. Pentru obtinerea presiunilor hidrostatice, in practica, se
utilizeaza mai frecvent metoda "presiunii fixate" [1]. Presiunea este creata intr-un
cilindru (al carui diametru interior este de ordinul a 3-6 mm) cu piston, apoi se
fixeaza mecanic. Acest sistem se mai numeste bomba.

Metoda presupune crearea presiunii la temperatura camerei, temperatura la
care plasticitatea mediilor ce transmit presiunea catre proba este inalta, asigurind o
comprimare hidrostatica a probei.

Pentru masurari la temperaturi joase, de obicel, se foloseste un amestec de
gaz lampat-ulei, sau pentan-ulei (50% ulei). In acest caz, pentru marirea ulterioara
a presiunii, este necesara incalzirea, de fiecare data, a bombei pina la temperatura
camerei. In procesul racirii, mediul care transmite presiunea citre probi se
solidifica. Majoritatea lichidelor trec in faza solida latemperaturi mari, cu exceptia
amestecului ulei-pentan, care la presiune normala se solidifica latemperaturade ~ -
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140 °C si a amestecului gaz lampat-ulei care se solidifica la~ -80 °C. Cu cit este
mai joasa temperatura de solidificare a mediului si cu cit mai incet are loc racirea,
cu atit mai mare va fi gradul de uniformitate a comprimarii de volum.

Mentionam ca, chiar daca masurarile se efectueaza la temperatura camerel, la
care plasticitatea mediilor ce transmit presiunea spre proba este mare, cu cresterea
presiunii aceste medii devin mai putin plastice si se solidifica. De exemplu, gazul
lampat latemperatura camerei se solidifica la presiuneade~ 2 MPa, iar pentanul la
~ 3 MPa. Gradul de omogenitate al presiunilor obtinute prin aceasta metoda
depinde de mecanismul solidificarii (laracire si la cresterea presiunii) si de variatia
volumului legat de el. Datorita acestor procese, presiunea nu se transmite uniform
in toate directiile (nu mai este hidrostatica), fapt ce conditioneaza aparitia unor
tensiuni anizotropice suplimentare, de care trebuie si se tina cont, deoarece ele
influenteaza caracterul deformatiei probei. in [1], s-a constatat ci, la temperatura
camerei, apar salturi apreciabile ale presiunii din bomba (aparitia tensiunilor
anizotropice) la presiuni p > 1.6 GPa. De asemenea, se cunoaste [2] ca aceste
tensiuni apar datorita procesului neuniform de solidificare a mediului in procesul
racirii si diferentei mari dintre valorile coeficientilor dilatarii termice a mediului si
a materialului din care este confectionata bomba. Neuniformitatea presiunii in
bomba este influentata si de alti factori: amenagjarea probei in canalul bombei,
diametrul canalului bombei, viteza de racire etc. Pentru marirea gradului de
omogenitate a presiunii se utilizeaza medii de transmitere a presiunii catre proba
care au o temperatura de solidificare mai joasa, se micsoreaza viteza de racire, se
utilizeaza bombe cu diametrul mai mare al canalului, se micsoreaza dimensiunile
probei. Scopul prezentei lucrari consta in analiza calitativa a marimii si a
caracterului acestor tensiuni suplimentare, in special, a tensiunilor cauzate de
forma, dimensiunile si felul de amenajare a probelor in bomba.

M etodica experimentului

S-a studiat regimul de lucru in bombe confectionate din aliaj bronza-beriliu
BRB-2 cu diametrul canalului d = 4 mm. Ca mediu de transmitere a presiunii s-a
utilizat un amestec de ulei-pentan (50% ulei), iar racirea bombel pina la
temperatura de 80 K a avut loc in decurs de 2-3 ore. Acest regim asigura gradul de
omogenitate necesar studiului efectelor cuantice si galvanomagnetice. in calitate de
captoare pentru masurarea presiunii au fost folosite manometre din manganin,
precum si manometre supraconductoare din staniu. Datorita dimensiunilor mici ale
probelor si, in general, ale sistemului proba-inel (de ordinul 2-3 mm), masurarea
directa a marimii deformatiei reprezinta o problema complicata. Din aceasta cauza,
sau utilizaa metode indirecte. In aceasti lucrare, caracterul si marimea
deformatiilor probelor se determina prin analiza modificarii sectiunii suprafete
Fermi in functie de marimea deformatiei probei. Calculele efectuate in cadrul
modelului McClure (legea dispersiei) permit obtinerea informatiei despre marimea
deplasirii granitelor zonelor energetice la aceste deformatii. In acest scop au fost
studiate probe monocristaline din bismut, ae caror proprietati fizice sunt bine
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cunoscute atit la comprimarea hidrostatica [3], cit si la deformarea lor uniaxiala [4].
Utilizind potentialele de deformare, cunoscute pentru bismut, putem analiza atit
calitativ cit si cantitativ caracterul tensiunilor suplimentare ce apar in proba.

i o . o : . Ds , :
Variatia relativa a sectiunilor minimale ale suprafetei Fermi =5 in functie de
S

marimea efortului axial s-a determinat dupa metoda descrisa in [5]. S-au cercetat
trei tipuri de probe, avind forma de paralelipiped. Amenajarea lor in canalul
bombei este prezentata in fig. 1.
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Fig. 1. Amenajarea schematica a probeor in canalul bombei.

Probele 1 si 2, pentru care raportul dintre lungimea lor | si diametrul
canalului bombei d este egal, respectiv, cu 0.9 si 0.5, au fost amengjate in bomba
perpendicular pe axa ei. Probele 3, pentru care IH:O'Z au fost amenajate de-a
lungul axei bombei, la mijlocul canalului, unde omogenitatea presiunii este
maximala. Axa bisectoare C;, intoate cazurile, a fost orientata perpendicular pe axa
bombei, iar axa trigonala C; - de-a lungul ei. Pentru inregistrarea oscilatiilor
Shubnikov-de Haas in cimpul magnetic, s-a folosit metoda de modulatie descrisa in
[6]; cimpul magnetic este modulat de un semnal cu frecventa de 22 Hz si
amplitudinea de 90 Oe cu gjutorul unor bobine alimentate de la un generator sonor.

Rezultatele experimentale si analiza lor

Rezultatele experimentale sunt prezentate in fig. 2 si fig. 3. Se observa o
deosebire cantitativa in dependenta 2S(p) pentru probe de diferite tipuri; la o
S

presiune in bomba p = 0.1 GPa, variatia sectiunii suprafetei Fermi la probele de
tipul 1 este de aceeasi natura casi in cazul comprimarii uniaxiale in lungul axei C;
[4]: sectiunea elipsoidului electronic S; creste cu 60%, iar sectiunea celorlalti doi
elipsoizi (S, si Sg) se micsoreaza.

La cresterea de mai departe a presiunii in bomba, efectul de comprimare
uniaxiala a probelor de tipul 1 ramine constant si se suprapune efectului
caracteristic comprimarii hidrostatice (micsorarea echivalenta a sectiunilor celor
trei elipsoizi electronici). In probe de tipul 2, efectul comprimirii uniaxiale este
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pronuntat mai putin: cresterea sectiunii S; la presiunea in bomba de p = 0.1 GPa
este de numai ~ 10%.

Fig. 2. Variatia sectiunilor suprafetei Fermi la bismut in dependenta de presiunea din bomba pentru
diferite amengjari ale probel or in canalul bombei.

Laprobele detipul 3, cum era de asteptat (acestea sunt amenajate in regiunea
unde presiunea este mai omogena - centrul canalului bombei), are loc 0 micsorare
echivalenta a sectiunilor tuturor celor trei elipsoizi electronici cu viteza

175 _ o6 (GPa)y™.
Sp

Felul de amenajare a probelor in canalul bombel nu influenteaza amplitudinea
oscilatiilor.

2 3 ) =
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Fig. 3. Dependenta variatiel relative a sectiunii suprafetel Fermi de efortul aplicat de-alungul axelor
Cl! CZ SI C3 [7]
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Calculul tensiunilor care actioneaza asupra probelor s-a efectuat
presupunindu-se ca ele sunt rezultatul actiunii sumare a comprimarii de volum si a
celei uniaxiale in directia C;. Pentru celelalte directii, de-a lungul carora proba este
amengjata la o distantd relativ mare fata de peretii canalului bombei, efectele
comprimarii uniaxiale sunt mici.

Aceste calcule ale tensiunilor uniaxiale c de comprimare, care actioneaza in
lungul probel, au fost efectuate in baza datelor experimentale prezentate in fig. 2 si
fig. 3 si a potentialelor de deformare pentru bismut [5]. Dependenta acestor
tensiuni de presiunea din bomba este prezentata in fig. 4.
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Fig. 4. Dependentatensiunii uniaxialein lungul probelor de presiuneain bomba pentru probele de
tipul 1si 2.

Se observa ci pina la presiunea p = 0.25 GPa, tensiunea creste, practic,
proportional cu presiunea, dar in mod diferit (in dependenta de felul amenajarii
probelor in canalul bombei): pentru probele de tipul 1, raportul s _,,, iar pentru

p
cele de tipul 2 - s _54. Pentru probele de tipul 2, aceasta crestere inceteaza
p
incepind cu p = 0.4 GPa, atingind o valoare maximala 5.5 - 6.5 MPa si ramine
constanta la marirea ulterioara a presiunii in bomba. Pentru probele de tipul 1,
cresterea tensiunii o are loc pina la presiuni p = 0.55 GPa si atinge valoarea
maximala de 65 - 70 MPa; la cresterea de mai departe a presiunii din bomba,
marimea tensiunii ramine constanta [8] si se adauga presiunii hidrostatice.

Concluzii

Rezultatele obtinute permit de a concluziona ca in procesul racirii probelor
din Bi pina latemperatura de 4.2 K, in probe apar tensiuni uniaxiale cu caracter de
comprimare. Valoarea acestor tensiuni poate fi destul de mare (65 - 70 MPa), daca
proba este plasata in apropierea peretilor canalului bombei. La valori ale presiunii
din bomba de pina lap ~ 0.25 — 0.3 GPa, probele de tipul 1 si 2 sunt supuse unei
comprimari uniaxiale, in timp ce in probele de tipul 3 aceste tensiuni lipsesc. in
intervalul 0 - 0.25 GPa a presiunii din bomba, dependenta o = f(p) este liniara. La
cresterea in continuare a presiunii  hidrostatice din bomba, tensiunile de
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comprimare, care apar in probele de tipul 1 si 2, ramin constante si se adauga
presiunii hidrostatice. Rezultatele prezentate in lucrare permit determinarea
caracterului deformatiei obtinute cu ajutorul metodei inelului, si, de asemenea,
faciliteaza interpretarea efectelor datorate acestor deformatii, permitind separarea
efectelor legate de comprimarea uniaxiala de cele legate de comprimarea de volum.
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CHARACTER OF ANISOTROPIC TENSIONSIN PROBES
WITH LATERAL SUPPORT SUBJECT TO VOLUME
COMPRESSION

Virgil Cheptea
(,Alecu Russo” State University, Republic of Moldova)

Anisotropic tensions, that appear in probes made of Bi, subjected to volume compression,
during cooling, are determined. These tensions are of a compressive nature, and reach values of 65-
70 MPa, when a probe is subjected to a hydrostatic pressure of 0.2 GPa. With further growth of
pressure, the tensions remain constant, and are added to the pressure inside the bomb that contains
the probe.

Prezentat laredactie 1a 22.09.07
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OPTICAL AND RADIO SYSTEMSFOR INVESTIGATION OF
THE IONOSPHERE

Eugeniu Plohotniuc (State University “Alecu Russo”, Republic of Moldova)

The existing modern optical and radio systems which were successfully used for
investigation of the main parametrees, various kinds of instabilities and irregularities of the
ionospheric plasmaare briefly described.

The quickly changing plasma density in the non-regular ionosphere during its
perturbations considerably affects propagation of radio waves through it, finally,
decreasing the quality and efficiency of wireless communications, land-satellite
and satellite-satellite, including positioning of any subscriber, stationary or moving,
located in areas of service. An increase in the efficiency of short-wave wireless
communication is impossible without a permanent observation of nonlinear
processes occurring in the perturbed ionospheric plasma and without taking into
consideration radio traces parameters, i.e., the key parameters of ionospheric
communication link.

The parameters and dynamical processes occurring in the non-regular
ionosphere are possible to investigate using modern radiophysical methods based
on different devices and radio systems, such as optical devices, incoherent scatter
radars, Global Navigation Satellite Systems (GNSS), superDARN, and
ionosondes/digisondes.

The artisle briefly describes the existing modern optical and radio systems
which were successfully used for investigation of the main nonlinear characteristics
of the ionospheric plasma, various kinds of its instabilities and the corresponding
irregularities of plasma density at various latitudes of the ionosphere without
entering into atechnical description of devices and systems.

Here, we draw the reader’'s attention to the possibilities of each
corresponding device or system without going into technical details and
schematical descriptions (which can be found in the referred literature), describing
only their operation characteristics and possibilities to investigate natural and
artificial ionospheric phenomena.

Optical Devices

Optical devices, such as photometric and spectrometric devices, digital All -
Sky cameras, and TV complexes are used to investigate the atmospheric and
ionospheric parameters and processes. These devices are successfully used
separately or with radar systems and ionosondes, operating regularly in many
places over the world, such as Alaska, Arecibo, Arequipa, Fairbanks, New Zealand,
Peru and Puerto Rico, Russia, the North and South Poles[1-16].
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For example, at Arecibo Incoherent Scatter Radar System (AISRS), an
optical set of equipments includes two Tilting-Filter Photometers, an Ebert-Fastie
Spectrometer with one-meter focal length, two pressure-scanned Fabry-Perot
Interferometers each having six-inch diameter etalon plates and lidars. The set of
optical devices used in investigations of the atmosphere and the ionosphere is
presented in Table 1.

Photometers, combined with a set of optical filters, are used to measure the
intensities of airglow emissions of the visible and near-infrared part of the optical
spectrum [1, 2]. Specific filters are available at Arecibo to measure the airglow
lines of various gases in the atmosphere, such as OH, Oy, O, O', N, N,*, H, He, and
Na.

Tilting-Filter Photometers assembled a AISRS have the following
parameters. asingle channel with bandwidth (at the level of 3 dB) of 0.3 to 1.0nm
(depending on the choice of interference filter). The programmable filter tilt is
controlled by the stepping motors with 10° tilt range or approximately 2.5-nm scan
range with field-of-view varied between 0.25° and 5.0° using selecting field stops.

Spectrometers are used to measure spectral blends of airglow emission bands
at medium to high spectral resolution [3, 4]. The Ebert-Fastie Spectrophotometer
arranged at AISRS has the following parameters. one-meter focal length with a
bandwidth varied between 0.02nm to 1.0 nm. A progranmable wavelength
scanning takes place via stepping motors with maximum scan range limited to
100nm (anywhere between roughly 300nm and 900 nm) with variable field-of-
view, which varies between 0.1° and 9.0°.

Interferometers are generally used to measure Doppler temperature and
winds that originate in the E- and F-regions of the ionosphere, or to measure the
gpectral distribution and temporal variation of the hydrogen geocorona [5-7].
Fabry-Perot Interferometers at AISRS have the following parameters. each
interferometer is with 1.2-meter focal length and 0.15-meter clear apertures with
typical bandwidth of 0.001nm and free spectral range of 0.01nm. The wavelength
change takes place via pressure scanning using pistons and choice of scanning gas
of Ar, CO,, or SFs. The field-of-view depends on the choice of aperture size, but it
is typically 0.25° for 630nm observations. It also has He-Ne frequency stabilized
laser for linewidth calibration and thermal control of etalon and prefilter.

The Optical Laboratories at AISRS have one Doppler Rayleigh Lidar and
two Resonance Fluorescence Lidars. The Doppler Rayleigh Lidar is used to
measure the Doppler shifts and widths of the spectrum of the laser light that is
broadened and backscattered from the atmosphere and lower ionosphere from
about 15 to 70-80 km of altitude and have the following parameters. Nd/YAG-
based laser transmitter with the 24-W average power (with 100 MW in its peak)
operating at 532 nm and at frequency of 40 Hz with the pulse width of 6ns. It has
the 80-cm diameter Cassegrain telescope receiver. All the other details can be
found in [8-16]. The corresponding scheme of this lidar is presented in Fig. 1.
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Table 1.
Optical instruments used to investigate atmospheric parameters and processes
Instrument Observed Item Altitude Mode
The airglow lines
Photometer of various gasesin
(Tiny the atmosphere, Different altitudes of Horizontal
lonospheric such as OH, O, O, | ionosphere distribution
Photometer) | O, N, N2, H, He,
and others
Horizontal and Upper mesosohere. lower Horizontal
Fabry-Perot | vertical wind b SPRErE, distribution,
: thermosphere (when :
Interferomete | velocity, and e85, 95 250 ki wh night (new
r temperature at quiet:85, 95, 250 km; when moon
. active:85, 120, 250 km)
airglow layers phase)
Fourier .
Vertical
transform . Troposphere, lower T
infrared Trace constituents stratosphere (10-30 km) glstrlbutlon,
ay
spectrometer
. Vertical
Rayleigh lidar | VINds Stratosphere, lower distribution,
temperature mesosphere (30-80 km) night
. Vertical
Multiwavelen Upper troposphere, lower R
gth lidar Aerosol, cloud stratosphere (5-40 km) g:ztrr];butlon,
Upper mesosphere, lower Horizontal
Luminosity of PP SPNere, distribution,
All-sky airalow laver thermosphere (when night (new
camera atrgospher)i/c e | UIEE85, 95, 250 km; when mgon
active:85,120, 250 km) phase)
AuroraWeb Auroralive | mage Operates at different Day and
Camera 20€ | altitudes of ionosphere night

Temperature profiles observed

by Rayleigh lidar and theoretical results
obtained with CIRA-86 model are presented in Fig. 2.

Resonance Fluorescence Lidars (Alexandrite-laser based, and Dye-laser
based) can measure various metallic species of the upper atmosphere and lower
ionosphere between about 70 and 115km altitude. An Alexandrite laser transmitter
can be set between 720 and 800nm with doubled frequency output between 360 and
400nm. It has a 3-W average power (with 0.5 MW at the power peak) operating at
770nm with operational frequency of 28 Hz and the pulse width of 200ns. A Dye
laser transmitter is tunable between about 300nm and 800nm depending on the
dye/solvent used, as well as on the sets of doubling and mixing crystals. It has 4W
average power (with 20-MW peak power) operating at 589nm with a working
frequency of 40 Hz and the pulse width of 5ns.
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Fig. 1. Scheme of the Rayleigh-Doppler lidar.
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Fig. 2. Temperature profiles at Poker Flat (Average: 4 km).
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Fig. 3. The schematic diagram of all-sky camera: 1. mamiya all-sky lens; 2. telecentric
collimating lens; 3. filter whedl assembly from Keo Consultants; 4. positive diopter lens and tube; 5.
Canon 50-mm /1.2 lens; 6. Varo image intensifier tube assembled with refocusing optics; 7. zoom
lens; 8. Pulnix TM-745 CCD camerawith NTSC video output.
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Both lidar systems employ 80-cm diameter, point-able Cassagrain telescopes
and gated photomultiplier tube detectors with low-altitude choppers. The results
obtained by Doppler Rayleigh Lidar and Resonance Fluorescence Lidar are
presented in [8-16].

Both lidar systems employ 80-cm diameter, point-able Cassagrain telescopes
and gated photomultiplier tube detectors with low-altitude choppers. The results
obtained by Doppler Rayleigh Lidar and Resonance Fluorescence Lidar are
presented in [8-16].

Simultaneous imaging observations of several airglow layers are very
important to study vertical propagation of atmospheric gravity waves, which is one
of the main aspects in bubbles structures generation in the equatorial layer F.

Moreover, simultaneous observations of wind, temperature, and airglow
images are needed to study the dynamics of short-period waves [17]. Figure 3
presents a schematic diagram showing one of the all-sky camera systems. The all-
sky imagers that are used in the new Finnish all-sky cameras are manufactured by
KeoConsultants. Each imager has telecentric and non-vignetting optics, and the
field of view of the fish-eye lensis 180 degrees. The technical specifications of all-
sky camera systems are presented in Table 2.

Table 2.
Technical specifications of all-sky camera systems
ITEM DESCRIPTION
Fish-eye lens Canon 15mm/F2.8
Additional optics | Telecentric lens elements
Filter wheel 7-position filter wheel for 2" filters
Filters Interference filters, wavelengths 557.7nm, 427.8nm, and
630.0 nm (BW 2.0 nm)

Intensifier lens Canon 85mm/F1.2

Image intensifier | Varo 25mm MCP Gen Il Image Intensifier model 3603
Reimaging optics | Canon 100mm/F2

CCD cameralens | Fujinon 25mm/F0.85

CCD camera Pulnix 765E, 756(H)x581(V)

The filter wheel can accomodate seven narrow bandwidth interference filters.
In normal operation one filter holder is left "free” to be able to acquire nonfiltered
images. Every station has three filters: green, blue, and red.

The faint images are intensified before the final image is acquired by the
CCD camera (B&W) and digitised by the frame grabber card of the station
computer. This intensification allows shorter exposure times with less expensive
CCD cameras, and typically an exposure takes 500ms. Example of the auroral
images, representing observations along a North-South meridian versus latitude
and time periods are presented on Fig. 4a. This particular data example is taken
from a test operation of the new Finnish digital All - Sky Camera operated at
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Kiruna Observatory, Sweden. Figure 4b is an optical intensity map of the red
auroral light at wavelength 630nm emitted by oxygen atoms.
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Fig. 4a. Example of an auroral Keogram, representing auroral observations along a north
south meridian versus latitude and time (the scale is inverted, i.e. dark zones represent aurora
emissions).

Fig. 4b. The false-colour intendty map of the red auroral light at wavelength 630 nm
emitted by oxygen atoms.

Incoherent Scatter Radars

For ionospheric remote sensing from the ground the most refined and most
modern equipment at present time is probably the incoherent scatter radar.
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Incoherent Scatter Radar (ISR) is a technique for detecting and studying remote
targets by transmitting a radio wave in the direction of the target, observing the
reflection of the wave and providing direct information about electron densities,
line-of-sight (LOS) drift velocities, the height of ionospheric layers and ratio
electron and ion temperatures, T,/T, [18-35]. They also provide indirect
measurements of a number of additional parameters, the most reliable of which is

the neutral wind below ionospheric altitudes of 130km. The placements of
incoherent scatter radars around the world are presented in Fig. 5.
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Fig. 5. World incoherent scatter radars placements.

Initially, ISR systems were located at Arecibo and at Jicamarca. The Arecibo
[18 - 20] and Jicamarca radars are both monostatic in nature (the transmitter and
receiver are co-located).

The Jicamarca Radio Observatory was built in 1960-1961 by the Central
Radio Propagation Laboratory of the National Bureau of Standards (see Fig. 6).
The first incoherent scatter measurements at Jicamarca were made in 1961. The
Jicamarca Radio Observatory is the premier scientific facility in the world for
studying the equatorial ionosphere. The 49.92 MHz incoherent scatter radar is the
principal facility of the Observatory. The radar antenna consists of a large square
array of 18,432 half-wave dipoles arranged into 64 separate modules of 12 x 12
crossed half-wave dipoles. Each linear polarization of each module can be
separately phased, and the modules can be fed separately or connected in almost
any desired fashion. The isolation between the linear polarizations is very good, at
least 50 dB, which is important for certain measurements.

An additional antenna module with 12x12 crossed dipoles was built in 1996.
It is located 204m to the West of the West Corner of the main antenna and
increases the lengths of the available interferometer base line to 564m.

There are three additional 50-MHz array antennas with steering up to +/-70°
of zenith angles in the East-West direction only. Each consists of 4x2 half-wave
dipoles mounted a quarter wavelength above a ground screen.
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The JULIA Radar shares the main antenna of the Jicamarca Radio
Observatory. JULIA is the abbreviation which stands for Jicamarca Unattended
Long-term investigations of the lonosphere and Atmosphere. It has an independent
PC-based data acquisition system and makes use of some of the exciter stages of
the Jicamarca Radar along with the main antenna array. Since this system does not
use the main high-power transmitters, it can operate for along period of time. With
a pair of 30-kW peak power pulsed transmitters driving a 290m x 290m modular
antenna array, JULIA is a formidable MST/coherent scatter radar. It is uniquely
suited for studying day-to-day and long-term variability of equatorial plasma
irregularities and neutral atmospheric waves, which until now have only been
investigated episodically or in campaign mode.

“Fig. 6. Jicamarca Radio Observatory.

The Jicamarca Radio Observatory has the following measurement

capabilities[21 - 23]:

1) From all existing | SR-type radars, the Jicamarca Radar gives the most accurate
measurements of drift velocity and electric field in the equatorial ionosphere.
This is because of its unique equatorial geometry. Pointing perpendicular to the
magnetic field makes it possible to measure line-of-sight (LOS) drift velocities
with accuracy of the order of 0.5 mv/s. Vertical F-region plasma drifts measured
with such an accuracy allows to obtain information about zonal (eg.,
equatorial) electric field with accuracy of about 12 pV/m. By studying the
variation of drift velocity with altitude, up to 800-1000km (or perhaps even
higher), it is possible to study the electrodynamics of the entire low-latitude
ionosphere, up to the anomaly latitudes, because the electric field maps along
the geomagnetic field lines.

2) The Jicamarca Radar also has a unique capability to probe the ionosphere up to
very high altitudes. Because of the long radar wavelength, the incoherent
scatter is not affected by problems of the Debye length at low electron
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densities, and usable signals can be obtained from altitudes of 5000km and
higher, giving densities and perhaps temperatures (but not drifts, since the beam
cannot be simultaneously pointed perpendicular to B).

3) Absolute F-region measurements of electron density were performed by the
Jicamarca Radar using Faraday rotation. Electron and ion temperatures and ion
compositions were obtained with a double pulse technique that generates the
signal auto-correlation function (ACF). Pulses are transmitted using orthogonal
polarization to reduce clutter.

4) The Jicamarca Radar isthe most sensitive radar in the world. Thus, it is capable
of probing even the “gap” region near 45-50km, partly because of its long
wavelength and partly because it has the largest power-aperture product
compared with any other VHF radar.

The construction of the Arecibo Radio Observatory began in the summer of
1960. At present, the Arecibo Observatory has selected a data on ionospheric
parameters, processes and phenomena over the 1966-2007 periods. We do not enter
in detailed description of Arecibo Radio Observatory because of the wide spectrum
of devices and systems arranged there. The reader can find all technical details in
the corresponding literature [18-20].

The next generations of incoherent scatter radars (I1SR) comprise some of the
most advanced radar systems in the world. The best among these are the Millstone
Hill and Sondre Stremfjord [27] radars in the American sector and the EISCAT
radars (the European Incoherent SCATter Association) in Northern Scandinavia
[24 - 26, 32, 33].

The Millstone Hill Radar System consists of two antennas of 25m and 68m
radius, the operating frequencies for which are 1295 MHz and 440 MHz,
respectively. The 68-m dish is fixed in the vertical direction, while the 25-m dish
has full steerability in the azimuth and elevation domains. The peak powers are 3
MW for the 68-m dish and 4 MW for the 25-mdish.

Further, incoherent scatter radar, having a 27-m receiver dish and operating at
a frequency of 1300 MHz, was developed at Stanford Research Ingtitute,
California, during the sixties. This radar, also a steerable monostatic pulsed facility
like the smaller of the Millstone Hill system, was subsequently moved to
Chatanika, Alaska, where it carried out some ground-breaking observations of the
high-latitude ionosphere during the seventies [27- 30], before being moved again to
Sondre Stremfjord, Greenland, where it is presently located.

The EISCAT Radars, located in Northern Scandinavia and on the Svalbard
Archipelago, are currently at the leading edge of incoherent scatter system
development. EISCAT is an international collaboration involving the research
groups from France, Germany, Finland, Norway, Sweden, the United Kingdom and
Japan (which joined this Association in 1996). EISCAT operates using three
independent incoherent scatter radar systems: a tristatic UHF “mainland” system,
with a transmit/receiver system located a Tromss, Norway and receiver-only
facilities located at Kiruna, Sweden and Sodankyla, Finland.
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A new monostatic UHF radar (the EISCAT Svalbard Radar or ESR, [26]) is
operated close to Longyearbyen, Svalbard. In addition, a monostatic VHF radar is
located at Tromsa. All of these radars are pulsed systems, capable of a very wide
range of different transmitter modulations and with the most advanced signal
processing capabilities for any system of this kind. The mainland UHF system
commenced operationsin 1981, and the first results from the VHF were obtained in
1985, which is described in detail in Chapters 6 and 7. The EISCAT Svalbard
Radar began operations on March 15 1996. The ESR is UHF radar operating at
frequencies around 500 MHz with a 10 MHz bandwidth. The antenna is a
Cassegrain-fed dish, similar to the dishes used by the mainland UHF radar system.
All signal processing operations are performed digitally, so that much of the
analogue hardware found for other types of ISR is not required for the ESR.

A mainland UHF radar system operates at frequencies close to 933 MHz,
with sixteen different frequencies being available at 0.5 MHz intervals. The system
comprises three fully steerable dishes of 32-m diameter. Transmission, reception
and signal sampling are controlled with microsecond accuracy and a dedicated
digital correlator existsto form ACFs.

A VHF-radar antenna is a cylindrical in the cross-section plane with the
dimensions 120m x 40m. This antenna can only be moved in the elevation domain.
Transmission and reception can also be carried out independently on the two halves
of the antenna, allowing the VHF to provide a dual beam capability. The operating
frequency of the VHF is 224 MHz, and the bandwidth availablity is the same asin
the UHF-radar (16 frequencies separated by 0.5 MHz).

The new system, known as EISCAT_3D, will retain the unique and
powerful multi-static configuration of the mainland EISCAT UHF-system. Phased-
array technology will be employed throughout. The design goals include more
precise temporal and spatial resolution of the observed data, an extension of the
instantaneous measurements of full-vector ionospheric drift velocities from asingle
point to the entire altitude range of the radar, and built-in interferometric
capabilities. For optimal performance in conditions of low-density plasma, and for
the middle-latitude ionosphere, a frequency in the high VHF band (~240 MHz) will
be used. The facility will provide high-quality ionospheric parameters measured in
real time, as well as near-instantaneous response capabilities for researchers who
need data to study unusual and unpredictable disturbances and phenomena
occurring in high-and middle-latitude ionosphere. The geographic coordinates of
incoherent scatter radars are given in Table 3.

To complete the survey of incoherent scatter radars currently operating
around the world, we should mention the two systems in the former Soviet Union
at Kharkov and Irkutsk, which are capable only of simple long pulse operation.

The long-term | SR observations provide an extremely valuable data about the
ionosphere. The EISCAT Scientific Association, as an international research
organisation operating with three geophysical research Incoherent Scatter Radar
systems, with an lonospheric Heater located in Northern Scandinavia, has a data
basis for the 1997-2007 period. The EISCAT TromseRadar system collected data
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during the period of 1984-2007, the St.Santin Radar system (France, 44.6N, 2.2E)
during 1973-1986, the Millstone Hill Radar during 1970-2007, the Arecibo Radar
during 1966-2007, the Shigaraki Middle and Upper atmosphere Radar (MU Radar,
Japan, 34.8N, 136.1E) during 1986-2003 [27], and the Sondrestrem Radar during

1990-2007 [31-35].

Table3.
Geographic coordinates of incoherent scatter radars
. . . Altitude | Invariant
Station Latitude | Longitude (km) |atitude® Country
ARECIBO 18.34500° | 293.24700° | 0.00000 | 32.17857° | Puerto Rico
Tromsin
Norway,
Kirunain
EISCAT o o o
TROMSORADAR 69.58300° | 19.21000° | 0.03000 | 66.40458° | Sweden ar_ld
Sodankyl in
Finland
(Scandinavia)
SVALBARD o o - | Scandinavia
RADAR (ESR) 78.09000° | 16.02000° | 0.43400 | 74.87426
IRKUTSK 52.17000° | 104.45000° | 0.45500 | 45.89960° | Russia
) o o | Peru
JCAMARCA 11.95000° 283.13000° | 1.50000 | 13.90181
KHARKQOV 50.00000° | 36.20000° | 0.00000 | 45.75379° | Ukraine
MILLSTONE 42.61950° | 288.50827° | 0.14600 | 53.40967° | USA
MU 34.80000° | 136.10000° | 0.00000 | 24.51836° | Japan
SONDRE o o - | Greenland
STROMEJORD 67.00000° | 309.00000° | 0.00000 | 73.17249

* Calculations of the invariant latitude are unstable near the equator.

The scientific purpose of the measurements is to determine the radar
operating modes. Different transmitted pulse schemes are used, depending on the
need for range resolution, signal strength, time resolution, and frequency
resolution. The rapid steering capability of the radar antenna allows to measure not
just range, but also latitude and local time. Because of the many data-taking
options, there are many ways to display data.

Finishing this paragraph, we present below only a few examples of the
results obtained with Sondrestrom Radar (see also details on the website:
http://isr.sri.com/iono/issdata.html).

Thus, Fig. 7 is a typical display of data from a 120° elevation scan in the
plane of the magnetic meridian. The vertical axis shows altitude from ground level
to 600km and the horizontal axis shows 1000km of ground range from the South (at
the left of the image) to the North (at the right of the image). From left to right and
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from top to bottom this figure shows color-shaped electron density, electron
temperature, and ion temperature and ion velocity in LOS conditions.
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Fig. 7. Datafrom a 120° elevation scan in the plane of the magnetic meridian.

Figure 8 shows the radar data from a single 3-min integration with the
antenna pointing parallel to the local magnetic field. Some of the basic parameters
derived from radar records are electron density (N, ), ion drift velocity (V,), and

electron and ion temperatures (T, and T,). All of these quantities are obtained as a

function of distance along the radar beam. Because this experiment was studying
the E-region (where plasma parameters vary relatively rapidly with position), the
pulse pattern used has 3 km range resolution.

In Fig. 9, the variation of electron density is shown as a function of altitude
and time for a two-hour period in March of 1992. Because of the large scale
heights in the F-region, a 48-km pulse was used. This provided greater signal
strength and higher time resolution.

The variations in electron density (Fig. 10a) and ion drift velocities (Fig. 10b)
as afunction of latitude and time for a fixed altitude (300km) over a 24-hour period
of observations during May, 1996 demonstrate the steering capability of the
antenna and show measurements as a function of latitude. The radar sits under a
doughnut-shaped band of data at 74° invariant latitude. The data are displayed
North and South of the radar asthe site rotates with Earth.
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Fig. 10a. Thisclock dial plot displays the variationsin electron density as a function of
latitude and time for afixed altitude (300 km) over a 24 hour period in May of 1996.
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Fig. 10b. Thisfigure displaysion drift velocities from the same time period as figure 10a

SuperDARN

The SuperDARN network (Super Dual Auroral Radar Network [36]) is an
international system for the studying of the Earth's upper troposphere, ionosphere,
and their connections with the magnetosphere and outer space surrounding the
Earth, which currently consists of a set of radars in the northern and in the
southern hemispheres (see Table4 and Fig. 11).

The construction of all the radars is roughly identical, with some minor
differences in antenna design to accommodate the physical conditions at the site
(see Fig. 12). Each of the radars has two arrays of antenna towers, the primary
array consists of sixteen towers, and the secondary, interferometer array, consists
of four towers. A phasing matrix attached to the antenna array is used to form the
beam and to electronically steer the radar into one of sixteen different beam
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directions. The radar transmits a short sequence of pulses in the HF-band and
samples the echoe-signals arriving from the ionosphere.

A sequence of pulses, referred to as a multi-pulse sequence, is carefully
designed to alow the Doppler characteristics of different targets to be determined
at multiple ranges by using the Auto-Correlation Function (ACF) of the received
samples. Many sequences are transmitted and the calculated ACFs integrated over
aperiod of several seconds to minimize the effect of noise. The final average ACF
is then used to calculate back-scattered power, spectral width and Doppler velocity
of the plasma density irregularities in non-regular ionosphere. In a standard
operating mode, a multi-pulse sequence (of 7 pulses) is transmitted and sampled to
resolve 75 ranges with a 45-km separation [37-42].
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Table4
The SuperDARN network
Station | Geographic | AAGM | Statusof | Location Principal
coordinates | magnetic | work investigator
1 2 3 4 5 6
NORTHERN HEMISPHERE
Rankin 62.82° N, 72.96° N, | 24 hr/day |Nanavut, Institute of Space
Inlet 93.11°W 28.17°W CANADA |and Atmospheric
Studies
University of
Saskatchewan,
Saskatoon,
CANADA
King 58.68° N, |57.43°N, | 24 hr/day |Alaska, Communications
Salmon 156.65° W |100.51° E USA Research
Laboratory,
Tokyo, Japan
Kodiak 57.60° N, 57.17° N, | 24 hr/day |Kodiak Geophysical
152.2°W  96.28° W Island, Institute
Alaska, University of
USA Alaska
Fairbanks,USA
Prince 53.98° N, 59.88° N, | 24 hr/day |British Institute of Space
George 122.59°W |65.67° W Columbia, |and Atmospheric
CANADA |Studies
University of
Saskatchewan,
Saskatoon,
CANADA
Saskatoon |52.16° N, 61.34° N, | 24 hr/day |Saskatoon, |Institute of Space
106.53° W 45.26° W CANADA |and Atmospheric
Studies
University of
Saskatchewan,
Saskatoon,
CANADA
Kapuskasin |49.39° N, 60.06° N, | 24 hr/day |Ontario, Johns Hopkins
82.32°W  |9.22° W CANADA |Applied Physics
Laboratory,
Laurel,USA
Goose Bay |53.32° N, 61.94° N, | 24 hr/day |Goose Bay, |Johns Hopkins
60.46°W |23.02°E CANADA |Applied Physics
Laboratory,

Laurel,USA
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1 2 3 4 5 6
Stokkseyri |63.86° N, |65.04° N, | 24 hr/day |Stokkseyri, |LPCE/CNRS
22.02° W 67.33°E ICELAND |Orleans, FRANCE
bykkvybaer |63.86° N, 64.59° N, | 24 hr/day |bykkvybaer, | Department of
19.20° W 69 .65° E ICELAND |Physics,
University of
Leicester,
ENGLAND
62.32° N, |59.78° N, | 24 hr/day |Hankasalmi, | Department of
26.61° E 105.53° E FINLAND |Physics,
Hankasal mi University of
Leicester,
ENGLAND
Wallops  [37.93° N, 30.63° N, | 24 hr/day |Wallops Johns Hopkins
Island 75.47° W 75.52° E Island, Applied Physics
Virginia, Laboratory,
USA Laurel,USA
Hokkaido [43.53°N, [38.14° N, | 24 hr/day |Hokkaido, |Solar-Terrestrial
14361°E |145.67°W JAPAN Environment
Laboratory,
Nagoya
University,
JAPAN
SOUTHERN HEMISPHERE
Halley 75.52° S, 61.68° S, | 24 hr/day |Halley British Antarctic
26.63°W |2892°E Station, Survey
Antarctica |High Cross,
Cambridge,
ENGLAND
Sanae 71.68° S, 61.52° S, Began |Sanae, School of
2.85°W 43.18° E | Operation |Antarctica |Physics,University
in of KwaZulu-Natal,
February, Durban,
1997 SOUTH AFRICA
Syowa 69.00° S, 55.25° S, | 24 hr/day |Syowa, National Institute
South 39.58° E 23.00° E Antarctica |of Polar Research,
Tokyo, JAPAN
Syowa East |69.01° S, 55.25° S, | 24 hr/day |Syowa, National Institute
39.61° E 22.98°E Antarctica |of Polar Research,
Tokyo, JAPAN
Kerguelen [49.35° S, 58.73° S, | 24 hr/day |Kergeulen, |LPCE/CNRS,
70.26° E 122.14° E Island Orleans, FRANCE
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1 2 E 4 5 6

Tiger 43.38° S, 55.31° S, | 24 hr/day |Tasmania |Department of
147.23°E  |133.36° W Physics,
LaTrobe
University
Bundoora,
AUSTRALIA

Tiger 46.51° S, 55.15° S, | 24 hr/day |Unwin,New |Department of
Unwin 168.38°E  |106.54° W Zealand Physics,
LaTrobe
University
Bundoora,
AUSTRALIA

The operation of a Radar is controlled by the Radar Operating System (ROS),
which is responsible for controlling the Radar hardware, data processing, and data
analysis and storage. A "Radar Control Program” defines the overall mode of the
radar, including the operating frequency, integration period, range separation and
the beam pattern used.

By combining the LOS measurements from a number of radars, the
SuperDARN system can produce a two dimensional (2-D) pattern of the ion drifts.
The advantages of the system are: an increasingly good coverage in both
hemispheres, although southern hemisphere coverage is less developed; direct,
accurate measurement of an important coupling parameter; and the rapid temporal
coverage. The greatest weakness of the system is that many of its problems are
exacerbated during times of high geomagnetic activity (e.g., magnetic storms).
Therefore, SuperDARN radars should be an important component of validation, but
should be used in conjunction with other data sources.

The Global Positioning System in Investigations of the lonosphere

The Global Positioning System (GPS) is the autonomy functional Global
Navigation Satellite System (GNSS). It consists of up to 24 medium Earth’s orbit
satellites in six different orbital planes, with the exact number of satellites varying
as older satellites are retired and replaced. These satellites are travelling at speeds
of roughly 7,000 miles an hour. Transmitter power is only 50W or less. Operational
since 1978 and globally available since 1994, GPS is currently a most utilized
satellite navigation system in the world.

Developed by the United States Department of Defensg, it is officially named
NAVSTAR GPS. GPS was originally intended for military applications, but then,
from 1983, the system has become available for civilian use.

GPS has become awidely used aid to navigation worldwide, and a useful tool
for map-making, land surveying, commerce, and scientific uses. GPS also provides
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a precise time reference used in many applications including scientific study of

earthquakes, and synchronization of telecommunications networks. A GPS receiver

must be locked on to the signal of at least three satellites to calculate a 2-D position

(latitude and longitude) and track any movements of subscribers. With four or more

satellites in view, the receiver can determine the 3-D position of any subscriber

(e.g., latitude, longitude and altitude). Once the user's position has been

determined, the GPS unit can calculate other information, such as speed, bearing,

tracking, trip distance, distance to destination, sunrise and sunset time and more.

GPS satellites transmit the following radio signals: military — 1227.6 MHz;
civilian L1 — 1575.42 MHz; civilian L2 — 1227.60 MHz; nuclear burst detection L3
— 1381.05 MHz; telemetry on 2227.5 MHz (see details in http://www.tbs-
satellite.convtse/online/prog_gps freq.html). Beginning from around 2008,
civilians will have access to three GPS signals: L1 — 1575.42 MHz, L2 — 1227.60
MHz and L5 — 1176.45 MHz [43].

A GPS radio signal contains three different bits of information: a
pseudorandom code, ephemeris data and almanac data. The pseudorandom code is
simply a code that identifies which satellite transmits information.

Ephemeris data tells the GPS receiver where each GPS satellite should be at
any time throughout the day. Each satellite transmits ephemeris data showing the
orbital information for that satellite and for every other satellite in the system.

Almanac data, which is constantly transmitted by each satellite, contains
important information about the status of the satellite (“healthy” or “unhealthy”),
current date and time. This part of the signal is essential for determining a position.
The main factors that can degrade the GPS signal and thus affect the accuracy of
subscriber positioning include the following:

- lonosphere and troposphere group delays due to effects of multipath
occurring in the ionosphere. The GPS system uses a special algorithm that
calculates an average amount of delay to partially correct for this type of error.
Signal multipath fading [44] which increases the travel time of the signal,
thereby causing errors.

Receiver clock errors occur since a ground-based receiver's built-in clock
is not as accurate as the atomic clocks onboard the GPS satellites. Therefore, it
may have very slight timing errors.

Orbital errors are also known as ephemeris errors; these are inaccuracies of
the satellite's reported location.

Number of satellites visible meansthat the more satellites a GPS receiver
can “watch”, the better the accuracy. Some strong plasma irregularities may
partly block signal reception, causing position errors or possibly no position
reading at all. Moreover, ground-based obstructions (buildings, hills, sea, soil
etc.) can fully block records from satellite. Therefore, GPS units typically do
not work in indoor, underwater or underground environments. The same
difficulties with recording of signals occur during such natural disasters, as
magnetic storms.


http://www.tbs
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Satellite geometry isreferred to the relative position of the satellites at any
given time. Ideal satellite geometry exists when the satellites are located at
wide angles relative to each other. Poor geometry results when the satellites are
located in aline or in atight grouping.

Typical GPS positioning accuracy was estimated as 15m [43, 44]. Typical
GPS accuracy of user postion is 3-5m and typical Wide Area Augmentation
System (WAAYS) position accuracy is less than 3m. Of course, these estimations are
correct only in outdoor environments and for regular and non-disturbed ionospheric
and atmospheric conditions. Existance of natural or man-made disturbances of the
ionosphere decreases essentially the accuracy of subscriber positioning. Thus, the
accuracy of the original GPS system, which was subject to accuracy degradation
under the Selective Availability Program (USA), is 100m.

In other countries were developed similar satellite-based differential systems.
In Asia, this is the Japanese Multi-Functional Seatellite Augmentation System
(MSAYS), while Europe has the Euro Geogationary Navigation Overlay Service
(EGNOS). Eventually, GPS users around the world will have access to precise
position data using these and other compatible systems. The Russian GLONASS is
a Global Navigation Satellite System in the process of being restored to full
operation. The European Union’'s Galileo positioning system is a next generation of
GNSS is in the initial deployment phase, scheduled to be operational in 2010.
China has indicated it may expand its regional Beidou navigation system into a
global system at the same time. India’'s IRNSS, a next generation GNSS is in
developmental phase and is scheduled to be operational only around 2012.

GPS ionospheric sounding is a powerful tool for remote sensing of the
ionosphere. GPS radio signals L1 and L2 have provided an unique opportunity to
study: short scale length variations in Total Electron Content (TEC) aong the
signal path in the presence of ionospheric irregularities and scintillations caused by
these irregularities (GPS based ionospheric measurement can measure TEC
variations smaller than 10% TEC units) [45, 46, 47]; isolated ionospheric
disturbances [48]; simulation of the ionospheric disturbances caused by
earthquakes, explosions, cyclones, and tsunamis [49, 50]; variations of atmospheric
water vapour [51]; ground complex permittivity [52]; processors of horizontal and
vertical crustal deformation [53]; influences of the ionosphere on satellite
communications and satellite measurements; and so on.

In [45] was demonstrated the use of GPS in obtaining profiles of electron
density and other geophysical variables such as temperature, pressure and water
vapour in lower ionosphere. This work presents a set of ionospheric profiles
obtained from GPS/IMET with the Abel inversion technique. The effects of the
ionosphere on the GPS signal during occultation, such as bending and scintillation,
was also examined in [45]. Electron density profiles obtained from GPS/MET are
compared with the ones obtained from the Parameterized onospheric Model (PIM)
and with ionosonde and incoherent scatter radar measurements. Statistical
comparisons of NmF2 values obtained from GPS/MET and ionosondes indicate
that these two types of measurements are obtained with accuracy of about 20%.
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Fig. 13. Values of absolute TEC measured at severa sites using signals from 3 GPS
satellites. In all of this passes TEC depletions are evident, sometimes exceeding 50 TEC units (10%°
el/m?). The additional sub-panel plotted below the Bogota, Iquitos and Cuzco TEC data corresponds
to the S4 GPS scintillation index.
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A latitudinal-distributed network of GPS receivers has been operating within
Colombia, Peru and Chile with sufficient latitudinal separation for measuring of the
absolute TEC at both crests of the equatorial anomaly is presented in [47]. The
network also indicated the latitudinal extension of GPS scintillations and TEC
depletions. | present here only a characteristic example of measurements carried
out in [47].

Thus, Fig. 13 shows TEC depletions measured at several sites, using signals
from three different GPS satellites. On September 07, 2001, TEC depletion was
observed at all stations except Antuco station. In addition, the receiver at Santiago
suffered a loss of signals caused by the strong fading which likely associated with
TEC depletions. Figure 13a shows the passage of a TEC depletion, 35 TEC units
(10" e/n7) in depth, detected by the receiver at Bogota between 20:00 and 20:20
LT. Below the TEC curve is displayed with the scintillation index (called $4-
index), which was calculated on-line using the signal received from each of GPS
satellites. The gray shadowing indicates the times when the $4-index is above the
noise level when the satellite elevation is above 20°. The TEC depletion of Fig. 13a
is accompanied by high levels of GPS scintillations (S4=0.5) on both the East and
West walls of the depletion.

Figure 13b illustrates the same TEC depletion that was detected at Bogota
receiver at the time of 11 minutes earlier, but at Iquitos receiver, strong values of
the scintillation index (S4=0.5) were observed only on the West wall and weaker
scintillations on the East side (S4=0.25) of the depletion. Due to smaller angle of
observation, the receiver at Iquitos receiver observed the same TEC depletion that
was obtained at Bogota receiver with an apparent wider width. The authors of [47]
used the transit time of TEC depletions between Ancon receiver and Cuzco
receiver of about 65min, which were separated by 550km-range in the magnetic
East-West direction. They also estimated a 140-nmv/s zonal drift.

Scintillations at Cuzco receiver (Fig. 13d) were of less intensity, due to a
smaller density that commonly prevails near the magnetic equator when the
anomaly is fully developed. At Arequipareceiver, the lowest value within the TEC
depletion was observed at 20:08 UT. This is the same time that the minimum TEC
was detected at Bogota receiver (see Fig. 13a), which is located 225km westward
and several hundred kilometers northward from Arequipa receiver. This apparent
discrepancy can be explained if we allow the bubbles to tilt westward at altitudes
above the F-region peak. The westward tilt will make the part of the TEC
depletions that extend to higher latitudes to appear at slightly later times in a way
similar to the plasma plumes seen with coherent radars. The Copiapo receiver (Fig.
13f) detected a 30-TEC-unit depletion spanning between 20:30 and 21:10 LT.

Developments of LFM Ionosondesin the Historical Per spective

In the recent decades in different regions of the world, active scientific
studies of the ionospheric physics and ionospheric radio propagation were carried
out based on local ground-based networks, called LFM-ionosondes, which started
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intensively to be used also for selection of the optimal ionospheric radio channels.
This relates to the fact that LFM ionosondes have advantages compared to pulse
ionosondes, such as a high defence against noise and high electromagnetic
compatibility (thus, the radiated power is only about 2W to 100W), as well as
smaller dimensions of the facility.

Special signals with LFM were first used for the purpose of radiolocation
[54] and then, in 1954, for the sounding of the ionosphere in regions with high
absorption, about 80-90dB. Later, in 1962, such signals were used for investigation
of D-layer of the ionosphere [55-57].

Theoretical aspects of radiation and recording of pulse LFM signals have
found their application after creation of methods and approaches dealing with
generation of LFM signals. The first tests showed immediately high efficiency of
LFM ionosondes for vertical and oblique sounding of the ionosphere [61]. In [62]
the experimental ionospheric sounding, vertical and/or oblique, was presented,
using the frequency range from 600 kHz to 2 MHz. The equipment employs a
linear frequency sweep transmission generated by direct synthesis from a
frequency standard. An identical sweep is used for demodulation at the receiver.
Sounding records were obtained at night-time periods along the 2000-km radio
paths. Radiated power was ranged from 25W to 250W. A good time delay
resolution together with suppression of interfering signals makes it possible for
ionospheric sounding with a greatly improved quality of transmission of any
information at large distances using low energy of the transmitting signals.

For applied studies, during 1960s special systems were performed, operating
a the continuous LFM signals [63]. The study of the ionosphere with these
systems allowed to obtain a set of original results described in [64, 65]. Further,
great success in creation of LFM ionosondes was achieved by “Barry Research’
Company (USA), the typical models of ionosondes of which for vertical sounding
(VS) and oblique sounding (OS) of the ionosphere, VOS-1 [66], RCS-2 [67], and
RCSH4 [68], alowed to obtain ionograms of high quality using very low radiation
power, of about 5-10W only. At present, this company has begun to produce LFM
transivers XCS-6 and TST 4280.

During the period from 1980 to 2000, in different regions of the world the
high-effective systems were realized for investigation of the ionosphere, as well as
developments of new methods of diagnostics of short-wave ionospheric radio
channels, including prediction of the working frequencies (called maximum useful
frequencies, MUF) of radio communication links and also service of short-wave
over-horizon radars [57]. Modification of the standard LFM ionosonde of “Barry
Research” Company (see[71, 72]) by introducing multi-channel record with digital
registration and signal processing, alows to create a monostatic ionosonde of
vertical sounding with registration of arriving angles, with estimation of
polarization and Doppler speed of displacement points of wave reflection.

A bistatic LFM ionosonde was constructed in England to study dispersion
distortions of wideband signals at the short-length radio traces [73, 74]. A set of
experiments at the one-hop traces in the polar and equatorial ionosphere was
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carried out to investigate the effects of ionospheric irregularities on radio scattering
phenomena [ 75].

“TCI/BR Communications” corporation has carried out a global experiment
using 16 LFM ionosondes to provide and secure radio communication at the short-
frequency band. They used data obtained from 30 radio traces of oblique sounding
[76]. The same European project was made at two radio traces using ionosondes of
the company “BR Communications’ [77, 78].

For the study of “thin” ionospheric effects in the propagation of short-wave
radio signals, the research groups “Defense Evaluation” and “Research Agency”
(DERA, UK) created a high-quality ionosonde for oblique sounding, called
Improved Radio lonospheric Sounder (IRIS) [79, 80]. In 1992, a South-West
Research Institute (San Antonio, USA) a small multi-channel interferometer was
developed on the basis of an LFM ionosonde for measurements of group delay and
angles-of-arrival in the azimuthal and elevation local planes [81]. Over-horizon
radars of short-wave frequency band also used LFM signals for ionospheric
diagnostics and to testing the accuracy of ionospheric models, as well as
conditions of the ocean surface and ocean flows [82—85].

Australian Defence Science and Technology Organisation created in
Australia a wide net of ionosondes of oblique sounding to investigate the low-
latitude ionosphere and to ensure a stable operation of an over-horizon short-wave
radio locator [86-88]. A net of LFM-ionosondes of the IPS-71 type, produced by
the Australian company “KEL Aerospace Pty Ltd”, situated on the territory of
Australia, includes ionosondes for vertical and oblique sounding of the ionosphere.
Such ionosondes have the velocity of frequency changes of 500 kHz/s. Studies of
the peculiarities of the low-latitude ionosphere above the Asian-Pacific-Ocean
region [88] are carried out using LFM ionosondes developed by Australian Defense
Science and Technology Organization (DSTO).

In [87], the technique that uses for the measurements of the time-varying
narrowband (10 kHz) component-transfer function of a high-frequency (HF)
frequency-modulated (FM) continuous wave, transmitted at 15.085 MHz, and its
decomposition into propagation modes, is presented. One event occurring a a
5244-km transmission path, which exhibits flat fading within the 10-kHz
bandwidth, is analyzed and found to exhibit severe phase distortion due to
multipath. A component-transfer function for an individual propagation mode was
also obtained in [87] using two-dimensional filtering of the signal in the joint
Doppler frequency (DF) and time delay (TD) domain, resulting in a significant
reduction in phase distortion.

In former USSR, was first constructed an ionosonde for vertical sounding
(VS) of the ionosphere which used quasi-continuous FM signals [57, 89]. Then,
ionosondes for VS of the ionosphere were created on the basis of syntezators of
continuous LFM signals and their different modifications for VS and OS of the
ionosphere [90-96]. With their help, the studies of frequency effects of
modification of the ionosphere with powerful short-wave signals were made, as
well as long-term investigations of the conditions of propagation of continuous
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LFM signals at radio traces of various orientations and lengths [97-100]. Now in
Russia an experimental net of LFM ionosondes is operated for oblique sounding
(OS) of the ionosphere, the software-hardware methodology of which was
developed by several groups [57, 98-100] including a group working at Moldavian
Radio Observatory [99, 100].

To secure a stable communication at the short-wave band between countries
of NATO, aglobal net of LFM ionosondes over the world was arranged based on
the system AN/TRQ-35(V) (Tactical Frequency Sounding System), which includes
77 transmitters [57]. The AN/TRQ-35(V) is an ionospheric sounding system that
easily operates with ionospheric propagation statistics on real-time basis. The
system is used to minimize outages related to unpredictable changes of ionospheric
characteristics and conditions. It is intended to improve frequency management and
assignments of frequencies for HF communications systems, and finally, results in
more effective and efficient utilization of the HF spectrum, producing more reliable
HF communication with improved grade of service.
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Fig. 14. The experimental amplitude spectrum obtained on the trace | oscar-Ola-Balti.

Depending on the method of utilization of LFM ionosondes, it is possible to
divide them into LFM ionosondes of vertical sounding (VS), oblique sounding
(OS) and back-obligue sounding (BOS) [57]. lonosondes of V'S are used mostly to
monitor the ionosphere above the local place of the ground-based diagnostic
system, as well as to study physical processes occurring during natural and
artificial perturbations of the ionosphere [101]. The ionosondes of OS are used
mostly to study the ionosphere along the trace of short-wave radio propagation
under various geographic conditions in adaptive communication systems and to
secure frequency during selection of the optimal radio channel [82, 101, 104].
lonosondes of BOS are used to study propagation conditions in the ionosphere [83—
85] and to investigate conditions of sea surface in the large spatial regions, as well
as in the systems of frequencies securing in short-wave radio communication
channelsand over-horizon short-wave radars [86].
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As an illugtration, in Fig. 14 the experimental amplitude spectrum |S(t)] is
presented during sounding on the trace loscar-Ola-Balti on December 10, 1991.
The group path P=ct is arranged along the axis of delays. The registered signals
correspond to bottom and top rays of one-, two- and three-hope modes of
propagation. The graphical imaging of the cross-section of |S(W)|=|S«(t)| at the
given level presents an actual ionogram of oblique sounding. The dependence
[S«(t)| at the time tx presents the amplitude relief of the signal at the current
frequency fi for all the registered modes of propagation.

Conclusion

The parameters and dynamical processes occurring in the non-regular
ionosphere are possible to investigate using modern radiophysical methods based
on different devices and radio systems, such as optical devices, incoherent scatter
radars, Global Navigation Satellite Systems, superDARN, ionosondes, and
digisondes.

1. Optical devices, such as photometric and spectrometric devices, digital All -
Sky cameras, and TV complexes are used to investigate the atmospheric and
ionospheric parameters and processes separately or with radar systems and
ionosondes, operating regularly in many places over the world, such as Alaska,
Arecibo, Arequipa, Fairbanks, New Zealand, Peru and Puerto Rico, Russia, the
North and South Pole.

2. Photometers, combined with a set of optical filters, are used to measure the
intensities of airglow emissions of the visible and near-infrared part of the
optical spectrum of various gases in the atmosphere, such as OH, O,, O, O, N,
N,", H, He, and Na.

3. Spectrometers are used to measure spectral blends of airglow emission bands
a medium to high spectral resolution. For example, the Ebert-Fastie
Spectrophotometer arranged at AISRS has the following parameters. one-
meter focal length with a bandwidth varied between 0.02 nm to 1.0 nm. A
programmable wavelength scanning takes place via stepping motors with
maximum scan range limited to 100nm (anywhere between roughly 300nm
and 900 nm) with variable field-of-view, which varies between 0.1° and 9.0°,

4. Interferometers are generally used to measure Doppler temperature and winds
that originate in the E- and F-regions of the ionosphere, or to measure the
gpectral distribution and temporal variation of the hydrogen geocorona [57].
Fabry-Perot Interferometers at AISRS have the following parameters. each
interferometer is with 1.2-meter focal length and 0.15-meter clear apertures
with typical bandwidth of 0.001lnm and free spectral range of 0.01nm. The
wavelength change takes place via pressure scanning using pistons and choice
of scanning gas of Ar, CO,, or SFs. The field-of-view depends on the choice of
aperture size, but it istypically 0.25° for 630nm observations.

5. The Doppler Rayleigh Lidar is used to measure the Doppler shifts and widths
of the spectrum of the laser light that is broadened and backscattered from the
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11.

atmosphere and lower ionosphere from about 15 to 70-80 km of altitude. The
Doppler Rayleigh Lidar, for example, has the following parameters: Nd/Y AG-
based laser transmitter with the 24-W average power (with 100 MW in its
peak) operating at 532 nm and at frequency of 40 Hz with the pulse width of
6ns.

The all-sky camera systems are used to simultaneous imaging observations of
several airglow layers. These are very important to study vertical propagation
of atmospheric gravity waves, which is one of the main aspects in bubbles
structures generation in the equatorial layer F.

Incoherent Scatter Radar is a technique for detecting and studying remote
targets by transmitting a radio wave in the direction of the target, observing the
reflection of the wave and providing the direct information about electron
densities, line-of-sight drift velocities, the height of ionospheric layers and
ratio electron and ion temperatures, T,/T,. They also provide indirect

measurements of a number of additional parameters, the most reliable of which
is the neutral wind below ionospheric altitudes of 130km.

The Super Dual Auroral Radar Network is an international system for the
studying of the Earth's upper troposphere, ionosphere, and their connections
with the magnetosphere and outer space surrounding the Earth, which
currently consists of a set of radars in the northern and in the southern
hemispheres.

GPS has become a widely used aid to navigation worldwide, and a useful tool
for map-making, land surveying, commerce, and scientific uses. GPS aso
provides a precise time reference used in many applications including
scientific study of earthquakes, and synchronization of telecommunications
networks.

The GPS radio signals L1- 1575.42 MHz and L2- 1227.60 MHz have
provided an unique opportunity to study the next ionospheric parameters and
phenomena’s. short scale length variations in Tota Electron Content along the
signal path in the presence of ionospheric irregularities and scintillations
caused by these irregularities (GPS based ionospheric measurement can
measure Total Electron Content variations smaller than 102 TEC units);
isolated ionospheric disturbances; simulation of the ionospheric disturbances
caused by earthguakes, explosions, cyclones, and tsunamis; variations of
atmospheric water vapour; ground complex permittivity; processors of
horizontal and vertical crustal deformation; influences of the ionosphere on
satellite communications and satellite measurements.

In different regions of the world, active scientific studies of the ionospheric
physics and ionospheric radio propagation were carried out based on local
ground-based networks, called LFM-ionosondes, which started intensively to
be used also for selection of the optimal ionospheric radio channels. LFM
ionosondes have advantages compared to pulse ionosondes, such as a high
defence against noise and high electromagnetic compatibility (thus, the



70

Optical and radio systems for investigation of the ionosphere

12.

radiated power is only about 2W to 100W), as well as smaller dimensions of
the facility.

It is possible to divide LFM ionosondes into LFM ionosondes of vertical
sounding, oblique sounding and back-oblique sounding. lonosondes of vertical
sounding are used mostly to monitor the ionosphere above the local place of
the ground-based diagnostic system, as well as to study physical processes
occurring during natural and artificial perturbations of the ionosphere. The
ionosondes of oblique sounding are used mostly to study the ionosphere along
the traces of short-wave radio propagation under various geographic conditions
in adaptive communication systems and to secure frequency during selection
of the optimal radio channel. lonosondes of back-oblique sounding are used to
study propagation conditions in the ionosphere and to investigate conditions of
sea surface in large spatial regions, as well as in the systems of frequencies
securing in short-wave radio communication channels and over-horizon short-
wave radars.
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pentru cercetarea parametrilor, diverselor tipuri de indabilitati si neomogenititi ale plasme
ionosferice.
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In lucrare se propune aplicarea microundelor in scopul intensificarii procesului de uscare a
produselor vegetale. Pentru propunerea unor noi regimuri de uscare este necesard cercetarea
caracteristicilor cineticii procesului de uscare. Se propune o instalatie de laborator pentru cercetarea
cineticii procesului de uscare. De asemenes, sint prezentate metodele de calcul al vitezei aerului in
conducta, a masal finale a produsului, a continutului de umiditate in orice moment de timp si
formulele de calcul al vitezei de uscare a produsului.

Introducere

Procesul de uscare este pe larg folosit in industria alimentara. Ca obiect de
uscare pot fi folosite diferite materiale la diferite stadii de prelucrare a lor (materie
prima, semifabricate, produse finite). Uscarea constituie una dintre cele mai
eficiente metode de conservare si pastrare a produselor alimentare [1, 2]. Un aspect
important, la momentul actual, il constituie dezvoltarea industriei de producere si
imbunatatirea calitatii productiei fabricate. Acest aspect poate fi realizat prin
modernizarea si optimizarea proceselor tehnologice existente, dar si prin elaborarea
unor noi utilaje automate (linii si agregate in flux) cu o capacitate de producere
inalta.

In legatura cu aceasta apare necesitatea de a elabora noi metode de uscare
care ar asigura o calitate inalta a produsului, de a crea conditii pentru prelucrarea
mai eficienta a fructelor si legumelor, micsorarea pierderilor, automatizarea si
mecanizarea acestui proces si, de asemenea, micsorarea cheltuielilor de energie.

Actualmente, uscarea produselor vegetale se efectueaza prin metode clasice
cum ar fi uscarea la soare, uscarea la umbra, uscarea in uscatorii cu aportul de
caldura convectiv s.a[1, 2]. Aceste metode de uscare poseda o serie de negjunsuri
cum ar fi, de exemplu, durata indelungata a procesului de uscare, calitatea proasta a
produsului din cauza dezvoltarii macro- si microflorei, necesitatea de suprafete
mari de uscare s.a. In scopul depasirii acestor neajunsuri, in opinia noastra, este
necesara utilizarea campurilor electromagnetice de frecventa inalta SHF. Pentru
elaborarea regimurilor de uscare a produselor vegetale este necesara cercetarea
cinetica a procesului de uscare cu diferite aporturi de energie si anume: convectie,
microunde si combinat (convectie cu microunde).



Instalaria de laborator pentru cercetarea caracteristicilor cinetice in procesul de uscarea ... 79

Descrierea instalatiel de laborator pentru cercetarea cineticii
procesului de uscare

Pentru cercetarea cineticii procesului de uscare, a fost proiectata si
executata o instalatie de laborator, in baza cuptorului modern cu unde de frecventa
inalta (microunde) Bosh cu puterea nominala de 1,5 kW si frecventa campului
electromagnetic de 2450 MHz.

Instalatia de uscare consta din camera de uscare 3, in interiorul careia este
amplasat suportul de fluoroplast perforat 8 pe care se plaseaza produsul analizat. La
camera de uscare sunt conectate racordurile 2 si 7 pentru intrarea si evacuarea
agentului de uscare. Drept agent de uscare, este utilizat aerul incalzit. Agentul de
uscare incalzit in caloriferul electric 6, cu ajutorul ventilatorului este refulat in
camera de uscare. Produsul destinat uscarii este cantarit continuu cu ajutorul
cantarului electronic 9, datele fiind inregistrate de calculator pentru prelucrarea
ulterioara. Temperatura agentului de uscare se masoara cu ajutorul termometrului 1
si seregleaza cu ajutorul reglatorului de temperatura. Viteza aerului se masoara cu
ajutorul manometrului diferential 5.
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am——\\
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Ingalatia de laborator pentru studierea caracteristicilor cinetice ale procesului de uscare a
produselor vegetale: 1 —termometru; 2 — conducta de evacuare; 3 — camera de lucru; 4 — vas Diwar;
5 — manometru diferential; 6 — calorifer; 7 — conducta de aimentare; 8 — suport de fluoroplast
perforat pentru produsul supus uscarii; 9 — cantar electronic; 10 —termocuplu.

Camera SHF (de rezonanta) se inchide ermetic, iar, in cazul deschiderii usii,
alimentarea cu energie electrica in camera de lucru inceteaza si se conecteaza
iluminarea. Firul de retea serveste pentru conectarea cuptorului la reteaua
electrica. Pe panoul de comanda sunt instalate: blocul de reglare a puterii, blocul de
reglare a timpului, indicatorii pasului de executie si conectarii blocului de executie,
butoanele iluminarii camerei de lucru, pornirii si opririi programelor de lucru.
Blocul de reglare a puterii consta din butoane corespunzatoare pentru fiecare putere
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a magnitronului: 90, 180, 360, 600 si 800W. Viteza aerului se masoara in conducta
de aer 7, in directia ventilator - camera de uscare.

Pentru experimentarea preventiva se cantareste 150 - 200 g de produs, care
apoi se introduce in cuptor si se cintareste, repetat, in regim automat.

Dupa cum a fost mentionat mai sus, micsorarea masel probei analizate in
procesul de uscare cu microunde este inregistrata de cantarul electric automat
(partea electronica a cantarului se izoleaza minutios de campul electromagnetic).
Schema electronica a cantarului consta din rezistente active si, de regula, exclude
elementele semiconductoare si inductive.

Pentru excluderea erorilor in cadrul cercetarilor, a fost aplicat cantarul
electronic de tipul JW-1 cu iesire la calculator. Sensibilitatea cantarului a
constituit 2 g/unit, exactitatea de cantarire +5%.

Suportul de fluoroplast perforat afost fixat pe cantar cu elemente speciale.
In procesul de uscare, cantarul permite masurarea micsorarii masei produsului
continuu. Inregistrarea micsorarii masei  se efectueaza la intervale egale de timp,
in dependenta de aportul de energie.

Datele cintaririi sunt inregistrate de calculator, iar, ulterior, operatorul le
poate prelucra.

n camera de lucru se instaleaza un termocuplul compus din crom-cobel 10,
elaborat cu diametrul conductoarelor de 0,2mm. Datele indicate de catre termocup-
lu sint inregistrate de catre potentiometrul electronic de tipul KCI1-04-12M 4.

M etodele de masuraresi de calcul ale parametrilor instalatiel

Pentru masurarea vitezel agentului de uscare in conducta se folosesc doua
tuburi capilare pneumatice cu diametrul interior de 0,8 mm. Tuburile capilare
pneumatice se fixeaza si se unesc, cu agutorul unui garou de cauciuc, cu
manometrul MMH 5. Micromanometrul este umplut cu alcool etilic cu densitatea
de 809,5 kg/m®. Unul din tuburi, asezat orizontal, masoara fluxul total, iar cel
asezat sub 90° pe directia de miscare a aerului masoara fluxul static. Presiunea
dinamica reala in MPase calculeaza dupa formula:

AP =h>k>g>D>d, (1)
unde: h=h; —hy,

h; — valoarea de pe scara manometrului in timpul masurarii, m,

h, — valoarea de pe scara manometrului pana la inceputul masurarilor, m,

k — coeficientul dependent de unghiul de inclinare a tubului;

g — acceleratia caderii libere, g = 9,81 m/s%,

p=To — coeficient de corectie la conditiile atmosferice,

p

po — densitatea aerului in conditii normale, kg/m®,

p — densitatea aerului in conditiile de masurare, kg/n?,

d= 8{)35 — coeficient de corectie in dependenta de densitatea alcoolului,
turnat in micromanometru,
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pm — densitatea reala a alcoolului etilic, kg/nT,
809,5 — densitatea normala pentru alcoolul din manometru, kg/nt.
Marimea vitezei aerului la intrare in camera de uscare se determina dupa

formula:
Vo =1.41 /2 ’:DP , 2

unde: AP este presiunea dinamica, N/n,
p — densitatea aerului, kg/n’.
Densitatea aerului, in dependenta de temperatura, se determina dupa tabelele
din literatura de specialitate.
Viteza agentului de uscare se calculeaza dupa formula:

pxd® r, 3)

Vg SV X——%—,
4xaxp r

unde: d este diametrul conductei de aer laintrarea in camera de uscare, m,

a, b — dimensiunile sectiunii transversale a camerei de uscare, m,

po — densitatea aerului laintrare in camera de uscare, kg/n?,

pc — densitatea aerului in camera de uscare, kg/m”.

Cunoscind greutatea initiala a produsului cercetat (Gy), si greutatea

produsului uscat (Gus), in orice moment, se determina umiditatea substantei uscate
dupa formula[3, 4]:

G..; 6
U = %7400 = aeg—G' - 12x100. 4
GU&I GU&I ﬂ
Masa finala, dupa uscare, a probei analizate se calculeaza dupa formula:
" <0
Gﬁn - U fin >Gusc + GUSC - GUSC?J fin + 1_, (5)
100 §100

unde U ;, este umiditatea in produsului finit.

Consecutivitatea operatiilor si a calculelor se respecta pentru toate
experientele.
In baza datelor obtinute in procesul de cercetare, au fost construite curbele
uscarii u = f(1).
Curbele vitezei de uscare ‘ZTU: f(U) s-au construit dupa punctele, obtinute
t

prin diferentierea functiei tabulare U= f(t) dupa formula[5]:

R
du amuy, (6)
g )=m=r
Vo)t

m=- p

unde: ‘:tJ(UO) este valoarea vitezei de uscare pentru continutul de umiditate mediu

U,, %, raportat ladurata uscarii (h, s, min),
U, - valoarea medie a continutului de umiditate in masa materialului inainte

si dupa momentul de timp, la care umiditatea afost U,, %,
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m=-2;-1;0; 1; 2.
Valoarea vitezei de uscare pentru primele doua si ultimele doua puncte s-a
determinat dupa formulele [42]:
Pentru primul punct:

((:;tJ(Ul):- 21, +12JS;1N2- %1’ 7)
Pentru a doilea punct:
du (\_ -11U,+3U,+7U,- U,
e (U 2) — 4 3 2 L (8)
dt 20 xn
Pentru penultimul punct:
——\_-U,- - +
diU(Un-l): Un 7Un—l aJn-Z 11Jn—3 ’ (9)
dt 20
Pentru ultimul punct: -
M) SR, g

Concluzii

Elaborarea instalatiei de uscare permite cercetarea cineticii procesului de
uscare a tuturor produselor vegetale. Ea permite efectuarea cercetarilor la diferite
aporturi de caldura (prin convectie, prin microunde si combinat). Uscarea
convectiva a produselor vegetale este posibila la temperaturile agentului termic de
la50°C la 200°C. Uscarea combinata (cit si uscarea prin convectie sau microunde)
este posibila la aceleasi temperaturi ale agentului termic cu convectie continua
pentru toate regimurile de lucru ale instalatiel, inclusiv pentru regimuri impulso-
discrete: 59/10s, 105/10s, 159/10s si 209/10s, unde numitorul fractiel reprezinta
durata de actiune a undelor asupra produsului, iar numaratorul durata de repaos.
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LABORATORY INSTALLATION FOR STUDYING OF
KINETIC CHARACTERISTICSDURING DRYING OF
VEGETATIVE MATERIALS

Lupasco Andrei, Stoicev Petru, Bernic Mircea, M osanu Aliona,
Lupu Olga, Balea Vitalie, Cazacu Olesea, Terz llie,
Netreba Natalia, Rotari Oxana
(Technical University of Moldova, Republic of Moldova)

The given work suggests using microwaves for intensfication of the drying process of
vegetable produce. For the proposition of new regimesit’s necessary to study kinetic characteristics
of drying process. For this it's offered the laboratory installation, allowing studying kinetics of
drying process. Also are presented method for calculation of air speed in the air duct, the final test
mass, moisture content in each moment and formulas for calculation of drying speed.

Prezentat laredactie 1a 16.02.07
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METODE DE MASURARE A PARAMETRILOR UZURII LA
CERCETAREA CUPLURILOR CINEMATICE APLICATE iN
CONSTRUCTIA DE MASINI-UNELTE

Balanici Alexandru (Universitatea de Stat ,,A. Russo”, Republica Moldova)
Topala Andrian (Universitatea ,Dunareade jos’, Romania)

In articol se face o analiza a metodelor de masurare a parametrilor uzurii la cercetarea
cuplurilor cinematice aplicate in constructia de masini-unelte, se descrie tehnologia masurarilor, se
indica prioritatile si neajunsurile fiecirel metode in parte, se dau recomandari practice de utilizare a
acestor metode.

Pentru aprecierea caracteristicilor de rezistenta a materialelor la uzura, cit si
pentru cercetarea experimentala a procesului de rodg a organelor de masini este
importanta existenta metodelor si mijloacelor corespunzatoare de masura.

In prezent, existi diverse metode de misurare a parametrilor ce
caracterizeaza marimea uzurii. Din acest motiv, pentru un cercetator totdeauna este
actuala problema alegerii unei metode optimale, care ar permite obtinerea unui
volum vast de informatii cu cheltuieli minime de timp si care ar evidentia cit mai
pe deplin caracterul si multiplele nuante ale desfasurarii si dezvaluirii fizicii acestui
proces. in acest scop, se aplica diferite metode, uneori chiar destul de complicate,
dar precise si de inalta sensibilitate.

In literatura de specialitate sint descrise diferite metode de masurare a
parametrilor uzurii. Astfel, in lucrarea [1] se mentioneaza ca cercetarile la uzura se
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efectueaza atit in conditii de laborator, prin intermediul mostrelor sau cuplurilor

cinematice reale, cit si in conditii de exploatare normala a masinilor. Uzura se

apreciaza dupa urmatoarele metode:

- dupa variatia parametrilor geometrici ai corpurilor: a dimensiunilor liniare, a
formei si a microgeometriei;

- dupa micsorarea masel probel supuse incercarii (metoda valabila pentru corpuri
de dimensiuni mici, care nu se imbiba cu ulei);

- dupa cantitatea produselor uzarii;

- dupa micsorarearadioactivitatii stratului exterior activat;

- dupa micsorarea indicilor de lucru al cuplului: de exemplu, dupa cresterea
scurgerilor de ulei, consumul de combustibil (metoda utilizata doar in cazul
cind se fac observatii asupra decurgerii procesului de uzura in timpul
exploatarii masinii-unelte sau a mecanismului cercetat).

O clasificare generala a metodelor de masurare a uzurii este expusa si in
lucrarea [2]. Conform acestei clasificari, deosebim trei grupe mari: de integrare,
diferentiere si de apreciere a uzurii dupa parametrii de iesire a masinilor si
mecanismelor.

In continuare, vom face o trecere in revista a acestor metode, indicind
prioritatile, negjunsurile, domeniile de utilizare, cit si unele recomandari practice de
aplicare.

La metodele integrale se refera metoda gravimetrica, metodele analizei
chimice si spectrale si metoda indicatorilor radioactivi.

Metoda gravimetrica (a cintaririi) se utilizeaza mai frecvent pentru
aprecierea uzurii unor piese de dimensiuni mici sau mostre si consta in cintarirea
acestora pind si dupa incerciri. In acest caz, determinarea uzurii liniare se
efectueaza dupa micsorarea masei, in baza presupunerii ca uzura se distribuie
uniform pe toata suprafata de frecare. Exactitatea acestel metode depinde de
precizia aparatelor de masura si de masa proprie a piesei. Utilizarea acestel metode
prevede oprirea masinii, demontarea ansamblurilor si curatarea minutioasa a piesei
inainte de cintarire. Aceasta metoda nu poate fi utilizata daca dimensiunile piesei se
schimba din cauza separarii unor particule de material si a deformarii plastice.

Metoda analizei chimice [2,3] consta in analiza continutului chimic al
cenusii obtinute prin arderea unei mici cantitati de ulel si determinarea cantitatilor
de metal in ea. Cu toate ca metoda presupune o sensibilitate inalta, ea poate fi
aplicata doar in cazul compararii vitezelor de uzare a elementelor mecanismelor, cu
conditia ca circulatia uleiului reprezinta un sistem inchis. Aceasta metoda poate fi
aplicata la cercetarea uzarii cutiilor de viteze, cutiilor de avansiri, dar nu si la
cercetarea uzurii ghidajelor masinilor-unelte, surubului conductor etc.

In cazul analizei spectrale, se determina continutul elementelor de aliere a
materialelor pentru diferite piese in proba de ulei. Aceasta metoda, de asemenea,
este foarte sensibila, insa casi pentru cazul precedent, principalul neajuns consta in
cheltuieli considerabile de timp si mijloace pentru realizarea ei.
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Metoda indicatorilor radioactivi, elaborata in laboratoarele Universitatii
Tehnice de Stat ,N.Bauman” din Moskova [4], presupune introducerea in
materialul piesei a unor izotopi radioactivi. Aceasta metoda se bazeaza pe prezenta
unui g-emitator si permite efectuarea masurilor prin peretii masinii fara oprirea si
demontarea acesteia, cu 0 precizie pina la fractiuni de microni. Despre marimea
uzurii se judeca dupa micsorarea activitatii radioactive a piesel sau a cresterii
activitatii radioactive a probelor de ulei. Datorita faptului ca se utilizeaza izotopi de
activitate joasi, aceasta metoda este inofensiva. Neajunsul principal al metodel
consta in complexitatea masurarilor si posibilitatea realizarii doar in laboratoare
Speciale.

Metodele integrale se folosesc pentru simplificari sau aprecieri generalizate
despre uzura organelor de masini, in unele cazuri, pentru determinarea
caracteristicilor de rezistenta la uzura a materialelor de constructie.

Aceste metode, de altfel ca si metodele de apreciere a uzurii dupa variatia
parametrilor de iesire a masinilor (care permit obtinerea unel imagini indirecte
despre marimea uzurii) nu poseda precizie inalta si se utilizeaza doar atunci cind nu
pot fi folosite alte metode. Ele, practic, nu sunt utilizate pentru cercetarea
decurgerii procesului de uzura a cuplurilor cinematice (spre exemplu, ghidajele
masinilor-unelte).

Pentru cercetarea decurgerii procesului de uzura mai eficiente sunt metodele
diferentiale, dintre care: masurarile micrometrice, metoda bazelor artificiale si
metoda activizarii superficiale.

Metoda masurarilor micrometrice include citeva subgrupe, principale fiind
cele ce se bazeaza pe determinarea marimii uzurii dupa diferenta a doua dimensiuni
a piesei, masurate pina si dupa experimentare, cu gjutorul diferitor aparate pentru
masurari micrometrice. in acest caz, valorile uzurii pot fi determinate in diferite
puncte ale suprafetelor de frictiune. Un negjuns al acestei metode este precizia ei
nu prea inalta, datorata erorilor bazarii si mijloacelor de masura, deformatiilor
termice etc., precum si necesitatea opririi masinii si demontarii cuplului cinematic.

Obtinerea profilogramelor reprezinta o varietate a metodel masurarilor
micrometrice. In acest caz, se scoate profilograma unui sector al piesei supus uzirii
si se determina modificarea acesteia in raport cu o baza fixa, efectuata, de exemplu,
sub forma de santulet sau cavitate speciala pe suprafata de frecare.

Aceasta metoda este convingatoare, deoarece ofera posibilitatea observarii
modificarilor la nivelul formei suprafetel uzate si a variatiei parametrilor
rugozitatii.

Negjunsurile acestei metode sint complexitatea profilografierii =~ si
imposibilitatea obtinerii profilogramelor in una si aceeasi sectiune, fapt care
micsoreaza considerabil precizia. In afara de aceasta, nomenclatura pieselor ce pot
fi masurate este limitata, fiind necesara si demontarea cuplului cinematic pentru
Mmasurari.

A treia varianta a metodei masurarilor micrometrice o constituie metoda
masurarii uzurii cu gjutorul captoarelor inductive [5], montate in piesele supuse
uzurii, la o anumita adincime fata de suprafetele de frecare. in procesul uzirii
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piesei, de captor se apropie piesa conjugata care joaca rolul de indus mobil.
Aceasta duce la variatia inductantei, dupa care se poate judeca despre marimea
uzurii. Negjunsul acestei metode consta in influenta deformatiilor de contact si
variatiagrosimii stratului de ulei asupra preciziei masurarilor.

Metoda bazelor artificiale consta in aprecierea marimii uzurii liniare dupa
schimbarea dimensiunilor sectiunii unei adincituri de o anumita forma, efectuata pe
suprafata supusa uzarii. Axa adinciturii trebuie si fie normala pe suprafata de
frecare. De-alungul acestei axe se masoara uzuraliniara.

Deosebim citeva variante ale acestei metode: metoda amprentelor, a
mulgjelor si a scobiturilor. Cea mai precisa dintre ele este metoda scobiturilor,
propusa de savantii M.M. Hrusciov si E.S.Bercovici [6].

Metoda amprentelor prevede formarea unor adincituri de o anumita forma
pe suprafata. In acest scop, se aplica, frecvent, o piramida patrulateral, cu unghiul
de la virf, dintre laturile opuse, de 136°. O astfel de piramidi se aplica in
dispozitivele de determinare a microduritatii, de tipul TIMT-3. Piramida se
introduce prin apasare pe suprafata cercetatd si se masoara diagonala amprentei
(do). Dupa o anumita perioada de uzare se masoara din nou diametrul amprentei
(d1) si dupa diferenta lor se judeca despre marimea uzurii:

_dy-d
- tga /2 '

Diagonala amprentei se masoara cu ajutorul dispozitivului optic de
masurare a microscopului instalat pe dispozitivul [IMT-3. Aceasta metoda are si
careva negjunsuri. La apasarea piramidei, in jurul amprentel se produce o bombare
a materialului, prin urmare, se distorsioneaza forma amprentei. Pe de alta parte,
dupa inlaturarea sarcinii, are loc o restabilire a adinciturii, modificindu-se forma
initiala.

Bombarea amprentel se inlatura prin netezirea preventiva a mostrelor sau a
cuplurilor cinematice, insia restaurarea elastici a amprentei nu se poate evita,
implicind, astfel, 0 eroare neesentiala la masurarea uzurii.

Metoda bazelor artificiale nu necesita mari cheltuieli si, in acelasi timp, este
esential mai precisi decit metoda masurarilor micrometrice.

Totodata, pentru determinarea uzurii prin aceasta metoda, este necesara
demontarea cuplului cinematic, fapt care face dificila cercetarea dinamicii
desfasurarii procesului de uzura.

Dupa cum s-a mentionat, rezultatul procesului de uzare a cuplurilor
cinematice poate fi apreciat si dupa parametrii de iesire a masinilor si
mecanismelor [7]. Ca regula, parametrii de iesire caracterizeaza precizia miscarii
subansamblurilor destinate generarii suprafetelor si estimeaza abaterile de la
traiectoriile ideale, pentru care masinaunealtd nu influenteaza precizia de
prelucrare. In calitate de parametri ai traiectoriei se pot aege: intinderea traiectoriei
(distanta maxima dintre coordonatele traiectoriei in directia axei X); coordonata
inceputului traiectoriel (caracterizeaza pozitia traiectoriei in raport cu axa Z);
coordonata sfirsitului traiectoriei (determina precizia pozitionarii); panta liniei
medii a profilului in raport cu axa Z (caracterizeaza conicitatea suprafetelor
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cilindrice, sau abaterea de la planitate a suprafetelor plane); pasul si amplitudinea
traiectoriel, in cazul cind acestea au caracter ondulatoriu etc. Pentru determinarea
preciziel deplasirii saniel longitudinale sau transversale, se utilizeaza
interferometrul, autocolimatorul, capul de masurat. Masurarile efectuate de
autocolimator sau interferometru sunt universale, mai precise si, moment
important, pot fi automatizate si aplicate dupa un anumit program. Aceasta metoda
insa nu permite cercetarea procesului de uzura afiecarui element in parte, ci doar a
cuplului cinematic in intregime.

Pentru a alege corect metoda de masurare a uzurii € necesar si se tina cont
de urmatoarele cerinte:
- posibilitatea determinarii valorii uzurii in punctul dat;
- determinareadistribuirii uzurii pe suprafata de frecare;
- masurareavalorilor mici ale uzurii (1-2mnj;
- cercetarea uzarii suprafetelor inaccesibile ale pieselor fara demontarea

cuplurilor cinematice;
- controlul neitrerupt al uzarii cuplului (pieselor);
- cercetarea schimbarii microgeometriei suprafetelor de lucru in procesul uzarii;
- simplitatea metode;
- promovarea metodel in mod autonom, independent de alte organizatii si
laboratoare.
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METHODS OF WEAR PARAMETERSMEASUREMENT IN
THE STUDY OF KINEMATIC COUPLESAPPLIED IN
MACHINE TOOLS CONSTRUCTION

Balanici Alexandru (Universitatea de Stat ,,A. Russo”, Republica Moldova)
Topala Andrian (Universitatea ,Dunareade jos’, Romania)

The article offers an anaysis of the methods of wear parameters measurement in the study of
kinematic couples applied in machine tools construction, describes measurement technology,
indicates the priorities and drawbacks of each method, and gives practical recommendations
concerning the use of the these methods.

Prezentat laredactie la6.11.07
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Exigente privind prezentarea lucrarilor stiintifice pentru revista
» Fizica si tehnica: Procese, modele, experimente”

|. Destinatia revistel

Materialele prezentate vor reflecta realizarile obtinute in ultimii ani in cadrul
catedrelor, |laboratoarelor de cercetari stiintifice ale USB, institutiilor de invatamint
si de cercetare din Republica Moldovasi de peste hotarele el.

Il. Cerinte fata de articolele prezentate
1. Dispozitii generale

Nu se vor admite pentru publicare materiale care au fost publicate in alte
editii. Articolele vor fi insotite de extrasul din procesul verbal al sedintei de
catedra, a laboratorului sau seminarului stiintific la care au fost discutate si
propuse pentru publicare. Lucrarile primite laredactie vor fi recenzate de specialisti
calificati in domeniul respectiv, numiti de colegiul de redactie.

2. Structura lucrarilor si regulile de prezentare

O persoana poate fi autor sau/si coautor la maximum doua articole. Volumul
unui articol nu va depasi, caregula, 7 pagini.
Fiecare articol va cuprinde:
CzZU;
titlul in limbile romana /rusa si engleza;
date despre autor/autori in limbile romana/rusa si engleza;
rezumatul in limbile romana/rusa si engleza;
articolul propriu-zis;
bibliografie.

2.1. intrebuintarea suportului electronic

Materialele vor fi redactate in Microsoft Word, fontul Times New Roman
si vor fi prezentate pe foi in formatul B5 (257X182mm). Parametrii paginii: 25 -
stinga (Left), 20 - sus (Top), 20 - jos (Bottom), 15 - dreapta (Right), 17,5 - antet
(Header), O - subantet (Footer), orientarea portret. Dimensiunile fontului de
imprimare - 12 points. Aliniatele — 1 cm. Spatiul dintre liniile (Line Spacing)
aceluiasi paragraf, inclusiv titlul lucrarii si informatiile despre autori - un interval.
Se va accepta cu trecerea cuvintelor dintr-un rind in altul. Ultima pagina, in limita

T
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2.2. Structura articolului

CZU sevasitua in partea stinga a paginii.

Titlul se va da complet, maximum 3 rinduri, pe toata latimea paginii (14
points, BOLD, CENTER, ALL CAPS).

Informeyiile despre autori se vor da cu aldine, in limba in care este scrisa
lucrarea, in urmatoarea consecutivitate: Prenumele si Numele autorului (complet),
afilierea. Daca coautorii lucrarii sint angajatii aceleiasi institutii, denumireael seva
da o singura data.

Rezumatul va cuprinde descrierea succinta a obiectului, metodelor si
rezultatelor cercetarii si nu va depasi 10 rinduri. Marimea caracterilor — 10 points.
Cuvintul ,Rezumat” nu se vaindica

Introducerea va reflecta stadiul actual al cercetirilor in domeniu. in caz de
necesitate, va cuprinde o scurta analiza istorica. Introducerea se va incheia cu
expunerea scopului lucrarii.

Conyinutul lucrarii va include expunerea metodicii cercetarii (experimentala
sau teoretica), obiectul cercetarii, echipamentul, metodele de masurare si de
observare, precizia si erorile metodicii experimentului. Se vor indica rezultatele
obtinute si analiza lor. Nu se va admite repetarea datelor in tabele, desene si texte.

In concluzii se va expune succint esenta cercetirii efectuate, relievindu-se
importanta si gradul de noutate a rezultatelor obtinute.

Titlul fiecarui paragraf se va evidentia cu aldine. Titlurile de capitol vor fi
Separate de textul curent printr-un spatiu.

In fata textului fiecare titlu de subcapitol cu doi indici se lasi un spatiu liber
de unrind. Aliniatele se vor marca prin introducerea unui ,,<Tab>”. Pentru scoaterea
in relief a unor concepte se vor folosi aldinele (fiara subliniere).

Tabele se vor numerota cu cifre arabe in partea dreapta, la sfirsitul rindului
(de ex.: ,Tabelul 1"), dupa care, in urmatorul rind, va urma denumirea si tabelul
propriu-zis. Tabelele vor fi separate de textul curent printr-un spatiu. Toate liniile
ce formeazi coroigjul tabelului vor avea aceessi grosime (1 points). In tabela
textuala cifrele se vor scrie cu fontul 10 points, normal. Daca textul va contine un
singur tabel, acesta nu se va numerota.

llustrariile (figurile, schemele, diagramele, fotografiile etc.) se vor prezinta in
alb-negru, inserate in textul de baza sau pe foi aparte. Toate figurile se vor
numerota cu cifre arabe (in ordinea aparitiei lor in lucrare), dupa care se va da
legenda lor. Toate semnele sau marcirile ilustrate se vor defini in legenda. In cazul
marimilor fizice, se vor indica unitatile de masura. Daca lucrarea va contine o
singura figura, eanu se va numerota. Figurile vor fi separate de textul curent printr-
un spatiu. Fotografiile introduse in text se vor scana cu o rezolutie de minim 300
dpi (preferabil 600 dpi) si se vor prelucra pentru un contrast bun.

Nu se admite lipirea fotografiilor sau desenelor pe foi separate.
Adnotarile de pe figuri se vor face in cifre sau litere cu inaltimea caracterelor
echivalenta fontului 10 points. Legenda se va culege cu 10 points.
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Formule matematice. Toate formulele matematice se vor scrie, IN MOD
OBLIGATORIU, cu editorul de ecuatii din procesorul de texte Microsoft Word
for Windows95/, 97/, 98/, 2000, (Version 6.0/,Version 7.0, 2000) italice, centrat,
prin culegerea fiecareia din rind nou. Exigentele corespunzatoare vor urma imediat
dupa formula si se vor introduce prin ,unde”, respectindu-se ordinea semnelor din
ecuatie sau relatie. Daca textul va contine mai multe ecuatii sau relatii, acestea se
vor numerota cu cifre arabe la sfirtitul rindului, in partea dreapta a foii. Dupa
descifrarea simbolului-litera, se va pune virgula, apoi se va indica unitatea de
masura.

Unitatile de masura ale marimilor fizice se vor prezenta in sistemul
international de unitati (Sl).

Bibliografia Termenul ,Bibliografie” va fi separat de textul curent prin
spatiu. In text, referintele se vor insera prin cifre incadrate intre crosete, de
exemplu: [2],[5-7], si se vor prezenta la sfirsitul articolului intr-o lista aparte, in
ordinea aparitiei lor in text. Referintele bibliografice se vor da in limba
originalului. Nu se vor accepta referinte la surse nepublicate.

Referintele vor fi prezenta in modul urmator:

a) revistele si culegerile de articole: numele autorilor, titlul articolului, denumirea
revistel (culegerii) cu paginile de inceput si sfirsit (ex.: Castro P. R- curve
behavior of a struct ural steel //Engl. Fract. Mech.-1984.-V.19.-N2.-P341-357);

b) cartile numele autorilor, denumirea completa a cartii, locul editarii, anul
editarii, numarul total de pagini (de ex.: Marsees A.H MounekyssipHas (usuka:
VYueb. mns pus. Crernn. By30B.-2-¢ u31., epepad. u por.-M.:Beicmr. mik.,1987.-
360c.);

c) referinte la brevete (adeverinte de autor): in afara de autori, denumire si numar,
se indica si denumirea, anul si numarul Buletinului de inventii in care a fost
publicat brevetul (ex.: Nicolescu A. Robot indrustial/ Brevet de inventie nr.
1344 MD. Publ- BOPI, nr.7,1996);

d) in cazul tezelor de doctorat, referintele se dau la autoreferat, nu la teza (ex.:
Bologa A. Generarea si utilizarea electroaerosolilor aposi/ Autoreferat al tezei
de doctor habilitat in stiinte tehnice.- Chisinau,1998.-16p.).

3. Observatii finale

Informatia despre autori si rezumatele in alte limbi decit originalul se vor
plasa dupa bibliografie. Continutul rezumatului expus in trei limbi vafi identic.

Materialul cules se va prezenta pe discheta, precum si intr-un exemplar
printat (cu contrastul bun) semnat de toti autorii (dupa bibliografie).

Pentru relatii suplimentare se va indica adresa, numarul de telefon si E-mailul
unuia dintre autori.

Articolele care nu vor corespunde cerintelor expuse, normelor limbii si
stilului vor fi respinse.

Materialele prezentate la redactie nu se vor restitui autorului.
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In revista se publici articole stiintifice ce tin de urmitoarele
domenii de cercetare:

propagarea undelor de radio in diverse medii;

elaborarea dispozitivel or electronice analogico-numerice;
elaborarea laserilor si aplicarea lor in tehnologiile de prelucrare a
materialelor;

studierea infleuntei factorilor exteriori asupra proprietatilor fizice
ale substantei;

tehnologii clasice si  neconventionale de prelucrare a
materialelor.

The journal publishes scientific articles thet cover the following
research fields:

radio-wave propagation in various media;

elaboration of analogo-numeric electronic devices,

elaboration of lasers and their application in materials
processing tehnologies;

study of the influence of exterior factors on physical properties
of substances;

classical and unconventional tehnologies of materials
processing.

Kypnan npunumaer K nyOIuKamuu palbOThl, CBA3AHHBIE CO
CJIeIYIOIIMMU 00JIaCTMU Hay4YHbBIX HCCIIEIOBAHUM!

pacrpocTpaHeHUE PaJUOBOJIH B Pa3INYHBIX Cpe/lax;

pa3paboTKa aHAIOTO-IIM(PPOBBIX AIECKTPOHHBIX YCTPOUCTB;
pa3paloTKa JIa3epoB U UX MPUMEHEHHUE B TEXHOJOTHUH 00pabOTKH
MaTepuasos;

W3yUYEHHUE BIMSHUS BHEIIHUX (AKTOPOB Ha (Quzndeckue
CBOMCTBA BEIICCTB;

KJIACCUYECKUE U HETPAJUIIMOHHBIE TEXHOJOTHH OOpabOTKH
MaTepuaoB.
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