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PERSPECTIVE ALE PROCESULUI DE SUDARE PRIN FRECARE CU
ELEMENT ACTIV ROTITOR

Botez 1., Colin T., Stoicev P.*, Botez A., Trifan N.
Universitatea Tehnica a Moldovei, bd. Stefan cel Mare, 168, MD-2004, Chisindu, Republica
Moldova
*e-mail: petru_n@mail.utm.md

Procedeul de sudare prin frecare cu element activ rotitor, a devenit o metoda raspindita de imbinare a
materialelor, in special a metalelor neferoase ca aluminiul, cuprul, magneziu si aliajele acestora. Acest proces de sudare
este un proces fiabil, pur mecanic, caracterizat printr-un numar redus de parametri, simplu de verificat si de reprodus.
Procedeul prezentat este ecologic, se caracterizeaza printr-un consum energetic redus, fara degajare de noxe, stropi de

metal si radiatii.

Cuvinte-cheie: sudare, frecare, rotitor, parametrii, autoreglare.

The welding friction stir has become a widespread method of combining materials, especially metals like
aluminum, copper, magnesium and their alloys. This welding process is reliable, purely mechanical, characterized by a
small number of parameters, simple to check and replicate. The presented method is organic, characterized by a low
energy, without release of pollutants, metal splashes and radiation.

Keywords: welding, friction, stir, parameters, self.

INTRODUCERE

Procedeul de sudare prin frecare, se
realizeaza datorita incalzirii pieselor rezultat al
elimindrii caldurii Tn urma frecarii reciproce a
suprafetelor pieselor de imbinat si se
caracterizeaza in principiu prin numarul redus
al  parametrilor  tehnologici,  calitatea
corespunzdtoare a imbindrii obtinute si
reproductibilitatea relativ usoard a produsului
[1].

Aceastd metoda de sudare nu necesita
materiale de aport si consumabile (electrozi,
fluxuri, gaze protectoare, etc.). Randamentul
energetic al procesului de sudare prin frecare
cu element activ rotitor este superior
proceselor de sudare prin incalzire cu arc
electric sau prin inductie. Procesul se
caracterizeaza prin simplitatea constructiva a
magsinilor de sudat, durata redusa de sudare si
posibilitatea automatizarii acestui proces.
Aceasta metoda de sudare permite realizarea
imbindrilor eterogene intre materiale de
diferite structuri compozitionale si cu diferite
temperaturi de topire (MP — materiale
elaborate prin metalurgia pulberilor).

De exemplu, prin frecare se pot suda
materialele: aluminiu si aliajele sale cu:
wolfram, cupru MP, wolfram MP, titan si
aliajele sale, otel turnat, fier, otel MP, otel
pentru automate, otel aliat (austenitic), otel

aliat (feritic), otel slab aliat,otel nealiat,
magneziu si aliajele sale, cupru si aliajele sale,
fonta cenusie, aluminiu si aliajele sale,
aluminiu MP.

Fonta cenusie se sudeaza cu: fier, otel
MP, otel pentru automate, otel aliat austenitic,
otel aliat feritic, otel slab aliat, otel nealiat,
fonta cenusie.

Procedeul de sudare prin frecare este
aplicabil, ca regula, la imbinarea materialelor
fuzibile. Procesul are loc la temperaturi mai
inferioare temperaturii de topire a materialelor,
deaceea imbinarea are loc la temperaturi ma
joase decit temperaturile atinse la sudarea
printopire sau prin rezistentd electrica.
Tensiunile remanente si deformatiile sunt mult
mai joase. Modificarea compozitiei chimice si
dilutia sunt minime, iar zona influientata
termic are suprafatd minimd. Sudarea prin
frecare se realizeaza de obicei fara pregatire
prealabila a componentelor de sudat, fara
utilizarea materialelor de adaos, cu deformatii
minime.

Tn prezent sunt cunoscute mai mult de 20
de procedee si variante tehnologice de sudare
prin frecare, care cuprind o gama variata de
aplicatii In sudare, brazare, incarcare, formare,
procesare, taiere etc.

Dintre aceste procedee moderne, sudarea
cu element activ rotitor a cunoscut o
dezvoltare rapidda si o utilizare industriala
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vertiginoasd. Aplicatd cu preponderenta
profilelor extrudate din aliaje de aluminiu,
sudurile prin acest procedeu exclude in mare
parte dificultatile tehnice existente la aplicarea
sudarii cu arc electric.

SUDAREA PRIN FRECARE CU
ELEMENT ACTIV ROTITOR

Sudarea cu element activ rotitor deriva
din procedeul de sudare prin frecare si consta
in penetrarea unei scule rotitoare in rostul de
sudat. Céldura degajata datoritd frecarii dintre
elementul activ si materialul pieselor de sudat,
genereazd o zond concentricd de material
plastifiat. Prin deplasarea sculei in lungul
rostului, materialul plastifiat este omogenizat
si transferat permanent din fata acesteia spre
zona de degajare, unde se raceste si realizeaza
o legatura, intre reperele de sudat in faza
solida (Fig. 1).

Fig. 1. Schema de principiu a procesului de
sudare cu element activ rotitor: 1- forta de apdsare
asupra elementului activ rotitor; 2- sensul de rotire al
elementului activ rotitor; 3- directia miscarii de avans a
elementului activ rotitor; 4- linia de contact a tablelor;
5- partea de atac a sculei; 6- degetul elementului activ
rotitor; 7- latura de limitare a sudurii; 8-partea de iesire
a sculei; 9- cusitura sudatia, 10- latura de avans a
sudurii; 11- wumarul elementului activ  rotitor;
12- ansamblul imbinat (din doua table); 13- element
activ rotitor.

Sudarea prin frecare cu element activ
rotitor este o metodd de Iimbinare a
semifabricatelor metalice, in stare solida.
Elementulactiv rotitor consta dintr-un deget
profilat, prevazut cu un umar,

ale caror suprafete vin In contact cu
materialul pieselor de sudat. In miscarea lor
aceste suprafete genereaza caldura prin frecare
si deformare plastica adeabaticd a materialului

6

pieselor, formind un nucleu conic, concentric
de material plastificat al ambelor piese
Tmbinate [3].

Elementul activ, antrenat Tn miscarea de
avans la sudare, dizloca materialul astfel
plastifiat dinspre partea de atac spre zona
posterioara a acestuia, aplicind totodatd prin
umarul acesteia o fortd de forjare, pentru
trasarea materialului la nivelul suprafetelor
superioare ale pieselor Tmbinate, finisind si
consolidind cusdtura. Volumul conic de
material plastificat se deplaseaza simultan cu
scula si se solidifica treptat, avind ca plan
vertical de simetrie, planul care trece prin
suprafetele de contac reciproc al ambelor table
care se imbina [1].

Calitatea si microstructura imbinarilor
sudate prin frecare cu element activ rotitor,
sunt determinate, ca reguld, de urmatorii
factori:

e forma si dimensiunile elementului
activ rotitor;

e viteza de rotatie a sculei;
viteza de avans la sudare;

o forta de apasare frontald;

e natura si caracteristicile materialelor,
semifabricatelor sudate.

Procesul de sudare prin frecare cu
element activ rotitor se caracterizeazd prin
regimurile de prelucrare mecanica: turatia
sculei- n, viteza de avans- s, fortele de sudare-
f.

Procesul de sudare decurge dupd ciclul
de sudare, prezentat pe Fig. 2:

1. asezarea semifabricatelor de sudat in
dispozitivul de fixare instalat pe masa masinii-
unelte si stringerea lor in asa fel, ca linia
rostului dintre piese sa fie aliniatd in directia
avansului,

2. pozitionarea sculei (elementului activ
rotitor) ca axa de rotire a ei sa se intersecteze
cu linia rostului dintre semifabricate;

3. apropierea elementului activ rotitor,
aflat Tn miscare de rotatie, de suprafetele
superioare ale tablelor si patrunderea acesteia
in material, pind cind umarul acesteia va atinge
suprafetele superioare ale tablelor;

4. antrenarea elementului activ rotitor
(sau a semifabricatelor de sudat) dupa
formarea coloanei plastice de material Tn
migcare de avans;
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5. acoperirea prin avans constant a
lungimii tablelor imbinate;

6. retragerea elementului activ rotitor in
pozitia initiald si eliberarea ansamblului sudat
din zona de lucru. Coloana plastica de material
se deplaseazd impreund cu elementul activ
rotitor, materialul fiind antrenat prin laminare
si amestecare dinspre partea de atac a sculei in
spatele acesteia, unde dupa racire formeaza
imbinarea sudatd (cordonul sudat) in faza
solida.
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Fig. 2. Schema si secventele procesului de sudare cu
element activ rotitor.

\

PARAMETRII PROCESULUI DE
SUDARE

Procedeul de sudare prin frecare cu
element activ rotitor se caracterizeaza printr-
un numar redus de parametri. Dintre acestia,
cele care asigurad generarea caldurii si formarea
imbinarii sunt parametrii principali:

e forma constructiva si
elementului activ rotitor;

e viteza de rotatie a sculei;

e Vviteza de avans la sudare;

e materialele semifabricatelor de sudat.

Caldura raspindita in semifabricate este
generatd mecanic, datoritd  interactiunii
plastice a elementului activ cu
materialelesemifabricatelor de sudat. Datorita
emanarii de caldura, materialul se plastifiaza si
sub actiunea sculei, aflatd in miscare de rotatie
si de avans 1n lungul rostului, este antrenat din
fata sculei in spatele acesteia. Materialul depus
este apoi forjat si tasat de catre umarul sculei.

Reactiunea materialului de sudat asupra
sculei se manifesta printr-o forta de rezistenta,
ale carei componente sunt prezentate pe Fig. 3:

geometria

Fig. 3. Componentele fortei de sudare:

o forta de avans- Fx, componenta dupa directia
de avans la sudare;

o forta laterald- Fy, componenta principala pe
fetele pieselor de sudat;

o forta verticala (axiald)- Fz, care actioneaza
dea lungul axei de rotatie a sculei.

Fortele mentionate pot fi considerate ca
parametri derivati ai procesului de sudare si
sunt utilizati pentru caracterizarea conditiilor
de lucru pentru scula si utilajul de sudat.

Parametrii secundari ai procesului de
sudare determina conditiile suplimentare care
influenteaza formarea imbindrii  sudate:
pozitionarea elementului activ fatd de linia
imbinarii; lungimea  degetului  sculei
comparativ. cu grosimea semifabricatelor;
parametrii de precizie geometricd si de
rigiditate a utilajului; conditiile de racire ale
pieselor si sculei; aportul suplimentar de
caldura etc.

In urma sudarii, materialul semifabri-
catelor (tablelor sudate) este influentat de un
ciclu termic §i o actiune mecanica, care
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determind procesele metalurgice prin care se
obtine imbinarea sudata.

EFECTUL DE AUTOREGLARE AL
PROCESULUI DE SUDARE CU
ELEMENT ACTIV ROTITOR

Pentru  realizarea  unei  imbinari
corespunzatoare prin procedeul de sudare prin
frecare cu element activ rotitor, temperatura
dezvoltata Tn materialul de baza trebuie sa fie
egald cu cca 80% din valoarea temperaturii de
topire ale aliajelor din care sunt executate
semifabricatele imbinate.

Temperatura la care se Tncalzeste
materialul de bazad depinde de proprietatile
fizice ale acestuia, de forma si dimensiunile
elementelor active si de parametrii regimului
de sudare.

Generarea caldurii prin frecare se
produce preponderent in partea superioarda a
piesei, datoritd actiunii umarului sculei. In
partea inferioard predomind generarea caldurii
ca consecintd a deformarii plastice. Aporturile
de caldurd generate pot fi estimatein prima
aproximare, conform Fig. 4.

/_\
1
| /_
/
Z
Fig. 4. Generareacildurii prin frecarea

elementelor active ale sculei:
1. Frecare umar — 1...2 kW
2. Frecare deget — 100...200 W
3. Deformare plastica — 20...40 W

In conditii optime de sudare, in jurul
sculei se formeazd o coloana traoconicd de
metal plastificat, care se deplaseaza odatd cu
Tnaintarea sculei (Fig. 5).

V_ - @

Fig. 5.Formarea coloanei plastice de material

NITUIRE IN PUNCTE CU ELEMENT
ACTIV ROTITOR

Sudarea in puncte cu element activ
rotitor a aparut ca alternativd de imbinare a
tablelor subtiri din aliaje de aluminiu a
caroseriilor autovehiculelor moderne [3].
Sudarea consta in incalzirea locald a tablelor
suprapuse cu ajutorul unui electrod (deget)
rotitor (Fig. 6).

= N

Semifabricat

a) b) c)

Fig. 6. Secventele procesului de sudare in puncte
prin frecare cu element activ rotitor:

a. rotirea si apropierea sculei de semifabricate;

b. sudarea;

C. indepartarea rapida a sculei.

Metoda propusd 1inlocuieste sudarea
electrica a aluminiului in puncte, la care
durabilitatea electrozilor din aliaje de cupru
este redusd. Dupa cum aratd practica, sudarea
n puncte cu element activ rotitor este extrem
de avantajoasd la asamblarea semifabricatelor
de lungimi mari. Astfel de imbindri poseda
rezistentd sporitd la oboseald, masad redusd si
economie de metal [1].

SUDAREA TABLELOR CU ELEMENTE
ACTIVE SI DEGET INCLINAT
(DEMONTABIL)

Aceasta este o varianta, de ultima ora,
pentru elementul activ rotitor prezentat
anterior, la care degetul este prins demontabil
de corpul sculei, permitind reglarea punctului
focal al miscarii de rotatie orbitala, respectiv a
latimii sudurii realizate. Procesul este mai
felxibil si permite schimbarea simpld a 1&fimii
cordonului sudat. Prin aceasta metoda se poate
rapid regla instalatia de sudare pentru
Tmbinarea tablelor de diferite grosimi.

Capul pentru antrenarea orbitala a
degetului inclinat (demontabil) pentru sudarea
tablelor cu element activ rotitor a fost propus
de studentii Universitatii Tehnice a Moldovei.
Capul prezentat permite realizarea Imbinarilor
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sudate cu element activ rotitor si automatizarea
procesului de sudare. Constructia capului de
forta pentru realizarea imbinarilor sudate este
prezentat in Fig. 7 si functioneaza in modul
urmator: arborele principal 5 este antrenat in
rotatie de motorul electric 1 si transmite rotatie
capatului 8 cu degetul demontabil inclinat 6,
instalat sub un unghi a fatd de axa capului.
Degetul se roteste si reliazeaza incalzirea
tablelor imbinate. Presiunea axiald la deget se
realizeaza de cilindru pneumatic cu pistoane
cu dublu efect 2 si 3 prin piulita reglabila 4.

Axa degetului este inclinatd fatd de axa
arborelui principal si se intersecteaza cu ea.
Pastilele 7 servesc pentru stabilirea distantei
focale — 7. Degetul este instalat demontabil de
capatul 8, permitind reglarea punctului focal al
miscarii de rotatie orbitald, respectiva latimii
necesare a cordonului sudat.

=
\U B

ﬁ LLLLLLLLLL

J

1%

7
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»
\ | ‘ /
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NN 77NN\
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Fig. 7.Schema constructiva a capuluiinstalatiei
pentru antrenarea In miscare orbitald a degetului Inclinat
pentru sudarea tablelor cu element activ rotitor
(I-lungimea degetului sculei, f-distanta focald a sculei,
a- unghiul focal de instalare a sculei).

CONCLUZII

Inventat recent, procedeul de sudare prin
frecare cu element activ rotitor, a devenit o
metoda raspindita de imbinare a materialelor,
in special a metalelor neferoase ca aluminiul,
cuprul, magneziu si aliajele acestora.
Tmbinarea acestor metale prin sudare cu arc
electric prezintd dificultdfi metalografice si
tehnologice. Acest proces de sudare este un
proces fiabil, pur mecanic, caracterizat printr-
un numar redus de parametri, simplu de
verificat si de reprodus.

Procedeul de sudare prin frecare cu
element activ rotitor se utilizeazd pentru
grosimi de materiale cuprinse intre 1,0 si
25 mm, printr-o singura trecere. Sudarea poate
fi realizatd in orisice pozitie. Procedeul
prezentat este ecologic, se caracterizeaza
printr-un consum energetic redus, fara
degajare de noxe, stropi de metal si radiatii.
Calitatea Tmbinarii nu este influentata de
calificarea sau starea fizica sau psihica a
operatorului. Caldura necesard realizarii
imbinarii este generatd cu ajutorul unei scule
rotitoare care plastificd materialul si realizeaza
imbinarea printr-un proces de forjare-
extrudere.

Temperatura maxima atinsd in timpul
procesului de sudare ce mentine sub
temperatura de topire a materialului si ca
consecintd deformatiile ansamblului sudat,
sunt minime. Aceasta permite formarea
ansamblului de dimensiuni mari, la precizii
dimensionale si abateri de forma acceptabile.

Temperaturile de lucru scdzute afecteaza
in micd masurd structura materialului.
Rezistenta statica la solicitdri la oboseald ating
80-100 % din cea a materialului de baza, fiind
superioare celor obfinute prin sudare cu arc
electric.

Sudarea, prin metoda propusa, poate fi
realizatd pe masini de frezat, pe masini
specializate si speciale, utilizind un cap de
fortd o masd suport pentru sustinerea pieselor
Tmbinate si un dispozitiv pentru fixarea lor
rapida si sigura.

Durabilitatea sculelor si vitezele de
avans mari (pind la 10 m/min) precum si
calitatea superioard si constantd a Tmbinarilor
conduc la consumuri mai reduse de productie
fatd de sudarea cu arc electric.
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In prezent mai mult de 130 de firme
mondiale au adoptat procedeul de sudare prin
frecare cu element activ rotitor. Majoritatea
dintre acestea au un profil specializat pentru
realizarea  subansamblelor  sudate  din
semifabricate extrudate, realizind anual sute de
mii de kilometri de imbinari.
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CAPILLARY FORCE AT SINGLE-ASPERITY NANOSCOPIC CONTACTS

Sirghi L.
Alexandru loan Cuza University of lasi, Carol | Blvd, Nr.11, 700506, Romania
e-mail: Isirghi@uaic.ro

This work presents the principles of atomic force microscopy investigation of capillary force and reports the
main results obtained by the author concerning the dependence of capillary force on the contact geometry, hydrophilic

property of surfaces, air humidity, and the contact time.

Keywords: capillary force, atomic force microscopy, hydrophilic property, air humidity, asperity

Aceasta lucrare prezintd principiile care stau la baza investigatiei cu ajutorul microscopiei cu fortd atomica a
fortei capilare de la contactele nanoscopice. Lucrarea raporteaza principalele rezultate obtinute de autor in ceea ce
priveste dependenta fortei capilare de geometria contactului, hidrofilicitatea suprafetelor, umiditatea aerului si timpul de

contact.

Cuvinte-cheie: forta capilara, microscopia cu fortd atomica, hidrofilicitatea, umiditatea aerului, asperitate

INTRODUCTION

The microscopic liquid-vapor interfaces
are usually curved and their curvatures affect
the values of equilibrium vapor pressure, po.
This is happening because molecules escape
differently from a curved liquid meniscus
(due to more or less interaction with neighbor
molecules) than from a flat one. For concave
liquid menisci the vapor equilibrium pressure,
po’, is smaller than the vapor equilibrium
pressure for the flat liquid-vapor interface, po.
Lord Kelvin [1] was the first to notice this
phenomenon and to explain its consequences
for liquid condensation in small gaps, i. e. the
capillary  condensation. The capillary
condensation is the phenomenon of
condensation of undersaturated vapor (p < po)
in small gaps (pores, capillary tubes and
microscopic contacts between solid bodies).
At certain vapor pressure, p < po, the vapor
condenses in a small gap until a liquid
meniscus with a certain value of the curvature
radius, rg, is build up. For undersaturated
water vapor, the liquid menisci are concave
and have negative curvatures, rq < 0. The
value ry is established by the Kelvin equation:

izﬂ.m(ﬂj, )

e oV, Po

where R is the constant of ideal gas, o, the
superficial tension of liquid-vapor interface,
and Vp, the molar volume of liquid. A
practical formula for Kelvin radius of water
menisci at room temperature (o = 0.072 N/m,
Vi =18 ml/mol at T = 293 K) is:

. 054
In(p/ py)

For water vapor in air, the relative
pressure of water vapor expressed in percents
is the relative humidity of air , RH = 100-p/po,
and its value determines the value of
curvature radius of water menisci in
thermodynamic  equilibrium  with  vapor
according to the Kelvin equation. The value
of r¢ is of the order of few nanometers at
moderate values of air RH (r, = 5.4 nm at
RH = 90 %). Figure 1 shows a water liquid
bridge formed by capillary condensation in
the microscopic gap between two hydrophilic
bodies. Such water liquid bridges form in
very short time after the bodies are brought at
a separation distance comparable with rx (few
nanometers). These microscopic  water
bridges are responsible for the adhesion
forces between very small particles as in the
case of the sand castles or in sintering process
of powders.

Recently, the capillary condensation has
received a great deal of attention because of
its relevance to the fields of nanotribology
[2], micro electro mechanic systems (MEMS)
[3], colloidal physics [4], nanolithography [5]

11

r [nm] 2)


mailto:lsirghi@uaic.ro

FIZICA SI TEHNICA: Procese, modele, experimente, nr. 2, 2012

and biochemistry [6]. The atomic force
microscopy [7] (AFM) is one of the main
techniques used for studying the capillary
condensation.

Thus, many AFM studies have been
dedicated to investigation of the effect of
capillary condensation of water on adhesion
and friction forces at nanocontacts of solid
surfaces [8, 9]. The atomic force microscope
allows imaging of surface topography of
conducting or insulating samples, in some
cases with atomic resolution.

solid 1

: liguid vapor

solid 2

Fig. 1. Formation of water bridges through capillary
condensation of water vapor in a small gap (d in the
range of few nanometers) between two hydrophilic
solid bodies (€ < 90°) bodies. The water meniscus is
concave in vertical plane (r; < 0) and convex in
horizontal plane (r, > 0).

force [ nN ]

A4

—— approach
—retract

Yo P h—

The instrument is based on the detection
of the interaction force between a microscopic
sharpened tip and a sample surface. The
attribute “atomic” comes from the fact that
the interaction region between the tiny tip
(radius of 10 nm) and sample includes a
limited number of atoms. In the case of AFM
measurements in air, capillary condensation
of water vapor leads to formation of a water
bridge that surrounds the nanoscopic contacts
between the very sharp AFM tips and sample
surfaces. Basically, the interaction between
the AFM tip and sample surfaces is the result
of the superposition of van der Waals,
electrostatic, capillary and interfacial tension
forces [10]. The latter two forces arise due to
the capillary water bridge, which usually
occurs at the tip-sample contact region in the
ambient air, and their contribution to the tip-
sample adhesive force is dominant [11].
Therefore, in the following the adhesion force
measured by AFM pull-off experiments in air
is interpreted as the capillary force, i. e. the
force generated by the capillary water bridge
formed at the AFM tip-sample surface.

Fig. 2 shows the typical variation of
tip-sample interaction force in a pull-off
experiment along with a sketch of the AFM
probe position at three moments of time
during the experiment.

0 5 10 15 20
tip- sample distance [ nN]

25 30 V/—

sample

Fig. 2. Typical force displacement curve recorded in an AFM pull-off experiment. (A) The AFM tip is approaching the
sample surface while the interaction force is negligible (F = 0). (B) The AFM tip is pushing on the sample surface.
During the contact, the water vapor from the ambient air forms through capillary condensation a water neck that
surrounds the tip-sample contact. (C) The AFM tip is retracting while the water bridge is elongated. The attraction force
caused by the water bridge is the capillary force measured as the tip-sample adhesion force, F,.
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In such experiments the AFM tip is
approached to the sample surface until
contact. While the distance between the tip
and sample surfaces is larger than 10 nm the
tip-sample interaction force is zero (in
absence of long range electric and magnetic
forces). After contact, the movement of the

probe continues until certain value of the
repulsive interaction force (positive) is
reached. Then, the movement of the AFM
probe is reversed and it is retracted until the
initial position. The maximum attractive force
(negative) measured during tip retraction is
considered as the tip-sample adhesive force.

CAPILLARY FORCE

Very often capillary condensation of
water at single-asperity contacts of two solid
bodies is modeled for a small spherical
particle in mechanical contact with a flat
surface of a second body. This is happening to
be the case of microscopic dust particles that
adhere to the flat surface of a macroscopic
body, but the model describes correctly also
the water capillary condensation at the contact
of the AFM tip (modeled by the spherical
particle) and the sample (modeled by the flat
surface). In short time after contact, the water
vapor from the humid air condenses and
builds up a water neck that surrounds the
contact of the two bodies. The system has a
cylindrical symmetry and the water meniscus
has a concave curvature in vertical plane (r; <
0) and convex curvature in horizontal plane
(r > 0). Formation of the capillary water
bridge at the single-asperity nanocontact of
two solid bodies generates an attractive
(adhesion) force called the capillary force. To
understand the origin of this force and to find
its mathematical expression let us consider
the model of the capillary water bridge that
surrounds the contact between a spherical
microscopic particle and a flat surface (Fig. 3)
and recall the fact that according to the
Young-Laplace equation the pressure inside
the concave water meniscus is smaller than
the vapor pressure with Ap = ofr, where r is
total curvature of the water meniscus, which
at thermodynamic equilibrium is equal to the
Kelvin radius.

It is this pressure difference that
generates the capillary force. If r, (r, << R) is
the radius of the meniscus contact line with
the spherical particle and we consider that Ap
acts uniformly on a surface zr,°, than the
capillary force is:

F=2 212 =470R cosd, (3)
1
where the so called geometrical
approximation of the meniscus shape for
water menisci much smaller than the solid
bodies in contact (R >> |rp| >> |r1]) has been
used. In this approximation the meniscus
shape in vertical plane is considered as a
portion of a circle with radius -r; with ry =rg.

- «

d

vapor /liquid ) ,

sample

Fig. 3. Geometry of a water bridge formed by capillary
condensation in the nanoscopic gap between a
spherical particle (solid 1) of radius R and a flat solid
surface (R = oo, solid 2). The radii r; and r, are
meniscus curvature radii in vertical and horizontal
planes, respectively, ¢ the meniscus surface tilting
angle with respect to the horizontal plane, and z and r
are cylindrical coordinates used for computing of
meniscus shape.

Moreover, since |ry| >> |rq, it is easy to
show that:

7 = 2R-|r|-(cos@, +cosd,) (4)
where 6, and & are the water contact angles
of the tip and sample surfaces, respectively.
With these approximations for r; and r», the
equation (3) derives the formula of O’Brien
and Hermann [12] of capillary force:

F, =270 R-(cosé, +cosé,) , (5)

which for & = & = @becomes:
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F.=4roR-cosé (6)

The equation shows that the capillary
force is proportional to the size of particles in
contact (R can be considered the equivalent
radius of two spherical particles in contact or,
in case of AFM measurements, the equivalent
radius of the AFM tip and sample: 1/R = 1/R;
+1/Rs, where Ry is the AFM tip radius and Rs
is the local curvature of the AFM sample).
The equation shows also that F. is
proportional with the superficial tension of
water and depends on hydrophilicity of the
solid surfaces in contact. No capillary
meniscus and no capillary force exist between
particles with non-wetting surfaces (6 > 90°).
However, the formula is not accurate and a
more careful analysis is based on an exact
solution of the Young-Laplace differential
equation of the water meniscus [13].

DEPENDENCE OF THE CAPILLARY
FORCE ON HUMIDITY

According to the approximate equation
(6), the capillary force does not depend on air
humidity.  This  result is  somehow
counterintuitive, because computation of ry
shows that the size of the water meniscus
increases steeply by the increase of RH.
However the increase of the meniscus size
with the increase of RH is compensated by
the corresponding decrease of the Laplace
pressure (which decreases with the increase of
RH). The results of numerical computation of
the capillary force based on the solutions of
Young-Laplace equation for rotationally
symmetric menisci with values of the total
curvature radius rg corresponding to different
values of RH shows a slight decrease of the
capillary force by the increase of RH (Fig. 4).
The dependence of capillary force on RH was
experimentally checked by AFM
measurement of pull-off force between an
AFM probe (NSC 36 from Mikromash, Inc.)
and a flat sample [silicon wafer Si(1,0,0)].
The measurements were performed by a
commercial AFM apparatus with an
environmental chamber. Relative humidity
(RH) of the measurement medium was
controlled by flowing high purity nitrogen
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and water vapor through the environmental
chamber.

The obtained experimental results show
a weak dependence of capillary force on
humidity in agreement with the approximate
equation (6). In this case the approximation
worked well due to the large value of the tip
radius, R; = 50 nm, tip spherical shape at the
tip apex. However, a strong dependence of
capillary force can be obtained in the case of a
blunt AFM tip (Fig. 5).

In this case, the meniscus size at small
values of RH is larger than in the case of the
ideal spherical tip and this causes a strong
increase of capillary force at low humidity.
An strong increase of capillary force can be
obtained in the case of AFM tips with a very
sharp singularity at the tip apex.

30

= — experiment
281 pertn
theoretical

6L 4zyReos(6) [ sample |

24
22
20+ %

capillary force [ nN ]

18

160 10 20 30 40 50 60 70 80 90
RH [%]

Fig. 4. Comparison of theoretical and experimental

values of capillary force between an AFM tip

(spherical silicon tip with curvature radius of 50 nm

and water contact angle of 60°) and a sample (polished

silicon wafer).

50.! T T T T T

. theoretical (blunt AFM tip)
®  experimental

30 | sample

“_\.'.l:hf.":b_-\-". = e |

20} ""-:‘ Vo

10

capillary force [ nN ]

10 20 30 40 50 60 70 &0
RH [ %]
Fig. 5. Comparison of theoretical and experimental
values of capillary force between a blunt AFM tip
(curvature radius of 50 nm and water contact angle of
60°) and a flat sample (polished silicon wafer).
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CONCLUSION

Atomic force microscopy is one of the
main techniques used in study of the capillary
condensation of water at nanoscopic contacts.
The phenomenon occurs in short time after
the very sharp tip of the AFM is brought in
contact with the sample surface and results in
formation of a water meniscus that surrounds
the contact. The size of the water meniscus
depends on air humidity. Increase of the air
humidity results in increase of the water
meniscus size. The capillary force is
generated by the water meniscus that
surrounds the tip-sample contact mainly as an
effect of the Laplace pressure. The capillary
force is directly measured by AFM pull-off
experiments as the maximum attractive force
experienced during tip retraction. Pull-off
experiments performed with a spherical tip
proved that capillary force has a weak
dependence on air relative humidity, while
similar experiments performed with a blunt
AFM tip showed a strong decrease of the
capillary force with the increase of humidity.
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FOTOLUMINESCENTA STRATURILOR NANOLAMELARE DE GaSe OBTINUTE PRIN
INTERCALAREA CU Cd
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YUniversitatea de Stat din Moldova, str. Alexei Mateevici, 60, Chisinau, MD-2009, Republica
Moldova
Universitatea ,,Vasile Alecsandri” din Bacau, Calea Marasesti, 157, Bacau, 600115, Roméania
3Universitatea din Bucuresti, bd. M. Kogalniceanu 36-46, Sector 5, 050107, Bucuresti, Romania
“e-mail: ievtodiev@yahoo.com

S-au analizat spectrele de emisie fotoluminescenta a lamelor monocristaline p-GaSe cu concentratia golurilor
3-10" cm™ si a lamelor intercalate cu Cd in faza de vapori la temperatura 500 °C. Durata tratamentului termic a fost de
20 si 24 ore. Spectrul de emisie al cristalelor de GaSe contine liniile excitonilor directi localizati cu energia de legatura
~6 meV, prima repetare fononica a acestora (hof =20 meV) si banda de emisie a excitonilor indirecti cu emisia
fononilor cu energia 15 meV. Spectrul de emisie a compozitelor obtinute prin intercalarea lamelor de GaSe cu Cd se
obtine 1n rezultatul suprapunerii benzilor de emisie a compusului CdSe si banda impuritarda a monoseleniurii de galiu.
Structura spectrului FL depinde de durata tratamentului termic. La majorarea timpului de tratament se amplifica
subbanda corespunzatoare compusului CdSe.

Cuvinte-cheie: GaSe, intercalare, fotoluminescenta, straturi nanolamelare, tratamente termic.

The photoluminescence emission spectra of p-GaSe single crystal lamella with the holes concentration of
3-10" cm™ an of the lamella intercallated with Cd at 500 °C were analyzed. The annealing duration was of 20 and
24 hrs. The emission spectrum of GaSe lamella contains the lines of the direct exciton localized with the binding
energy of ~6 meV, the first phonon replica of which is (hwoyn =20 meV) and the indirect exciton emission band with
emission of phonons with the energy of 15 meV. The emission spectrum of the composites obtained by GaSe lamella
intercallation with Cd is obtained as a result of superimposing of the emission bands of CdSe compound with the
impurity band of gallium selenide. The photoluminescence spectrum structure depends on heat treatment duration. At
the annealing duration increase the subband corresponding to CdSe compound is more pronounced.
Keywords: GaSe, intercalation, photoluminescence, nanolamellar layers, thermal treatment.

INTRODUCERE monocristaline de GaSe cu grosimi

submicronice Tn rezultatul tratamentului
Ga i Se luate in cantitati termic la temperatura 480+500 °C 1in vapori
stoichiometrice ~ formeaza compusi cu de Cd.

structura stabila - GaSe stratificat si Ga,Se;
cu retea hexagonald [1]. Acesti compusi sunt
pe larg investigati, pentru obtinerea
materialelor cu  structurd  electronica
bidimensionald. GaSe se cristalizeazd sub
forma de plachete stratificate de tipul Se-Ga-
Ga-Se, caracterizate prin legaturi stabe dintre
planele atomilor de Se [2]. O particularitate a
legdturilor compusului GaSe constd in aceea,
ca permite difuzarea atomilor si ionilor in
spatiul dintre planele atomilor de Se. Daca
elementele din grupa | cum ar fi Li sau K
pastreaza neutralitatea la temperaturile 500 +
600°C [3], atunci metalele din grupa a 1l (Cd
si Zn) la temperaturi mari pot forma legaturi
chimice cu Se [4]. Prin aceastda metoda pot fi
obtinute structuri lamelare cu puncte metalice
si heterojonctiuni de tipul A"'BY' - A"BY".

In lucrare se studiazi transformarile
structurale  care intervin  in  lamele
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Intrucit legaturile dintre planele atomare
de Se din impachetarile Se-Ga-Ga-Se sunt
slabe, preponderent atomii de Cd se
intercaleaza intre aceste plane. Temperatura
de 480..500 °C este suficientd pentru
formarea a noi legaturi chimice intre atomii
de Cd si Se cu formarea clusterilor de Ga.

METODICA EXPERIMENTULUI

Monocristalele lamelare p-GaSe
(politipul hexagonal - ¢) au fost crescute prin
metoda Bridgman-Stockbarger din material
sintezat preventiv a elementelor Ga si Se de
puritate 5 N luate in cantitati stoichiometrice.
Placile plan-paralele cu grosimi de la 5 pm
pina la 300 um au fost obtinute prin despicare
din lingou. Placile cu aria 0,5...1,0 sz, odata
cu 2..5 mg/cm® de Cd puritate 5 N, au fost
introduse in fiole de cuart si dupa evacuarea
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pini la 5-10° torr au fost ermetizate si supuse
tratamentului la temperatura 550 °C timp de
24 ore. In rezultatul acestui procedeu
tehnologic, pe suprafetele lamelor, initial
slefuite perfect, se formeaza microdefecte sub
forma de puncte metalice. Acestea sint
microgranule din galiu, intrucit la temperatura
550+580 °C sint in stare lichida. Structura
suprafetei perpendiculare la axa Cg a fost
analizatd cu microscopul SFM de tipul
Nanoscope I1I* Dimension 3000 SPM.
Diametrul ascutisului sondei-nu mai mare de
10 nm.

In calitate de sursi pentru excitarea
fotoluminescentei s-a utilizat laserul He-N,
(A=337,4 nm, W=100 mWst). Intensitatea
fascicolului de radiatie putea fi variatd cu
ajutorul filtrelor optice neutre in limitele de la
10 mWtcm® pind la 0,7 Wtlem?
Fotoluminescenta esantioanelor primare de
GaSe si a probelor de GaSe intercalate cu Cd
S-a masurat in intervalul de temperaturi de la
78 K pind la temperatura ambianta. Radiatia
emisd de esantion a fost descompusa in
spectru  cu un monocromator cu retea de
difractie plani 600 mm™ cu aria suprafetei
150x135 mm? Spectrul de emisie de la
suprafata perpendiculara la axa cristalografica
Cs a fost Tnregistrat cu fotomultiplicatorul cu
fotocatod (caracteristica spectrala S-11).
Etalonarea instalatiei monocromator-receptor
s-a facut folosind ca sursd de lumina o lampa
cu filament conic din volfram la temperatura
2800 K si termoelementul de tipul Vth-1 cu
fereastra din cuart ca receptor. Temperatura
esantionului 1n intervalul de la 78 K pind la
300 K a fost masuratd cu ajutorul
termocuplului diferential Cu-Constantan.

REZULTATE EXPERIMENTALE

In Fig. 1 este prezentati imaginea AFM
a suprafetei (0001) a lamei de GaSe:Cd dupa
tratamentul termic la temperatura 480 °C timp
de ~ 4 ore (Fig. 1a).

Majorarea temperaturii sau a duratei
tratamentului termic la temperaturd inalta
duce la nanostructurarea suprafetei (Fig. 1b).

Odata cu structura submicronica
granulara a suprafetei sint prezente coagulari
sub formad de micropicaturi de forma inelara
din Ga in stare lichida la temperatura 580 °C.

b)

a)

25nn

V.~ 0nm 35 nm

0 nm
y: 1.00 pm

X Z
10.20pm N : 0.20
i ¥ ¥ s i x: 1.00 pm

Fig. 1. Imaginea AFM a suprafetei lamei de GaSe:Cd:
a) GaSe cu puncte de Ga;b) compozitul lamelar CdSe-
GaSe cu clusteri de Ga.

La excitarea suprafetei (001) a lamei
monocristaline GaSe cu radiatia 1=337,4 nm
(densitatea pe suprafata ~ 100-160 mW/cm®)
are loc emisia fotoluminescentd (FL) de
culoare rosie i intensitate mica la
temperatura camerei. Distributia spectrala a
intensitatii FL este prezentata in Fig.1,curba
1. Spectrul FL la temperatura T=300 K este
compus din doud benzi cu maxim a
intensitatii la hv;=2,00 eV, subbanda ,,a” si cu
maxim de intensitate la hv,=1,94 eV cu contur
larg, care cuprinde intervalul de energii pina
lahv=1,8 eV.

A

Phatoluminescence, arb. units

hv, eV

Fig. 2. Spectrele fotoluminescentei cristalelor &-GaSe
la temperatura 300 K (curba 1) si la temperatura 78 K
(curba 2). Excitare cu 4=337,4 nm, densitatea
energetica ~100 mW/cm?

Energia maximului de intensitate a
benzii FL de margine ,a” coincide cu
maximul benzii de margine a din spectrul de
absorbtie la aceastd temperaturda [5],
interpretatd ca absorbtie excitonica In starea
n=1. Asadar, putem admite cd banda ,a”
(hv1=2,0 eV) reprezinta emisiea luminescenta
obtinutdin rezultatul anihilarii excitonilor
directi (n=1). Dacd admitem cad energia de
legatura a excitonilor directi este egala cu
R=20 meV [6], atunci latimea benzii interzise
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directe la T=300 K va fi egala cu
Ea=2,027 eV.

Micsorarea temperaturii esantionului de
la 300 K pind la 78 K duce la transformari
structurale a benzii de margine odata cu
deplasarea acesteia spre energii mari cu
~ 87 meV. Banda de margine la temperatura
T=78 K este compusad din doua subbenzi: A
cu maxim la 4v;=2,092 eV si A, cu maxim la
h,=2,072 eV. Intrucit maximul benzii de
emisie FL a excitonilor directi liberi la
temperatura 80 K corespunde energiei
2,098 eV [7] banda A; poate fi considerata ca
emisie radiativai a excitonilor directi,
localizati cu energia de legaturd ~6 meV.
Banda de emisie A, reprezinta prima repetare
fononica a benzii A; cu emisia fononului
hws =20 meV. Banda C cu maxim la 2,04 eV
univoc se interpreteaza ca emisia excitonilor
indirecti liberi, formati in punctul M al benzii
Brillouin, cu emisia fononilor ~15 meV.

Spectrele de emisie FL a lamelor GaSe
intercalate cu Cd din faza cu vapori timp de
24 ore si 20 ore la temperatura 500 °C sint
prezentate in Fig. 3 (curbele 1, 5). Pentru
comparatie, aici sint prezente spectrele de
emisie FL de la monocristalele de CdSe la
temperatura 78 K (curba 4) si 300 K
(curba 3).

Sa  analizam  influienta  duratei
tratamentului termic la temperatura t=500 °C
asupra structurii spectrului FL la temperatura
T=293 K. Aceste doua spectre sint curbe fara
structura cu maxime de intensitate la 1,78 eV
si 1,72 eV, respectiv, cu contur puternic
asimetric spre energii mari. Dupa cum se vede
din Fig. 3 majorarea duratei tratamentului
esantioanelor la temperatura t=500 °C duce la
marirea duratei procesului de intercalare cu
4 ore si conduce la deplasarea spre energii
mici cu ~ 60 meV a maximului de emisie si
totodatd la majorarea de ~2 ori a intensitafii.
Asadar, maximul benzii FL la temperatura
t=500 °C timp de 24 ore este in acelasi
interval de energii cu banda de emisie a
cristalelor CdSe la T=300 K. Totodata are loc
slabirea intensitatii la energii mici, regiune in
care se manifestd luminescenta impuritara
[8-10] in GaSe nedopat si dopat cu Mn, Cd,
Sn, Cr.

Spectrul FL a monocristalului CdSe la
aceastd temperaturd Fig. 3 (curba 3), este o

18

curba cu maxim la 1,72 eV. Dupa cum se
vede din comparatia spectrelor de FL, GaSe
supus intercalarii cu Cd (Fig. 3, curba 1) si
CdSe (Fig.3, curba 3) este usor de observat
buna coincidentd a maximelor. Alungirea
conturului benzii de FL spre energii mari este
rezultatul suprapunerii benzii impuritare de
FL a lamelor de GaSe (Fig. 2, curba 1) si
CdSe (Fig. 3, curba 3).

Dupa cum s-a mengionat mai sus, la
micsorarea temperaturii de la 300 K la 78 K,
intensitatea FL impuritare in GaSe se mareste
cu mai mult de 200 ori. Daca tinem cont de
amplificarea termica a FL lamelor de GaSe
este evidenta natura fotoluminescentei la
energii hv>1,8 eV, fapt care conduce la
ponderea FL compozitului obtinut prin
intercalarea GaSe cu Cd (Fig. 3, curbele 2 si
6). Structura complexa a conturului FL
lamelor GaSe intercalate cu Cd probabil este
cauzatd de faptul cd in rezultatul acestui
procedeu tehnologic se formeazd compozit
din lame de GaSe si CdSe. Astfel, FL
structurilor obtinute prin intercalarea placilor
de GaSe cu Cd este rezultatul suprapunerii
spectrelor de emisie a componentelor CdSe si
GaSe.

1,79 eV 1,72 eV

Photoluminescence, arb. units

2,0 19 1:8 1,7 16
hv, eV

Fig. 3. Spectrele de emisie FL a lamelelor de GaSe
intercalate cu Cd din faza de vapori: curba 1- GaSe
tratat in vapori de Cd timp de 24 h la temperatura
500 °C; curba 2- GaSe tratat n vapori de Cd timp de
24 h la temperatura 500 °C; curba 3,4 - spectrele de
emisie a monocristalului CdSe la temperatura 300 K;
curba 5 — GaSe tratat la temperatura de 500 °C timp de
20 h; curba 6- GaSe tratat la temperatura de 500 °C
timp de 20 h.Temperatura esantionului 300 K (curbele
1,3,5) si 78 K (curbele 2,4,6).

Putem conchide, ca structura complexa
a spectrelor FL, gaseste interpretare daca
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admitem ca in rezultatul intercalarii cu Cd a
cristalelor de GaSe se obtine un compozit
lamelar din impachetari elementare de GaSe-
CdSe si Ga metalic.

La marirea temperaturii esantionului de
GaSe intercalat cu Cd timp de 24 ore de la
78 K pind la 300 K intensitatea benzii FL
monoton descreste. Dependenta intensitatii
FL (I.) de temperatura (T) in intervalul de
temperaturi de la 78 K pind la 300 K dupa
cum se vede din Fig.3 bine se descrie cu
expresia [11]:

| = |0(1+ Aexp{—kE—_T_D,

unde lp —intensitatea FL extrapolata catre 0 K,
Ea- energia de activare termicd a FL, A-o0
constantd egala cu raportul probabilitatilor
tranzitiilor emisionale si non-emisionale, k —
konstanta Boltzmann. Energia de activare
termica a FL, E, Tn intervalul de temperaturi
80...300 K este o marime constantd egald cu
23 meV. Asadar, putem adimte ca atomii de
Cd din wvapori la temperatura 500 °C
intercaleaza intre planele atomilor de Se din
Tmpachetarile stratificate Se-Ga-Ga-Se
formind straturi de CdSe.

Aceasta concluzie este argumentatd si
prin aceea ca la doparea cu Cd (in concentratie
de la 0,01 pind la 0,1 % at) Tn procesul de
sintezd a compusului GaSe, atomii de Cd
formeaza nivele acceptoare adinci
(0,26-0,28) eV .

2,0 1

=
o
1

AE=23 meV

1g[1(0)/1(T)-1]

o
(3]
1

0,0 T T T T T T T

10%T, K™

Fig. 4. Energia de activare termica a FL.

Energia de activare termicd a benzilor
impuritare  ale  spectrelor de emisie
luminescenta a cristalelor GaSe dopate cu Cd
de asemenea este de ordinul sutelor de meV

(130+370 meV), pe cind din dependenta FL
de temperatura a cristalelor GaSe intercalate
cu Cd se obtine energia de activare a FL mult
mai mica - 23 meV (Fig. 4).

Mairimea relativ micd a energiei de
activare termicd a FL (23 meV) gaseste
interpretare daca admitem ca atomii de Ga
care se obtin in rezultatul formarii planelor de
CdSe formeaza nivel donor cu energie mica in
CdSe. Atunci banda de emisie FL cu maxim
de intensitate larg (1,72+1,73) eV la 300 K si
(1,79+1,80) eV la 78 K se obtine in rezultatul
tranzitiei nivel donor neionizat — banda de
valenta in straturile de CdSe a compozitului.

CONCLUZII

1. Spectrul de emisie FL a lamelor de p-
GaSe (cu concentratia medie a golurilor ~
3-10" cm™) nedopat, atit la temperatura
camerei (300 K), cit si la 78 K, contine banda
de emisie a excitonilor directi localizati la
defectele acceptoare proprii cu energia de
legatura ~ 6 meV, a excitonilor indirecti cu
emisia fononilor ~15 meV i banda
determinata de defectele structurale proprii si
impuritatile necontrolabile cu maxim la
1,92 eV.

2. Tratamentul termic de lungad duratd
(t=24 h) la temperatura 480+500 °C a lamelor
de GaSe in vapori de Cd, conduce la formarea
straturilor de CdSe prin ruperea legaturilor de
valentd dintre atomii de Ga din planele
atomare a Tmpachetarilor ...Se-Se-Ga-Ga-Se-
Se...

3. Spectrul de emisie a lamelor GaSe
tratate Tn vapori de Cd la temperatura
480+500 °C are un contur asimetric format
prin  suprapunerea benzilor de emisie
impuritara a compusului GaSe si CdSe din
compozit.

4. Energia de activare termicd a FL a
compozitului  lamelar GaSe - CdSe
determinatd din graficul stingerii termice a FL
este egald cu 23 meV.
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Tn baza spectrelor de energie atomica s-a studiat distributia atomilor de Fe in volumul materialului de puritate
inalta GaSb crescut prin metoda topirii zonale si dopat cu Fe.
Cuvinte-cheie: GaSb, dopare, Sb, solubilitate, distributie.

In base of atomic energy spectra the distribution of Fe atoms in the volume of the high purity materials of GaSb
grown by zone melting method and doped with Fe was studied.
Keywords: GaSh, dopation, Sh, solubility, distribution.

INTRODUCERE

Proprietatile fizice ale materialelor
semiconductoare pot fi schimbate intr-un
domeniu larg de marimi prin doparea
controlabild a compusului primar cu
impuritati in cantititi destul de mici
(0,001-0,01) % at. [1]. Aria proptietatilor se
mareste considerabil dacd acestea se dopeaza
cu elemente din grupa de tranzifie si
pamanturi rare [2]. In deosebi, sunt intens
cercetate materialele semiconductoare de tipul
A""BY si A""BY! dopate cu Fe, Cr, Mn [3].

In ultimii ani au fost elaborate multe
metode fizice de analiza a cantitatilor mici de
impuritate  in  materiale, in  deosebi
semiconductoare. Dar 0 mare parte din aceste
metode sint cu sensibilitate micd sau sint
puternic localizate la suprafatd (XPS, XRD,
SEM etc.). De exemplu, metoda de analiza pe
baza spectrelor de emisie XPS permite
determindri  cantitative a  elementelor
impuritate si de baza intr-un strat de la
suprafata cu precizia ~0,5 % [4].

TEHNOLOGIA CERCETARII

Distributia atomilor de Fe Tn procente
atomare cit i analiza calitativa a impuritatilor
in esantioanele sintezate de GaSb a fost
analizatd prin intermediul spectroscopiei
atomice emisionale. Spectrele de energie au
fost excitate Tn arc electric de curent alternativ
cu ajutorul 1VS-28. Probele cu masa bine
determinatd au fost selectate din trei parti a

lingoului asa incat sd se omitd posibilitatea
impurificarii lor cu elementele chimice
componente a cuarfului din care se
confectioneaza fiolele.

Materialul ~selectat cu masa de
0,050£0,001 g a fost macinat pana la pulbere
cu dimensiunile medii 50+80 xm. Materialul
pregétit pentru analiza a fost din nou cantarit
si s-a incarcat in craterul electrodului de grafit
spectral pur.

Spectrele de emisie au fost obtinute la
instalatia, compusa din generatorul de tipul
IVS-28 si spectrograful cu retea de difractie
DFS-8.

Puterea de rezolutie a spectrografului a
fost de 6 A/mm. Spectrele au fost imprimate
pe placi spectrale cu emulsie fotografica de
tipul pancrom cu sensibilitatea 16 unit.
fotometrice. Expozitia cu ardere completa a
substantei din electrod s-a petrecut timp de
10 min la curent in arc electric de ~5 A.

In calitate de etalon de lungimi de unda
a fost imprimat spectrul de emisie in arc
electric de curent alternativ a electrozilor de
fier. Conturul liniilor analitice a fost
inregistrat cu ajutorul microfotometrului
MF-2.

In calitate de linii analitice au fost luate
liniile rezonante a atomilor de Fe din
domeniul spectral de la 2500 A pani la
3500 A. in acest domeniu spectral liniile
analitice ale Fe nu sunt influentate de liniile
spectrale a galiului si stibiului si permit
determindri cantitative cu sensibilitate Tnaltd a
metalelor din materialul analizat.
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REZULTATE SI CONCLUZII

Tn figurd (a, b, ¢ si d) sint prezentate,
sub forma de diagrama cateva fragmente din
spectrele de emisie al antimonidului de galiu
dopat cu 0,38 si 3,0 % at. de Fe. Din analiza
diagramei figurei. usor se observa ca
intensitatea liniilor analitice creste odata cu
mdrirea concentratiei atomilor dopanti in
esantioane in limitele erorii masuratorilor si
slab se schimba de la o proba la alta selectate
discret din materialul primar. Pe baza

atomice conchidem cd in procesul de sinteza
si crestere a monocristalelor atomii de Fe sunt
solubili in antimonidul de galiu si in procesul
de sintezd a compusului si de crestere a
monocristalului prin metoda topirii zonale
modificate se distribuie omogen n volumul
monocristalului.

S-a stabilit lungimea de undda din
spectrul de emisie a fierului
(4=302,064 nm) intensitatea careia liniar

depinde de concentratia fierului in GaSb in
limitele concentratiei 0,38<C<3,0 % at.

rezultatelor analizei spectrelor de emisie
a
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There is a number of issues such as the effect of wax formation in the pipe plugs during the extraction and
transportation of oil (petroleum) through pipelines. For this purpose, different technologies are used to avoid this effect
(surface hardening, surface pellicle formation, ultrasound application, etc.). We have developed a technology of
graphite pellicle formation by applying electrical discharges in impulse. For this purpose, a rotating tool-electrode made
of graphite, included in the circuit of a current pulse generator, is applied, and the work piece serves as a counter-
electrode. Continuous or strip-like pellicles are formed by establishing the required parameters of electrical discharge,
the interstice size and the frequency of discharge impulse through a relative movement between the tool-electrode and
piece. The formation of graphite pellicles on the piece surfaces does not lead to changes in their geometry but gives
them new properties. The process of graphite pellicle formation is accompanied by hardening the surfaces made of
construction steel by 3 to 8 times at the depth of 3...10 um. As a result of this type of machining, carbon partially
diffuses into the work piece surface with carbide formation. The continuity of processed surface reaches 90...100 %
shares and the amount of carbon on the surface exceeds 90 % of carbon. Wear tests of glass mold poansons have
demonstrated that they resist over 57 000 cycles without any change of geometry and dimensions. The paraffin casting
inside the machined tubes with graphite pellicle formation have shown that it does not adhere to the pipe surface. The
graphite pellicle formation on the frontal surfaces of the nuts demonstrates that it omits the effect of their sticking to the
mating surfaces. Graphite pellicle formation is possible on flat and rotating surfaces, that is why it may be applied to
cover the interior pipe surface in order to avoid the effect of wax formation in the pipes during oil extraction and
transportation; in anti-stick pellicle formation in mechanical joints; to increase the wear resistance of form pieces for
glass molding.

Keywords: graphite pellicles, electrical discharges in impulse, anti-stick, hardening, carbon

Exista un gir de probleme cum ar fi efectul de formare a dopurilor de parafina in conducte in procesul extragerii
si transportirii petrolului prin conducte. in acest scop se aplica diferite tehnologii de omitere a acestui efect (durificarea
suprafetelor, formarea peliculelor, aplicarea ultarsunetelor, etc). Noi am realizat o tehnologie de formare a peliculelor de
grafit cu descirciri electrice in impuls. In acest scop se aplica un electrod-sculd rotitor executat din grafit care este
inclus Tn circuitul unui generator de impulsuri de curent, iar in calitate de contra-electrod serveste piesa de prelucrat.
Stabilind parametrii necesari a descarcarilor electrice, marimea interstitiului si frecventa impulsurilor de descéarcare
printr-o miscare relativa inre elecrodul-scula si piesa se formeaza pelicule continui sau sub forma de fasii. Formarea
peliculelor de grafit pe suprafetele pieselor nu conduce la modificarea geometriei acestora ci le conferd noi proprietati.
Procesul de formare a peliculelor de grafit este insotit de durificarea suprafetelor executate din oteluri de constructie de
la 3 la 8 ori la adincimi de 3...10 um . in rezultatul acestui tip de pelucrare carbonul partial difuzeaza in suprafata
pelucratd cu formarea carburilor. Continuitatea suprafetelor prelucrate atinge cote de 90...100 %, iar cantitatea de
carbon pe suprafata depiaseste continutul de 90 % carbon. Incercirile de rezistenta la uzura a puansoanelor formelor de
turnare a sticlei au demonstrat cé acestea rezista la peste 57000 de cicluri de turnare in lipsa modificarii geometriei si
dimensiunilor. Turnarea parafinei in tevi prelucrate in interior cu formarea peliculelor de grafit au demonstrat ca ea nu
adera la suprafata tevilor. Formarea peliculelor de grafit pe suprafetele frontale a piulitelor demonsreaza ca ele omit
efectul de priza a acestora cu suprafetele de Imbinare. Formarea peliculelor de grafit este realizabila pe suprafete plane
si suprafete de rotatie din care motiv poate fi aplicatad la acoperirea suprafetelor interioare a tevilor in scopul omiterii
efectului de formare a dopurilor de parafind in conducte atit la extragerea cit si la transportarea lui; la formarea
peliculelor antiprizad in imbinarile mecanice; la sporirea rezistentei de uzura a pieselor formelor pentru turnarea pieselor
din sticla.

Cuvinte-cheie: pelicule de grafit, descarcari electrice in impuls, antipriza, durificarea, carbon
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INTRODUCTION

Modern technology continuously tends
to save materials and energy consumed in
realizing products and in the functioning of
pieces, apparatus and tools in the building of
which they had been used. An increase of
metal surface durability permits the
realization of these desiderata. For example,
the industry of glass manufacturing faces a
whole series of problems as far as transverse
plates of glass molding are concerned. The
increase of their durability would be possible
if the active part is covered with a graphite
pellicle via electric discharges in impulse that
would allow to change the superficial stratum
properties, namely the micro hardness and
durability increase and would serve as an
ointment to decrease the power of abrasion
between the glass mass and the transverse
plate. There are also problems in the oil
industry where paraffin stoppers appear in the
oil transport pipes that adhere to their surface
and plug them.

It is known [1, 2] that pieces and
machine aggregates wear out during the
working process and this leads to the
modification of geometric dimensions, form
and superficial strata properties; in some
cases fissures, curves, torsions, distortions or
tears appear. To increase durability nowadays
both traditional and non traditional methods
of surface processing may be used. One of
these is the method of electric discharges in
impulse. To process the surface according to
this method different electricity conducting
materials may be used as anode tool
electrodes, such as copper, nickel, metal
alloys, metal carbides, graphite, etc. which
influence the chemical composition and the
physical — mechanical properties of the piece
subjected to investigation (changing its
hardness, resistance to fissures and
roughness).

It was demonstrated that the use of tool-
electrodes made of graphite may influence the
decrease of roughness and the micro hardness
increase in the superficial stratum subjected to
processing; it increases the durability of
pieces applied in machine and apparatus
building [3-6]. In all the papers published by
other authors the tool electrode made of

graphite is connected as an anode to the
current source. We suggest it should be used
as a cathode (a situation in which it wears
away more strongly), anode and a
combination (cathode-anode). Thus, as it was
demonstrated in many papers [3-8], we will
be able to increase the chemical composition
and the physical-mechanic properties of the
processed surfaces more efficiently.

MATERIALS AND METHODS OF
RESEARCH

The experimental research has been
done under conditions of air at atmospheric
pressure in a regime of under-excitation in
which the piece or the tool-electrode had the
possibility to change its polarity during one
cycle of processing or in alternative cycles.
Under the influence of induction impulse a
conductivity channel was formed through
which the power impulse energy was emitted
accompanied by the formation of the plasma
channel which provokes essential
modifications at the piece surface.

Construction steel 3, 45 and different
types of cast iron were used to make pieces or
samples subjected to processing. The tool-
electrode is a bar with a 2-3 mm diameter and
is made of pirolytic graphite. The graphite
tool-electrode was used as cathode, anode or
in a combined regime. Based on the data
given in specialized literature and taking into
account our own experimental results [3-6],
we may state that it wears out more strongly
when it functions as a cathode than when it is
an anode. It means that there is a greater
quantity of carbon which due to the applied
energy impulse diffuses in the surface stratum
provoking structural and chemical
composition modifications in it. When it is
connected as an anode it may influence the
modification of the surface stratum micro
hardness, the roughness decrease and the
oxidation of the processed surface. When the
combined regime of processing is applied, a
more advantageous modification of the
processed piece hardness and durability takes
place due to the physico-chemical processes
that occur in the interstice and in the surface
stratum of the piece [4, 6].
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Unipolar and bipolar impulse energy
sources were used to perform the
experiments. The unipolar impulse supply
source ensures the following parameters:
emitted energy in the interstice - Ws=0...4,8 J,
discharge frequency — f=0...50 Hz, impulse
duration — 7=0...250 ps. The generator of
bipolar impulses ensures the following
technological parameters: energy emitted in
the interstice — Ws= 0...4,8 J, discharge
frequency — f=0-50 Hz, the impulse discharge
duration varied between 9 and 94 us, the
intervals  between impulses constituted
6...15 ps. During the experiments the
interstice size was adjusted to the micrometric
scale and varied between 0...2,5 mm.

Due to the technological parameters
ensured by the installation, the processing
could be realized in the regime of maintaining
EDI on both ,,warm” electrode spots (when
the processed surface melted) and on ,,cool”
electrode spots (when the processed surface
did not melt, though at nanometric depths the
melting does take place).

EXPERIMENTAL RESULTS AND
THEIR ANALYSIS

Below we offer a physical pattern of the
graphite tool-electrode material transfer to the
processed surface piece via electric discharges
in impulse in a regime of under-excitation.

The concept of the physical pattern
comes from the analysis of other authors’
experimental results [7, 8] which stated that a
more obvious graphite wearing away occurs
when the electrode is connected to the
discharge circuit of electric power impulse
generator as a cathode. It was stated in paper
[8] that the quantity of material drawn from
the electrode surface during the process of
electric discharges in impulse may be
determined according to:

m= kpUeji(t)dt 1)

in which k is the proportionality
coefficient; p is the density of the electrode
material, U, is the voltage decrease at the
electrode surface; i is the power momentary
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value of electric discharges in impulse; t is
the duration of the electric discharge in
impulse.

According to papers [7, 8] the ratio for
the same conditions of thermal or thermo -
chemical treatment will be the following:

m, U

a= a 2
m U, @)

C

in which my and m; are respectively

the anode and cathode worn away mass, U,
and

U. - the power decrease at the anode
and cathode surface. If we take into account
the fact that the graphite electrode wearing
away is higher when it is connected as a
cathode we have to conclude that the power
decrease at the surface is higher too:

UU, 3)

The higher the voltage decreases at the
cathode-electrode surface the bigger the
quantity of emitted energy at its surface which
is equal to:

W, =U_ [i(t)dt (4)

In conformity with the theory of
electroerosion the material from the anode
surface is drawn under the form of positive
ions while electrons are mainly emitted from
the cathode surface. These statements are not
valid for electrodes made of graphite used as
cathodes. As the process of electroerosion is
an electrochemical one and occurs at high
temperatures we may suppose that
recombining and dissociative processes take
place at the anode-electrode and cathode-
electrode surfaces and in the plasma channel.

Concluding from the real conditions
(working medium — air at atmospheric
pressure) we could make the following
assumption: due to the fact that the oxygen in
the plasma channel interacts more intensively
with the surface of the cathode — electrode,
oxidation reactions take place accompanied
by carbon oxide CO emission and possibly
the formation of carbon dioxide CO;
according to the reactions(Fig. 1, b):

C+0—->CO
C+20 - CO; (5)
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Fig. 1. Physical model of forming the graphite pellicle on the piece surface under the influence of electric
discharges in impulse: a) initial state of electrodes; b) formation of oxide dioxide carbon; c) electrifying the gas
molecule; e) formation of the graphite pellicle and of oxygen; f) the final state of electrodes.

The results obtained by the authors of
the paper [9] concerning the processes of
forming oxide pellicles on the metal piece
surfaces by applying electric discharges in
impulse may serve as confirmation of
graphite oxidation processes at the cathode
surface. The carbon oxide in the plasma of
electric discharges in impulse electrifies
negatively by picking up an electron and it is
pushed towards the anode piece (Fig. 1, ).

Due to the fact that the emitted energy
at the anode surface is greater than that in the
interstice the gas molecule dissociates into
carbon and oxygen ions (Fig. 1, d).The
oxygen ones return to the plasma channel and
again execute the superficial oxidation of the
cathode, while the carbon ones recombine at
the anode surface forming the graphite
pellicle (Fig. 1, e). Then the graphite pellicle
formed on the piece surface (Fig. 1, f) is
influenced by the heat emitted at the interface
with the plasma channel and is subjected to
processes of diffusion in the piece surface
accompanied by the formation of the
hardened stratum. However the erosion of a
certain amount of graphite from this surface is
not excluded in the last phase.

When the polarity is changed the tool-
electrode wears away less and under the

influence of the plasma channel energy the
diffusion of the graphite pellicle in the piece
and the micro hardening at the surface take
place, thus intensifying the functional
properties of the processed pieces.

The obtained experimental results are a
good confirmation of this. The experimental
research on the formation of graphite pellicles
on the transverse plate surface of the glass
molding form made of cast iron points out the
following: the analysis of the processed
surface morphology has shown that the
formations on the surface do not exceed
micrometric sizes. A considerable amount of
carbon (about 80 %) is found in the atomic
content besides initial components of the
processed material [10].

It cannot freely exist as it forms
connections in the metal structure forming
carbides (maybe diamond phases too) or in
separate structures under the form of graphite.

If we analyze what is represented in
Fig. 2 we may state that the greater part of
carbon transferred to the piece surface is
found at micrometric depths which gives us
the possibility to conclude that it is possible to
form separate carbon and graphite phases.
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Fig. 2. Carbon distribution in the processed surface.

The above said is supported by the
results obtained when testing the transverse
plates from the glass molding forms under real
conditions of exploitation. The thickness of
the graphite pellicles formed on the transverse
plate processed surfaces are within the limits
of nano- and micrometric scale. It was stated
that the transverse plates of the glass casting
forms on the surface of which graphite
pellicles were formed functioned in 57600
cycles with no modification of their geometric
form and dimensions.

Taking this into account experimental
research has been done in a technological
cycle to compare the wearing away of
transverse plates of glass molding forms. We
tested transverse plates covered with graphite
pellicles using the method of EDI and pieces
without deposits. After depositing the graphite
pellicle the transverse plate diameter increased
approximately by 14 um compared to the
initial diameter, that is, graphite deposits were
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formed with a thickness of about 7um on the
surface under the form of a pellicle. After
measuring the fissure of the iron cast
transverse plate covered with graphite after
functioning in the technological cycle (for
75 hours) it was possible to notice that its
dimensions along its active length did not
reach the initial quota, while the uncovered
transverse plate was greatly worn away at
about 10 um on some portions, on others there
was an increase of the initial dimension
because of the adhered glass mass. Comparing
the obtained results concerning the
dimensional wearing away of transverse plates
with and without graphite deposits we may
state that the ones that have graphite deposits
possess another reserve to function before
reaching the initial dimensions and, of course,
a considerable reserve before reaching the
value of the admissible technological fissure.
This proves that the graphite stratum
deposited on the functional surface
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simultaneously performs more functions: anti-
wearing away protection, exclusion of glass
mass adherence to its surface, it is a solid
ointment and it intensifies the piece
refractibility.

The practical applications, executed on
steels confirming the fact that when the tool-
electrode is used in any of the three suggested
regimes of processing (described in details in
papers [4, 6]) the white stratum of a certain
hardness is formed, confirm the model of
surface stratum formation when graphite is
deposited. The experimental research shows
that when the tool-electrode is used as cathode
[5] a white stratum is formed under the
graphite pellicle and its micro-hardness is
higher than that of the basic material by about
15...2 times. When the tool-electrode
functions in the regime of anode [8, 11] an
intensification of the micro hardness is noticed
by about 2-5 times; it is also noticed that the
surface gets oxidized when the graphite
pellicle is missing.

The surface hardening is probably
caused by the chemical-thermal effects that
are produced in the processed surface (micro-
hardening and enrichment with elements that
originate from the working medium: nitrogen,
oxygen and hydrogen). The above mentioned
confirms what was expressed in the initial
hypothesis about wearing away and graphite
transfer. When the combined regime of
processing is used, we may notice that the

Humax x108, Pa

maximum micro-hardness is obtained in two
passings, for the emitted energy in the
interstice of W=0,42 J and it makes
101,8x10°® Pa which is about 10 times higher
than the micro-hardness value of the material
used to make the piece Fig.3(2), after which
the maximum micro-hardness of the white
stratum decreases. For the energy emitted in
the interstice of W=0,58 J Fig. 3(3) the
maximum value of micro-hardness is also
obtained for two passings that make
47,88x10° Pa, being approximately 4 times
higher than that of the piece material, then
also following a decrease of maximum micro-
hardness at a greater number of passings. For
energy emitted in an interstice of about
W=0,26J the curve of maximum micro-
hardness of 22,6x10% Pa has an exponential
form Fig. 3(1) because the maximum micro-
hardness is obtained at a single passing. The
thickness of the white stratum does not exceed
10...11 pm for maximum values of micro-
hardness. In some cases, we can notice that
the white stratum micro-hardness decreases
while its thickness increases. This effect may
be explained both by the processes of
returning the material to the surface of the
piece that is treated thermo-chemically via
electric discharges in impulse and by the
surface stratum self destruction under the
influence of remanent voltages in it.
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Fig. 3. Dependency of micro hardness maximum value on the number of passings for pieces made of steel 45 after the
interaction of electric discharges in impulse through “cold” electrode spots for: C=8 uF; f=8 Hz; S=0,5 mm:
1)-W=0,26 J; 2)-W=0,42 J; 3)-W=0,58 J; the combined processing regime
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Thus, in the case of combined
processes, depending on the chosen
technological regimes of processing, the
increase if micro-hardening may be about
10 times higher than that of the material used
for the pattern.

Latest experimental research attests the
fact that the use of the graphite tool-electrode
for the surface processing via EDI improves
the mechanical properties at the macroscopic
level, such as the mechanic resistance at
tearing. The testing of patterns processed with
uni and bipolar impulses in the presence or
absence of the graphite pellicle showed that
the maximum tearing force for the steel St 3
covered with graphite constitutes 81000 N
and for the one that is uncovered - 80500 N,
that is, as a result of processing with graphite
the maximum tearing force increases with
500 N, which is not found when using
electrodes made of metal carbides, a case
when the maximum mechanic tearing force
decreases after the deposit from the
respective material is formed. That is why the
carbide pellicles could be convenient for use
in the formation of poli-component strata.

CONCLUSIONS

From what was shown in the present paper we
may conclude the following principled
moments:

e Graphite erosion IS strongly
conditioned by the energy emitted
supplementary in the interstice under the
influence of oxidation reactions;

e The graphite pellicle formation flows
more intensive when the tool-electrode is
connected in the circuit of discharge as
cathode;

e The formation of metal carbides with
an increased resistance to wearing away is
possible under the graphite pellicle deposited
on the piece surface;

e The deposited graphite  pellicle
simultaneously performs more functions: anti-
wearing away protection, exclusion of glass
mass adherence to its surface, it is a solid
ointment and it intensifies the piece
refractibility;
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e The micro-hardness of processed piece
surface stratum increases by about 10 times
in comparison with the micro-hardness of the
material used for execution at depths of
maximum 10-11um;

e The maximum force at mechanic
tearing (at stretching) increases with 500 N
compared to those not processed via EDI.
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Luminescence and optical absorption spectra of Ga,S; single crystals were investigated at temperatures of 78 K
and 293 K. Optical band gap is equal to 3.27 eV and 3.457 eV at 293 K and 78 K respectively. Luminescence spectrum
of single crystal lamellas at temperature of 78K consists of three bands with peaks at 2.04 eV, 1.84 eV and 1.66 eV.
Native structural defects form deep recombination and electronic capture levels localized within the Ga,S; band gap.

Keywords: Ga,Ss, single crystals, intercalation, photoluminescence, absorption.

Au fost obtinute spectrele de luminiscentd si absorbtie ale monocristalelor Ga,S; la temperaturi de 78 K si
293 K. Banda opticd interzisa are marimea de 3,27 eV la 293K si 3,457 eV la 78 K. Spectrul de luminescenta al
peliculelor monocristaluluipentru temperatura de 78 K este format din trei benzi cu valorile maxime de 2.04 eV,
1.84 eV si 1.66 eV. Defectele structurale proprii initiaza formarea nivelelor de recombinare si captare de electroni,

localizate Tn interiorul benzii interzise.

Cuvinte-cheie: Ga,S;, monocristale, intercalare, fotoluminescenta, absorbtie.

INTRODUCTION

Interest towards A)''B;' semiconductors,

which are still little studied, has increased
with appearance of papers demonstrating that
compounds of this group may have technical
applications  in  various  fields  of
optoelectronics, photonics and interferential
optics [1 - 6].

Ga,S, belongs to the class of materials
with native structural defects Ga,S;, which

are less investigated. High concentration of
native structural defects determines the
physical properties of this material, and
primarily, the low electrical conductivity.
Being a semiconductor with wide band gap,
Ga,S, is  characterized by  strong

photoconductivity in the blue-violet region of
the spectrum [7, 8]. f—Ga,S; has wurtzite-
type structure with cell parameters: o =
3,678A, ¢ = 16,018 A [9, 10]. Due to specific
structural bonds, single crystals of g —Ga,S,
can be easily split in the perpendicular
direction to the C axis. Ga,S, is considered a
prospective material for various technological
applications: neutral layer heterojunctions [4,
5, 11], optical and optoelectronic applications
[12, 13], photovoltaic structures [14, 15] and
luminescent screens [16, 17]. In recent years,
the attention of researchers is focused on
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radiative properties of gallium sulphide doped
with Mn", Ag’, Cu’, Ge si Sm [19-21]. These
dopants form deep recombination levels and
luminescence centers related to vacancy of
metal sublattice.

Fundamental band edge absorption
(AO) spectra and photoluminescence (PL)
spectra of Ga,S, compound intercalated with

Cd in vapor phase are analyzed in the paper.
EXPERIMENTAL METHODS

PL and AO spectra were measured for
plan-parallel plates of Ga,S, and Ga,S,

intercalated with Cd in vapor phase. Optically
homogeneous Ga,S, single crystal layers

with 2...8 mm? area and thickness varied
from ~50 pum to 1...2 mm, were obtained
using I, vapor transport at normal
atmospheric pressure. As transport material,
single crystals grown by Bridgman method
from primary elements of Ga (4N) and S in
stoichiometric ~ proportions  were  used.
Optically transparent plates of S —-Ga,S,
with perfect surfaces were grown at
temperature gradient of ~20° cm™. Single
crystal plates of g —Ga,S, were intercalated

with Cd from vapor phase by means of heat
treatment at T = 500 K for 6 h.
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Photoluminescence at 78 K and 293 K
was registered for single crystal layers of
Ga,S, with the optical axis (Ce)
perpendicular to the sample surface. Cd
excess was evaporated from the Ga,S, plate

surface by heat treatment in vacuum at
temperatures of 400...420 °C for 30 min.

The spectral characteristics of AO and
PL spectra were registered using a
spectrophotometer assembled on MDR-2
monochromator with diffraction grating
(1200 mm™ and 600 mm™). As a light source
for optical measurements (transmission and
reflection) at temperature of 293 K, a lamp
with W filament was used.
Photoluminescence was excited with He - N;
laser radiation (1= 337,4 nm). Excitation
radiation density was varied using neutral
density filters (thin layers of Pt on amorphous
quartz supports).

EXPERIMENTAL RESULTS

Absorption spectra of g —-Ga,S; single
crystals with hexagonal crystalline structure
are shown in Figure 1 at 78 K (curve 1) and
293 K (curve 2). Two pronounced sectors
with slopes of 3,15...3,20 eV and 3,33...3,35
eV are manifested on the line of a(hv)
dependence at T=293 K. The second sector
probably corresponds to the direct optical
transitions between the valence band (VB) top
and conduction band (CB) bottom.
Fundamental band edge absorption in Ga,5;
crystals at 293 K is located in the energy
range of 3,32...3,36 eV. Extrapolating linear
segment of the f(hv) dependence at ¢ —0,

it was appreciated the width of band gap of
p—Ga,S, crystals equal to 3,27 eV.

Relatively high values of absorption
coefficient in the region of 3,20...3,33 eV are
caused by the interaction of photon-electron-
phonon type.

At low temperatures (Figure 1, curve 1),
two narrow absorption lines are manifested at
3,48 eV and 3,42 eV. Rapid decrease of these
bands intensity with increasing temperature
indicates the excitonic nature of these lines.
Considering the excitons in f-Ga,S,

crystals with structural defects as having large
radii (Vanier Mott excitons), the binding

energy of the electron-hole pair is estimated
to be equal to 72 meV, width of band gap is
equal to 3,475eV at T=78 K.

© 1200 F Ga,s, 23/

—e—T=78K / E,_,=3403 eV
1000 —4—T=293K l E =3457 ¢V
n=2 '
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Fig. 1. B —Ga,S, single crystals absorption spectra at
78 K (curve 1) and 293 K (curve 2).

Photoluminescence spectrum of
p—Ga,S, crystals at T=78 K (Fig. 2)
consists of a dominant intensity band at
1,873 eV and a low intensity one with
maximum at 2,84 eV. Since Ga,S, crystals

are of n-type, energy of levels corresponding
to these PL bands can be equal to 0,43 eV and
1,40 eV above the valence band maximum.

Relatively large width of the dominant
PL band and the lack of vibrational structure
indicates a strong phonon emission. PL band
half-width in the temperature range of
80 = 293K weakly depends on temperature
(increases by about 30 meV), which is in
good correlation with the Debay temperature
(6~280K).
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Fig. 2. Photoluminescence spectra of (m,5; single
crystal at 78K.

If we admit that the luminescence is
caused by radiative transitions of electrons
from the conduction band to deep acceptor
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levels, then the energies of these two levels of
recombination (electron-hole) are found at
0,72 eV, and, respectively, at 1,62 eV above
the valence band maximum.

Currently, there is no well-argued
theory regarding the energy states of intrinsic
and dopant electros. But analyzing the
obtained results for two limiting cases, the
strongly doped semiconductors [4, 5] and
amorphous semiconductors [6], we can admit
that the electronic bands on the edge of
Brillouin band are easily curved, entering the
band gap. Thus, optical transitions can occur
between the VB and CB tails. Relatively high
absorption coefficient in the middle slope can
be explained by the presence of these
absorption mechanisms.
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Fig. 3. Photoluminescence spectra of Ga,S, single

crystal layers (d=58 um) at temperature 78 K for
various excitation densities.

Further, we analyze the the
photoluminescent properties of Ga,S, single

crystal plates with thickness of 58 um. PL
spectra at three excitation  densities
(800 W/cm?, 500 W/cm? and si 60 W/cm?) of
Ga,S;3 single crystal plates at 78K are shown
in Fig, 3. As we can see, PL spectra cover the
wide range of energies from 1,5 eV up to
3,1 eV. PL intensity slowly increases in the
range of absorption band edge, which, as
noted above, may be determined by electronic
transitions between the energy bands tails.
The low intensity of photoluminescence is
probably caused by high probability of non-
radiative transitions between these states.

The intensive luminescence begins at
energies less than 2,5 eV. Starting with the
energy of 2,5 eV, PL increases rapidly
irrespective of excited beam density and
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reaches the maximum value at
1,84...1,95 eV. The PL band in this spectral
region is due to overlapping of three PL bands
with maxima at 2.04 eV, 184 and
1,67...1,65 eV. As we can see, comparing the
curves a, b and c (Fig. 3), the intensity of this
band depends ambiguously on the excitation
beam intensity. Peculiarities at 2,39 eV and
2,74 eV (Fig. 3) are determined by the
presence of two acceptor levels localized at
0,92 eV, and, 0,47 eV respectively above the
valence band edge [7].

PL spectra of Ga,S, single crystals

subjected to the heat treatment at 480 °C for
6 h in Cd vapors are shown in Fig. 4, a.
Energy of PL bands, as well as probable
interpretation of the PL spectrum structure are
presented in the Table.

Particles energy in absorption and luminescent spectra
of Ga,S; and Ga,S;3:Cd single crystals.

Optical
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The PL integral intensity of the
dominant band (hv =~183eV ) decreases by
more than 5 times in the temperature range
from 78 K up to 293 K (room temperature).
The temperature quenching of the dominant
PL band with a maximum in the region of
1,64...1,76 eV is shown in Fig. 4, b. As one
can see, the PL intensity (L) of Ga,S,

crystals intercalated with Cd is well described
by the formula:
AE
L= L(O)(1+ exp Fj (1)

where AE is the energy of temperature
quenching of photoluminescence, L(0) is PL
intensity at T=0K, K is the Stefan-Boltzmann
constant.
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The PL intensity decreases by
exponential law with the factor of 60 meV in
the temperature range of 79...293 K, and this
quenching is stronger at higher temperatures,
the exponent factor being 100 meV. Thus, in
Ga,S, crystals intercalated with Cd, the

thermal activation energy for orange band is
60 meV and 100 meV.
The PL spectra of Ga,S, crystals at

excitation densities from 60 W/cm® to
800 W/cm? are presented in Fig. 5. As one
can see, the L(W) dependence may be
described by a power law of type:

LooWP (2

8
\\{‘\
P
= .
P
= 3>
e 3
In(L/L-1)
/
z

Fotoluminescenta, unit. arb.

Fig. 4. Photoluminescence spectra of Ga,S, single

crystals intercalated with Cd (a) and temperature
quenching of the dominant PL band with a maximum
in the region of 1,64...176 eV (b).

The p index is a photoluminescence
kinetics characteristic, which can be found
from Fig. 5. This parameter is equal to 0.9
and 1,0 for 2,04 eV and 1.84 eV bands
respectively, that indicates that these bands
are due to monomolecular Kinetic processes.
The p parameter is equal to 1,4 for 1,65 eV
band and this band is of recombination nature.

1000 F

—e— hv =1.66eV
—=— hv=1.84eV
—a— hv,=2.04eV
=2.50 eV

1
2
3]
4

100 ¢

x10

[y
o
T

PL Intensity (arb. units)
=

01F

1 10 100 1000 10000 100001

W (10° cm?)
Fig. 5. The dependence of PL intensity, L, on
excitation density power, W, for single crystal layers of

Ga,sS,.

From the analysis of the absorption and
photoluminescence spectra at temperature
78 K and 293 K, as well as temperature
quenching, the diagrams of possible radiative
energy transition in Ga,S, and Ga,S,
crystals intercalated with Cd were elaborated

(Fig. 6).

BC

3457V Bs

BC

3,457V A4

*E

Al

—

BV 2

Fig. 6. Diagram of recombination levels in Ga,S, (a)

and Ga,S, crystals intercalated with Cd (b) at
temperature of 78K.

CONCLUSIONS

Heat treatment of single crystals in Cd
vapors at temperature of 480 °C changes the
diagram of levels of recombination luminescence.

Cd atoms intercalated in Ga,S; form
recombination deep levels with energy of 0,72 eV

and 1,62 eV.
The diagram of radiative levels within the

band gap of Ga,S, compound, formed as a result
of heat treatment in Cd vapors at temperature

480 °C, was elaborated.
It was established that direct optical

transitions in single crystal layers of S —Ga,S,

take place both at the temperature of 78 K and
293 K. The band gap energy is equal to 3,27 eV at
temperature of 293 K, and 3,457 eV at 78 K.
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ESENTA SI EFECTELE COMPENSARII ERORILOR LA PRELUCRAREA MECANICA
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Moldova
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In lucrare este analizat fenomenul compensarii erorilor la prelucrarea mecanica, sunt prezentate modalitatile de
determinare a tolerantelor si a abaterilor limitd pentru elementele lanturilor dimensionale tehnologice. Se arata, ca
respectarea principiului orientarii invariante la prelucrare permite sporirea preciziei prin manifestarea fenomenului de
compensare a erorilor si in primul rand a erorii de instalare. Conditiile de prelucrare devin mai stabile, tolerantele

adaosurilor de prelucrare - mai mici.

Cuvinte-cheie: prelucrare mecanica, precizia prelucrarii, analiza dimensionald, compensarea erorilor, abateri

limita.

In the paper the analysis of the effect errors’ compensation of machining is made, there are shown the ways of
definition of tolerance and limit deviation of component links and closing link of technological dimensional chains. It is
shown, that the observance of a principle of persistence of bases while machining allows to increase the processing’s
accuracy at the expense of the effect of errors’ compensation and, first of all, of the installation errors. The machining
conditions become more stable, the machining allowances’ tolerances smaller.

Keywords: machining, machining accuracy, dimensional analysis, errors” compensation, limit deviations.

INTRODUCERE

Conceptul contemporan al fabricarii prin
prelucrare  mecanicd  prevede  utilizarea
utilajului Tn care sunt inglobate in afara
functiilor de prelucrare si functii de elaborare a
proceselor tehnologice si a programelor de
prelucrare. Varietatea mare de produse,
schimbarea frecventda a conditillor de
functionare duce la cresterea cerintelor fata de
calitatea proceselor tehnologice, mai ales, in
sensul micsorarii  rolului  traditional al
operatorului §1  micsorarii  numarului  de
interventii  ale operatorului cu corectii
operative. Creste substantial ponderea deciziilor
tehnologice luate definitiv Thainte de inceperea
prelucrarii. Utilajul tehnologic este
polifunctional, ce permite executarea unui mare
numar de faze tehnologice deosebite prin
precizie si efectul tehnico-fizic utilizat Tn cadrul
aceleiasi operatii. Nu mai este valabila
interdictia de comasare intr-o operatie a fazelor
tehnologice de degrosare si finisare, calirea se
poate face cu raze laser pe masina unealtd de
prelucrare  mecanica  fiind posibila  si
rectificarea ulterioara a suprafetelor respective.

Aceste modificari cu caracter conceptual
necesitd noi solutii in procesul de asigurare a
calitatii si in primul rand ai parametrilor
preciziei de prelucrare, care este asiguratd mai

lesne la respectarea principiilor coincidentei
bazelor si orientarii invariabile.

Tn cazul proceselor tehnologice cu multe
operatii tehnologice, la fiecare din urmatoarea
schema de orientare poate fi aleasa astfel incéat
sa fie respectat principiul coincidentei bazelor
tehnologice de instalare si constructive de
masurare. Prelucrarea integrald a unei piese
dintr-o singura instalare exclude pentru
majoritatea cotelor posibilitatea respectarii
principiului  coincidentei bazelor, deoarece
cotele constructive sunt stabilite reiesind din
functionalitatea piesei, iar pe masini unelte pot
fi asigurate distante liniare sau unghiulare
dintre organele de lucru. Astfel creste
considerabil ~ rolul  principiului  orientarii
invariante in situatia cand cotele se formeaza de
la suprafata de orientare sau de la o suprafata
generata in cadrul aceleiasi operatii.

Analiza dimensionald a proceselor
tehnologice este o metodologie care ofera
posibilitatea stabilirii relatiilor dimensionale la
etapa de elaborare a procesului tehnologic,
permite stabilirea preciziei de prelucrare,
alegerea corectd a masinilor unelte dupa
precizia de prelucrare, stabilirea normelor de
precizie pentru echipamentul tehnologic,
permite depistarea locurilor inguste, face ca
procesele tehnologice sa fie echilibrate [1, 2, 3].
In acelasi timp, abordarea problematicii
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analizei dimensionale se face de pe pozitii
deosebite. Traditional, analiza dimensionala
pentru cotele liniare se face utilizandu-se
metoda maximului si minimului, mai rar -
metoda probabilitatilor. Metoda maximului si
minimului nu este satisfiacatoare, deoarece
precizia asigurata este estimata la nivel mai jos
decat cea reala. Altfel spus, pentru cotele-
elemente ale lanturilor dimensionale se

Analiza  dimensionala  1n  varianta
maximului §i minimului este bazata pe faptul ca
formarea tuturor cotelor-elemente ale lanturilor
dimensionale se produce in mod independent.
Aceastd independentd face «ca toleranta
elementului de Iinchidere sa cumuleze
tolerantele elementelor componente (Fig. 1, b).
Logic este de afirmat, ca la formarea cotelor in
mod dependent sau partial dependent, utilizarea

stabileste o precizie de prelucrare mai mare  metodei maximului si minimului nu este
decét este Tn realitate necesar. Acest fapt are loc  corecta.
datorita efectelor de compensare a erorilor [1,
2, 3, 4] de care, de obicei, nu se tine cont.
M
L
A
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o l @y
|
! 2N
|
Aga |
|
o) P i —
|
|
— . —
@ 2N o°
[ : >
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Fig. 1. Compensarea erorilor la prelucrarea mecanicd: a) lant dimensional
tehnologic; b) rezolvare in varianta “maximum-minimum”;c) modificarea
campului de tolerantd al elementului de inchidere; c) modificarea pozitiei
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campului de toleranta al elementului de inchidere (rezolvare exacta).
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ESENTA COMPENSARII ERORILOR

Formarea corelata a cotelor se explica prin
existenta in anumite situatii n structura erorilor
de prelucrare a componentelor - vectori de
aceiasi directie (erori provocate de cedarea
elementelor sistemului tehnologic, de uzura
sculelor, de orientare, etc.). Astfel, de exemplu,
un element de marire (conform schemei
lantului dimensional, Fig. 1, a) prin unele
componente ale tolerantei sale este de marire,
prin altele este de micsorare si invers (fig. 1, ¢).
In aceste situatii lantul dimensional nu mai este
omogen deoarece nu mai include elemente cu o
influentd strict de marire sau strict de
micsorare.

Prezenta in lanturile dimensionale a unor
elemente cu influentd contradictorie modifica
modalitatea de cumulare a erorilor - o parte de
erori se compenseaza reciproc.

Tn conformitate cu metoda maximului si
minimului toleranta elementului de inchidere

@, este constituitd prin cumularea tolerantelor

elementelor ~ componente.  Prezenta  in
componenta campului de tolerantda al
elementului L (de micsorare) a erorilor cu efect
de marire duce la aparitia erorilor compensabile

—_—

o si oy, . Compensarea are loc numai la

marimea efectului comun ambelor elemente si
reprezintd  valoarea minimd a erorilor
compensabile ale elementelor M si L adica:

®° =Min{ oy, ,o[ } (1)
Prin urmare, toleranta elementului de
inchidere se va determina din relatia:
05 =0y +o, —2-&° 2)
Compensarea erorilor nu numai ca
modifica cadmpul de toleranta al elementului de
inchidere, dar si-l deplaseaza fatd de pozitia
determinatd prin metoda maximului = si
minimului (fig. 1, ¢) in directia vectorului erorii

de compensare la distanta § = ®° .

In caz general, efectul de compensare
poate avea loc datoritd existentei a trei perechi
de vectori compensatori - cu directii opuse si

aleatorie ®°, @° si ®°, fiecare dintre care
se determina din relatia de tipul (1), iar ®; va
avea forma (Fig. 1, d):

—_— e

5=y +a, —2-(0° +0° +°) (3)

Pozitia modificata a cdmpului de toleranta
va fi determinatd de vectorul rezultant

—

S=0°+0° (vectorul ®° nu modifica pozitia
campului de tolerantd).

EFECTELE COMPENSARII ERORILOR

Lanturile dimensionale cu efecte de
compensare au caracter situational. Una si
aceiasi cotd poate face parte simultan din doua
sau mai multe lanturi dimensionale, in care
efectele de compensare pot fi diferite sau nule.

Efectele de  compensare  provoaca
dezechilibrarea lantului dimensional constituit
prin metoda maximului §i minimului. Solutii
corecte pot fi obtinute prin utilizarea
conceptului de lant dimensional echivalent in
care echilibrul este asigurat de modificarea
tolerantei si  abaterilor cotelor elemente
componente. Aceastd modificare este valabila
numai in cadrul lantului concret.

Efectele de compensare a erorilor permit:

e obtinerea unei precizii mai inalte a
elementului de inchidere in comparatie cu
precizia estimatad prin metoda maximului i
minimului;

e executarea cotelor - elemente componente
ale lantului dimensional - cu 0 precizie mai
joasd de cat cea determinatd prin metoda
maximului §i minimului.

Prima posibilitate este reflectata de
micgorarea tolerantelor cotelor elemente
componente M si L in lantul dimensional

echivalent cu @° +° +®° , fiind valabile
relatiile:

ESE =S,y +&-0° +(|g-1)-0f —0° 12

B =Ely +(£+1)-0° +[¢] 0 +0f /2
Es°:ESL+(|§|—1)-E+§-E—E/2 @
EIf =El_+|d]- 0 +(£+1)-0° +0° /2

0= oy +(E-]g 4 1)-(0f —0)

unde ES, El, 4,, si ES, EI°, A;,— abateri

limita ale cotelor elemente componente M, L si
coordonatele mijlocului campurilor de toleranta
ale elementului de inchidere in lantul
dimensional traditional si respectiv in lantul
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echivalent, & - parametru (=0 pentru cazul

A . . c . . o ..
coincidentei vectorului @~ cu directia formarii
cotei - element de marire a lantului dimensional

si ¢ =—1pentru cazul incoincidentei lor),
A doua posibilitate este reflectatd in
relatiile:
ESy =ESy —&-0° —(|¢|-1)-0° +0° 1 2
Ely =Ely —(£+1)-0° -|¢-0° -0° | 2
ES{ =ES, —(|¢|-1)-0° —¢-0° +0° /2
EIf =Bl —|f 0°-(£+1) 0° -0 /2 )

0 (1+2-8) -0 -(1-2-J¢])
2

0 -(1-2:J¢)- 0" (142:¢)

2

unde 4,,, , 4y si 4, , 4, - coordonatele

mijlocului campurilor de tolerantd ale cotelor
M si L elemente componente ale lanfurilor
dimensionale  traditional  §i  respectiv
echivalent. In acest caz tolerantele cotelor
elemente componente M si L in lantul
dimensional echivalent se majoreazd cu

—_—  ——  —

¢ _
A =4y +

AZL =4 —

®°+o° +®°, coordonata  mijlocului
campului de tolerantd a elementului de
inchidere A ramane neschimbata si
determinati de relatia Ag,=4,,.

Analiza dimensionald pentru cotele
diametrale ale suprafetelor cilindrice (calculul
adaosurilor de prelucrare, dimensiunilor
intermediare, etc.) la faze succesive se face in
mod diferit pentru cazurile cand precizia este
asigurata prin metoda individuala (cote formate
independent) si pe masini unelte reglate
anterior (cote formate corelat in baza legii
copierii erorilor). Deosebirea este reflectatd in
valoarea tolerantei adaosului de prelucrare,
respectiv:

Wy =0+

1 (6)

Wy =0W_1 — @ . (7

Aici A este element de Tnchidere - adaosul

de prelucrare, i-1, si i sunt faze tehnologice
succesive.

In realitate, erorile provocate de cedarea

elementelor sistemului tehnologic nu au un
efect dominant, in afard, doar, de unele cazuri
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specifice. Analiza dimensionald cu efecte de
compensare duce la relatia
O, =W+, —2-0°. (8)

Rezultatele obtinute din abordarile bazate
pe efectele de compensare si pe actiunea legii
copierii erorilor vor coincide numai daca
O -0, =0_+0,-2-0°sau ©° =w,, ce
corespunde, de fapt, conditiei compensarii
tuturor componentelor erorilor de prelucrare la
faza tehnologica i. Aceasta conditie nu poate fi
indeplinita si, prin urmare, abordarea bazata pe
legea copierii erorilor estimeaza precizia de
prelucrare mai inaltd decat cea reala.

Astfel se poate afirma ca precizia de
prelucrare pentru elementul de Tnchidere a
lantului dimensional este estimata prin metoda
maximului §i minimului ca mai joasa (6), prin
metoda bazata pe legea copierii erorilor ca mai
inaltd (7), iar prin metoda ce ,ine cont de
compensarea erorilor - ca solutie exacta (8).

COMPENSAREA ERORILOR LA
PRELUCRARI DINTR-O INSTALARE

Tn procesul de prelucrare pe piese existi
doua sisteme de suprafete: suprafete, starea
carora nu se modificd pe parcursul operatiei
(suprafete neprelucrate, suprafete — baze
tehnologice); suprafete prelucrate.

In rezultatul prelucrarilor se modifica trei
multimi de relatii dimensionale:

e mulfimea relatiilor dimensionale dintre
suprafete prelucrate in cadrul operatiei
si suprafetele — baze tehnologice;

e mulfimea relatiilor dimensionale dintre
suprafete prelucrate si  suprafetele
neprelucrate 1n cadrul operatiei;

e multimea relatiilor dimensionale dintre
suprafete prelucrate in cadrul operatiei;

Aceste trei multimi se deosebesc intre ele
prin modalitatile diferite de formare a preciziei.

Precizia cotelor dintre suprafete prelucrate
in cadrul operatiei si suprafetele — baze
tehnologice este determinata in mod direct de
precizia tehnologica a masinii unelte (fig. 2, a):

WD = Wigen1L )

Cotele dintre suprafetele prelucrate si cele
neprelucrate se formeaza in mod indirect de la
baza tehnologica. Astfel precizia lor este
determinatd de precizia tehnologicd a masinii
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unelte .., scade datorita erorii de orientare

Eoe (fig. 2, b), se Imbunatateste datorita
efectului de compensare a erorilor, care are
caracter interoperational (2 - @gomp ) [2]:

WO = Oep + E)c — 2- @ comp (10)

Etech L Erech L
~
2 &/
S
= ~
~
8]lm;

a

Fig. 2. Formarea preciziei de pre-lucrare a
cotelor: a) dintre suprafata prelucrata si baza
tehnologica; b) dintre suprafatd prelucrata si
suprafata neprelucrata.

Constituirea relatiilor dimensionale dintre
suprafetele prelucrate este posibild in doud

variante. Una din ele prevede prelucrarea
suprafetelor respective la cote controlate de la
baza tehnologici. In rezultat, cotele dintre
suprafetele prelucrate reprezintd elemente de
inchidere ale lanturilor dimensionale (fig. 3).
Eroarea de orientare este nula la prelucrarea de
la o singurd baza tehnologica (Fig. 3, a), sau
nenuld la prelucrarea de la diferite baze (fig. 3,
b), si partial se compenseaza (Fig. 3, ¢, zona
hasuratd) fiind parte a componentei 2 @gopp .
Atunci:

WO = Oepy T Dgenn — 2- a)comp- (11)

In varianta a doua, cotele se formeaza in
mod direct intre suprafetele prelucrate fara
participarea bazelor tehnologice (Fig. 4). In
calitate de elemente de referinta sunt:

o suprafetele prelucrate in cadrul operatiei
actuale;

e orice suprafatd de pe dispozitivul de
instalare, de pe organul de lucru al masinii
unelte;

e puncte, suprafete din
coordonate a masinii unelte.

spatiul  de

Fig. 3. Formarea preciziei cotei — element de inchidere a lantului dimensional. tehnologic

Otech M
S
@)@/CD

2e50m 3 B >
L (o)
loc. dat™
surface > Efix
®)
Oech L

a

Otech M Ofech M
oW J oW >
< Byt NS

s
L (ep) L (@)
~ Binst >~
&) )
Wrpecn L Otecn L
C

Fig. 4. Modalitati de formare a preciziei de prelucrare a cotelor dintre suprafetele prelucrate.
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Din fig. 4 se vede ca eroarea de instalare
nu influenteaza precizia cotei formate. Mai
strictd este altd afirmatie. Deoarece prelucrare
are loc de la aceiasi baza tehnologica — eroarea
de instalare este compensatd in intregime (fig.
4, a). In acelasi context, se poate spune ci la
fixarea repetatd a piesei apare o zond ce nu se
mai compenseazi — eroarea de fixare 2é&g,
(Fig. 4, b). Schimbarea bazelor tehnologice
duce la marirea zonei de erori necompensabile
determinata de valoarea erorii de instalare -
2ginstal (Fig- 4, C)-

Respectarea principiului orientarii
invariante permite ca cota tehnologica sa
coincida cu cota constructiva derivatd. Daca se
formeaza o cota dintre doua suprafete si punctul
de referintda se afla pe una din ele, atunci

precizia de reglare @y peste influentata
numai de eroarea pozifionare in coordonata
celeilalte suprafete €0, (fig. 5, a). Situatia este

caracteristica prelucrarilor pe masini cu control
numeric in coordonate relative. Daca punctul de
referintd se gaseste 1n afara suprafetelor

prelucrate, atunci in structura @y, intra

Reference’s

Reference’s

Fig. 5. Formarea erorii de instalare

Distanta L se formeaza pe masini unelte
cu precizia reglarii @gq_yp . Cota pe piesd L
dintre punctul de referinfd in apropierea
suprafetei S, si suprafata S, se formeaza cu
precizia  tehnologicd a masinii  unelte
Wyechy (fig. 6, a). Pozitia suprafetei S; dupa
prelucrare este nedefinita in limitele propriilor
erori de prelucrare si este determinatd de
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precizia cotei M formata de la baza tehnologica
Wecnm (fig. 6, b). Se compenseaza in intregime

eroarea de instalare, situational se compenseaza
eroarea de reglare si erorile de prelucrare.
Astfel avem:

O = Opep T Oy — 2: Eingt ~ 2: Esettwp ~ 2 Oomp (12)
Reference’s
point \/!\@ne@lmM
1@/
m&ﬁﬁw TS

s

Zegze L@y

®

Oeen L.

Fig. 6. Formarea preciziei cotelor dintre suprafete
prelucrate

Adaosul de prelucrare este si el o cota cu
caracter temporar, care se formeaza dintre o
suprafatd ce dispare in procesul prelucrarii si o
alta suprafatd generatd in rezultatul prelucrarii.
Utilizarea relatiei 12 pentru adaosuri permite sa
se afirme ca efectul respectarii principiului
orientdrii invariante se manifesta prin cresterea

. . L TS
preciziei tehnologice a masinii unelte @,
datorita micsorarii tolerantei adaosului de
prelucrare si sporirii stabilitatii procesului de
aschiere.

CONCLUZII

Conceptul contemporan in  domeniul
tehnologiilor de prelucrare mecanicd a schimbat
esential accentele referitor procesul de
asigurare a preciziei. Rolul operatorului ca
factor decizional a scazut odatd cu cresterea
ponderii solutiilor tehnologice luate pana la
inceputul prelucrarilor. Un rol deosebit apartine
analizei dimensionale in varianta exacta ce fine
cont de compensarea erorilor.

Utilizarea analizei dimensionale cu efecte
de compensare permite o estimare mai exacta a
preciziei de prelucrare in sensul ca se exclude o
rezerva nejustificatd a preciziei de prelucrare.
Cotele tehnologice — elemente componente ale
lanturilor dimensionale tehnologice pot fi
executate la o precizie mai joasa.
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Respectarea principiului orientarii
invariante ofera posibilitatea asigurarii preciziei
de prelucrare necesare mai lesne in baza
efectelor de compensare a erorilor.
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PHOTOLUMINESCENCE OF NANOLAMELAR STRUCTURES WITH METAL DOTS
OBTAINED BY GaS MONOCRYSTAL INTERCALATION

Caraman lu.}, Stamate M.}, Evtodiev S.?", Untila D.?, Luchian E.}
Leyvasile Alecsandri” University of Bacau, 157, Calea Marasesti, Bacau, 600115, Romania
’Moldova State University, 60, Alexei Mateevici str., Chisinau, MD-2009, Republic of Moldova
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In this work are studied photoluminescence (PL) spectra from GasS crystals and GaS crystals intercalated with Zn
and Cd atoms. Metal atoms were intercalated by 6 hours heat tratament at the temperature of 750 K in metal vapor
atmosphere. Gallium dots are created on external surface and between S-Ga-Ga-S packages. This dots are aranged as
distorted hexagons. Zn intercalation leads to formation of two PL bands with maximum at 2.12 eV and 2.84 eV,
energyes. PL spectra of Cd intercalated crystals containes one simple contour band at 293 K, and two bands at 78 K.
Band with maximum at 2.424 eV has a complex structure, composed by fononic repeats of indirect excitons emission.

Keywords: Gas, single crystals, intercalation, photoluminescence, thermal treatment.

In lucrare sunt studiate spectrele de fotoluminescenta (FL) a cristalelor de GaS si Gas$ intercalat cu atomi de Zn,
si Cd. Intercalarea cu Zn, si Cd, a lamelor de GaS s-a efectuat prin tratament termic la temperatura 750 K, timp de 6 ore,
in atmosferd de vapori ai metalului. Pe suprafata exterioara si in spatiul dintre impachetarile S-Ga-Ga-S se formeaza
puncte de Ga, aranjate preponderent sub forma de hexagoane deformate. Intercalarea cu Zn conduce la formarea a doua
benzi de FL cu maxim la 2,12 eV si, respectiv, 2,84 eV. Spectrul de FL a cristalelor GaS intercalate cu Cd contine o
banda cu contur simplu la temperatura T=293 K; si doud benzi la T=78 K. Banda cu maxim la 2,424 eV are structura
compusa din repetari fononice ale emisiei excitonilor indirecti.

Cuvinte-cheie: GaS, monocristale, intercalare, fotoluminescent, tratament termic.

INTRODUCTION

GaS compound is a n type
semiconductor, with large band gap. The
conduction band absolute minimum is
localized on M point of Brillouin zone.
Because valence band maximum is localized in
the center of the Brillouin zone, Gas is a tipical
semiconductor with an indirect band gap.
Reserchers are interested in this material
because it has optical and electrical properties
making it a perspective material for optico-
electronical devices in UV and visible spectra
region [1-3]. Practical utilization posibility is
strong related to the problem of absorbtion and
emission properties control. These properties
depends on impurity levels’ energy localized in
the band gap. Impurity levels’ caracteristics
can be established from photoluminescence
and light absorbtion measures in undoped and
doped crystals with various chemical elements.
In undoped crystals by means of electrical and
photoelectrical properties measures impurity
levels’energies, localized at 0,17 eV, 0,45 eV,
0,56 eV have been determined [4]. The n and
p-GasS crystals PL occures by donor-acceptor
recombination. At low temperatures (78 K), in
n type samples three bands are differentiated:
two with low intensity, at 2,22 eV and 2,02 eV,
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and one intensive band at 1,59 eV [5]. GaS
crystals doping with elements from 1, 1, V
groupes (Cu, Zn, P) leads to formation of new
PL bands. So, in Zn doped crystals, in
absorption band edge region, at the same time
with emission bands of indirect excitons with
fonon emission at 2,510 eV, 2,550 eV,
2,534 eV, 2,521 eV, 2,480 eV, one band in red-
orange region, with maximum at 1,55 eV can
be observed. This band can be interpreted as
emission from acceptor-vacantion complex
center [6, 7]. Also, formation of recombination
PL centers, by vacance-acceptor type, who
emits a large PL band, with maximum at
2,12 eV takes place. I, molecules form deep
donor levels (0,44 eV) in GaS crystals. GaS
compound cristallizes as layerd packages of
S-Ga-Ga-S type. Valence bond at packages’
surface are closed. This ensures a low density
of surface states. The chemical bonds betwen
packages are weak, this permits intercalation of
different nature atoms and molecules between
S atoms plans, which in some conditions
(concentration, temperature) forms new
valence bonds. In this work PL from GaS
lamella in wich were obtained metal dots
complex structures, by intercalation with Cd
and Zn atoms are studied.
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EXPERIMENTAL METHOD

GaS monocrystals were grown by
Bridgman method, from  elementary
components Ga (5 N) and S (5 N) taken in
stoichiometrical quantities. From massive
crystals, plates of 0,1...0,5 mm thickness, and
3+5 cm? surface were cleaved. GaS plates
together with Zn (Cd), taken in 5 % quantity of
GaS plate weight, were introduced in SiO,
ampulla, which were welded after air
evacuation (remanent presure ~ 5-10° Torr).
Cd (Zn) atoms diffusion process occurs 6 hours
at ~ 750 K. Metal vapors pressure at this
temperature was ~ 10 mm col. Hg, for Cd, and
~ 2 mm col. Hg, for Zn.

Primary  crystals had n  type
conductibility. In result of heat tratament in Cd,
and Zn, vapors conductivity type has changed
in p. Electrons concentration in undoped Gas,
measured at 420 K, was 5-10"° cm™. PL was
measured from 78 K to 300 K. Sample
temperature was measured with a T type
thermocouple. PL activation was performed
with He-N, laser radiation (1=337,4 nm;
average power ~ 100 mWt). Laser radiation
intensity could be attenuated by ~ 30 times,
using neutral filtres. PL spectra from
perpendicular surface to C axis, were analized
with MJIP-2 monochromator with 600 mm™
difraction grating and registred with a ®3VY-59
photomultiplier with multialkalin cathode.

EXPERIMENTAL RESULTS

In Fig. 1 AFM image of GaS lamella
(0001) surface, treated in Zn vapors at the
temperature of ~750 K 30 min (a) and 6 h (b)
(Zn concentration was ~2 mg/cm®) is shown.

In this figure, liquid points can be clearly
observed at the temperature of 303 K. Because
Zn and his S and Ga solutions have a highest
melting temperature, this points can be
interpreted as Ga liquid points. As it can be
seen, Ga nodes have ~10 nm dimension. Metal
points are arranged in hexagones.

It can be observed that this spectrum is
composed of 2 bands. The first band localized
in the fundamental band region has low
intensity. This band is composed from two
subbands at less, with maximum at 2,49 eV and
2,52 eV.

Fig. 1. AFM image of (0001) GaS lamella surface, treated in
Zn vapors, at the temperature of ~750K, 30 min (a) and 6 h (b).

In Fig. 2, GaS lamella PL spectrum (at
the temperature of 78 K) before Zn vapor
tratament, is shown.

2,32
75 } 2,52

PL, arb. un.
a
o
T

)
3,1

x90

2,2 24 25 2,6
E eV

Fig. 2. GaS lamella PL specter, at the 78 K temperature.

This band presence is associated to
radiative transitions with indirect exciton
participation, with ~30 meV energy bond. The
second band, has medium intensity. This band
is located in the yellow-orange region, with
maximum at 2,32 eV. This band is determined
by distorsional defects presence, atomar planes
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and S-Ga-Ga-S packages sliding. As a result of
this distorsions acceptor type centers are
formed, localized near S-donor centers.

In Fig. 3 micrometrical lamella heat
treated (in Zn vapors, at ~ 2 mm col. Hg
presure) PL spectra at chamber temperature
(curve 1) and a'g 1728 K (curve 2) are shown.

12

100 |

t t
. 230 2,48
2,0 25

30 E,ev

Fig. 3. GaS-Zn composite PL spectra, at 293 K (curve 1)
and the temperature of 78 K (curve 2).

PL maximum bands' energies from Fig. 2
and Fig. 3, and their interpretations are
indicated in the table below.

Table. PL maximum bands energies shown in
Fig. 2 and Fig. 3 and their interpretation

Compound | Energy, eV | Interpretation
2,52; 2,49 | exciton-fonon
GaS 2.32: donor-a_cgeptor
tranzition
2,84 -
, band-band
GaS:zn, | 247235 tranzition
at 78 K 2,24; 2,19; impuritar
2,12; 2,04; | bands in GasS-
1,90 ZnS compound
_ 2,96 -
Stffég?( 2,62+2,36 -
2,44 -

PL spectra from Cd intercalated GaS
lamella at 293 K (Fig. 4) and at 78 K (Fig. 5)
are shown.

As it can be seen in Fig. 4, GaS PL
spectra at the temperature of 293 K occurs by
conduction band (in Brillouin zone M point) —
valence band (Brillouin zone center)
transitions, with 34 meV energy transversal
optic phonon participation. Temperature
decreasing, from 300 K to 78 K, leads to edge
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band displacement with ~ 70 meV to highest
energies (Fig. 6).

Heat displacement coefficient of PL edge
band at 140+280 K is 4,2:10° eV-K™ and it
corresponds to absorbtion spectra measures at
78 K to 293 K (Fig. 6, curve 2). Indirect optic
band width in GaS crystals at 78K is equal to
2,457 eV. By this we can judge that PL band
with maximum at 2,424 matches the indirect
radiative transitions with 34 meV phonon
emission.

2,%49
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Fig. 4. PL spectrum of GaS lamella, Cd intercalated at
the temperature of 750 K, 6 h. T =293 K.
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Fig. 5. PL spectrum of GaS lamella, Cd intercalated at
the temperature of 750 K, 6 h. T=78 K.

In Fig. 6 temperature dependence of edge
band maximum energy is shown. Heat
displacement  coefficient coincidence of
indirect band decreases at temperature increase
with edge PL band heat displacement
coeficient is a criterion that allows us to assign
this band to radiative transition with phonon
participation category.
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In PL spectra at 78 K band with
maximum of 1,883 eV prevails. Symetric
contour of this band allows us to suppose that it
iIs about emission from acceptor center
associeted to Cd donor ion. It is known that
luminescence by center is strongly attenuated
at temperature increase and at the same time
bands' contour increases. In reality this band
completely atenuates at ~ 130 K.

Lev [

Fig. 6. Temperature dependence of edge band maximum
energy, hv=2,43 eV (curve 1) and indirect band gap
width (curve 2)

CONCLUSIONS

- GaS monocristallyne lamella PL at
chamber temperature is determined by indirect
radiative transitions, with 34 meV phonon
participation.

- At 78 K indirect transitions with exciton
and transversal optic phonon participation
(with 33 meV energy) contribute to PL bands
formation. Also deep impuritar levels
participation transitions contribute to this PL
bands formation.

- Cd atoms intercalated in GaS crystals,
stimulate indirect radiative transitions with
phonon emission and at the same time create
donor-acceptor type PL centers.

- Zn atoms intercalated in GaS crystals
form deep acceptor levels and donor-acceptor
type luminescence centers asociated to Zn ion.
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DINAMICA NEOMOGENITATILOR IONOSFERICE INITIATE DE PROCESE
SEISMICE
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Tn lucrare sint prezentate valorilor frecventelor critice pentru stratul E al ionosferei pentru perioada 0...8 mai
2011, obtinute din ionogramele inregistrate pe traseul Cipru-Balti Tn cazul cutremului din Vrancea care a avut loc pe
data de 01.05.2011 la ora 5 si 31 minute (timpul local). Abaterea frecventei critice Tnainte de cutremur atinge valoarea

de 0,8 MHz.

Cuvinte-cheie: frecventa critica, ionosfera, procese seismice, cutremur, stratul E

The work presents the values of critical frequences of E layer of ionosphere for the period 0...8 May 2011
obtained from the ionograms registered on the route Cyprus — Bilti in case of the Vrancea earthquake that took place on
01 May 2011 at 5:31 a.m. local time.The deviation of the critical frequency before the earthquake reaches the value of

0.8 MHz.

Keywords: critical frequence, ionosphere, seismic processes, earthquake, E layer

INTRODUCERE

Procesele  ondulatorii care excita
neomogenitati in sistemul atmosfera-ionosfera-
magnetosfera reprezinta un factor important n
circulagia generala a atmosferei. Fara a lua in
consideratie aceste procese este imposibil de a
rezolva problemele legate de dinamica
atmosferei superioare. Ar trebui remarcat si
faptul ca neomogenitatile ionosferice, initiate
de undele interne gravitationale, au impact
semnificativ asupra procesului de lucru al
sistemelor radioelectronice. Cu regret, pina in
present nu este clar mecanismul transformarii
diferitori tipuri de energie in atmosfera si nu
este identificat agendul principal care duce la
transmiterea si transformarea energiei stocate
din litosfera in ionosfera.

Tn cazul cercetarii efectelor initiate n
ionosfera de unde acustice generate de procese
seismice, ca reguld, se iau in consideratie
undele acustico-gravitationale care se propaga
prin ionosfera. Referitor la neomogenitatile
care apar de asupra sursei de cutremur se
considera ca ultimele relacseaza intr-un interval
de timp foarte scurt. Aceasta afirmatie nu este
corecta deoarece odata cu disparitia sursei de
excitare are loc procesul de adaptare geostrofic
[1]. Conform procesului de adaptare geostrofic
numai o parte nesemnificativa de energie este
transferatd din zona aparitiei neomogenitatii
ionosferice  de catre unda  acustico-
gravitationala. De aici rezultd ca majoritatea
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energiei ramine localizata in regiunea aparitiel
neomogenitatii ionosferice initiale sau undele
acustico-gravitationale genereazd neomoge-
nitdti ionosferice care existd o perioada
semnificativa de timp.

Tn continuare vor fi prezentate efectele ce
au loc n regiunile D, E si F ale ionosferei
initiate de procese seismice.

EFECTE IN REGIUNEA D
A IONOSFEREI

Procesele seismice din interiorul scoartei
terestre care au loc in perioada pregatirii
cutremurelor initiaza procese electromagnetice.
Valorile curentilor pot atinge marimi de
~ 10%...10* A [2] si crearea unor regiuni de
dimensiuni mari cu sarcini spatiale. Dupa
dimensiune aceste regiuni sint aproximativ de
marimea epicentrului cutremurului. Masurarile
caracteristice a acestor regiuni aratd ca
marimea lor este de ordinul 1=50...100 km,
pentru adincimea epicentrului egala cu
z4~10 km.

Tn lucrarea [3] a fost determinati
valoarea cimpului magnetic la suprafata
pamintului. Masurarile experimentale aratd ca
valoarea medie a cimpului  magnetic
H~10%..10° Gs in intervalul de altitudini
0...1000 km. Frontiera de sus a acestui interval
corespunde excitatiilor ~ magnetice in
magnetosfera [4]
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In perioada de pregitire a cutremurului Tn
stratul D au fost depistate urmatoarele efecte
ionosferice:

1. Excitarea undelor magnetohidrodina-

mice;

2. Schimbarea concentratiei electronilor;

3. Largirea spectrului de deplasare

doppler a frecventei.

Excitarea undelor magnetohidrodina-
mice.  Excitarea  ionosferei cu  unde
electromagnetice initiate de procesul seismic,
are drept efect miscarea sarcinilor electrice in
stratul D. Acest proces duce la generarea
undelor magnetohidrodinamice, ce se propaga
la distante mai mari ca dimensiunile sursei CU 0
viteza >500 kml/s.

Undele magnetohidrodinamice, la rindul
sau, modifica proprietatile de dispersie a
plasmei ce duce la atenuarea oscilatiilor
ondulatorii. Marimea atenudrii si viteza de faza
depind de directia propagarii si unghiul de
inclinare a cimpului magnetic exterior.

Schimbarea concentratiei electronilor.
Conform lucrarii [5] in perioada de pregatire a
cutremurilor sub actiunea cimpurilor electrice
in ionosfera, de asupra  epicentrului
cutremurului se creazd o neomogenitate a

plasmei, ce este distribuita de-a lungul
cimpului geomagnetic.
Pentru estimarea concentratiei

electronilor in stratul D in perioada de pregatire
a cutremurului poate fi utilizata ecuatia
stationara a continuitdfii pentru concentratia
electronilor N,

oN?+/N_—q=0, (1)
unde « = 6107 cm®s?t coeficientul
recombinarilor patratice,

l= kl(NZ)N 2(02)+ kz(oz)' N(Nz)v
— coeficientul recombinarilor liniare a ionilor
de N> Si 0O,,
— N(Oy) si N(N2) — concentratiile moleculelor
de 0, $i N>,

k, =141.10"% 300 exp _ 000 st
T.[K] T.[K]

coeficientul de recombinare a ionilor de N,

k,=10"cm®-s™ —  coeficientul  de

recombinare a ionilor de O,,

Tn — temperatura atmosferei neutre,

g=Q+q: — viteza totala a ionizdrii ce depinde
de ionizarea de soc Q si ionizarea liniara ¢; cu

0
lungimea de unda solara 1216 A [6-8].

Viteza de ionizare a g perechi de ioni
intr-o unitate de volum formatd de fluxul
energetic F cu energia Eg se determina conform
urmatoarei relatii:

] qe(Eo)=imﬂ(5)m, @

F rAE. “\R/)n(M),

0
unde AE;,,=0,035 keV — energia de ionizare a
unei perechi de ioni,

I, =— — raportul dintre altitudinea de
o

patrundere a electronilor din ionosfera 1in
troposfera R si densitatea aerului p,

VA
Z(E] — functia de distribuire a pierderilor

energieli,
h[op

Z= J‘pdh' - altitudinea de patrundere a
h

electronilor din troposferd in ionosfera la
inaltimea h la care se efectueaza calculul
vitezei de ionizare a ionosferei,

hiop — TNalfimea maxima a ionosferei,

n(M); si n(M)r — concentratiile atomilor si
moleculelor ionizate la altitudinele z si R [8].

Largirea spectrului de deplasare
doppler a frecventei. In perioada de pregitire
a multor cutremure a fost observatd largirea
spectrului de deplasare doppler a frecventei si
marirea dispersiei lui. Analiza dopplerogra-
melor au aratat o largire considerabila a
spectrului de deplasare doppler a frecventei cu
10 minute Tnaintea cutremurului.

Largirea spectrului de deplasare doppler
a frecventei a fost observatd si in urma altor
procese geliofizice si radiofizice, ca de
exemplu exploziilor solare, fulgerelor etc. De
aceia pentru evidentierea efectelor
seismoionosferice trebuie de analizat minutios
si celelalte efecte geliofizice (pentru a exclude
actiunea in acelasi moment de timp a mai
multor factori ce pot duce la marirea
spectrului).

Analiza dopplerogramelor au aratat i un
alt efect a acestui proces — aparitia pantei
efectului, adica observareca acestui efect nu
numai deasupra epicentrului cutremurului, dar
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la o distanta de ~ 10 km, daca magnitudinea
cutremurului este mai micd ca 7 si pana la ~
200 km, dacd magnitudinea este mai mare de 7

[8].

EFECTE IN REGIUNEA E
A IONOSFEREI

In perioada pregatirii cutremurului n
stratul E a fost depistata marirea densitagii si
temperaturii plasmei. Acest efect duce la
aparitia stratului E — sporadic. Aparitia acestui
efect duce la schimbarea proprietatilor de
recombinare a ionilor ionosferei.

Tn urma analizei datelor experimentale
[9] a fost demonstrat ca neomogenitatile
ionosferice au  urmatoarele  dimensiuni
caracteristice fata de epicentrul cutremurului:
+2° dupi latitudine si £60° dupa longitudine. Tn
aceastd lucrare se presupune cd excitarea
radiatiei de frecventa joasa este asociatd cu
penetrarea in ionosfera, apoi la altitudinea
magnitosferei, a  cimpurilor  electrice
cvasistagionare generate de sursele terestre.

EFECTE IN REGIUNEAF
A IONOSFEREI

In perioada de pregitire a cutremurului in
stratul F au fost depistate urmatoarele efecte
ionosferice:

1. Cu 1 - 2 zile Tnainte de cutremur se
observa o marire a frecventei critice in stratul F
a 1onosferei, cea ce duce la marirea altitudinii
de patrundere a undelor radio in ionosferd, sau
chiar la absorbtia lor.

2. In aceasta perioada are loc micsorarea
concentratiei electronilor, variatia temperaturii
si a densitatii plasmei ionosferice.

3. Din cauza turbulentei electrice apar si
alte efecte. Unul din ele este instabilitatea
»etajelor turbulente” Rayleigh—Taylor. Aceasta
instabilitate apare din cauza aparitiei derivei
gravitationale a plasmei §i gradientului
concentratiei ce sint ortogonale pe campul
geomagnetic. Odata cu evoluarea in volum a
acestui efect, ,etajele turbulente” se ridica la
altitudini mai mari ca maximul de ionizare a
stratului F. Aceste procese sint mai active si
mai evidente 1n perioada de pregatire a
cutremurelor. Acest efect de asemenea are ca
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rezultat micsorarea concentratiei electronilor in
stratul F al ionosferei.

4, Odata cu amplificarea efectului
Rayleigh — Taylor are loc aparitia altui efect
numit instabilitatea de deriva. Acest efect apare
din cauza maririi gradientului concentratiei in
ionosfera la altitudinea h > 220 km.

5. Multe date experimentale
demonstreaza aparifia radiatiei specifice in
diapazonul frecventelor joase (FJ) (<15 kHz) la
altitudinea h > 220 km a ionosferei de asupra
epicentrelor  cutremurului.  Amplitudinea
cimpului electric atinge valoarea
10®° — 10°° V/m in diapazonul 1 — 15 kHz.

DATE EXPERIMENTALE

Cercetarile  experimentale au  fost
efectuate pe traseul Cipru-Balti cu ajutorul
ionosondei cu modulatie liniard a frecventei
(MLF) pe parcursul anilor 2008-2012.
Emitatorul MLF n Cipru (35.1N 34.1E) a
lucrat Tn banda de frecventa 5...30 MHz cu o
vitezd de baleaj de 150 kHz/s. Receptia
semnalelor MLF in Balti (47.75 N 27.92 E) a
fost efectuatda de o antenna de tip romb
orizontal RG65/4-1 (h=18 m), receptorul MLF
si stocate in memoria calculatorului de tip
IBM.

Sincronizarea emitatorului si receptorului
MLF a fost realizatd cu ajutorul semnalelor
GPS cu o precizie de 10 ps. Semnalul obtinut
la iesirea receptorului a fost digitizat cu
ajutorul unui convertor analog-digital pe 14-
biti cu o frecventa de discretizare de 50000 Hz,
care este semnificativ mai mare decat latimea
de banda pentru frecventa intermediara (3000
Hz) a receptorului utilizat. lonogramele au fost
inregistrate cu un interval de 5 minute (vezi
Fig. 1). Distanta de la emitator la receptor a
fost de 1631,3 km. Reflectarea semnalului
radio MLF de la ionosfera a avut loc in
regiunea cu coordonatele (40.98 N 31.88 E).
Pentru prelucrare au fost luate ionogramele,
obtinute in zilele cind, iIn conformitate cu
datele Institutului National de Fizica a
Pamantului [http://www.infp.ro] (Romania),
Laboratorului Roentgen a Soarelui
[www.tesis.lebedev.ru]  (FIAN, Rusia) si
Serviciului National Meteo (NOAA, SUA)
[www.swpc.noaa.gov], activitatea geomagne-
tica si solara a fost nesemnificativa.
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Fig. 1. Ionograma inregistrata pe traseul Cipru-Balti
pe data de 30.04.2011.

In figura 2 sint prezentate abaterile
valorilor frecventelor critice pentru stratul E al
ionosferei pentru perioada 0...8 mai 2011,
obtinute din ionogramele Tnregistrate pe traseul
Cipru-Balti. Cu sageata este indicat cutremul
din Vrancea care a avut loc pe data de
01.05.2011 la ora 5 si 31 minute (timpul local).
Abaterea frecventei critice Tnainte de cutremur
atinge valoarea de 0,8 MHz.

AfE, MHz

1
05

Ris R
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1 | | |
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Fig. 2. Abaterile valorilor frecventelor critice de la
valoarea medie lunara.

Fenomenul Tnregistrat poate fi initiat de
excitarea cimpului electric in ionosfera. Drept
sursd de campuri electrice pot fi sistemele
mecanoelectrice de dimensiuni mari (200...300
km) din regiunea inigierii cutremurului.
Intensitatea cdmpului electric din aceste zone
atinge valori de 100...105 V/m in banda de
frecvente de 1...10° Hz.

Pentru campuri suficient de lente,
variatia carora poartd un caracter cvasi-periodic
si depinde doar de procesele care au loc in
interiorul Terei, are loc micsorarea intensitatii
lor odatd cu majorarea altitudinei. La
altitudinea de 70...75 km (regiunca de jos
a ionosferei) valoarea campului electric atinge
marimea de ~ 10...100 mV/m.
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EXIGENTE PRIVIND PREZENTAREA LUCRARILOR STIINTIFICE PENTRU
REVISTA
,FIZICA SI TEHNICA: PROCESE, MODELE, EXPERIMENTE”

I. Destinatia revistei

Materialele prezentate in revistd vor reflecta realizarile obtinute in ultimii ani in cadrul
catedrelor, laboratoarelor de cercetari stiintifice ale USB, institutiilor de Invatamint si de cercetare
din Republica Moldova si de peste hotarele ei.

In revista se publici articole stiintifice ce tin de urmatoarele domenii de cercetare:

- propagarea undelor de radio in diverse medii;
elaborarea dispozitivelor 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.

II. Cerinte fata de articolele prezentate
2.1. 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, al laboratorului sau seminarului
stiintific la care au fost discutate si propuse pentru publicare. Lucrarile primite la redactie vor fi
recenzate de specialisti calificati In domeniul respectiv, numiti de colegiul de redactie.

2.2. Structura lucrarilor si regulile de prezentare

O persoand poate fi autor sau/si coautor la maximum doua articole. Volumul unui articol nu
va depasi, ca reguld, 7 pagini.

Fiecare articol va cuprinde:

eCZU:

etitlul in limbile romana /rusa si engleza;

e date despre autor/autori in limbile romana/rusa si engleza;

erezumatul in limbile romana/rusa si engleza;

earticolul propriu-zis;

ebibliografie.

2.3. intrebuintarea suportului electronic
Materialele vor fi redactate in Microsoft Word, fontul Times New Roman si vor fi
prezentate pe foi in formatul A4 (297X210 mm). Parametrii paginii: 25 - stinga (Left), 20 - sus
(Top), 20 - jos (Bottom), 15 - dreapta (Right), 17,5 - antet (Header), O - subantet (Footer), 2
coloane. 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.

ege e,

fi completa.

2.4. Structura articolului

CZU se va situa 1n partea stingd a paginii.

Titlul se va da complet, maximum 3 rinduri, pe toata latimea paginii (12points, BOLD,
CENTER, ALL CAPS).

Informatiile 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, denumirea ei se va da o singura data.

Rezumatul va cuprinde descrierea succinta a obiectului, metodelor si rezultatelor cercetarii si
nu va depdsi 10 rinduri. Marimea caracterilor — 10 points. Cuvintul ,,Rezumat” nu se va indica.
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Introducerea va reflecta stadiul actual al cercetirilor in domeniu. In caz de necesitate, va
cuprinde o scurtd analiza istoricd. Introducerea se va incheia cu expunerea scopului lucrarii.

Continutul lucrarii va include expunerea metodicii cercetarii (experimentald sau teoreticd),
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.

Tn concluzii se va expune succint esenta cercetarii 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 lasd un spatiu liber de un rind.
Aliniatele se vor marca prin introducerea unui ,,<Tab)”. Pentru scoaterea in relief a unor concepte se
vor folosi aldinele (fara subliniere).

Tabele se vor numerota cu cifre arabe in partea stinga (de ex.: ,,Tabelul 1), dupa care, in
acelasi rind, va urma denumirea si tabelul propriu-zis. Tabelele vor fi separate de textul curent
printr-un spatiu. Toate liniile ce formeaza coroiajul tabelului vor avea aceeasi grosime (1 points). in
tabela textuald cifrele se vor scrie cu fontul 10 points, normal. Daca textul va contine un singur
tabel, acesta nu se va numerota.

llustratiile (figurile, schemele, diagramele, fotografiile etc.) se vor prezintd in alb-negru,
inserate in textul de baza sau pe foi aparte. Toate figurile se vor numerota cu cifre arabe (in ordinea
aparitiei lor 1n lucrare), dupa care se va da legenda lor. Toate semnele sau marcarile ilustrate se vor
defini in legenda. In cazul marimilor fizice, se vor indica unititile de masura. Daci lucrarea va
contine o singurd figura, ea nu 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 indltimea caracterelor echivalentd fontului 10 points. Legenda se va
culege cu 10 points.

Formule matematice. Toate formulele matematice se vor scrie, IN MOD OBLIGATORIU,
cu editorul de ecuatii din procesorul de texte Microsoft Word for Windows'95/, 97/, 98/, 2000,
(Version 6.0/,Version 7.0, 2000) italice, centrat, prin culegerea fiecareia din rind nou. Exigentele
corespunzatoare vor urma imediat dupa formuld 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 coloanei. 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

(Sh.

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.

I11. Observatii finale

Informatia despre autori §i rezumatele in alte limbi decit originalul se vor plasa dupa
bibliografie. Continutul rezumatului expus in trei limbi va fi 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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GUIDELINES FOR SUBMISSION OF SCIENTIFIC PAPERS TO THE JOURNAL
»PHYSICS AND TECHNICS: PROCESSES, MODELS, EXPERIMENTS”

I. The Journal Scope
The submitted materials should reflect recent achievements of Balti Sate University departments
and research laboratories and of educational and research institutions from the Republic of Moldova and
abroad.
The journal publishes scientific articles related to the following research areas:

- radio wave propagation in various media;

- development of numerically- analogical electronic devices;

- development of lasers and their application in material processing technologies;

- the study of external factor influence on the physical properties of the substance;

- classical and non-conventional technologies of material processing.

Il. Requirements for Article Submission
2.1. General arrangements
Papers that have been published in other editions are not accepted. Articles should be
accompanied by an extract from the minutes of the Chair/Laboratory/Scientific Seminar sitting where
the papers had been discussed and recommended for publication. The submitted papers should be
subject to the review of qualified specialists in the field, appointed by the editorial board.

2.2. Paper format and rules for submission
A person may be the author and / or coauthor of at most two articles. The volume of an article

should not exceed, as a rule, 7 pages.
Each article should include:

» UDC,;

« the title in Romanian / Russian and English;

« information about the author / authors in Romanian / Russian and English;

» the abstract in Romanian / Russian and English;

« the article itself;

« the bibliography.

2.3. Use of electronic support

Materials should be edited in Microsoft Word, Times New Roman font and page size should
be A4 (297X210 mm). Page parameters: 25 - Left, 20 - Top, 20 - Bottom, 15 - Right, 17.5 - Header, O -
Footer, 2 columns. Font size Print - 12 points. Paragraphs - 1 cm. Line Spacing within the same
paragraph including the title and information about the author — one interval. Transference of words
from one line to another is accepted. It is desirable that the last page should be complete.

2.4. Structure of the article

UDC should be placed on the left side of the page.

The title should be complete, up to 3 lines, on the full width of the page (12 points, BOLD,
CENTER, ALL CAPS).

The information about the authors should be given in bold in the language of the written paper
in the following sequence: author’s surname and first name (full), affiliation. If the co-authors are
employees at the same institution, its name should be given only once.

The abstract should include a brief description of the subject matter, methods and research
findings and should not exceed 10 lines. Font size - 10 points. The word "Abstract™ should not be typed.
The introduction should reflect the current state of research in the field. If need be, it will include a brief
historical analysis. The introduction should end with an account of the paper aims.

The main text should include an account of the research methodology (experimental or
theoretical), subject of research, equipment, measurement and observation methods, the precision and
errors of the experiment methodology. It should include the results and their analysis. It is not allowed
to repeat data in tables, drawings and texts.
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The conclusion should briefly expound on the essence of conducted research highlighting the
importance and degree of the novelty of results.

The title of each paragraph should be in bold. A space should be left between chapter titles and
the text.

One line space is left before the text of each two index sub-chapter title. Paragraphs should be
marked by the introduction of a "<Tab>". Bold type (no underlying) should be used to emphasize
certain concepts.

The tables should be numbered with Arabic numerals on the left (e.g.: "Table 1"); this should be
followed in the same line by the title and the table itself. The tables should be separated from the current
text by one space. All the lines that form the table welding should have the same thickness (1 point).
The font of the figures in the text of the table should be normal, 10 points. If the text contains a single
table, it should not be numbered.

The illustrations (figures, charts, diagrams, photos, etc...) should be black and white, inserted in
the main text or on separate sheets. All figures should be numbered with Arabic numerals (in order of
their appearance in the paper) after which they should be explained. All signs and markings should be
defined in the explanatory text. If there are physical dimensions, the measurement units should be
indicated. In case the work contains only one figure it should not be numbered. The figures should be
separated from the current text by a space. The photographs included in the text should be scanned at a
minimum of 300 dpi (preferably 600 dpi) resolution and should be processed for a good contrast.

It is not allowed to stick photos or drawings on separate sheets. The notes on figures should be
in numbers or letters with similar 10 point font characters. The explanatory text should be typed with the
same character size - 10 points.

Mathematical formulas. It is obligatory to write all mathematical formulas using the equation
editor of Microsoft Word processor for Windows 95/97/98/2000, (Version 6.0 /, Version 7.0, 2000) in
italics, centered, each one should be typed beginning with a new line. The corresponding requirements
should immediately follow the formula beginning with “where” and observing the order of signs in the
equation or relation. If the text contains more equations or relations, they should be numbered with
Arabic numerals at the end of the line on the right side of the column. A comma should be used after the
letter - symbol is deciphered; the measurement unit should be indicated.

The measurement units of physical dimensions should be presented through the International
System of Units (SI).

The Bibliography. The term "Bibliography" should be separated from the text by space. In the
text, the references should be inserted by numbers enclosed in square brackets, e.g. [2], [5-7], and
should come at the end of the article in a separate list in order of their appearance in the text. The
references should be given in the source language. References to unpublished sources are not allowed.

I11. Concluding remarks

The information about authors and the abstracts in languages other than the source one should be
placed after the bibliography. The content of the abstract presented in three languages should be
identical.

The typed material should be presented both on a diskette and in a printed copy (with good
contrast) signed by all authors (after the Bibliography).

One of the authors’ address, telephone number and E-mail should be indicated for additional
information.

The articles that do not meet the described requirements, the norms of language and style will be
rejected.

The materials submitted to the editorial board will not be returned to the author.

Bun de tipar 04.12.2014. Garnitura Times New Roman. Comanda nr. 221. Tiraj 100.
Tipografia Universitatii de Stat ,,Alecu Russo” din Balti, m Balti, str. Puskin, 38



