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The results of the study at the elastic and plastic strain of differential and integral longitudinal strain coefficients in

thin films with thickness of 20...40nm by simultaneous condensation of Au and Fe atoms were obtained. Diffraction

and electron microscopic studies indicate that in the concentration range to 55 at.%Fe stabilizes the fcc unordered

solid solution (Au), and at concentrations of 55...85 at.% Fe-bcc solid solution (α-Fe). The structural transition

is accompanied by dispersing of the crystal structure and, consequently, increase the efficiency of grain-boundary

scattering of electrons. This causes an abnormal increase in the integral strain coefficient (from 2 to 80 units) in the

concentration range 55...75 at.%Fe.

PACS: 73.90.+f, 77.80.bn

1. INTRODUCTION

At present accumulated considerable theoretical and
experimental data concerning the strain effect in film
materials. In particular, in our previous work (see.,
for example, reviews [1, 2]) made a generalization of
results on single-layer and single-component films of
various metals. Analyzed methods C.R.Tellier and
A.J. Tosser [3] calculation electrocarried parameters
such as the mean free path electron (λ0), effective
specularity parameter (p) and transmission coeffi-
cient at the grain boundary (r) based on depending
of the integral coefficient longitudinal strain coeffi-
cient (γl)int = [R(εl) − R(0)]/R(0) (l – longitudinal
direction strain) averaged over the entire interval of
strain versus the thickness of the film. In [4] was pro-
posed theoretical model for the strain coefficient of
the bilayer film, which stores the identity of the indi-
vidual layers, which was tested in [5] for example film
Ni/V/S (S – substrate). The feature of this model
is that it, unlike [3] allowed deformation dependence
not only λ0, but p and r. This idea proved very
productive because there is a satisfactory compliance
with the calculated and experimental results. In [2]
also analyzed the features strain effect in film systems
with an unlimited solubility of components or sys-
tems, which form intermetallic compounds. This idea
proved very productive because there is a satisfactory
compliance with the calculated and experimental re-
sults. In [2] also analyzed the features strain effect
in film systems with an unlimited solubility of com-
ponents or systems, which form intermetallic com-
pounds. In [6] and [7] for example films solid solution
(α−Fe, Cr) and Ni0.75Fe0.25 (fcc phase Ni3Fe), NiFe

(fcc phase NiFe) and Ni0.25Fe0.75 (α-phase film al-

loy Ni-Fe, perhaps – NiFe3) the observed maximum
on the dependence for differential strain coefficient
(γl)dif = dlnRi/dεli (i – strain range number; Ri –
initial resistance of i-range; dεli – the strain) versus
εl. Nature specified maximum of dependence associ-
ated with the transition from elastic to plastic defor-
mation film samples, causing a nonlinear dependence
of the resistivity of the strain εl.

Notice that the nature of this maximum, fun-
damentally different compared to the maximum on
concentration depending the integral strain coeffi-
cient (γl)int, which goes to in this paper. In [8]
found his explanation of the effect of abnormally
small values γl ∼ 1 in some single-layer metal films.
This effect authors explain the abnormal increase
in the Poisson ratio of the film to value µf ≥ 0.5.
Realized us a brief analysis leads to the conclusion,
to a large extent complete, theoretical and experi-
mental studies of the strain effect in film materials.
At the same time, some aspects of this problem and
currently remain without attention of researchers. In
particular, it is a virtual absence of results strain
effect research in film systems based on the metal,
which is limited mutual solubility of atoms in a bulk
state, although the film materials, depending on the
thickness of two-component films temperatures ob-
taining samples and the concentration of component
may stabilize different phase states: alloys eutec-
tic composition; disordered s.s.- (Me1) or (Me2);
ordered s.s.- (Me1, Me2); quasi-amorphous alloys.
According to [9] indicated phase composition under
certain conditions realized in the film system based
on atoms of Fe and Au. This circumstance was the
basis of the study strain effect in this film system.
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2. EXPERIMENTAL TECHNIQUE

Film samples were obtained by simultaneous conden-
sation in vacuum 10−4 Pa known weight Fe and Au
with a predetermined calculated concentration of the
component (cFe = 20...85 at.% with step 5 at.%).
The accuracy of the calculated concentrations con-
trolled by method XMA, which made it possible
to examine the concentration dependence l of fcc
s.s.(Au), bcc s.s.(α-Fe) and quasi-amorphous alloy
based on α−Fe. For the realization this phase com-
position of sample the thickness should be 20...30nm.
At the condensation layer can be implemented phase
composition s.s.-(Au) + (α-Fe) or s.s.-(α-Fe) + fcc
Au.

Diffraction and electron microscopy studies were
performed on the electron microscope TEM-125K
(company ”SELMI”, Ukraine). The temperature of
the substrate was value TS = 300, 450 and 550K.

Experimental strain depending ∆R/R(0) versus
εl(∆R = R(εl)−R(0); R(εl) and R(0) – electric re-
sistance at the strain εl and at the εl = 0) were ob-
tained using automated hardware system for measur-
ing the value (γl)int in the elastic and plastic range
strain.

This technique is described in detail by us in [5]
and [6]. The values of strain εltr, at which the transi-
tion from elastic to plastic strain, we determined the
point of intersection of two areas contiguous to strain
dependence (example of this procedure is shown on
Fig.1).

Fig.1. To explain the methodology the determi-
nation of εltr based on strain dependency. On the
insert-dependence (γl)dif versus εl. Concentration
cFe = 70 at.%. I - III – the numbers of strain cicles

Experimental studies of the structure and strain ef-
fect were performed after cooling of the samples at
the 300K. In addition to clarifying the value εltr.
used data of works [10-12], and to take account of
size effects on mechanical properties used analysis,
carried out in [13].

3. EXPERIMENTAL RESULTS

Diffraction and electron microscopic studies indicate
that the film samples thickness of 20...40nm imme-
diately after simultaneous condensation component
stabilizes the fcc phase s.s.-(Au) to a concentration
cFe

∼= 55 at.% depending on the thickness of the
sample, while at the values cFe

∼= 65...85 at.% quasi-
amorphous and crystalline s.s.-(α − Fe). The de-
pendence of the lattice parameter of these s.s versus
cFe, of which is consistent with the data [9] and [14],
shown in Fig.2,a. More clearly fcc lattice transforma-
tion is illustrates dependence interplanar distances or
effective interplanar distance which calculated by the
first diffraction peak (Fig.2,b). At the same time we
have not observed s.s.-(γ-Fe), as is the case [15].

Series micropictures and diffraction patterns
(Figs. 3, 4) illustrate the change in structural phase
state of films by changing the concentration of com-
ponents.

Attention is drawn status of ultra-dispersion
state samples at cFe

∼= 55...75 at.%, which
is accentuated attention in the analysis of
the results studying strain effect. On the
Fig.5 are examples of strain dependency

Fig.2. Dependence fcc lattice parameter (a) and
interplanar distance which corresponds to the first
diffraction peak (b), for s.s.-(Au) and s.s.-(α-Fe) at
the T = 300K. Blue-• – data of [9].
The line section shown by the dotted line corre-
sponds to a transition area on the dependence from
s.s.-(Au) to s.s.-(α-Fe) – (a)
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Fig.3. Microstructure
of films fcc s.s.-(Au)
and s.s. (α−Fe). Con-
centration, at.%Fe:
42 – (a); 65 – (b) and
80 – (c)

∆R/R(0) and (γl)dif versus εl. As already noted,
depending on the maximum (γl)dif versus εl also
observed by us earlier [6, 7] the example of other film
materials. The nature of it is related to the transition
from elastic to plastic strain of the samples. Results
of processing the dependency on Fig.6 are presented.

Fig.4. Diffraction patterns of films fcc s.s.-(Au)
and s.s. (α − Fe). Concentration, at.%Fe: 42 –
(a); 65 – (b) and 80 – (c)

Of them follows that in the concentration range
cFe

∼= 55...75 at.% there is an abnormal increase in
value (γl)int.

This result can be explained by dispersing s.s.-
(Au) at the increasing values cFe (see Fig.3). Ac-
cording to theoretical models of effective free path of
electrons by C.Tellier and A.Tosser [3] value (γl)int
completely determined by the grain-boundary scat-
tering of electrons, because their surface scattering
affects only the character of the dependence (γl)int
from the thickness of the film sample. Thus, increas-
ing the efficiency of grain-boundary scattering of elec-
trons in the concentration range cFe

∼= 55...75 at.%
is a cause of abnormal increase in value (γl)int.

Based on the basic ratio for the strain longitudinal
coefficient

(γl)int = − 1

λ0

∆λ0

∆εl
+ 2(1 + µf ) , (1)

we can conclude the main contribution to the value
(γl)int strain coefficient − 1

λ0

∆λ0

∆εl
, because the sec-

ond term in (1) so-called the geometric factor
makes contributions up to 3 units. The decrease
∆λ0 is due to direct dependence on λ0 versus
εl(∆λ0)εl and indirect dependence λ0 versus εl on
the parameters p and r: (∆λ0)p(εl) and (∆λ0)r(εl).

Fig.5. The examples of strain dependencies for the
films fcc s.s-(Au). Concentration, at.%Fe: 32 –
(a); 55 – (b). On the insert – dependence (γl)dif
versus εl
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Fig.6. Dependence (γl)int versus cFe at the elastic
(1) and plastic (2) strain of samples

The work was done in the frame of state project
N0115U000689 (2015 - 2017 years).

4. CONCLUSIONS

In thin films (d ∼= 20...40nm) obtained by simulta-
neous condensation of Fe and Au atoms are formed
disordered s.s. fcc (Au) and s.s. bcc (α-Fe). The
structural transition of the oversaturated s.s.- (Au)
to (α − Fe) accompanied by dispersing grain struc-
ture and, consequently, there is an abnormal increase
of the strain longitudinal coefficient. This effect can
be used for forming the sensitive element displace-
ment sensors or strain sensors. ‘
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ÊÎÍÖÅÍÒÐÀÖÈÎÍÍÀß ÀÍÎÌÀËÈß ÊÎÝÔÔÈÖÈÅÍÒÀ
ÒÅÍÇÎ×ÓÂÑÒÂÈÒÅËÜÍÎÑÒÈ ÄÂÓÕÊÎÌÏÎÍÅÍÒÍÎÉ ÑÈÑÒÅÌÛ ÍÀ ÎÑÍÎÂÅ

ÀÒÎÌÎÂ Au È Fe

À.Â.Ïèëèïåíêî, Ë.Â.Îäíîäâîðåö, Ì.Î.Øóìàêîâà, È.Å.Ïðîöåíêî

Ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ äèôôåðåíöèàëüíûõ è èíòåãðàëüíûõ êîýôôèöèåíòîâ ïðîäîëü-
íîé òåíçî÷óâñòâèòåëüíîñòè â îáëàñòè óïðóãîé è ïëàñòè÷åñêîé äåôîðìàöèé â òîíêèõ ïëëíêàõ òîë-
ùèíîé 20...40 íì, ïîëó÷åííûõ ìåòîäîì îäíîâðåìåííîé êîíäåíñàöèè àòîìîâ Au è Fe. Äèôðàêöèîí-
íûå è ýëåêòðîííî-ìèêðîñêîïè÷åñêèå èññëåäîâàíèÿ óêàçûâàþò íà òî, ÷òî è â äèàïàçîíå êîíöåíòðà-
öèé äî 55 àò.% Fe ñòàáèëèçèðóåò ÃÖÊ íåóïîðÿäî÷åííûé òâåðäûé ðàñòâîð (Au), à ïðè êîíöåíòðàöèÿõ
55...85 àò.% Fe � ÎÖÊ-òâëðäûé ðàñòâîð (α-Fe). Ñòðóêòóðíûé ïåðåõîä ñîïðîâîæäàåòñÿ äèñïåðãèðîâà-
íèåì êðèñòàëëè÷åñêîé ñòðóêòóðû è, êàê ñëåäñòâèå ýòîãî, ïîâûøåíèåì ýôôåêòèâíîñòè çåðíîãðàíè÷íîãî
ðàññåÿíèÿ ýëåêòðîíîâ. Ýòî âûçûâàåò àíîìàëüíîå óâåëè÷åíèå èíòåãðàëüíîé âåëè÷èíû êîýôôèöèåíòà
òåíçî÷óâñòâèòåëüíîñòè (îò 2 äî 80 åäèíèö) â èíòåðâàëå êîíöåíòðàöèé 55...75 àò.%Fe.

ÊÎÍÖÅÍÒÐÀÖIÉÍÀ ÀÍÎÌÀËIß ÊÎÅÔIÖI�ÍÒÀ ÒÅÍÇÎ×ÓÒËÈÂÎÑÒI
ÄÂÎÊÎÌÏÎÍÅÍÒÍÎ� ÑÈÑÒÅÌÈ ÍÀ ÎÑÍÎÂI ÀÒÎÌIÂ Au I Fe

Î.Â.Ïèëèïåíêî, Ë.Â.Îäíîäâîðåöü, Ì.Î.Øóìàêîâà, I.Þ.Ïðîöåíêî

Ïðåäñòàâëåíî ðåçóëüòàòè äîñëiäæåííÿ äèôåðåíöiàëüíîãî i iíòåãðàëüíîãî êîåôiöi¹íòiâ ïîçäîâæíüî¨ òåí-
çî÷óòëèâîñòi â îáëàñòi ïðóæíî¨ i ïëàñòè÷íî¨ äåôîðìàöié ó òîíêèõ ïëiâêàõ òîâùèíîþ 20...40 íì, îòðè-
ìàíèõ îäíî÷àñíîþ êîíäåíñàöi¹þ àòîìiâ Au i Fe. Äèôðàêöiéíi i åëåêòðîííî-ìiêðîñêîïi÷íi äîñëiäæåííÿ
âêàçóþòü íà òå, ùî i â iíòåðâàëi êîíöåíòðàöié äî 55 àò.% Fe ñòàáiëiçó¹ ÃÖÊ-íåóïîðÿäêîâàíèé òâåðäèé
ðîç÷èí (Au), à ïðè êîíöåíòðàöiÿõ 55...85 àò.% Fe � ÎÖÊ-òâåðäèé ðîç÷èí (α-Fe). Ñòðóêòóðíèé ïåðåõiä
ñóïðîâîäæó¹òüñÿ äèñïåðãóâàííÿì êðèñòàëi÷íî¨ ñòðóêòóðè, ÿê íàñëiäîê öüîãî, çáiëüøåííÿì åôåêòèâíî-
ñòi çåðíîìåæîâîãî ðîçñiþâàííÿ åëåêòðîíiâ. Öå ñïðè÷èíÿ¹ àíîìàëüíå çáiëüøåííÿ iíòåãðàëüíî¨ âåëè÷èíè
êîåôiöi¹íòà òåíçî÷óòëèâîñòi (âiä 2 äî 80 îäèíèöü) â iíòåðâàëi êîíöåíòðàöié 55...75 àò.%Fe.
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