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Phase composition of nanocrystalline iron films deposited in a nitrogen atmosphere
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The phase composition of iron films prepared by pulsed-plasma deposition in a controlled
nitrogen atmosphere is investigated by $dbauer spectroscopy. The observed changes in the
phase composition are dictated by the nanocrystalline structure of the samples and the
dynamics of the substrate temperature during film deposition1989 American Institute of
Physics[S1063-783#19)02110-3

The last few years have witnessed a concerted effort to
find new magnetically soft magnetic thin-film materials hav- o-Fe
ing a large magnetic saturation induction for modern elec- ! T T T T 1
tronic devices. Compounds of the Fe—N type are of special
interest in this regard, because small additives of nitrogen tc y
: oI ; . 1 n 1
iron-base thin films increase the magnetic moment, improve "‘\.\ WA
the corrosion properties of the films, and decrease the coer . :
cive forcel?

The development of methods for the preparation of .
nanocrystalline materialshas extended the potential capa- X ioAu
bilities for the synthesis of various alloys. This trend is ’
mainly attributable to the fact that the chemical activity of '.,."\k . [T H
the materials exhibits a strong dependence on the dimension PO st |& A M :
of the nanocrystallite$ Research at the present time is aimed ’ LR A .
primarily at powders, which after deposition on a substrate '.\,‘ T? &
are placed in some particular gas atmospfdiee end result . \..
comprises complex composite formations with interesting . FegC

physical properties. At the practical level, however, continu- L, r T T T 1
AV e {

ously condensed media are of greater interest. The propertie 3“‘\'. f"\"\
of such materials can differ from the properties of the nano- .
particles from which they are formed, owing to interaction .
effects between them. . .
In this paper we report a Misbauer spectroscopy study . . . .
of the phase composition of iron films as a function of the . .
nitrogen pressure in a vacuum chamber. The films were pre .
pared by pulsed-plasma depositi0RPD. The deposition . £-Fe,N
atmosphere was established by preliminary evacuation of the : m 2
vacuum system to 10 torr with freezing-out of the oil va- [ ene A et fiing, N"""’J’.‘-‘WW
por, followed by the injection of spectrally pure nitrogen, 4 .’L s
whose pressure was varied from fQorr to 10 2 torr. The .
temperature of the substrate was equal to room temperatur
at the start of deposition. The samples had a thickness
~10* A, which was measured by x-ray fluorescence analy- o
sis. The rate of condensation of the iron film in a 108 | ! ! ! :
pulse was 1H-10° A/s. -8 -6 -4 2 0 2 4
The pulsed nature of the plasma was created by lase. v, mm/s
pulses from an LTI-207 solid-state laser and by the discharge
of a capacitor bank in the vapor of the atomized target. A
distinguishing feature of the film deposition process, apart
from a hlgh ?Vaporatlo,n rate, Is h,lgh_en,ergy saturation of %IG. 1. Variation of the Mesbauer spectra of Fe—N films as a function of
plasma with iron and nitrogen as its main components.  the nitrogen atmosphere pressuf@ P=10"Storr; (2) 10 Storr; (3)
In the proposed technology, the interaction effects of theto=*torr; (4) 1072 torr.
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TABLE |. Parameters of the Mgsbauer spectra of Fe—N films.

Literature data

Postulated
No. P, torr H, kOe 8, mmst g, mms ! S % composition H, kOe 8, mms ! e, mms ! Refs.
1 10°© 330 0 0 26 a-Fe,
~250 ~0.15 0 72 ~FeC 245 ~0.17 6,7
0 0.19 0.6 2
2 10°° 331 0.01 0 20 a-Fe,
~234 0.27 0.06 75 e-carbonitride 230 0.24 0.10 8
0 0.16 0.8 5 ore-Fe; N 238 0.33 9
3 104 332 —-0.01 0 76 e-Fe,
251 0.16 0 24 ~FeC 245 ~0.17 6,7
4 102 0 0.58 0.29 100 e- or 0 0.42 0.27 10
y-FeN

laser beam with the vapor adsorbed on the surface of thereases to 500—600 K. This behavior is attributable to a large
target and bombardment of the target with high-energyquantity of heat being released on the substrate by the high
plasma particles in the presence of an applied electric fieldurrent density of evaporated material. After the plasma is
increase the atomic nitrogen content of the Fe—N vapor sysurned off, the substrate temperature remains constant for a
tem, promoting an increase in the reactivity of the systemcertain period of time and then begins to drop exponentially.
The results of mass spectroscopic analysis shows that thEhe substrate temperature is lower in low vacu(@mrvesl
quantity of ionized atomic nitrogen increases to 15-20%. and3). A different picture is observed for film No. @urve
The Massbauer spectra of the investigated films are2): After the temperature rises td~520K it suddenly
shown in Fig. 1, and the parameters of these spectra ajamps up toT~ 750 K. This rise can be identified with heat
summarized in Table |. The spectra were recorded with aelease from the decomposition of iron nitride.
Co°’(Cr) source at room temperature. The spectral lines for It has been showithat thee-carbonitride phase decom-
films prepared aP=10 %torr and 10 °torr are very broad poses atT=520K, and the FgN phase decomposes at
and evolve on a U-shaped base, as it typical of the ultradisF=720K. We can assume that, during deposition at
perse or amorphous state. Electron microscope examinatios=10"“torr, eithers carbonitride or a mixture of carboni-
of iron films prepared by PPD show that the samples considtide and Fg,N forms. Ane carbonitride—Fg,N phase tran-
of nanocrystallites with dimensions50A (Refs. 11 and sition takes place when the substrate temperature ris&s to
12). =520 K. The heat released in this transition causes the tem-
The spectrum of film No. 1 contains two sextets, whichperature to rise sharply, and the iron nitride decomposes at
can be identified with the phased-e and iron carbide €  T=720-750 K with precipitation of thexFe phase.
(Ref. 6. The formation of the second phase is caused by the At P=10 2torr only one quadrupole doublet is ob-
high carbon content of the films~(20at.%). Auger spec- served in the Mesbauer spectrum; it is interpreted as the
troscopy data show that this effect is quite typical of Fe,N or éFe,N phaset® Obviously, the nitrogen concentra-
3d-metal films prepared by PPB.The fraction of bound tion in the chamber is sufficient to produce a nitrogen-
carbon is<10at.% in this case. enriched FeN phase throughout the entire volume of the film
Two sextets are also observed for film No. 2. In additionand, at the same time, the resulting substrate temperature is
to e Fe, a phase also emerges with a magnetization similar tmwer than the temperature at which this compound decom-
that of FgC, but with a larger isomeric shift. According to poses.
published data, these parameters are typical of the compound
e carbonitride ore Fe; N (Ref. 9.
Unusual results are exhibited by the spectra of film No.

3: They do not contain nitride compounds. The phase com- 700
position of this sample repeats the composition of film No. 1
with the one exception that Fe is now predominant. 600

. . . cooling
To explain these data, we have investigated the substrate

temperature during film deposition. Our previous work with M 500
Ni—N films provided guidelines for setting up these experi- 3
ments. We observed that, when nickel is spray-deposited in a
nitrogen atmosphere at a pressure of 4@rr, the substrates

are strongly influenced by temperature to the point of
deformation** To analyze the substrate temperature dynam- 300
ics, we predeposited a Pd—Cu thin-film thermocouple on the 01 2 3 4 . 5 6 7 8
substrate during the PPD process. f, min

The_resylts are Shown_in Fig. 2. In the first few minUteSFlG. 2. Time dependence of the substrate temperature at various nitrogen
as the film is being deposited, the substrate temperature imtmosphere pressurgd) 10 ° torr; (2) 10~ torr; (3) 1072 torr.
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