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FeTaCN films were deposited on quartz substrates by cosputtering of Fe and TaC targets at room
temperature with different Nflow rate ratios in the sputtering gas. The as-deposited films were
postannealed in vacuum for 30 min at various temperatures. The effects of annealing temperature on
the N, flow rate ratio and film thickness on the magnetic properties and microstructure of the film
were investigated. X-ray diffraction and transmission electron microscopy analyses show that the
as-deposited FeTaCN film has a nanocrystalline structure or mixing phases of nanocrystalline and
amorphous. Nanocrystalline as-deposited film with good soft magnetic propétiggane
coercivityHcy=1~2 Oe and 4Ms=12-14 kG) can be obtained by controlling the ffow rate

ratio and film thickness. The soft magnetic properties can be improved by postannealing the
as-deposited film at 200-300°C as the Row rate ratio is higher than 5 vol%. For the

Fey1 03l86.1C7 N15.67 film, the He, value decreases as the film thickness is increased when the
annealing temperature is lower than 400 °C. After annealing at 300 °Bgijtés about 3.57 Oe as

the film thickness is 50 nm andc; will decrease to 0.18 Oe as the film thickness is increased to
1000 nm. ©2003 American Institute of Physic§DOI: 10.1063/1.1555904

Pure Fe film has a large magnetocrystalline anisotropyverlaid with C chips which covering about 18% of the disk
and large magnetostriction, which are undesirable from theurface area. The sputtering power density was fixed at 3.49
point of view of soft magnetic properties. It has been knownw/cn? for the Fe target and 1.97 W/énor the TaC target.
that the addition of some transition metals to Fe film will The base pressure was below 20 ' Torr. The N, flow
improve its soft magnetic propertiéRecently, the enhance- rate ratio, defined asR(N,)=F(N,)/[F(Ar)+F(N,)]
ment of the soft magnetic properties of these doped films<100%, whereF(N,) and F(Ar) are the N and Ar flow
with nitrogen or carbon incorporation has been extensivelyates in the sputtering gas, respectivéyN,) in the sput-
investigatecf:3 Generally, the soft magnetic properties of Fe-tering gas was varied from 1% to 15%. The film thickness
based nanocrystalline films originate from the fine grain sizevas varied from 50 to 1000 nm. A SjNap layer of about 20
and strong intergranular ferromagnetic exchange couplindam was deposited on the FeTaCN film by rf magnetron sput-
which will reduce the magnetocrystalline anisotrépyow- tering of the SjN, target to prevent oxidation of the mag-
ever, good soft magnetic properties in these Fe-based allayetic film. After deposition, the films were annealed in
films are usually obtained by either substrate heating at elyacuum below x 107> Torr for 30 min at a temperature
evated temperatures during deposition, or postannealing getween 200 and 500 °C, then quenched in ice water. The
temperatures around 400—600 (Ref.  to nanocrystallize  composition of the film was analyzed by x-ray photoelectron
the deposited films. This will restrict the application of them spectroscopyXPS). The microstructure and crystal structure
to the magnetic devices which require low temperature fabpf the film were investigated by a Philips Tecnai F30 field
rication processes. emission gun (FEG) transmission electron microscopy

In this work, we investigated the magnetic properties(TEM) and a thin-film X-ray diffractometefXRD) with Cu
and microstructure of the FeTaCN film and make an effort tok , radiation. The magnetic properties of the films were
obtain the as-deposited film with good soft magnetic propermeasured by a vibrating sample magnetoméets).
ties and thermal stability by optimizing the sputtering param-  Figure 1 shows the x-ray diffraction patterns of the as-
eters. _ . deposited and various annealeds 28735 06Ca.05N25 31 films,

The FeTaCN film was fabricated on quartz substrate byyhich annealed at different annealing temperatures. The film
dc-magnetron reactive cosputtering of Fe and TaC targets ghickness is 200 nm and tHR(N,) during deposition is 15
room temperature. The TaC target was made by a Ta disls| 96, No sharp x-ray diffraction peak is observed for the
as-deposited film. We conjecture that the structure of the as-
dElectronic mail:  a3150@ms3.hinet.net deposited film may be nanocrystalline or mixed phases of
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FIG. 1. X-ray diffraction patterns of the as-deposited and annealed O
Fés3.6873.06C4.09N25 31 films. —
nanocrystalline and amorphous. A broad peak is observed as 0.1 —
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the film is annealed at 300 °C. The broad peak is still ob- S00

served when the annealing temperature is increased to
400 °C. This may be caused by the poor crystallinity of the'G: 3. Variations of(a the saturation magnetizationm#s and (b) the
. . . . . . in-plane coercivityHc, with annealing temperature for the FeTaCN films
film. Besides, no evidence is found for the existence of Ni<y, gifferent N, flow rate ratios.
tride or carbide phases. This may be due to the too small
volume fractions of the nitride and carbide phases in the film
that were difficult to detect by XRD. It can be also seen thaican see that this film has a nanocrystalline structure. This
the a-Fe(110 peak shifts to its typical peak position as the fiim consists of smalk-Fe grains and more smaller(@ N)
annealing temperature is increased. This means that the |q;recipitates_ The average grain sizemdfFe is about 6 nm,
tice spacing of th¢110 planes is decreased as the annealingyhich is smaller than that of the felas 1C7 N5 67 film
temperature is increased. It can be related to the stress reli¢f(N,) is 5 vol %]. The average grain size efFe observed
which is caused by diffusing out of C and N atoms from thepy TEM is about 8 nm for the Fgg3Tas ;C; N5 67 film.
a-Fe grain to reduce the Gibbs free energy. Some broagince theR(N,) of the Fg g7Ta; ofCe 7N19.07 film is larger
TaCN) and ¢-FeN diffraction peaks and a more clear than that of the Fg ¢3Tac 1C7 oN15 67 film, it is believed that
a-Fe(110 peak were observed as the annealing temperaturgie number of TaN precipitates increases ViR{N,) during
is increased to 500 °C. Precipitation of tie=e;N phase, as film deposition owing to their large formation enthalpy. As a
shown in Fig. 1, will result in deterioration of the soft mag- result, morea-Fe grains will nucleate from the TaN surface
netic properties of the film. asR(N,) is increased. Therefore, the smaller grain size of
Figure 2 shows the TEM bright field image and selectedhe Feg g;Ta; odCq 77N10 o7 film is formed.
area diffraction (SAD) pattern of the as-deposited Figures 3a) and 3b) show variations of saturation mag-
Fese.s7187.08C6.7N19.27 film. The film thickness is 200 nm. netization 4rMs and in-plane coercivityd ¢, with annealing
The R(Ny) during deposition is 10 vol % for this film. We temperature, respectively, of various FeTaCN films deposited
at differentR(N,). The film thickness is 200 nm. From Fig.
3(a) we can see that the7Ms value is more sensitive to
annealing temperature when thg fbw rate ratio is lower,
especially 1 vol% N. The 47Ms value increased drasti-
cally from 5.9 to 15.6 kG as the annealing temperature in-
creased from 400 to 500 °C for the film with 1 volB{N,).
The TEM observation shows that rapid increase afMis
value when annealed at 500 °C is due to the change of mi-
crostructure of this film. This film is changed from low
47 Ms of mixing nanocrystalline and amorphous phases to
the high 47Ms crystallinea-Fe phase at this temperatdre.

Ta(CN) (111)
Ta(C,N) (200)
a-Fe (110)
a-Fe (200)
a-Fe (211)
a-le (220)
a-Fe (222)

FIG. 2. TEM bright field image and electron diffraction pattern of the as-
deposited Fg g7Ta7.04Cs.7N19.27 film.

At an R(N,) below 10 vol %, the increase of™Ms
with R(N,) is also due to the increase of crystallinity of the
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film. As R(N,) further increases to 15 vol %, the decrease of 16
47Ms may be due to the reaction of supersaturated N atoms .(a)Fe Ta C..N__film
with Fe and Ta atoms, forming a nonmagnetic TaN phase and B 5%500m  —o—400 nm A
weaker ferromagnetic or nonmagnetic Eephase. There- I i;gg nm i?ggonm
fore, the 47Ms value of this film is lower than that of 10 and a"r m m o
5 vol % R(N,) films, as shown in Fig. &. From Fig. 3b), % [
we can see that the as-deposited film has hidher value = BF
than that of the annealed film artdc, increases with the E R " o
i ; ; ¥ 12 E» Q\ e
R(N,) for the as-deposited film. The highefc, value for kﬁ\ﬁ/
largerR(N,) film is ascribed to the distortion of crystal lat- I :o§
tice that come from the occupation of N atoms in the inter- "
stitial sites. This resulting in large internal stress in the film, . . | . |
thus, impeding the domain wall motion and degrading the or b
soft magnetic properties. The soft magnetic properties can be ¢ )FemTaanNﬁe? film
improved by postannealing the film at 200 to 300°C as ol i?gon?m ngg 22
shown in Fig. 8b). This is due to the stress relief result from —A— 200 nm —&— 1000 nm
the diffusing of C and N atoms out from-Fe grains to
reduce the Gibbs free energy, as discuss above.Hte g
value increases as the annealing temperature is higher than >%
400°C. It is related to the large residual stress resulting from I 1§
guenching the film in ice water after high temperature an- ;
nealing and the grain growth after annealed above 400 °C.
It should be noted that thelc, value of the 5 vol %
R(N,) film (Feyq g3Tas1C7 Nys 67 film) is lower than that of 01 T T
10 vol % R(N,) film (Fegg g7Tay ofCs.7N19 27 film) after be- 0 100 200 300 400 500
ing annealed at 500 °C. Although the crystal phases of are Annealing Temperature('C)

identical, the average a-Fe grain size of the FIG. 4. variations of(a) the saturation magnetizationmMs and (b) the
Fey 0sTas1C7 Nis g7 film is larger than that of the in-plane coercivit){ He, Wi_th anngaling temperature  for the
Fess 7787 0dCs 7N 10,27 film after being annealed at 500 °C. Feyy 03Ta6.1C7 N5 67 films with different thicknesses.

From the TEM observation, the averageFe grain size of o o ]
the Fe,05T8:C;Nise; film is about 9 nm and the NM This is due to the large thermal stress forming in the film

Fése T2 0dCs N0 o film is about 6 nm after being an- that is caused by the thermal expansion coefficient difference
nealed at 500°C. The smalleHc, value of the between the FeTaCN film and the quartz substrate after

Feyy 03T 1C7 Nis o film is attributed to that it has appropri- duénching from high temperature. _
ate size and amount of TaC or TaN particles. Owing to the e have successiully achieved good soft magnetic prop-
excessive TaC or TaN precipitates in  the erties for the as-deposited film by simultaneous addition of C

Fése 5T 0dCs 7N 10 o7 film that reduce the exchange cou- and N to the FeTa alloy film. Comparing the conventional
pling force between ferromagnetic grains, tHe, value of FeTaC and FeTaN alloy films, the high temperature anneal-

this film is larger than that of the FeygTag 1Cy oNys 6 film as ing process is avoided by combination addition of C and N to
shown in Fig. 8b). ' o ' FeTa alloy film. The magnetic properties of the FeTaCN

Figures 4a) and 4b) are the variations of #Ms and films are very sensitive to the ;Nlow rate ratio. The fine
Hc, with annealing temperature, respectively, of theCrystalline a-Fe grain together with appropriate size and
Fe; 0378 1C Nis o films with various film thickness. It can a_lmount of TaC or _TaN precipitates in the f!lm are thg essen-
be seen that the #Ms value is lower than 12.2 kG as the tial factors to obtain the good soft magnetic properties.
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