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This study is devoted to a correlation between elastic constants and magnetic anisotropy of Co/Pt
superlattice thin films. Co/Pt superlattice thin films with various Co—Pt layer wavelengths were
deposited on monocrystal silicon substrates by an ultrahigh-vacuum-evaporation method, keeping
the volume fractions of the Co and Pt layers unchanged. Their perpendicular magnetic anisotropy
ranged between —0.2 and 5.0 MJ.rResonant-ultrasound spectroscopy coupled with laser-Doppler
interferometry determined their hexagonal-symmetry elastic constants, which correlate with the
magnetic anisotropy; higher perpendicular magnetic anisotropy causes larger in-plane elastic moduli
and smaller out-of-plane moduli. The correlation is explained by internal elastic strain
associated with lattice misfit at the Co—Pt interfaces2@5 American Institute of Physics
[DOI: 10.1063/1.1886900

Co/Pt superlattice thin films have attracted much attendetermines theC;; of Co/Pt superlattice using resonant-
tion because of its large perpendicular-magnetic anisotropyltrasound spectroscopRUS) coupled with laser-Doppler
(PMA).! When Co/Pt superlattice shows PMA, closed-interferometry’*° (No study applied the RUS method to thin
packed planes of Co and Pt layers are epitaxially bondedilms except for that made by Maynard and his colleadﬂl)es.
Interatomic distance on the closed-packed plane in Pt idechanical free-vibration resonance frequencies of a film/
larger than that in Co by 10%. Then, Co layers are extendedubstrate specimen depend on dimensions, mass densities,
along the in-plane direction, and the in-plane elastic strain igind all the elastic constants of the film and substfattne
of the order of 1022 Among possible causes contributing dimensions are measurable as shown later. The sub€ifate
to PMA, previous experimental studies strongly indicate thatire determined inversely by measuring its resonance fre-
elastic strain in the Co layer plays very important role. PMAquencies. The filnC;; are then determined by measuring the
becomes remarkable when the Co-layer thickness is smallégsonance frequencies of the film/substrate specimen and
than 4 A* which is close to the-axis lattice parameter in an performing the inverse calculation to find the best fits be-
hcp Co. However, PMA disappears even with the favorabléween the measured and calculated resonance frequencies.
Co-layer thickness when Pt-layer thickness is comparabl®etails of the measurement setup and correctness of the
with or smaller than the Co-layer thicknés8ecause the RUS/laser method are shown in our previous stutfiés.
elastic constants of Co layer are smaller than those of Pt We prepared Co/Pt superlattice thin films by an
layer, elastic strain is more significantly caused in Co layersultrahigh-vacuum-evaporation method. Co and Pt layers
This trend becomes remarkable when the volume fraction ofvere deposited of001} plane of monocrystal silicon sub-
the Co layer is small. Kingetsu and his co-authors revealegtrate, measuring about 6.5x 0.2 mn?. The pressure
that the in-plane elastic strain in Co reached 0.05 using thbefore the deposition was of the order of 0orr and it
reflection high-energy electron diffractigRHEED) and in-  Varied during deposition between 0.1 and .00 Torr.

dicated that such a large strain governed an important rol&he deposition rate was 0.3 A/s for both Co and Pt. At first,
for PMA.%7 50-A-Pt buffer layer was deposited on the silicon substrate.

Extensively large elastic strain affects the elastic con-Then, Co and Pt were deposited alternately. The Co—Pt thick-

stantsC;; through lattice anharmonicity. Then, Co/Pt super-ness ratioldco/dp) was 0.25.(dc, anddp denote the thick-
lattice must show a correlation between the elastic constanfi¢sses of Co and Pt layers, respectivelye prepared three
and PMA, and determination of the elastic constants can bkinds of superlattice thin films with the bilayer thicknesses
one of the important approaches for solving the physicah=184, 94, and 17.7 A, which were determined by the
mechanism of PMA. However, no report appears studyingt-ray-diffraction(XRD) satellite peaks. Figure 1 shows x-ray
the relationship between elastic constants and magnetic progiffraction spectrum from the film with\=94 A. It shows
erties of Co/Pt superlattice despite the large number of pub-
lications for this superlattice. Therefore, the purpose of this
study is to clarify the correlation between the elastic con-
stants and PMA of Co/Pt superlattice thin films.

Thin films are expected to be elastically anisotropic be-
tween the in-plane and out-of-plane directions and often
show transverse symmetry with five independent elastic con-
stants denoted b{;;, Ci3, Cyqy Cq3 and C44.8 This study
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dElectronic mail: nobutomo@me.es.osaka-u.ac.jp FIG. 1. XRD spectrum of Co/Rix=94 A) superlattice thin fim(CuKa).
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FIG. 2. Magnetic hysteresis loops of Co/Pt superlattice thin films with
=17.7(left) and 184 A(right). Solid lines indicate magnetic hysteresis loops
when the external field is applied along the out-of-plane direction. Dashed
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clearly satellite peaks, which confirms good periodicity. The —Dc\ﬂ\g_
bilayer thicknesses can be determined by the satellite-peak % .
angles and the x-ray wavelendthTotal thicknesses are cal- 0 10 20
culated from the bilayer thickness and the repetition number Bilayer thickness (nm)

tf) be 9250, 9450’ and 8900 A for the: 184’ 94, and :!'7'7 A FIG. 4. Dependencies of the effective perpendicular magnetic anisotropy
films, respectively. We measured magnetic hysteretic loops &, and the elastic constants of Co/Pt superlattice thin films on the bilayer
300 K by a superconducting quantum interference devicenhickness

(SQUID) to confirm the epitaxial interfaces and to evaluate

PMA as shown in Fig. 2; the Co/Pt superlattice clearly . . . o . . .
shows PMA when bilayer thickness is 17.7 A. This result/IMits. The ratio Cs5/C,,, indicating elastic anisotropy, in-
indicates that the Co/Pt superlattice grows epitaxially and"€ases from 0.97 to 1'4 witka

includes a larger elastic strain in the Co layer. When bilayer There are two pos_3|ble reasons for the obsemvede- .
thickness is 184 A, the easy magnetization direction is parpendence of the elastic constants of the Co/Pt superlattice

allel to the film surface and PMA disappears thin films: (i) strain dependence of the elastic constants and
Figure 3 compares resonance spectrum of the silicor(n") '?ﬁOh)‘?;“ée bonds on colu_mg_ar gralr;] bolgndf:ljr_les._
substrate alone and that of théo/PtA=94 A)];oo/ Si speci- e measurement indicates tha{1R) direction

men. For all specimens, resonance frequencies decreased
1.0%-1.5% after the deposition. These frequency shifts arB
larger than the measurement errors of resonance frequenci

iBaparalleI to the film-thickness direction. Because the closed-
cked planes are bonded epitaxially, we assume the closed-
cked plane of Co is parallel {811 plane of Pt. The lattice
misfit on the two closed-packed planes is as large as 10%.

by two orders of magnitude. Figure 4 shows bilayer thiCk_Thus Pt layers are compressed and Co layers are extended
nessh versus the effective-magnetic-anisotropy eneigy, The in-plane strains in Pt and Co layers are estimated to be

which is determined from magnetic hysteretic loops along” ; :
e i plane and outoflane drectonk ncicaes the 0018300008, fespectuel assuming compee bonds o
degree of PMA, and positive value means that Co/Pt supell-I " nst n.t £111)-textur Pt,whi h were obt ingd
lattice shows PAMK decreases as increases, which in- elastic constants o extare = ch were obtaine

dicates that the magnetization easy axis changes from alor{gljrg_’th:nHéﬂ;gxzirggifn?rizgi‘);?é gig't;’;igzzir?;;eocry(i'

the out-of-plane direction to along the in-plane direction with e ; . i gh .

the increase ok. Figure 4 also shows determing of the associated with t_he extension dwecuon and.a contraction in-

Co/Pt superlattice thin films. Error bafAC; ) were deter- crease<;; associated with thelzacontractlon direction because

. i . - a7

mined from the measurement accuracy of the resonance fré-)]c Interatomic anhgrmon!cnﬁz The dependt_ence Re
: . ; . indicates that elastic strains in Co/Pt superlattice are reduced

quencies and that of the film thickness as discussed abov\?v.i,[h the increase ok because a large elastic strain in Co

We failed to determineC,, because its sensitivity to reso- o ' 9

nance frequencies was too small. For184 A, we used layer is indispensable to PMA. TherefoKg;; andE; of Co

different specimens, but the differences in the determi@ed layer increase and those of Pt layer decreaseg, iasreases.

were less than 10%. Figure 4 clearly shows correlations be‘_l'he change of the elastic constants due to lattice distortion is

tween the elastic constants and magnetic anisotropy of Co/ Pt pected to be more remarkable in contraction than in ex-
: P . g Py traction because the increase rate of the internal energy is
superlattice thin films. A3 increasesC;4, Cq3, Cgs andE; . . .
> : larger in contraction. Thus, the change of elastic constants of
decreaseCgz and Cq, are nearly constant within their error . : )
the multilayer is mainly caused by those of Pt layer and we
attribute anisotropy and dependence of the elastic con-

——— stants to the strain-dependent elastic constants.
-l 1 |,___l§°/P‘(“;94A>1l°°’S‘ To reduce the internal strain, dislocations would have to
k . slip along an off-in-plane direction. Seeget al’® and

Akhtar® suggested that dislocations could caydd 22}

(1123) slip when sufficiently large stress was applied. How-

ever, this will be difficult when the Co layer consist of a few

- . ¥ atomic layers, because such a case requires dislocation slip

100 200 . 300 - 400 500 across interfaces. Whereas, when the Co layer becomes
cavency (kHz) thicker, the dislocation slips occur and internal strain can be

FIG. 3. Resonance specira of silicon substrate alateshed ling and ~ '€leased, which decrease the degree of PMA and the in-plane

[Co/P(N=94 A)],0s/Si specimer(solid line). elastic constants.
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