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The effect of Pt interlayers on the magnetic and structural properties
of perpendicularly oriented barium ferrite media

Zailong Zhuang,® Maithri Rao, David E. Laughlin, and Mark H. Kryder
Data Storage Systems Center, Carnegie Mellon University, Pittsburgh, Pennsylvania 15213

Perpendicular barium ferriteBaM) films with Pt interlayers were successfully fabricated. The
magnetic and structural properties of BaM films were compared with BaM films without Pt
interlayers. It was found that perpendicutaaxis orientation was greatly improved for films with

Pt interlayers. Perpendicular remanent squareness is increased, arakibeispersion anglé s,

is decreased with Pt interlayers in BaM films. Also the coercivity was found to increase for films
with Pt interlayers. A relative increase in perpendicular nucleation sites over in-plane and/or random
nucleation sites contributes to the improvement in perpendictéaiis orientation. The increase in
coercivity may be explained by a weakening of magnetostatic interactions among BaM grains, due
to magnetostatic isolation by the nonmagnetic Pt interlayers and the interdiffusion between Pt layers
and BaM layers during high temperatwee situannealing. ©1999 American Institute of Physics.
[S0021-897€09)68608-X]

I. INTRODUCTION O, mixture was 67/12 sccm. All the deposited BaM films
were annealed in a furnace at a temperature of 800 °C for

The c-axi dicularl iented BaM thin fil ) T
© c-axis perpendiciarly oriemed =a n Tims are About 20 min, then gradually cooled in air.

promising candidates for use as a high-density perpendicul : . ! . .
recording medium. In particular, they are one of the few The magnetic properties of the films were studied using

perpendicular media which have a remanent squareness Clc’%gr;er|ea2~,§|t§g;§rt:£ égg\ﬁ;erj;hr;?gnetgrge:e; or ::,?]r:;ng
to one, which is believed to be essential for thermal stabilityS P 9 ' rque curves wer i

. oo . ured using a torque magnetometer at a field of 12000 Oe.
against demagnetization. Many kinds of underlayers, such a?she or egdicula? anisot?o fiel. was calculated from
ZnO} thermally oxidized silicon (Sig),*2 Pt3 and AIN# Perp Py Tietdx

have been used to promote perpendicaiaxis orientation the peak-to-peak torque values. The crystalline structures of

in BaM films the films were characterized by a Gl x-ray diffracto-
Comparéd with longitudinal recording media perpen_meter. A Philips EM420T transmission electron microscope

dicular media may be made to be relatively thick.’ With the(TEM) was used to characterize the grain size and grain ori-

above underlayers, such as Pt and Si@he perpendicular entation.
c-axis orientation becomes worse as the BaM film thickness

increases, as shown later. To achieve better perpendicul#if. RESULTS
c-axis orientation for thicker films, Pt interlayers were added o
into the barium ferrite films. This article thus describes in The d_epeno_lence of_remanent_ squareness and coercivity
detail the effects of Pt interlayers on both the magnetic and" BaM film thickness is shown n Fig. 1. Ir_l-plane Ioc_)ps_
the crystalline structural properties of BaM films. A mecha- V'€ als_o measured _to detect the |r_1-plane oriented grains in
nism which explains the effect of the Pt interlayers in en_perpendmular BaM films. Perpendicular remanent square-

hancing the perpendicular anisotropy, is also described.

Il. EXPERIMENT = | =
25

BaM thin films and Pt films were deposited by radio- ;
frequency(rf) diode sputtering in a Leybold-400 sputtering : 22
system. A base pressure of belowx10 ® Torr was @« b , é
achieved before deposition. Pt was deposited in pure Ar gas, % 06 TN P e 19 L
with a pressure of 5.0 mTorr and a deposition rate of about s 04 |oreeions _‘_-‘ _______ ,’_ 16 %
100 A/min. For all the films, a 500-A-thick Pt underlayer c% L A g
was first deposited onto a thermally oxidized silicon 0.2 gt e mlen 138
(SiO,/Si) substrate. The Pt interlayer thickness was varied. - :
Stoichiometric BaFgO; 4 thin films were deposited in a mix- 0 '660' : '12'00' : ‘18’00'
ture of Ar and Q with a total pressure of 5.7 mTorr and a Film thickness (A)

deposition rate about 25 A/min. The flow rate ratio of Ar and
FIG. 1. Film thickness dependence of in-plane squareBess, perpen-

dicular squarenesS_out, in-plane coercivityH._in, and perpendicular
3E|ectronic mail: zhuang @andrew.cmu.edu coercivity H,_out for single layer BaM thin films.
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TABLE |. Structure and magnetic properties of BaM samples A and B.
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ness decreases gradually from about 0.9 to about 0.7 with an Ptinteriayer thickness (A)

increase in film thickness from 300 to 2000 A, while in-plane FIG. 3. Pt inter|ayer thickness dependence $_ﬁn’ S out, Hc_in,
remanent squareness increases gradually from 0.18 to 0.27._out. The structures of all BaM films are the same as sample B except
Perpendicular coercivity was found to decrease with incread®r the variation in Pt thickness as noted.

ing film thickness from 2.3 to 1.3 kOe, and in-plane coerciv-
ity was found to increase from 1.2 to 1.8 kOe. Perpendicula

magnetocrystalline anisotropy constaky and anisotropy civity of 2500 Oe, while sample A has a coercivity of only
field H, were also calculated based on the torque measureg_,o . '

ments. As BaM film thickness increases from 300 to 600 A The effect of Pt interlayer thickness on magnetic prop-

or larger, K, decreases from 1:710° to 1.3<10° erg/cc, erties of BaM films is shown in Fig. 3. The structure of all

with H, decreasing from 18.2 to 12.9 kOe. The above results . )
D : . : . Samples is the same as that of sample B. The Pt interlayer
suggest a deterioration of perpendicutaaxis orientation

and a decrease of perpendicular coercivity with an increastehlckness ranges from O to 300 A. The perpendicular square-

. . . S . .~ "“ness is above 0.9 for all films with interlayers. The coercivity
in BaM film thickness, which is undesirable for perpendicu-. ; L

. ) is greater than 2 kOe for films with interlayers, compared
lar recording media.

To improve the perpendicular orientation for BaM films, with a coercivity of 1500 Oe for films without interlayers.

Pt interlayers were added between BaM films, and comparegi\’gl(jl;trgﬁ;'ﬁgﬁ,:ssgz;rzaésfbgcguogg to produce perpen-

with BaM films without Pt interlayers. Two BaM samples A SM curves were also measured for samples A and B and
and B were fabricated. The total BaM film thickness is 900 : . pe
are shown in Fig. 4. There are only negative peaks for

A for both samples A and B, while sample B has two 150_barium ferrite films A and B, which indicates strong magne-

A-thick interlayers. The structure of samples A and B and o . o ;
. ; i . ; tostatic interactions among BaM grains in the perpendicular
their magnetic properties are summarized in Table I. The

) . direction for both films. Compared with sample A, the nega-
in-plane and perpendiculdtH loops for both samples A and _. . S

o . . . tive 6M peak is 1/3 smaller for sample B, which indicates
B are shown in Fig. 2. With Pt interlayers, perpendicular

. \geaker magnetostatic interactions for sample B.
remanent squareness increases from a value of 0.8 to 0.95,

while in-plane remanent squareness decreases from a valye Similar x-ray diffraction (XRD) results were obtained
of 0.22 to 0.11. The perpendicular magnetocrystalline anisot samples A and B. Only006), (008, and (0014 peaks,

ropy constanK, also increases from 1:ELCP to 1.7x 10° which indicate that the axis is perpendicularly oriented, are

erg/cc. The above results indicate a better per endicuIaObservable' Rocking curves were also measured. Cdvds
gicc. . ) perpendict cfispersion angla 05, was measured as the full-width at half-

c-axis orientation for sample B. The saturation magneuzauonmaximum of the rocking curve at the XRD peéB08) for

(M) of both samples A and B is about the same, 200 and 9 P

520 emu/cc, respectively. In addition, sample B has a coer-
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FIG. 2. In-plane and perpendiculdH loops for (a) sample A and(b)
sample B. FIG. 4. 6M curves for samples A and B measured by VSM.
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phous beforeex situannealing. It is believed that there are
two kinds of nucleation sites for crystallization of BaM dur-
ing ex situannealing. One kind of nucleation site is at the
interfaces formed between BaM layers and Pt layers. It was
reported that the as-deposited BaM films are not completely
disordered, but rather have an ordered local structure around
Fe atoms, and the direction of order determines the crystal-
£ W 8 lization direction during annealirySo a local order of BaM
(@ (b) atoms may be arranged at the Pt layer interface, which is
_ ) S favorable to crystallize perpendicularly oriented BaM films.
FIG. 5. TEM plan-view BF micrographs and microdiffraction patterns for Thus Pt and BaM interfaces are believed to form nucleation
(a) sample A andb) sample B. . . . . .
sites which favor perpendicularly oriented grafnis addi-
tion, it is also believed that there are some randomly oriented
BaM films. It was found that As, for samples A and B is nucleation sites in the bulk of BaM films. The total number
about 8° and 6°, respectively. Sample B has a better perpe®f random nucleation sites increases as the film thickness
dicular c-axis texture, which agrees with the magnetic prop-increases. While perpendicular nucleation sites dominate
erty measurements. random nucleation sites for very thin films, the effect of ran-
TEM plan-view bright field(BF) micrographs and mi- dom nucleation sites will become larger with an increase in
crodiffraction patterns of samples A and B are shown in Figfilm thickness. So a deterioration of perpendicular orienta-
5. For sample A, some acicular grains are clearly seen ition with an increase in film thickness is believed to be
addition to platelet-like grains, as shown in Figas How- caused by the relative increase in random nucleation sites. Pt
ever, for sample B, hexagonal platelet-like grains are obinterlayers in BaM films have the effect of increasing the
served with acicular grains rarely seen, as shown in Fly. 5 number of interfaces. By adding Pt interlayers, perpendicular
The acicular grains are eitheraxis in-plane oriented or ran- nucleation sites at the interfaces increase. So perpendicularly
domly oriented. The electron diffraction from one acicularoriented platelet-like grains are grown durieg situanneal-
grain shown on the left-top corner of Fig(ab clearly shows ing of films with Pt interlayers. Thus Pt interlayers effec-
c-axis in-plane orientation. The platelet-like grains esaxis  tively improve the perpendicularaxis orientation.
perpendicularly oriented, as confirmed by the electron dif-  With Ptinterlayers, the coercivity was found to increase
fraction pattern from one platelet-like grains on the left-topfrom 1500 to 2500 Oe. At the same time, a decrease in the
corner of Fig. Bb). The above results clearly indicate that the M values was observed. The smali#v value suggests a
Pt interlayers enhance the growth of the perpendicularly oriweaker magnetostatic interaction among BaM grains. The
ented platelet-like grains and suppress the growth of the indrop of the SM value may be related to the magnetostatic

plane and randomly oriented acicular grains. isolation of BaM films by nonmagnetic Pt interlayers and the
interdiffusion between Pt layers and BaM layers during an-
IV. DISCUSSION AND CONCLUSION nealing, all of which have the effect of decreasing magneto-

static interactions among BaM grains. So the decrease in
Pt interlayers play an important role in improving the magnetostatic interactions may cause the increase of coerciv-
magnetic properties and crystallographic characteristics ofy for BaM films with Pt interlayere.
BaM films. Without Pt interlayers, a gradual deterioration of ~ | conclusion, BaM films with Pt interlayers were suc-
the perpendiculac-axis orientation with an increase of BaM cessfully fabricated and characterized. BaM films with Pt
film thickness was observed; while with two Pt interlayers, ainterlayers have a significantly improved perpendicular

perpendicular remanent squareness of 0.95 can still bgaxis crystalline texture and a larger coercivity compared to
achieved fo_r a 900-A-thick BaM film. By adju_stmg the num- fiims without Pt interlayers.
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