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The dependence of the Co anisotropy constants on the measurement temperature, deposition
conditions, and underlayer materials was studied using unicrystdlO@®/Cr (or NiAl)(112)/
Ag(110 films sputter deposited on hydrofluoric acid etched 80) substrates. The single, in-plane

easy axis orientation in these films allows the direct determination of the anisotropy constants. The
anisotropy constants of unicrystal Co films are smaller than those of a bulk Co single crystal, and
the temperature dependence of the anisotropy constants is strongét; Vakie drops by 50% as

the temperature is increased from 25°C to 75°C, and then becomes negative at 135°C. This
zero-crossing temperature is considerably lower than the 250 °C at Whidi a bulk Co single

crystal decreases to zero. The anisotropy constants also vary with the film preparation substrate
temperature. Applying a substrate bias during the Co deposition effectively inci¢asesnear

bulk material values. Unicrystal Co films grown on NiAl/Ag/HF€ELO show smallerK; as
compared to those on Cr underlayers. The addition of a thin Cr intermediate layer on the NiAl
underlayer, however, restords,; to the larger value obtained on Cr/Ag/HF{Ei0. © 2000
American Institute of Physic§S0021-897@0)69908-5

The magnetocrystalline anisotropy is an important prop-conveniently obtained and the loop shape directly reveals
erty of Co-alloy materials. In magnetic recording, the anisotimportant qualitative characteristics of the anisotropy con-
ropy field determines the maximum achievable coercitfty, stants. In this method, the anisotropy constafifsand K,
and the product of the anisotropy constant and the particlean be determined by fitting the hard axrigH) loops td
volume dictates the thermal stabiltydence, knowledge and m.H m\3
control of the anisotropy constants are essential for the de- S +4K2(—) ,
sign of Co-alloy media. We have previously reported on a ms
technique to epitaxially grow unicrystal Co-alid@10)/ O<m<m,, andH>0. @
Cr(112/Ag(110) films by sputter deposition on hydrofluoric ) ) )
acid (HF)-etched Sil10) single crystal substratsThese Here,V is the sample volume anui is the saturation mo-
films exhibit a single, in-plane easy axis orientation and thugnent of the sample. Figure 1 shows the schematic plots of
allow the direct determination of the anisotropy constants byhe hard axisn(H) loops for variousk; andK,. They are
torque and hard axis hysteresis loop measurements. Whifglculated withH decreasing from the saturation field to
single crystal Mg@L10 substrates were also used to grow Z&ro, which is the same as th'e measurement procedure.
unicrystal Co-alloy films for studies on the compositional WhenK3;=0, the hard axis loop is a straight line. The cur-
and temperature dependence of anisotropy constasts, Vvature in the loop results from a nonzekg (assumek,
substrates are of interest since the wafers are readily avail-
able and inexpensive. Hence, this epitaxial unicrystal film
structure provides a pathway for a systematic fundamental .
study of the magnetocrystalline anisotropy. This article will
focus on pure Co anisotropy constants as functions of the :
measurement temperature, the processing conditions such as - ) ; 4
growth temperature and substrate bias, and different under-
layer materials. k>0

The thin-film fabrication and characterization details k=0
have been described in our previous publicatibh§Vhile
the anisotropy constants can be determined from either 0
torque curves or hard axis hysteresis loops, for this study the HIH

use of hard axis loops is emphasized because they can be

FIG. 1. Schematic hard axis hysteresis loops calculated for diff&teand
K,. Here,Hy=2K; /M. The fieldH decreases from the saturation field to
3Electronic mail: wy29@andrew.cmu.edu zero.
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FIG. 2. Hard axis hysteresis loop of a typical (600 A)/Cr(500 A)/Ag(750 H(Oe)

A)HF-S(110 film.
FIG. 4. Hard axis hysteresis loops of a(6080 A)/Cr(500 A)/Ag(750 A)/
HF-Si(110 film at different measurement temperatures.

>0). K, determines the characteristics of the loop at the
origin. WhenK ;> 0, the loop will go through the origin with

a finite positive slope

d (m) ~omg 1
dHimg/ = 2KV H’

in Fig. 4. The measurement spans from room temperature

(25°C) to 200 °C.M¢ remains almost constant, without any
(2) observable decreas&; shows a very strong temperature
dependence. When the temperature is increased to #,°C,
has already dropped by 50%, from 1:65C° erg/cn? to
0.75x 1P erg/cnt, as is also indicated by the hard axis loop
showing a larger slope at the origid; continues to decrease
with increasing temperature and crosses zero at 135°C. The
hard axis loops at 150 °C and 200 °C intersect with the ver-
tical axis, confirming negativ&, values. This zero-crossing
temperature of 135 °C is considerably lower than the 250 °C
The in-plane hard axis hysteresis loop of a typical uniC_at whichK; of a bulk Co single crystal decreases to zéro.

K5, on the other hand, decreases slowly and remains positive

r I r/Ag/HF—-Si110 film is shown in Fig. 2. |
ystal ColCr/ g/. S'l 0 s sho . 9 t at 200°C. BothK; and K, measured at 25°C after the
shows a curve with virtually zero openness; the remanence R .
. . sample was cooled back down from 200 °C are in excellent

squarenes$<0.02. This confirms the almost perfect easy : .

S . . agreement with the values obtained before the heat treat-
axis alignment. The anisotropy constants determined fromment This suggests that an internal film stress is unlikely to
the hard axis loop areK;=1.55<1CPerg/cnt and K, ' 99 y

~1.30¢ 16F erg/en. ThisK, is much smaller than the value ©<P1ain the small anisatropy values and the strong tempera:
reported for a bulk Co single crystal(K;=4.5 P ' b inis p y

X 10 erglen® and K,=1.5x 10° erglen?).” Given the good lated to a high concentration of crystal defects in the films.

alignment of the Co grain easy axes, the sriglicannot be Anisotropy constants are usually considered to be intrin-
9 9 y ' ic parameters of the materials. However, the observation of

gxplalned by assuming an easy axis orlentatl_on dispersion. fﬁe unusually lowK; values and the strong temperature de-
is likely that stacking faults may develop during the growth :
) . . endence suggest that the anisotropy constants may be de-
of the hcp Co film and the resulting fcc stacking sequenc L . .
pendent on the thin film microstructure. Hence, processing

may be responsible for this decrease. o . . . .
The temperature dependences of the saturation magneﬁpnd't'ons that modify the film microstructure are very likely

: . o0 alter the anisotropy constants.
zgtlon My), Ky, andK, of_the_unlcrystal Co/Cr/Ag/HF—_ The anisotropy constants of unicrystal Co films were
Si(110 sample are shown in Fig. 3, and the correspondlngrou

; ; nd to vary with the substrate temperature during the depo-
hard axis hysteresis loops at selected temperatures are show - o
sition. As shown in Fig. 5K is increased when the substrate

temperature is increased from 250 °C to 300 °C. When the
substrate temperature is further increased to 350 °C, how-

and thus a steeper slope indicates a smadler WhenK;
=0, the loop will be tangent to the vertical axis at the origin.
When K, <0, the loop will intersect with the vertical axis,
corresponding to a remanence squareness
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FIG. 3. Saturation magnetization and anisotropy constants of(300d)/
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Cr(500 A)/Ag(750 A/HF-Si(110 film at different measurement tempera- FIG. 5. Anisotropy constants of unicrystal 60 A)/Cr(500 A)/Ag(750
A)HF-Si(110 films grown with different substrate temperatures.

tures.
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35 T T T T TABLE I. Comparison of the anisotropy constants of the unicrystal Co films
3 L 7 grown on different underlayer structures. These underlayers were all epitaxi-
- L K, ] ally grown on Ag750 A)/HF-Si(110).
% 251 -
® L[ ] ¢} Ka
o F -
S 15f ./o\._. - Underlayer (10 erglend)
¥ oap P . Cr(500 A) 1.55 1.30
os L 2 ] NiAl (500 A) 1.24 1.20
L . . L Cr(100 A)/NiAl (400 A) 1.50 1.36
0 100 200 300 NiAI (100 A)/Cr(400 A) 1.27 1.15

| Substrate Bias | (V)

FIG. 6. Anisotropy constants of unicrystal G60 A)/Cr(500 A)/Ag(750 . . . L )
A)HF-Si{110 films with the Co layer deposited at different substrate bias ited Co-alloy films, while NiAl intermediate layers on Cr

voltages. The applied bias values are negative. There was no substrate bidderlayers decrease the coercivifie¥he results shown in

during the deposition of the Cr and Ag layers. Table | suggest that a possible cause of the coercivity en-
hancement and degradation may be the respective increase
and decrease in the anisotropy constants. The comparison

ever,K, drops againK, shows a similar dependence on the also suggests that the Co anisotropy constants are largely

substrate temperature, only with smaller variation. At low

of crystal defects, gnd thus smaller anisotropy constants. Omms, the difference in surface atoms has a significant effect
the other hand, Co is known to have a stable fcc phase abo

‘6h the anisotropy constants of the Co films
o8 o .
422 °C? Therefore, as the temperature approaches 422 °C, In summary, we have studied the dependence of Co an-

although the qverall structure is still hep, the foc StaCkin,gisotropy constants on the measurement temperature, various

Sprocessing conditions, and underlayer structures. The anisot-
yropy constants are smaller than those for a bulk single crys-
tal, and show very strong temperature dependence. Varying
the growth temperature and substrate bias during the deposi-
a:Lilon can effectively change the anisotropy constants. While

JiAl underlayers result in a smallé¢,, the addition of Cr

would result in a higher density of stacking faults, thereb
decreasing the anisotropy constants.

Applying a substrate bias was found very effective in
increasingK,. As shown in Fig. 6K, increases as the ap-
plied substrate bias becomes more negative. Its value is

most doubled at a substrate bias 6800 V. Applying a intermediate layers can restoke, to the larger value ob-

substrate bias tgnds to remove those atoms loosely bqund {&ned on cr underlayers. These results suggest that the an-
the surface during the film growth, and leave those tlghtlyisotropy constants may be dependent on the thin film micro-

b?und ;)r:es t? fotr.mr?muor.e cortml)acct f;l.Tns V\gth a h;gger (tjﬁ 9"%tructure. The relationship between the anisotropy constants
ot crystal periection. nicrystal Lo 1Tms deposited WIth & 54 the microstructure will be the topic of further investiga-
substrate bias may contain fewer defects, and hence Iarg%n

anisotropy constants.
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