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Stacking Faults and Their Effect on
Magnetocrystalline Anisotropy in Co and
Co-Alloy Thin Films

Bo Bian, Wei Yang, David E. Laughlin, and David N. Lambeth

Abstract—Stacking faults in (1010) unicrystal Co and Co-alloy on anisotropy constants is essential for the development of
thin films have been analyzed by the electron diffraction technique. high density Co-alloy media. It is advantageous to have a thin

As predicted no diffraction contrast of stacking faults could be ob- £, m in which h th kina faul nd anisotr
served when the beam is parallel to the 1010] direction. How- syste C both the Stac. g faults and anisotropy
constants can be directly characterized.

ever, both by plan-view TEM observation and electron diffraction ; g .
along the [L120] direction reveal that the stacking fault density in We previously found that1010) Co unicrystal (thec-axes
biased pure Co @010) thin films is much lower than that in un-  of the Co crystals are aligned at one direction) films could be
biased ones. The addition of Cr in Co films significantly reduces epitaxially grown on sputter deposited Cr templates epitaxi-
stacking fault density whereas the addition of 8at% Pt leads to a ally grown as Cr(112)/Ag(110) on hydrofluoric acid etched Si
considerable increase in stacking fault density. Our results show . : . .
that stacking faults in Co thin films significantly, and negatively, af- (_110) substrates [10_]' The single, In-plane eaSY aX_'S orienta-
fect the anisotropy energy density and its temperature dependence. tion of these Co grains allows the direct determination of the
Index Terms—Anisotropy, Co-alloy thin films, electron diffrac- anisotropy CQnStants by torque or hard axis hySter.eSIS meas_ure-
tion, magnetic recording, stacking faults, TEM. ments. In this work, we observed and characterized stacking
faults in unicrystal {010) pure Co films sputtered with and
without substrate biasing, and we correlate the stacking fault
. INTRODUCTION density with the magnetocrystalline anisotropy constant and the

HE RECENT increase in areal density of magneti@nisotropy constant temperature dependence. We also investi-
recording is placing very stringent requirements in magate the change of stacking fault density with Cr and Pt addi-
netocrystalline anisotropy energy of Co-alloys. It is directljions in Co alloys.
related to the maximum achievable coercivity and thermal
stability of recorded data. The hcp structure of Co has an ABAB [l. EXPERIMENTAL

atomic arrangement along t§g001) direction, which can be Ag, Cr and Co or Co-alloy thin films were sequentially
easily changed to ABCABC stacking during the depositiofeposited onto HF-etched Si (110) substrates by rf diode
process due to the small energy difference between these Whittering in a Leybold—Heraeus Z-400 system. The etched
stacking arrangements [1]. When the ABC stacking occurs &} \yafers were heated to about 30G under vacuum prior
the hcp structure it is called a stacking fault. Stacking faults {g fim deposition. The thicknesses of the Ag, Cr and Co or
Co-alloy magnetic media have been investigated by diffractiqu_anoy thin films were 75, 50 and 50 nm, respectively. Pure
contrast imaging [2], high-resolution transmission electraf fims were deposited with and without300 V substrate
miproscopy [3]-[5] an.d .grazing incidencg x-ray scatteringias. Cq,Cry, and CeuPt targets were used to deposit
using synchrotron radiation [6]. Although intensive researqy._alioy thin films without substrate biasing in order to main-
efforts have been undertaken with the purpose of improviRgin composition. TEM samples were prepared by mechanical
the recording properties, the effects of stacking faults on tB%Iishing and dimpling followed by ion milling from the Si
magnetic properties such as coercivity are still controversiglpstrate side. Microstructural analyzes were performed using
due to the difficulty in quantitatively characterizing stacking, Philips EM-420 electron microscope operating at 120 kV.
fault density and separating the effects of stacking faults froga,gnetocrystalline anisotropy constants were determined by

other influences such as grain size, composition and Orie”tatiﬂ'éasuring both hard axis hysteresis loops and torque curves.
[4], [7]-]9]. Hence, knowledge of the effects of stacking faults

Il. RESULTS AND DISCUSSION
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Fig. 1. [10T0] zone axis TEM image and corresponding ED pattern of a
(1010) unicrystal Co film. No fringes and streaks are visible.

containing local ABC stacking must be understood. The dif-
ference in diffraction intensities of a perfect hcp crystal and
a faulted hcp crystal depends on the indices of the diffraction
planes [11]. Wherh — k& = 3n, wheren is an integer, the
diffraction intensity of a faulted region is the same as that of Pae sl
a perfect one since both regions have the same structure fagtigr.2. [1120] zone axis TEM images and corresponding ED patterns of the
Whenh — k = 3n £ 1, however, the presence of stacking faultgnicrystal pure Co films deposited without bias (a) and wiB00 V bias (b). =

. - . . . . s Fringes and streaks are visible. The difference in stacking fault densities with
results in a modified diffraction intensity distribution along the,q se of bias is obvious.
direction of the (0002) reflection due to the difference in the
structure factors of both regions. The intensity distribution re- SRy it
sults in streaks in the electron diffraction pattern. As all the re-
flections of Co in the J010] zone axis ED pattern have the in-
dices satisfyingr — & = 3n, no streaks exist in the ED patterns
regardless of the existence of stacking faults.

As the [1120] zone axis electron diffraction of a hcp structure
contains reflections satisfying— £ = 3n £ 1, and since this
zone axis is only 30 degrees away from thel0] zone axis, we
can tilt TEM samples of1{010) Co unicrystal films 30 degrees
around thec axes and observe the samples along thii2(]
zone axes. Fig. 2 shows the TEM images and corresponding ED
patterns of pure Co unicrystal films deposited without bias, (a),
and with—300 V substrate bias, (b). Dense parallel fringes per-
pendicular to the [0001] direction are observed in both TEM im-
ages. Long and bright streaks as marked by arrows are clearly
visible in the ED patterns. These streaks form almost contin-
uous and parallel straight lines extending along the direction of ; ;
the (000I) reflections. Kinematically forbidden reflections suchiy 3. 1130] zone axis TEM images and corresponding ED patterns of
as (0001), (0003), etc., appear in the ED patterns due to doufl&0) Cos,Cr, (a) and Ce. Pt (b) unicrystal films.
diffraction. The TEM image and ED pattern in Fig. 2(a) were
taken from the same region as shown in Fig. 1(a). The only difias, the CgyCro film shows a smaller stacking fault density.
ference is the choice of zone axis for observation. This resdince the misfit at the interfaces of \@o and CkCoCr are al-
shows that high-density stacking faults may existliol0) tex- most the same and Cr is a bcc material, the difference may result
tured Co films but can only be observed by diffraction contragtom chemical effect of Cr.
imaging and electron diffraction along selected special zoneln order to quantitatively compare the stacking fault densities
axes. From the TEM images in Fig. 2, itis seen that the stackiofjdifferent samples, it is necessary to characterize the diffrac-
fault density value for the Co film prepared without bias is muction intensity distribution. For this purpose diffraction patterns
greater than that of the Co sample prepared wii®0 V bias. obtained from 2:m diameter large regions in the TEM sam-
Also, streaks in the ED patterns in Fig. 2(a) appear to be magskes were recorded with a Gatan CCD camera with a constant
obvious as compared with that in Fig. 2(b). gain reference. The exposure time was chosen so as not to cause

The introduction of Pt and/or Cr into Co not only results irover exposure at the peaks of intensities of interest. Generally
a different chemical composition; these added atoms may atke stacking faults in polycrystalline hcp materials cause peak
alter the film microstructure. Fig. 3 shows thie £0] zone axes broadening in the x-ray diffraction. The broader the peak, the
TEM images and ED patterns of gg&Cryg (@) and Cg:Pts (b) higher the stacking fault density. A similar effect happens in
unicrystal films. Similar to those of the pure Co films, streaks ardectron diffraction. When there is a larger peak broadening, the
observedin the ED patterns and fringes are visible in the imagiedensity is distributed across a wider range, and hence the in-
As compared with pure Co film deposited without substratensity in the midpoint between two electron diffraction spots
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TABLE | 4 T T T T T T T T T T T T T Y
COMPARISON OFSTACKING FAULT GENERATED NORMALIZED INTENSITY OF
STREAKS I t1caks AND ANGULAR PEAK WIDTH 6 3

T
1

Materials Co Co(-300 V)  CooPtg CosoCrao biased Co (-300 V)

Lstreaks 0.17 0.09 0.24 0.05
8 (rad) 0.13 0.09 0.18 0.07
o (rad) 0.15 0.11 0.20 0.09
B (rad) 0.07 0.06 0.09 0.06

K; (10° erg/lcm’®)
'lllllllllil‘lllllll'lli
aasaleaaatag s dsaesfasas

is higher. We measured the diffraction intensities 14Xl ( /2) unbiased Co

and (101-1/2) reflections as shown by arrows and normalized D3 YTTE PR FRTTE FITUE PV PRVTT AT
their average mtgnsny _by the intensity of_ tH®10) reflection. 0 50 100 150 200 250 300 350

The normalized intensity of steakh;.c.x, IS used to compare

stacking fault density in our samples. Similar to the method used Temperature (° C)

in the X-.ray Q|ffract|on, we also u;ed p_eak broadening along.tpie. 4. Temperature dependences anisotropy constéfts of (1010)
(000I) direction of the electron diffraction spots to characterizgicrystal pure Co films without bias and with300 V substrate bias.

the stacking fault density. However, the peak broadening due

to the angular dispersion of the in-plane lattice axis alignmettfe K, of the unbiased Co films reaches zero around 9@0
and the instrumental broadening should also be considered. Bigce our x-ray diffraction did not show significant difference
peak width of the 1010) reflection, for example, contains con-in lattice constants in the two films<0.4% ina; <0.2% in¢),
tributions from the stacking faults in addition to the dispersiothe higher stacking fault density is most probably the cause for
and instrumental broadening, while for the (0004) reflection, thige lower anisotropy.

peak broadening perpendicular to (000l) direction contains no

contribution from the streaks. Hence, the combined dispersion IV. CONCLUSION

and instrumental broadening can be estimated by measuring th

width of the (0004) peak along the axis perpendicular to t3ﬁe stacking fault density in biased pure @610) thin films is

i:‘r?r? g Ipogogz;a Zg(())?[.i '\i/lsoszfsiﬁgglgzatlgé tr:]]ee : Snugrzgarwﬁ)gtilj r(\;\g;:::)_ower than that in unbiased ones. The addition of Cr in Co films

rocal vector length of (0004). Similarly, the angular peak width" significantly reduce stacking fault density whereas the addi-

of the (1010) spot,a, is equal to the measured width/reciprocatl'on of 8 at% Pt leads to a considerable increase in stacking fault

vector length of the(010) spot. Assuming the intensity distri- dgnsf!ry. qu r(_afgultstlshow(;hat st«’;ck:ng f;ulttstlr? Co ‘?‘”Ot' Co alloy
butions due to these broadening mechanisms are Gaussian flﬁWE‘- ims significantly, and negatively, afiect the anisotropy.
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