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This paper reports on two thin-film media alloys Cos&!r12Ta2 and CoT5Niz5 which have very 
different noise characteristics. The magnetic microstructure of these films was observed 
with scanning electron microscopy with polarization analysis (SEMPA). The variance (a. f) 
of the magnetization across the transition region was calculated. The origin of anisotropy 
was determined by measuring the temperature coefficients of H, and MY The interaction 
strengths between grains, SM(H), were obtained from the measurements of the reverse 
demagnetization remanence MJH) and the forward magnetization remanence M,(H). We 
found that the CoNi tilm showed a greater degree of interparticle interaction, which 
may explain the observed cross-bit linkages in SEMPA image, larger rms transition variation 
(a,), and higher modulation noise. 

INTRODUCTION 

Recently, there has been much interest in the noise 
characteristics of recording medial4 which have not been 
completely explained by current theoretical models.1’4-8 
There are reports of noise correlations with anisotropy 
constant K,4t6 grain-boundary segregation and magneto- 
static or exchange interactions,4*7 coercive squareness S*,8 
rotational hysteresis integral Rh,” irregularities of zigzag 
transitions,3’4 etc. This paper reports on CoCrTa and CoNi 
samples which have very different noise characteristics.2p4 
The magnetic microstructure using scanning electron mi- 
croscopy with polarization analysis9 (SEMPA) and anisot- 
ropy of these two alloys have been reported elsewhere.4 
Additional studies were carried out on these two samples 
to determine the origin of anisotropy, make measurements 
of interactions between grains, and calculate the variance 
(a :) of the magnetization across the transition region. 

Wohlfarth” showed that 

KdH> =n/i,( ~0 I- 2MrU3, (1) 
under the assumption of uniaxial anisotropy, no particle 
interactions, no superparamagnetic, multidomain, or inco- 
herent rotation effects. Here, M,(H) is the forward mag- 
netization remanence and MJH) is the reverse demagne- 
tization remanence. M,(H) is obtained by forward 
application and subsequent removal of H. M,(H) is ac- 
quired after dc saturation in forward direction and the 
subsequent application and removal of H in the reverse 
direction. Kelly, O’Grady, and Chantrell” normalized 
Wohlfarth’s equation and added an interaction term 
&V(H) as follows: 

A&(H)/M,( co ) = 1 - 2M,(H)/M,( co ) + SM(H). 
(2) 

&V(H) can also be expressed as 

SM(H)=2(P,-- Pd). (3) 

Here, P, and Pd are the fraction of crystallites switched at 
a field H in M,(H) mode and Iw,( H) mode, respectively, 
and are defined as P,. = M,( H)/M,( CO ) and Pd = 0.5 
[I - M,(H)/m,.( CO )]. The intergranular interactions 
&t(H) are obtained from the measured values of 
MJ H) and M,(H) . 

EXPERIMENTAL PROCEDURE 

The Co8&rr,Ta2 and Co75Ni25 samples were prepared 
by dc magnetron sputtering with a 400-A-thick Cr under- 
layer on circumferentially textured 95-mm Nip/Al sub- 
strates. 

The magnetic properties of these films were measured 
with a vibrating-sample magnetometer (VSM). The read- 
back noise measurements were made with a minimono- 
lithic 3370 slider-type Winchester recording head with a 
gap width of 40 pin. and a flying height of 16 pin.214 The 
integrated noise voltage was determined by sampling the 
noise spectrum at 0.25-MHz intervals over a bandwidth of 
10 MHz. The writing frequency ranged from 2.5 to 12.5 
MHz at the optimum write current of 20-mA O-p (zero to 
peak). 

TABLE I. Magnetic and recording properties of Co,,Cr,,Ta, and 
Co7SNiZS films. 

Thickness (pm) 
M, (emu/cm3) 
H, (Oe) 
Mf (memu/cm*) 
s 
s* 
Eo 0-P (pV) 
TSO (ns) 

CoCrTa CoNi 

0.07 0.043 
660 1070 
693 730 
3.80 4.02 
0.820 0.874 
0.893 0.903 
342 365 
206 204 
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TABLE II. rms(a,), noise, and &W(H) for CoCrTa and CoNi. 
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FIG. 1. Noise voltage vs recording densities for Co,,Cr,,Ta, and 
C&NiZ5 films. SEMPA samples were written at 0.588 (pm) ..” ‘. 

The magnetic microstructure of these films was ob- 
served using SEMPA.4*9 The SEMPA samples were pre- 
pared by writing with 20-mA O-p (zero-to-peak) write cur- 
rent on a dc-erased surface with bit density of 588 fc/mm. 

The rms variation of the magnetization across the tran- 
sition as observed on the SEMPA images was calculated as 
follows: First, the transition was digitized in the x-y plane. 
Then, the average coordinate of the transition (7) was 
determined from P = ~/N~~JJ~(x$ and the variance 
(o T) was calculated as 

of=l/(N-- 1) [g, [YiCxi) -R2, (4) 

rms(o& = R. 

The temperature coefficients of coercivity H, and satura- 
tion magnetization Iw, were determined by measuring the 
ff, and M, values at different temperatures in the range 
- 30-60 “C using a VSM with a variable ‘temperature at- 

tachment. 
Both remanence curves yd(H> and M,.(H) were mea- 

sured by VSM following the procedure described above. 
The interaction EM(H) were obtained for both samples 
using Eqs. (2) and (3). 

RESULTS AND DISCUSSIONS 

The magnetic properties (MJ, H, S, and S* ) and the 
recording properties (,7&, 5?se> of CoCrTa and CoNi sam- 
ples were chosen to be nearly the same, and the results are 
shown in Table I. 

The integrated noise voltage as a function of recording 
density for the optimum write current of 20-mA O-p is 

FIG. 2. SEMPA images of (a) Co8,Cr1,TaZ and (b) Co,5NilS films. The 
images are of the magnetization component along the track. 

CoCrTa 
CoNi 

fft (pm) Noise (PV) SMUO,,, 

0.370 3.5 0.80 
0.743 6.5 1.25 

shown in Fig. 1 for CoCrTa and CoNi samples. It is obvi- 
ous that of the two alloys the CoNi has significantly higher 
noise. It also shows the onset of a super-linear increase in 
noise* for CoNi at about the density where SEMPA sam- 
ples were written. CoCrTa samples do not show any clear 
evidence of super-linear noise behavior. 

The SEMPA images of the written domains or bits in 
the CoCrTa and CoNi films are shown in Fig. 2. The av- 
erage bit spacing is about 1.7 pm. In these SEMPA images, 
the component of magnetization along the tracks is im- 
aged. White (black) represents magnetization pointing for- 
ward (back) along the track in the plane of the figure. The 
written domains or bits for the CoCrTa sample are well 
separated by jagged boundaries. For CoNi specimen, the 
bits are cross-linked, and the neighboring domains are 
bridged together. The variance (a :) of the transition re- 
gion was calculated by digitizing the magnetization in the 
x-y plane. The calculated values of rms variations ( ot) for 
CoCrTa and CoNi samples are shown in Table II along 
with the noise data. Here, we see that a, is about twice as 
large for CoNi than CoCrTa and correlates very well with 
integrated noise voltage which is also about twice as large 
(Fig. 1) for CoNi at this density and write current. 

Figure 3 shows the variation of M, and H, as a func- 
tion of temperature with coefficients at O.O3O%/“C and 
0.24%/Y!, respectively, for CoCrTa, and 0.014%/C and 
0.16%/C, respectively, for CoNi. From the relations 
H, a IV&~ and H, CC K/M9 where Nd is the demagnetizing 
factor (related to shape), and K is the crystalline anisot- 
ropy constant, one would expect similar temperature coef- 
ficients of H, and &f9 for shape anisotropy. But the H, 
temperature coefficient is about ten times larger than that 
of M,. This indicates that the main contribution to H, is 
crystalline anisotropy and not shape anisotropy. It is pos- 
sible that stress also plays a role here and is being investi- 
gated. The thermal coefficients of CoNi are smaller than 
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FIG. 3. M, and H, vs temperature for (a) CoCrTa and (b) CoNi. 
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FTC+. 4. Md(H) and M,(H) and the derivatives vs H for CoCrTa. 
FIG. 6. Plot of &V(H) vs H for CoCrTa and CoNi samples; 

those of CoCrTa, indicating higher Curie temperature for 
CoNi. 

Figure 4 shows M,(H) and Md(H) and the derivatives 
as a function of W for CoCrTa. The switching field distri- 
bution (SFD) or full width at half height (FWHH) of 
dM,./dH is broader than dMJdH, and the peak is lower 
and appears at a lower field, as expected. Here, 
dM,JdH = xirr, the irreversible susceptibility. CoNi shows 
similar behavior. 

Figure 5 shows the Henkel plot12 of MJH) vs 
MJH) for CoCrTa and CoNi samples. Here, we see that 
the CoNi graph deviates further from the Wohlfarth line 
(straight) than CoCrTa, indicating stronger interactions 
among CoNi grains. 

Figure 6 is a plot of SM(H) vs H for both samples.” 
Here, we see the general trend that 6M(H) increases to a 
peak around the coercivity, then decreases rapidly as the 
value of H increases. We also clearly see that the &V(H) 
peak is more than 50% higher for CoNi than CoCrTa 
(Table II). Therefore, the interactions between the grains 
of CoNi film are stronger than CoCrTa and correlates well 
with noise data. 

CONCLUSIONS 

Our CoNi sample shows higher modulation noise than 
CoCrTa. CoNi sample shows superlinear noise behavior as 
opposed to CoCrTa. 

Remanence k(H) 

FIG. 5. Henkel plot of M&H) vs M,(H) for CoCrTa and CoNi. 

The SEMPA images show that CoCrTa domains or 
bits are well separated by jagged boundaries, whereas CoNi 
bits are cross-linked and neighboring bits are bridged to- 
gether. 

We did the first analysis ever of recording transitions, 
based on SEMPA images, where the calculations are done 
with the actual magnetization transition positions across 
the transition region written on a real sample. The results 
of those calculations show that the rms transition variation 
(at) is twice as large for CoNi than CoCrTa and correlates 
very well with integrated. noise voltage which is about 
twice as large for CoNi. Noise also correlates well with 
6M(H). 

The temperature coefficients of H, are about ten times 
larger than that of MS, and this indicates that the main 
contribution to H, is crystalline anisotropy and not shape 
anisotropy. 
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