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Mag-noise Impact on SNR of Magnetoresistive Heads

M. Shiimoto, H. Katada, K. Nakamoto, H. Hoshiya, M. Hatatani, and A. Namba*
Central Research Laboratory, Hitachi Ltd., 2880 Kouzu, Odawara, Kanagawa 256-8510, Japan
* Product engineering research Laboratory, Hitachi Ltd., 292 Yoshida-cho, Totsuka-ku, Yokohama, Kanagawa 244-0817, Japan

We analyzed the mag-noise of fabricated CIP-GMR and TMR heads to clarify the properties of mag-noise and what
influence it had on the head signal-to-noise ratio (SNR). We clarified that the measured mag-noise of CIP-GMR heads
is quantitatively consistent with the calculated mag-noise. We found that when the MR ratio is small, the head-amp
SNR increases as the MR ratio increases. The head-amp SNR saturates at a certain value of “mag-noise SNR” as the
MR ratio increases. When the read head becomes small, the mag-noise SNR decreases. This is due to a large thermal
fluctuation of the magnetization “mag-noise” in heads with a small volume. The mag-noise needs to be reduced to
achieve high head-amp SNR. The volume of the free layer must be maintained at the highest possible level to reduce
mag-noise.
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KD SN O EAVETHD. ZO7iZ, BV MR H S
N5 TMR(Tunnel Magnetoresistive)~y K< CPP-GMR
(Current—Perpendicular-to-the-Plane Giant-Magnetores
istive)~y FOBEZ D E LT, BEZFOEBRELN
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BAE~y KO~ )4 ANERMICHGR L —FT 50 %
oML, w7 /A4 X~y R SIN ICRIZTEEYrFR
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CIP-GMR ~v» FO®EMIZE NS v 7 HB(TwiX 75 nm, 7
v V18 & FEFE SSHOESHTWIE 1, FHERTITZ 70 Q
THY, MRIIL4%THD, TMR ~y FORKAELT v
7 &% 75 nm, SH/Tw L 2, FFIEHUIT 200QTH Y, MR
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Fig. 1 Mag-noise spectrum of CIP-GMR head. fy represents
resonance frequency.

D14

- CIP-GMR

o

o ©
0
O

S
NCRNCN
T

0.0

Calculated mag-noise ( nV/Hz?
o O O
N
a
a

00 02 04 06 08 1.0 1.2 14
Measured mag-noise ( nV/Hz%)

Fig. 2 Calculated vs. measured mag-noise.
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Fig. 3 Dependence of output on 1/Hgufr. Break line shows
fitting curve.
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Fig. 4 Dependence of mag-noise on 1/Her. The broken line
shows fitting.
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Fig. 5 Magnoise S/N vs. 1/Hss. The broken line shows
fitting. ’
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Fig. 6 Output of TMR heads vs. MR ratio. The triangles
and solid line indicate experimental and calculated data.
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Fig. 7 Head-amp noise of TMR heads vs. MR ratio. The
triangles and solid line indicate experimental and calculated
data. The broken line indicates the calculation without
mag-noise.
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Fig. 8 Head-amp S/N vs. MR ratio. The triangles and
squares indicate experimental data for TMR and CIP-GMR
heads. The solid lines and broken line show calculated
head-amp S/N with SH/Tw=2 and SH/Tw =1. The dashed
line shows mag-noise S/N.
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Fig. 9 Calculated head-amp S/N vs. MR ratio. Track widths
are 75, 50, and 30 nm.
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