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A Short Course

OVERVIEW

This short course is designed to provide an insight and greater understanding of the dramatic progress
being made in magnetic head technology, the head/disk interface and the role these play in the accelerating
pressure for higher areal density and disk drive miniaturization. The opportunities presented by new
advances such as the MR head and in micro-mechanics will be covered as well as the challenges the move
to gigabit per square inch densities raise for design, test and manufacturing of disk drives.

AUDIENCE

This course is intended for engineers involved in disk drive design, the design or manufacture of their
magnetic head/media components as well as scientists, technical managers, planners and consultants in
the magnetic data storage industry.

SANTA CLARA UNIVERSITY



SESSIONS

Overview: Where We Are and Where We Are Going . . . Edgar Williams
This session will review progress in magnetic recording heads, disks and channel electronics and will indicate directions for improvements
which allow increased areal densities in tomorrow’s disk drives. Conventional ferrite, MIG and thin film inductive heads will be compared
with newer components such as double MIG, multiple yoke thin film heads, and MR detectors. Improvements in preamplifiers, write drivers,
media properties and in head air bearings will also be addressed in this session.

Inductive Thin-Film Heads . . . Erich Valstyn
Miniaturization of disk drives and the demand for higher areal density dictate changes in the design of inductive thin-film heads, particularly
an increase in the number of turns and in the number of layers of the coil, as well as a reduction in pole-tip width. On the other hand,
standard-size drives are moving toward higher data rates. The ramifications and challenges of these design changes will be addressed.
Novel designs will be discussed.

Magnetoresistive Heads ... Mason L. Williams
Basic concepts of magnetoresistive head operation, description of published design alternatives, techniques for biasing and stabilizing
the magnetoresistive element, and examples of the results of micromagnetic modelling of sensor elements.

Silicon Planar Heads ! ... J. P. Lazzari
Silicon planar heads based on microelectronic processing were developed five years ago. This lecture is a review of today’s status and
potentialities. The new 57 turns design will be described and performances in recording will be given (electrical and start stop). MR
siticon planar head design will be discussed. As gate arrays in microelectronics, silicon ptanar heads are personalized just at the end
of the process fabrication. The head design has been optimized for full automatic assembly. Finally, we will show how, with silicon planar
heads the head industry may move into the IC’s maker’s world.

High Density Vertical Recording Heads . . . Eric Katz
The subject of this talk will be the heads which are used with perpendicular recording media to increase storage densities in disk drives.
The relevant background on perpendicular recording will be presented, including a discussion of the important similarities and differences
between longitudinal and perpendicular recording.

Scaling Suspension System Designs . . . Celia Yeack-Scranton
Disk drives are evolving toward smaller physical devices with closer head to disk spacings and tighter tolerances on those spacings.
This represents a challenge to suspension design since the air bearing requirements do not scale with suspension size reduction and
there are practical constraints on materials and dimensions. Simple scaling examples will be given with a discussion of the current industry
solutions and challenges for the future.

Head Positioning and Tracking for High Track Densities ... dJohn S. Heath
This session sets out to explain why bits are not square! The session reviews the operation of actuators and various servo systems
in positioning and tracking. The dependence of track density on errors in head positioning is explained, and how the various sources
of position error depend on the servo architecture and mechanical design. Finally, the ways in which these errors have been reduced
to enable higher track densities are described, and the factors limiting track density are identified.

Low Flying/Contact Recording . .. James U. Lemke
Since the dominant losses in recording and reproducing are exponentially dependent upon the ratio of the spacing and the inverse
wave-length, high recording densities of current and projected recorders/drives dictate near-contact between the head and medium.
Inevitable asperity contacts generally limit the durability of the interface in current disk applications. Efforts to prevent contact while
achieving acceptable small interface spacings will be reviewed with emphasis on new liquid interfaces using non-Newtonian liquids.
Other approaches to contact recording will also be discussed.

Magnetic Head Testing . . . Ralph Simmons
The advances in recording density and in drive performance must be matched by advances in the characterization of the read/write
heads. In this session, a brief overview of the specifications for a typical head tester will be followed by detailed discussions of signal
to noise and pulse shape characterizations. Particular attention is paid to measuring the matched filter SNR and to issues involved
with high transfer rate applications. The discussions will cover both inductive and magnetoresistive heads.

Signal to Noise and Equalization Issues . .. Tom Howell
As recording densities increase, the amount of magnetic material representing each recorded symbol decreases, and the signal to noise
ratio decreases. In order to maintain and even improve reliability, system designers must use better coding and signal processing
techniques. Write precompensation can counteract nonlinear transition shifts. Adaptive equalization can reduce distortion in readback
signals. Maximum liklihood detection and new codes can improve the system’s immunity to noise and distortion.

Small Form Factor Drive Design Tradeoffs . . . Bob Kobliska
The advanced magnetic recording technologies required for small form factor drives will be reviewed. The design process consists of
the optimization of the head and disk characteristics, the tailoring of the flying height profile, and the verification of the tribological
performance. The proper selection of read/write detection and error correction chips will be discussed. The design considerations for
a 1.8 and 1.3 inch drive will be highlighted.

Case Study: 1.3 inch “Kittyhawk’ Drive . . . Carol Schwiebert
In June 1992, Hewlett-Packard announced the first 1.3” drive aimed at the mobile computing market. This session will discuss the actual
head/media system design tradeoffs that were made to meet the program goals of ruggedness, performance, cost and schedule.



FACULTY

Edgar M. Williams, Read-Rite, is Vice President of Advanced
Technology where he is responsible for the design and analysis of
new devices and concepts in magnetic recording transducers. Ed
has worked 27 years in magnetic recording and in xerographic
technologies. He has published numerous technical papers, a book
on xerography and co-founded Gemini Magnetics, Inc. in 1983
where he developed thin film magnetic disks for small disk drive
applications.

Erich P. Valstyn, Read-Rite, received his Ph.D. in E.E. from the
University of Minnesota. He has worked in the field of magnetics
and magnetic recording the last 30 years and is now Director of
Device Analysis at Read-Rite.

Mason L. Williams, IBM, received his Ph.D. in E.E. from U.S.C. He
has been at IBM in San Jose since 1970, where his work on thin
film media recording with R.L. Comstock led to the Williams/
Comstock recording model in 1971. In 1982 he joined the IBM
Magnetic Recording Institute and its current successor, the IBM
Advanced Magnetic Recording Laboratory. Presently he is manager
of Head Physics in the Research Division, IBM-Almaden and has
interests in recording head design and micromagnetics.

J.P. Lazzari, Silmag, is CEO of Silmag and is the inventor of planar
silicon heads. He obtained his Ph.D. degree at Grenoble University
in 1970 where he was responsible for developing the first thin film
heads. From 1971 to 1981, he worked for Cll Honeywell Bull where
he was Director of the Research Center. He returned to LET1 in 1981
to manage the Microelectronic Department. Jean Pierre Lazzari
holds more than 100 international patents.

Eric R. Katz, Censtor, received his Ph.D. in Physics from U.C.
Berkeley in 1969. Since then he has worked in many areas within
magnetic recording, including particulate media development, ferrite
and thin film head development and component evaluation and
optimization for floppy disk drives. Currently Principal Scientist at
Censtor, he is working on advanced perpendicular recording
components. He has published a number of papers and holds
several patents.

Celia Yeack-Scranton, IBM-Almaden, is a Research Staff Member
and has worked in the disk drive business for over 13 years. Her
areas of expertise include glide test, ultrasonic transducers and
contact recording. Her broader research interests are in overall HSA
design, head process technology nonvolitile RAM and micromotors
for DASD. She is a senior member of the IEEE and has a Ph.D. in
Applied Physics from Stanford.

John S. Heath, IBM, since joining IBM in 1968 has been involved
in or has lead the mechanical and servo design and development
of disk products from 14 to 2.5 inches. Inventor of the rotary actuator,
he holds many patents and is currently in the Adstar Advanced
Magnetic Recording Lab. He is a Fellow of the | Mech E and a
member of the IBM Academy of Technology.

James U. Lemke, Recording Physics, has been active in magnetic
recording R&D most of his professional life. He received a Ph.D. in
theoretical physics from U.C. San Diego, and has published
numerous papers on the theory and practice of magnetic recording.
He holds several patents in this field. He is an IEEE Magnetics
Society Distinguished Lecturer for 1991-1992.

Ralph Simmons, Hewlett Packard, is responsible for character-
ization of advanced head/media systems for Hewlett Packard’s Disk
Memory Division. Since 1979, he has worked on the design and
characterization of magnetoresistive heads, of sputtered thin film
media and on error rate budgeting for various head/media systems.
He received his Ph.D. in Physics from Washington State University
in 1979.

Tom Howell, Quantum, is Director of Advanced Recording
Technology. He spent 13 years in the IBM Research Division where
he worked on application of coding and signal processing
techniques to magnetic recording systems. In 1990, he joined
Quantum where he is responsible for the development of advanced
technology in the areas of heads, media and channels. He received
his Ph.D. from Cornell University.

Bob Kobliska, Aura Associates, received his Ph.D. in Physics from
the University of Chicago. He joined the research staff at IBM in 1973
and has managed groups concentrating on magnetic bubbles,
lithography, magnetic materials and tribology. From 1985 to 1991 he
was V.P. of Engineering and Chief Technical Officer at Akashic
Memories. In 1991 he joined Aura Associates as V.P. of Technology
to design small form factor disk drives.

Carol Schwiebert, Hewlett Packard, is the research and
development head/media manager for 5.25" and small form factor
drives at Hewlett-Packard's Disk Memory Division in Boise, Idaho.
Carol has a B.S. in Electrical Engineering and Mathematics and an
M.S. in Physical Chemistry from Oregon State University.
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Disk Properties vs Date
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Disk Hc (Oe)
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Disk Hc vs Head Bs
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Transition Parameter (micron)

Transition Parameter vs Coercivity
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Pulse Width vs Coercivity
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Equalized Signals: R24 Head & SD Disk
SS| 32F8011 with 13.69 MHz cutoff

55
50 oo
\;N
g 4 -
€ \\
€ \-
35
ES\EJ
30
0 1 2 3 4 5 6 7 8 9
Boost (dB)

1~=19.9 w[sec

5.0 K&t

—e— Experiment —— Calculated

HF Signal (uvolts, p-p)
(o]
3

o ne

Consumed 1/2 Window (1E-9) (nsec)

T

4
Boost (dB)




Turn: Sount

65
60
85
50
45
40
35
30
25
20

15 | 1 \ I 1 1 1 i !
400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

Turns vs Surface Velocity
0% Margin (1E-10) @ 400 Mb/sq.in.

-\

h\

N\

SN

N
\‘\\
Qﬁ\
T .

e

t Velocity (cm/sec)

&
x 3%’31 e

_m— 1.0 ohm/turn —+— 0.5 ohm/turn

L= 0.6 NE (nH)



Inductance (nH)
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Noise Impedance (Re[Z]) vs Frequency
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TWO CHALLENGES:

1. SMALL DRIVES: LOW VELOCITIES + HIGH TPI

2. LARGER DRIVES (3.5"): HIGHER DATA RATES + HIGH TPIL

SOLUTION:

INCREASE NUMBER OF TURNS N.

PROBLEM: SIGNAL-TO-NOISE RATIO

N increased by factor k - S/N not increased by factor k
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Magnetoresistance phenomenon

Ordinary Magnetoresistance

Caused by curvature of electron paths by the Lorentz force
when the mean free path is larger than the cyclotron radius, the
ordinary magnetoresistance increases with the square of the
magnetic field perpendicular to the current. This is not the
dominant mechanism in NiFe at room temperature.

B X

Figure 1. Ordinary resistance increases with square of B normal to J

F=qV><B=mV2/r

c _mV sin( lgB
Op gBl mV
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Anisotropic Magnetoresistance in
Ferromagnets

We

J

Figure 2. Resistance depends on angle between M and J

Origin In NiFe, conduction is mostly by 4s electrons. The
resistance is largely determined by scattering to 3d states,
because in the transition metals the 3d shell is not full.
In the ferromagnetic state, the 3d up spin states are
essentially fully occupied. Spin up 4s electrons (about
half the conduction electrons) cannot scatter to 3d states
and have longer mean free paths carrying most of the
current. The spin-orbit interaction causes the d orbitals
to prefer to line up in planes perpendicular to M. The
spin down 4s electrons see more vacant d states to scatter
into if the current is parallel to M, so the resistance Iy
higher that way. It is almost as if the d electrons were
an array of parallel conducting donuts .
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Magnitude 2 to 4 percent in NiFe alloys, 3-6 percent in NiCo
alloys®, at room temperature. At liquid hydrogen temper-

ature, 14K, 20 percent is observed.
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Giant Magnetoresistance and Spin Valve
effect

t WM t M

o

-A.; .A+

Figure 3. Giant magnetoresistance and spin valve effects

Origin When thicknesses of layers are comparable to the spin
up and spin down mean free paths, the probability of 4s
electrons crossing the boundaries without spin flipping
can be high. The resistance of the sandwich then
depends on whether the magnetization in the
ferromagnetic films is parallel or anti-parallel. This effect
has the highest magnetoresistance at room temperature,

but has yet to find practical application in recording
Sensors.
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Magnitude At room temperature, up to about 5 percent for
NiFe/Cu/NiFe sandwiches, and 9 percent for Co/Cu/Co
sandwiches. Investigation of physics and materials 1s

ongoing.
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Unshielded MR read head

Th

Figure 4. An unshielded MR head

The simplest MR head is just a stripe of NiFe with leads
attached’, and perhaps some bias means to be discussed below.
A constant current is applied, the field from the disk or tape
rotates M and the signal voltage is observed across the sensor.
Denoting the angle between M and J by O,

p=pgt+Ap cos’®

» Advantages
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—  Simplicity

— Large signal

o Disadvantages

_ Resolution limited by size of the stripe. Although
equalization can trade off the signal advantage for
recovery of linear density”, adjacent track cross talk
makes the approach only practical for low track densi-
ties.
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Shielded MR read head

Figure 5. A shielded MR head

The shielded MR head was discussed by Potter’. In this head,
the NiFe shields increase the resolution by preventing flux from
transitions far from the gap from reaching the sensor element.
The linear resolution of a shielded MR head is similar to that of
an inductive ring head which has a gap about half of the shield
to shield distance. Details below. Variations include

« Integrated head, in which the shields are the poles of a
write head.

« Piggyback, or dual-element, head', in which a write head 1S
fabricated on top of the shielded head. At the cost of com-
plexity, advantages are less disturbance of sensor by the
write process and the ability to separately optimize read
and write gaps and trackwidths.
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« Recessed sensor fluxguide heads with vertical current

routing were discussed by Sony' at Intermag '38. Advan-
tage is metal at gap may be grounded at a cost of read effi-
ciency due to shorting of the lowest part of the sensor.

11
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Yoke MR heads

The presence of an electrically active element at the head media
interface introduces concerns about wear, corrosion, and
shorting. Yoke MR heads’ locate the sense element in a second
gap in the magnetic path of a ring head or pole head.

DN

Figure 6. Yoke MR heads

o Advantages

_  Element safely encapsulated

_  Wider choice of materials

_  Element size decoupled from bit cell size somewhat
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o Disadvantages

_  Lower efficiency (less signal)

_  Domain stabilization problems for yoke

— Ring head may be sensitive to stray fields

13 Mason L. Williams - IBM Research Div. November 10, 1992
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Signal bias techniques

Recall that where © is the angle between M and J,
2
p=pg+Ap cosO.

If the MR effect is only 1 or 2 percent, we can ignore the
second changes in current density due to p variation, and write
the power dissipation as

I’AR = jJ 2Ap cos’O.

For uniform rotation, we can set the resistance nominal at
® = 0, note that M, = M sin ©, so that

M 2 A
y Y
- (57 ¢

P

AR
R

For roughly linear response from the sensor, some '"transverse”
bias must be provided. In practice, the parabola reverses curva-
ture and breaks to lower slope before total saturation due to
local saturation caused by non uniform excitation and biasing.
Biasing at the inflection point provfdes minimum second har-
monic distortion. Some of the transverse (signal direction) bias
approaches are:

14 Mason L. Williams - IBM Research Div November 10, 1992
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Conductor bias

M
=~
o

Figure 7. Conductor bias sensor cross section

Large current 1s required for effective bias. For close spacing,
bias at bottom is less than half that in the center. May become
shunt bias accidently.

Shunt bias

Figure 8. Shunt bias sensor Cross section

This is current bias with electrical contact between the con-
ductor and the sensor. Some of the sense current is shunted to
one side of the sensor to break the symmetry and provide a net
transverse bias. This has the problems of conductor bias with

15 Mason L. Williams - IBM Research Div November 10, 1992
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an added loss of signal power due to the partial shorting of the
sensor.

Soft film bias

Figure 9. Soft film bias sensor cross section

More uniform and efficient biasing is provided by this scheme.
The soft film acts to reduce demagnetization of the biased
sensor by providing flux closure. The sandwich acts somewhat
like a flat toroid with two air gaps. More exact analysis shows
the bias flux roughly constant over the sensor except for top and
bottom regions which have characteristic lengths of

A =Just/2

where t is the sensor thickness and s is the spacing between
magnetic films. Best operation of this scheme is obtained by
thinning the soft film so that it just saturates at the current
which places the sensor film at the correct bias angle. This
avoids most loss of signal flux to the soft film. Of course, high
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resistivity in the soft film is desirable to minimize signal
shunting.

Barber Pole bias

7 W

Figure 10. Barber Pole sensor geometry

In the barber pole scheme, rather than bias M at an angle to the
stripe, one slants J by introducing an array of shorting conductor
bars at a 45 degree angle to the stripe. The sensor current will
be almost perpendicular to each conductor bar. The sense
current flowing through the shorting bars also provides some
longitudinal bias, which we will see is desirable for noise sup-
pression. The disadvantages are loss of signal from the shorted
areas, and tight lithography requirements.
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Domain stabilization

For reliable data detection, it is important that the sensor always
respond the same to the same flux excitation. Sensor linearity

is desirable if equalization and maximum liklihood detection
schemes are expected to work well. A few principles™:

« Magnetization rotation is fast and linear

« Domain walls nucleate and move in complicated, irregular
ways

« Reversal of Neel wall sense during remagnetization can be
noisy

« Two domain patterns can carry the same vertical flux,
differ in R

« It is best to ensure single domain behavior in the sensor
region.
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Figure 11. Undesirable multiple magnetic states for same disk flux

Methods for stabilizing domains:

 Longitudinal bias fields

« Reduce demagnetization that encourages domain formation

— Long sensor with gradual taper to single domain width

— Picture frame closure

19 Mason L. Williams - IBM Research Div November 10, 1992



IIST - Trends in Head Design Magnetoresistive Heads

o Exchange bias to an antiferromagnetic film (e.g. FeMn)

« Avoid over control- it results in loss of signal

"Figure 12. Exchange bias to an antiferromagnetic film
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Signal and resolution models

With the assumption that biasing makes an MR sensor linear, a
reciprocity relation can be used to simplify calculating the sense
signal. The inductive head reciprocity equation gives the deriv-
ative of flux through the head coil as the integral of —— times
the head field produced by a unit current. We are intérested in
the flux in the sense element, SO W€ place a ficticious thin coil
about the sense element and integrate once to get

oo od +0 M
O(x) =— WtJ j I (x —x",y) X mmf(y)dyax’
—_oo¥(d

where mmf(x,y) is the scalar potential below the head with unit
current in the imaginary coil. For improved accuracy, we can
vary the current density in the coil in the same way that sensor
bias varies with position.
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Figure 13. Ficticious coil and resultant mmf for signal calculation

For evaluation of peak detection margins, it is useful to be able
to calculate the response of the head to a series of equally
spaced transitions. That response is the convolution of the head
mmf at the head surface (a trapezoid, roughly) with the closed
form" of the sum of an alternating series of Iorentzians of half-
amplitude width p=2(y + a), spaced s apart:

P oo P X
( 2 ) sinh( 2 ) cos(——)

2, TP 2, TX
cosh (—i-;)—COS (T)

The convolution is easily done by multiplying the FFT's. The
roll-off curve can be obtained by convolving the trapezoid with
the preceding function and evaluating at x=0.
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More exact results can be obtained using a two oOr three dimen-
sional magnetics modeling program (o directly calculate flux in
the sensor from one or more transitions.

Sensor height considerations

In addition to the non-uniformity of bias applied to the sense
element, signal is limited by the non-uniformity of signal flux
which, applied at the bottom, leaks to the shields. It's worth
looking in some detail at this because similar phenomena pop
up often in MR heads. Note this effect is already taken care of
if you use a magnetic modeling program and the reciprocity
technique described above.

Figure 14. Leakage of flux from sensor to shield
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Magnetoresistive Heads

B(y) = WH(y)
dé
Hy_—@-
0
Hx’—‘—_g—sz
dB
Y _op 02
% " B,=2
d’B
B =— do _ pgrt ¢ 7
y dy 2 dyz
or
d°B, 1
dy2 7\.2 y
where
A= (Lgt/2).
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With the boundary condition B,=0 at y=h,

h—y
x
sinh(%)

BO Siﬂh( )

B, =

Sensors higher than A are inefficient. For large lambda, there is
at least a factor of two loss in resistance change due to this non
uniform excitation compared to the saturation values, in addition
to the loss due to non uniform bias.
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Head-media matching considerations

With inductive heads, the linear response allows larger signals
to be obtained from higher moment/area media, only limited by
the tradeoff with linear density due to demagnetizing fields.
With magnetoresistive heads, it is necessary to design the
head/medium system together to insure maximum signal while
avoiding distortion from overdriving. Roughly, the moment per
unit area of the medium should be matched to that of the sensor
layer.

The signal power to noise power ratio is an important parameter
for low on track error rates. The signal energy Y_ 1,, must be

: . . . 7 R

'several times kT for reliable detection. Engineers usually refer
to the noise voltage of a sensor being proportional to

\/RkT(Aﬂ If we maintain saturated operation of the sensor, the
energy signal to noise ratio goes like

2 2
Vv 2, AR
R ’L':IR( R )
kT kTAf

Here, we see that in addition to AR being important, the signal
to noise ratio is proportional to the total dc poWer dissipated.
This means that a thicker sensor, requiring a thicker medium,
can provide more signal power at the same current density, a
similar result to the inductive situation, but not identical. Note
that the signal power is proportional to the input power. One
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must take into account the thermal design of a head as well as
be careful of electromigration current density limits. Note that
the sense current in many designs cannot be adjusted at the last
minute without resultant non-optimum biasing of the sense
element.

The lower limit to sensor thickness 18 found when the apparent
resistivity rises due to dominance of surface scattering, and must
be found experimentally.
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Micromagnetic Modelling
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Figure 13. Micromagnetic modelling of sensor and softfilm elements

Micromagnetic modelling is possible on today's work station
computers, and is necessary for detailed understanding of track

profiles.
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This figure by courtesy of T. R. Koehler, IBM Research Divi-
sion
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State of the art from publications

At Intermag '90, C. Tsang, et al, of IBM reported demonstration
of Gigabit/ square inch recording with error rate testing as a
function of off-track head positioning’. Signals were as high as
250-300 microvolts per micron of grackwidth. Some of the
parameters were:

Trackwidths
2.5 to 4.5 micron

Write gap
0.4 micron

Write poles
4 micron thickness

Read gap
0.25 microns

Stripe height
1 micron or less
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Magnetoresistive Heads

Current
5 ma

Flying
About 60 nm

Disk Moment
0.0007 emu/sq cm

Hc
1800 Oe

-3dB density
3900 fc/mm

-6 dB density
4900 fc/mm

At Intermag '91 Hitachi reported MR heads with density capa-

bility estimated to be 2 Gb/ sq inch.

31 Mason L. Williams - IBM Research Div November 10, 1992



IIST - Trends in Head Design

Magnetoresistive Heads

Published Magnetoresistive Head
Activity

Product Supplier

Activity

Read-Rite, Milpitas, CA

MR program for 250-450
Mb/sq.in.

Rocky Mountain Magnetics,
Louisville, CO

MR head program for 300
Mb/sq.in.

AMC, Goleta, CA

Second generation (merged)
MR head design

| Seagate, Scotts Valley, CA

80 MB 2.5 inch disk drive
product announced, MR
heads at 160 Mb/sq.in.

IBM AdStaR, San Jose, CA

2.0 GB 3.5 inch disk drive
with next generation MR
heads at 260 Mb/sq. in.

Dastek, San Jose, CA

MR head development
activity with H.P., Palo Alto,
CA

This table by courtesy of R. A. Scranton, IBM Adstar”.
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Next Generation Magnetoresistive Heads

MR HEAD DESIGN MERGED MR HEAD DESIGN
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Figure 16. First generation MR Head Design and Merged MR Head Design

This information by courtesy of R. A. Scranton, IBM Adstar".
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Magnetic Head Perspective

Magnetic Head Perspective

-

Areal Density, Gbits/Sa.n.
o

|

Figure 17. Magnetoresistive head technology will continue into the next
century

This chart by courtesy of R. A. Scranton, IBM Adstar".
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Misc definitions

Parameter | Definition

H, The applied field necessary to rotate the
magnetization to a right angle from the easy axis
is called the anisotropy field.

M, The saturation magnetization is reached when
large fields are applied

L The slope of the hard axis curve, 4nwM/H,.

J Current density in A/m?
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Reminder on units

« Magneticians like to use cgs-Gaussian units in which the
unit of electical potential is the abvolt (10 nV). Don't
bother. Just use cgs-emu until you get to an electric
circuit, then convert to SI as follows.

« All you need to know about units

CGS-emu Quantity | Equals

1.2566 Oe 1A/cm (1.2566 is 47/10)
10 KGauss | 1 Volt second/square meter
1 Oe 1 Gauss

1 emu/cm? 1 Gauss
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All you need to know about Maxwell's
equations (from a cgs viewpoint)

- = —
B =H +4ntM

_.9
VeB =0

37
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Schematic view of I.C. head

gap layer air bearing surface

second level
first level

 coils {

silicon substrate

through hole connection




Cross section of planar slllcon head
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\ numerical calculations of thin film head I

efficiency analysis
(finite elements method - flux - 2D)

n (%)
parameters 1.C conventional
i head
65
hv . a
60 - e ca - s )
55 B E T layer 3 45
B layer 4 45/3.5
i L gap 0.4 0.4
45
40
! T T *

90 100 110 120 130 140 L (um)

MEM 8939
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31/2 DRIVE

GENERAL CHARACTERISTICS

Track Width

Gap Length
Number of turns
Media Size
Media Coercivity
Rotational Speed
Head Load Force
Flying Height

microns
microns
turns
mm (inches)
Oe
RPM
grams
microns (pin.)

10 £0.3
0.4 £ 0.05
40
90 (3.5)
1400
4500
5+ 0.6
minimum 0.11 pym (4.5 y inch)

MECHANICAL CHARACTERISTICS

Slider sizes mm 2.25 x 2.85 x 0.52
Material Silicon
Rails Thin film silicon oxyde
Crown A No neg crown (max 750 A)
Camber A No neg camber
Rugosity A 10 < Ra< 30
TEST CONDITIONS

Test Radius R1 mm (inches) 24 (0.95)

R2 mm (inches) 45 (1.78)
Skew R1 deg -6.3

R2 deg -15.5
Frequencies LF MHz 2.5

HF MHz 6.66
Write Current mA OP 15

ELECTRICAL CHARACTERISTICS

Amplitude (HF,R1) microvolts > 600
Isolated Pulse No undershoot
Resolution (R1) % > 90
Overwrite (R2) dB > 30
Instability % <2
PW 50 (R1) ns <55
Signal to noise ratio dB 232
Popcorn noise 0
Bit shift <6
Linear Density (D50) FRPM (FCI) >1400 (36.000)
Resistance Ohms < 38
Inductance (1 MHz) nH < 300
Resonant frequency MHz > 150
Number of C.S.S. > 150K
Stiction friction coeft. <0.2
Note :

a)Specifications are based 0
b) All others specifications wi

n tests with KOMAG media and Guzik 501 tester.
Il be respected in regards to customers requests.
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57 TURNS SILMAG HEADS PRELIMINARY SPECIFICATIONS

31/2 DRIVE
GENERAL CHARACTERISTICS
Track Width microns 8.5 +£0.3
Gap Length microns 0.4 + 0.05
Number of turns turns | 57
Media Size mm (inches) 1.8
Media Coercivity Oe 1400
Rotational Speed RPM 4500
Head Load Force grams 5+ 05
Flying Height microns (pin.) 0.11 uym (4.5 y minimum)
MECHANICAL CHARACTERISTICS
Slider sizes mm 2.25 x 2.85 x 0.52
Material Silicon
Rails Thin film silicon oxyde
Crown A No neg crown
Camber A No neg camber
Rugosity A 10 < Ra< 30
TEST CONDITIONS

Test Radius R1 mm (inches) 24 (0.95)

R2 mm (inches) 45 (1.78)
Skew R1 deg -6,3

R2 deg -15.5
Frequencies LF MHz 2.25

HF MHz 9
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