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THE HEAD. .

What does it do?

How has it evolved?

How does it work?

What will it look like

in the future?
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THE HEAD...What Does It Do?

® Meet the design constraints of magnetic recording

® High BPI (bits/inch) => Flying Height -> 0

SPECTRAL RESPONSE CURVES
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Figure 3: Spectral amplitude rolloff curve made using the Head Spacing
Controller. An IBM 3380 thin film head and CoCr thin {ilm disk (Hc= 760
Oe., Mr= 577 emu/cc, and t= 0.035 microns) were used. The rotational
speed was 2700 RPM and the hcad/disk velocity was 14.4 m/sec. A 0.025

micron overcoat is included in the tabulated spacings. z// /[; "/
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* Jefferson, C. M., "A Variable Head-to-Disk Spacing

Controller for Magnetic Recording on Rigid Disks"”, IEEE
Trans. Mag. VOL 24, No. 6, November, 1988, p. 2736.
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Wear Volume (x 1E—8 in**3)

THE HEAD...What Does It Do? (cont.)

e Minimum Wear => Flying Height -> high

Wear Volume vs. Minimum Spacing
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THE HEAD...What Does It Do? (cont.)

® Minimum signal modulation => delta Flying Height -> 0

Wallace Formula *

A-A. C-z‘n‘h/}\

where
A = readback signal amplitude

A, = constant which depends on
recording parameters

T
n

spacing (core/media)

N

recorded wavelength

Flying Height Increase vs. Density
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* wWallace, R. L., "The Reproduction of Magnetically Recorded
Signals"”, Bell System Tech. Journ., October, 1951, pp. 1145-
1173.
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Gain (d8)
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THE HEAD...What Does It Do? (cont.) %1 IO 7))

e Jean. 10000
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e High TPl (tracks/inch) =) Support Stiffness =) infinity

In the Disk Plane, K = infinity

Ideal Closed—Loop Mechanical Transfer

Function with No Resonances
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Phase Margin 40° - 70° =) well damped system
Cross-Over Point Higher = High Bandwidth for Servo Speed

Mechanical Resonances 2 Octaves Above Cross-Over
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THE HEAD... What Does It Do? (cont.)

® Pitch, Roll ... K =>0
e Heave (vVert)... resist air bearing load

Air bearing should dominate for proper disk-following

Typical values

) Stiffness Flexure Air Bearing
e ol Knh 50 gms/in 3.8 x 10% gms/in
“Aﬁ{y Kn 3 in-gms/rad 9.5 x 103 in-gms/rad
/ﬁzﬁiﬁx Kp 1.3 in-gms/rad 7.8 x 103 in-gms/rad
l

. pry /?? !7'(‘,7 A 7 /7 »
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Flying Helght (microinches)

THE HEAD... What Does It Do? (cont.)

Flying Height vs. Flexure Roll
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THE HEAD... What Does It Do? (cont.)

e Minimal Tolerance Sensitivity

e There is a flying height "budget”

=1 ax;
where
OZ_ = flying height standard deviation
ca s . 1 /
Q%X(z sensitivity of flying height to X4 }/Mg/ﬁu/m
02 = standard deviation of x;

Important parameters:

U Load
ABS Width

!} Pivot Location

® Qeneral Rule:

/‘ Nominal Flying Height -40;\?_ Glide Height of Disk

ESS——

e
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THE HEAD... What Does It Do? (cont.)

® Flexure Tolerances Effect Modal Coupling

Torsion

T~ 2.6 KHz

5.4 KHz

Miu, D. K., Frees, G. M., and Gompertz, R. S., "Tracking
Dynamics of Read/Write Head Suspensions in High-Performance

Small Form-Factor Rigid Disk Drives,"” UCLA Res. Lab. for
Comp. Machinery, TR# 88-03.
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THE HEAD... What Does It Do? (cont.)

® Lowest Possible Cost

Example: 8 disk, 5 1/4" drive

8 disks x $15 each = $120
16 heads x $10 each = $160
Typical drive cost = $1000
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THE HEAD... What Does It Do? (cont.)

® High Long-Term Confidence Level

MTBF Service Expectations
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THE HEAD... How H
e Slider

® Qeometry

as It Evolved?

e "Footprint”
e Friction
Dynamic Load (early and recent)
1973 - IBM 3340 "Winchester" first CSS head
Smooth surfaces; friction force proportional
to apparent -> real area of
contact
F = s * A
F = total friction force
8 = bulk shear strength of
weaker material
A, = real area of contact
Friction vs. Humidity / Lube
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THE HEAD... How Has It Evolved? (cont.)

® Friction...

Friction vs. SS Cycles / Head Type
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THE HEAD... How Has It Evolved? (cont.)

® Stiction

Smaller footprint heads have lower loads
and thus less stiction force

Smaller footprint heads have less contact
area and thus less stiction force

Stiction vs. Start / Stop Cycles

Crowned ve. Flat Thin Flim Slider

26

A )"
24 - 7%

Stiction Force (grams)
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THE HEAD... How Has It Evolved? (cont.)

® Height (the "other dimension")
Closer disk spacing allows more MBytes/Box

Less seek (or crash stop) -induced moment

® Volume (i.e., mass)
e Higher Natural Frequencies
Better disk following
Better operating shock / vibration

® Modified air bearing stiffness

Air Bearing Stiffness vs. Frequency
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Heave Damping, C—hh (grams—sec/inch)

THE HEAD... How Has It Evolved? (cont.)

® Modified air bearing damping

Air Bearing Damping vs. Frequency

100 %

Frequency (KHz)
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Average Seek Time (meec)

THE HEAD...

600

800

100

How Has

e Faster Seeks

it Evolved? (cont.)

Average Seek Time
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IBM Journal of Reseq€ch and Development, VOL. 25, No. 5,
September,
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THE HEAD... How Has It Evolved? (cont.)

e Material
Aluminum
Steel
Ceramics
Ferrite

Hard Ceramics
e Important Properties

Surface Finish
Density

Porosity

Hardness

Corrosion Resistance

Thermal Expansion Coefficient

Paul W. Smith - Applied Magnetics Corporation - 11ST 12/89



THE HEAD... How Has It Evolved? (cont.)

® Flexure

i
g

[m-mm--

b

1962...1BM 1301...1 slider/disk surface to
reduce total mechanisms required

IBM Journal of Resea

ﬁh and Development, VOL. 25, No. 5,
September, 1981. (25

Anniversary |ssue)
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THE HEAD... How Has It Evolved? (cont.)

»

1973...IBM 3340...

Low load (< 20 grams)...eliminates
mechanism for 300-400 gram load

Contact stop/start...eliminates load/
unload mechanism

Read-write head
(4 total)

Read only servo head

Servo surface on bottom
side of lower disk

Shorter access times => higher servo bandwidth
which require higher mechanical resonances
from flexure/suspension assemb]y

Oswald, R. K., "Design of a Disk File Head Positioning
Servo", IBM Journ. of Res. and Dev., Vol. 18, No. 6,
November, 1974, p. 506.
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THE HEAD... How Has It Evolved? (cont.)

® Air Bearings (made disk drives possible!)
® Contours
Flat (hydro-static)
Spherical (with holes)
Cylindrical (with holes or slots)
Taper-Flat

Taper-Flat Rails (1973 - Present)

Paul W. Smith - Applied Maynetics Corporation - IIST 12/89
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Flying Helght (microinches)

THE HEAD... How Has It Evolved? (cont.)

e Flying Height

Flying Height

3s0

700 7 405

600

400 -

300 -

200 -~

100 ~

DOOSSNONUN NSNS NIANIONONOOOIINNOONIODINNNANNDNN

1955 1960 1965 1970 1975 1980 19835 1990

I1BM Journal of Reseqafh and Development, VOL. 25, No. 5,
September, 1981. (25 Anniversary Issue)

Paul W. Smith - Applied Magnetics Corporation - 11S7 12/89



THE HEAD... How Has It Evolved? (cont.)

e Flying Height Decrease =) Higher Stiffness
Minimum K-=hh vs. Flying Height

(by Lood and ABS wAdth)
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e Flying Height Decrease = Lower Damping
Minimum C-—hh vs. Flying Height
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Care Spacing (micro—inches)

THE HEAD... What Will It Look Like in the Future?

® Lower Flying Heights

e New Air Bearing Computer Models
e Slip Flow?
e Kinetic Theory?
® Mostly Disk Limited

® Must Consider Damping

e Skew Sensitivity
® Skew-Bias Optimization

Skew-Bias Optimization
100% slider, 3.5 drive
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THE HEAD... What Will It Look Like in the Future? (cont.)
® Skew Sensitivity
e Heavy-Blend...Transverse Pressure Contour
e Transverse Slot
e Smaller Sliders
e 100% since 1979
e T70% becoming popular
e 50% under development
e Techniques for Reducing Stiction / Friction
e Texture (mechanical or chemical)
e Slider Crown
e Lower Load
e Smaller Footprint
e Dynamic Load
e Materials
e Flexure
e Thinner Profile
® New Mounting Techniques
® Screw Mount
e Swage Mount
e Qlue, etc.
e New Designs
e Higher Natural Frequencies
e Better Damping

e Less Off-Track Coupling of Modes

Paul W. Smith - Applied Magnetics Corporation - |IST 12/89



THE HEAD... What Will It Look Like in the Future? (cont.)

® Some Examples...
e Evolution of Current Product Types
e LETI "IC" Integrated Head Design
e Springer Technology

® Miscellaneous Future Concepts (things we can't even
talk about!)
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AIR BEARING CONSEQUENCES OF TRENDS IN DISK DRIVE DESIGNS

THE NUMBER OF FLUX TRANSITIONS PER INCH IS INCREASING

® Greater lineal density means:

Heads must fly lower over smoother media. (This is a
big subject, and will be covered in detail as this
session continues.)

Control of flying height must become tighter.

ACTUATOR PERFORMANCE AND TRACKS PER INCH ARE BOTH INCREASING

® Stiffer track-access requirements mean:

Dampeners are frequently required.
Suspensions are getting smaller and/or stiffer.

Access velocity combined with rotational velocity has
an effect on flying which is similar to skew. At radii
associated with pre-existing (actuator induced) skew,
the head crash risk due to seeking may thus depend on
seek direction.

Head and suspension mass are becoming more important
issues.

DRIVES ARE GETTING SMALLER

® Reduced inner radius means:

The load point (dimple) offset in width on the slider needs
to increase for zero nominal roll at the inner tracks.

Circumferential (curvilinear) disk velocity components
mean that heads need to be tested at the same rpm, radius,
and skew as the application. Matching speed by flying at
a greater radius and reduced rpm no longer produces an
accurate representation of head performance.



CONSEQUENCES IN DISK DRIVE DESIGN TRENDS, CONTINUED..

DISKS ARE BEING PLACED CLOSER TOGETHER
® Reduced spacing means:
- Heads are getting smaller.
- Low profile suspensions are frequently required.

- Less torque per surface for starting may be available,
which means reduced suspension load.

- More attention is required for testing to such critical
(but often mundane) items such as the design of the head
lifters on the test equipment.

SOME UNSEALED DRIVES ARE SPECIFIED FOR USE AT VERY HIGH ALTITUDES

° ngh altltude spec1f1cat10ns mean:

pecit? n: —

© {

-~ Flight height will be greatly affected at high skew angles. j
e

i

et it - VU ———————

- The head/disk 1ntetface may not compete well w1th drives
designed for lower altitude use when used at lower altitudes.

Opinion:

Very few disk drives are used at altitudes above 3,000
meters mean sea level. 1If your marketing department
insists that they can not sell a drive unless it meets
reliability specifications to 15,000 feet, then you need
a sealed drive and/or a more astute sales & marketing
organization.

Mﬁ

DRIVES ARE CONSUMING LESS POWER 6??6”
® Reduced power means:

- Some drives (particularly for battery-powered computers)
are being designed with rpm values less than 3,600. This
means wider air bearing surfaces for a given preload.

- Smaller head geometries with lower loads are being designed
into drives. Reducing the preload reduces the required
starting torque.



CONSEQUENCES OF TRENDS IN DISK DRIVE DESIGN, CONTINUED...

MULTIPLE-ZONE RECORDING ABILITY IS BEING DESIGNED INTO DRIVES
® Zone-bit-recording means:

- Flying height must be controlled as a function of radius.
This can be accomplished by either wise actuator design,
novel head design, or both.

— More must be known about the drive early in design. This
-increases the need for accurate modeling and simulation.

a
e
SOME DRIVES ARE EXCEEDING 3,600 RPM (CHIEFLY FOR WORKSTATIONS) g?M
i
® High rotational rates mean: nytéd

- Heads must handle higher axial disk accelerations. Axial
acceleration for a fixed flatness value increases with the
square of rpm.

SEALED DRIVES ARE BEING DESIGNED WITH NOVEL ATMOSPHERES
@ Positive gauge pressure oxygen free use means:

- The rail width to achieve a given flying height will
probably be different than for conventional use.

- Extreme care must be taken to interpret how test results
will relate to customer drive performance.

- Mean free path will remain constant over the designed
temperature range, but viscosity and pressure will increase
with absolute temperature, making flying height more
temperature sensitive. (An increase in flying height with
an increase in temperature has recording performance )
consequences.) ”11@




EFFECT OF CUSTOMER ALTITUDE

If a drive is not sealed, then ambiant pressure drops as altitude
increases. The standard pressure as a function of altitude to 10,000
feet can be approximated as:

Ambiant pressure (psia) = 14.696 * EXP(-3.58526*10"(-5) * A)

where A is the altitude in feet.

The mean free path of an air molecule increases with decreasing
pressure at a specific temperature. It also approximately increases
with increasing absolute temperature (Kelvin or Rankine). This is
because it has a 1/n relationship to the old chemistry formula:

PV = nRT

Because A« 1/n,
7_0( T/P

where A = mean free path.

when mean free path increases, flying height becomes more sensitive
to skew. With some actuator geometries which have a small skew magnitude
at the inner track and a large skew at the outermost, heads will fly
lowest at the inner radius when the drive is at sea level. Taking the
drive up to the maximum specified altitude will sometimes change the
flying height vs radius curve such that the heads will fly lowest at
the outermost disk radius.
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TAPER LENGTH AND ANGLE

The variable most sensitive to taper length is pitch. The
attached curves demonstrate this, showing flying height and
attitude for a full sized (160 mil) slider under the following
conditions:

RPM: 3600
Radius: 1.25 inches @ trailing edge center
Rails: 19 mils
Skew: 0 degrees along trailing edge
Load: 9.5 grams, 5 mils behind length center,
2 mils od of width center.
Taper angle: 50 minutes

As the curves indicate, there is a taper length associated
with maximum pitch. The concavity of pitch as a function of
taper length is negative, while that of flying height vs pitch
may be either positive or negative. A distribution of taper
lengths will generally produce an average pitch which is less
then the pitch associated with the mean taper length due to
this concavity.

Taper angle also affects flying attitude and height. One
can show that for many cases, a more shallow angle will produce
more pitch, and the head will depart the disk sooner. When
taper angle is changed, the nominal taper length may also change.

A drawback to reducing taper angle is that if all else is
the same, the standard deviation of taper length is approximately
proportional to 1/SIN(taper angle). Because the taper angles are
small (<1.2 degrees) this may be approximated as 1l/taper angle.
For Monte-Carlo analysis in predlctlng flying height distributions,
a 30 minute taper should thus be given twice the standard deviation

in length as a 60 minute taper. &{ﬁ

Reducing taper angles may thus result in improved optimum
performance, with a broader distribution in performance.
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- SLIDER PITCH AS A FUNCTION OF TAPER LENGTH
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P TRAILING EDGE RAIL CLEARANCE AS A FUNCTION OF TAPER LENGTH
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SLIDER SKEW

Skew greatly affects slider clearance and pitch. A slider will
fly highest when the load point skew is approximately zero. Pitch
has a local minimum very close to a trailing edge center skew of

zZero.

The two graphs which follow show the effect of skew on flight
height and pitch. Skew here is called positive when a line can
be drawn from the trailing edge slider center to the center of

rotation of the disk without intersecting the slider body.

Sliders with more narrow rails tend to be more skew sensitive.
Attitude becomes more skew sensitive at higher altitudes in non-

sealed disk drives as well.

Later in this discussion we will discuss this in more detail,
along with how to use the effect of skew on flight height to our

advantage.
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EFFECT OF CROWN ON FLYING HEIGHT WITH THREE LOAD POINTS

7.7+ 14 mil Rails

7.6+ No Xducer skew
7.5+ .2 mil blend

7.4+ 5 gram load

7.3+ 1 mil width load offset

7.24 1.2 inch TE center Radius

The effect of 4 mils of load
point shift is similar to
0.9 uin. crown for flying height

6. 3+—<y —_— s : : —t s : —
-1.0-0.8-0.6-0.4-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

CROWN IN MICROINCHES

Transducer Rail, Y-offset = .006 in.
Ballast Rail, Y-offset = .006 in.
Transducer Rail, Y-offset = .004 in.
Ballast Rail, Y-offset = .004 in.
Transducer Rail, Y-offset = .002 in.
Ballast Rail, Y-offset = ,002 in.

b [8X logd o

............. Ballast Rail
Transducer Rail
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RAIL CLEARANCE AS A FUNCTION OF TRAILING EDGE CENTER DISK RADIUS

!
T T T

l
T

1 | Il
T T

0.8 1.0 1.2

1.4

1.6 1.8 2.0

DISK RADIUS TO TRAILING EDGE CENTER (INCHES)

13
13
14

ORI <1409
-
w

mil
mil
mil
mil
mil
mil
mil
mil
mil
mil

Transducer Rail
Ballast Rail
Transducer Rail
Ballast Rail
Transducer Rail
Ballast Rail
Transducer Rail
Ballast Rail
Transducer Rail
Ballast Rail

Transducer Rail
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PITCH VS RADIUS WITH ZERO TRAILING EDGE SKEW FOR SEVERAL RAIL WIDTHS
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FLYING HEIGHT VS SKEW FOR UNCROWNED MICROSLIDERS AT 1.2 INCH RADIUS

17 mil Rails

15 mil Rails
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PITCH VS SKEW FOR THREE UNCROWNED MICROSLIDER RAIL WIDTHS AT 1.2 INCH RADIUS
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MICROHEAD PITCH IN MICROINCHES VS RADIUS AND SKEW
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MICRO 7 52 2 1 135B

MICROHEAD BALLAST RAIL FLYING HEIGHT VS RADIUS AND SKEW
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MICROHEAD TRANSDUCER RAIL FLYING HEIGHT VS RADIUS AND SKEW
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TOPOGRAPHICAL MAPS AND CONSTANT FLYING HEIGHT OPTIMIZATION

Topographical maps such as the three which follow show flying
height and attitude of a specific slider geometry as a function
of radius and skew. By designing a rotary actuator with skew
as a function of radius in mind, flying height vs radius can be
controlled.

These maps were created by taking some thirty finite difference
method steady-state flying height results, and fitting a fourth
order polynomial in 2 dimensions to values representing clearance,
pitch, and roll. Such a polynomial is in the form:

f(r,theta) = cl + c2*r + c3*theta + cd4*(r"2) + cS5*r*theta
+ c6*(theta”2) + c7*(r"3) + c8*(r"“2)*theta

+ c9*r*(theta”2) + cl0*(theta”"3) + cll*(r~4)
+ cl2*(r”"3)*theta + cl3*(r"2)*(theta”2)

+

cld*rx(theta”3) + cl5*(theta”4)

A statistics package (RS/1) was used to evaluate the signifi-
cance level (l-confidence) of each term. Terms which were not
associated with high confidence were discarded, and the polynomial
was evaluated again after each discard until all terms were associa-
ted with high confidence.

This resulting 'trimmed’ polynomials associated with each value
(clearance, pitch, and roll) were used to make these topographical

maps.

Note the skew convention used shown on the transducer rail
clearance map. If the segment connecting the trailing edge center
to the center of disk rotation does not pass through the slider
body, the skew here is said to be positive.



EXAMPLE OF AN ARM LENGTH AND BEND ANGLE OPTIMIZATION

It is desired to fly with the transducer rail at a constant
value of 4.5 microinches above the disk. The drive in question
is at the innermost track when the trailing edge center radius

is approximately 0.88 inches, and the outermost radius will be
1.80 inches.

After some work, it is decided a good head geometry would

havg a 13.5 mil (.0135 inch) rail width, and a 7 gram suspension
load.

A topographical map of a typical head meeting these constraints
(attached) shows that desired skew angles are:

Trailing Trailing
edge center edge center
radius skew
(inches) (degrees)
0.88 -3.1
0.90 -5.1
1.00 -8.6
1.20 -11.7
1.40 -13.6
1.60 -15.1
1.80 -16.4

Because of other constraints, it is desired to have the distance
between the actuator pivot point and center of disk rotation set to
2.20 inches. The problem is to find the best effective arm length
A and bend angle such that the skew vs radius is as close as pos-
sible to the above values, which were taken from the appropriate
topographical map.

SOLUTION:

By setting L to 2.20 inches, and performing a least squares fit
to the desired skew values, the best effective arm length is 2.1798
inches with a bend angle of 5.1835 degrees. This results in the
following results, which is within 2.1 degrees for each specified
radius!

Radius (in.) Achieved Skew (degq) Desired Skew Error
.88 -5.113 -3.1 -2.013
.9 -5.410 -5.1 -0.310

1.0 -6.883 -8.6 1.717
1.2 -9.786 -11.7 1.914
1.4 -12.672 -13.6 0.928
1.6 -15.567 -15.1 -0.467
1.8 -18.494 -16.4 -2.094

The map which follows shows the achieved skew vs radius and the
separation from the broken line associated with a constant 4.5
microinches. Except for the extreme outer radius, the flying height
would be within a half microinch of ideal in this example.
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USING GAUSSIAN RANDOM NUMBERS IN MONTE-CARLO VALUE ASSIGNMENTS

Commonly used random numbers have an equal probability of
occuring anywhere along the range of zero to one. This is
usually the random number you get when you type the RND (or
similar) function in many computer languages.

A Gaussian random number may have any real value. You may
obtain a Gaussian random number by assigning a value p to the
common random number described above, and then calculate a
number z such that: Z

A e St

In this case, z is the Gaussian random number.

One may use Gaussian random numbers to simulate many processes
(when these processes have near-normal distributions) by measuring
the mean and standard deviation of a process, and generating values
with these same characteristics. These are done by first multi-
plying the Gaussian random number by the measured standard deviation
and then adding the measured mean.

For example, if the measured mean of slider preload is 9.450
grams force (excuse the units) with a standard deviation of 0.394,
and one wanted to represent six (6) preloads, then a method could
be created as follows:

Random Associated Times Plus
number'“)' Gaussian — TMeasured Mquured
1% z s X

.101798 -1.27137 -.50092 8.94908
.736529 .63268 .24928 9.69928
.324752 -.45445 -.17905 9.27095
.348546 -.38925 -.15336 9.29664
.868522 1.11943 .44106 9.89106
.278903 -.58610 -.23092 9.21908

In most cases, at least 35 trials are recommended to get a good
idea of the resulting mean. Depending on what other results are
needed and how accurately the results should be calculated, many
more trials may be needed.

Verification of simulated and existing results are always a good
idea (if possible) before using the model to simulate a changed
process.



MONTE-CARLO ANALYSIS EXAMPLE

We wish to see width of the flying height and attitude distri-
bution for a .112 inch slider at a trailing edge center radius
of 1 inch, with no skew at the trailing edge. The system nominal
and distribution widths are defined as:

MEAN STD. DEV.
Test parameters:
RPM: 3600 10
TEC Radius: 1 in. .01
TEC Skew: 0 deg. 1.
Slider parameters:
Rail Width: 14 mils .2
Crown: 1 uin. .4
Taper Length: 11 mils .8
Blend wWidth: .2 mils .1
Load parameters:
Load Force: 7 gm f. .45
Load pt. length offset: 4 mils .8 (toward TE)
Load pt. width offset: 2 mils .7 (toward OD)

For purposes of this example, we will assume the taper angle
has a fixed value of one (1) degree, and blending is linear, with
a 40 microinch per mil slope. (Example, if the blend with is .3
mils on a given slider, then the height is 12 microinches.) The
blend is assumed to be the same and constant on each side of each
rail. Camber is assumed to be zero.

Also, it is assumed that each rail has the same width, and
that crown on the active and ballast rails are the same. 1In other
words, the slider bodies are perfectly symmetrical, with the excep-
tion of the load point location. (In reality, such symmetry will
result in an underestimation of the slider roll distribution.)

Another assumption made to reduce complexity is that the suspen-
sions harbor no torques in the loaded positions. 1In short, to make
this model fit real life, approximately 24 variables would be
required for an excellent agreement.



At

AT

aeadts

n = 2400

*&% FLYING HEIGHTS %

Ballast Rail

Transducer Rail

Minimum: J3.8647% Z.8098

Mean: S.2218 4.9998

Ma:imum: 6.4524 6.0883

Est. Std. Dev.: 0.3375S8 0.3207

*% ATTITUDE **

ROLL FITCH
Minimum: -1.03296 L2603

Mean: -0.2220 6£.3180

Ma:imum: 0.4625 8.7519

Est. Std: 0.1986 0.6529

MICROSLIDER FLIGHT ANALYSIS

Head type: MICROHEAD
RFM: 3600
TEC radius: 1 inch
Rail width: 14.000 mils
WIDTH | pad force: 7.000 grams force
X offset: 2.000 mils
Y offset: 4,000 mils
Crown: 1.000 microinch
LeweTd TEC Skew: 0.00 degrees
Taper Length: 11.000 mils
Blend: ©.2000 mils
<TERMINATE>

Transducer rail T.E. clearance:
Ballast rail T.E. clearance:
Fitch:

Roll:

<MONTE-CARLO>
=10.000
0.0100
0.2000
0.4500
0.7000
0.8000
0.4000
1.0000
0.8000
0.1000

nnnunnnounonom

W nnn

S.016 min.
S.240 uin.
6.301 /Uin.

-0.22

o



MONTE-CARLO TABLE OF RESULT:! OR 70% MICROSLIDER

Isolated Variable Method:

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 Yl Y2 Y3
RPM Rad Rail Crown Blend Skew Taper Force Xc Yc Ht Hb Alpha
S S S S s S s S S S X X X
0o .0 .0 .0 .0 .0 .0 .0 0. 0. 5.016 5.240 6.301
10 .01 0.2 0.4 0.1 1.0 0.8 0.45 0.8 0.7 |5.000 5.222 6.318
10 .0 .0 .0 .0 .0 .0 .0 0. 0. 5.016 5.240 6.301
0 .01 .0 .0 .0 .0 .0 .0 0. 0. 5.017 5.241 6.303
0o .0 0.2 .0 .0 .0 .0 .0 0. 0. 5.013 5.237 6.298
0o .0 .0 0.4 .0 .0 .0 .0 0. 0. 5.012 5.236 6.295
0o .0 .0 .0 0.1 .0 .0 .0 0. 0. 5.006 5.228 6.286
0o .0 .0 .0 .0 1.0 .0 .0 0. 0. 5.006 5.230 6.309
o .0 .0 .0 .0 .0 0.8 .0 0. 0. 5.015 5.240 6.297
0o .0 .0 .0 .0 .0 .0 0.45 0. 0. 5.029 5.254 6.316
0 .0 .0 .0 .0 .0 .0 .0 0.8 0. 5.015 5.240 6.586
0o .0 .0 .0 .0 .0 .0 .0 0. 0.7 |5.017 5.240 6.301
Variables:
X1l: Revolutions/minute X6: TEC skew (deg.)
X2: Trailing edge center (TEC) radius (inches) X7: Taper length (mils)
X3: Rail width (mils) X8: Preload (gm force)
X4: Crown (uin.) X9: Load (mils from TE)
X5: Blend Width (mils) X10: Load (mils OR or CL)
Fixed values: Length = .112 inch Y1l: Xducr Rail microinch
Taper angle = 1 deg. Y2: Ballast Rail Height
Rail Camber 0 Y3: Pitch microinches

Blend angle 2.deg. 20 minutes
Ballast Rail Width - Transducer Rail Width = 0.
No residual flexure torques in loaded position



MONTE-CARLO TABLE OF RESULTS FOR 70% MICROSLIDER

Isolated vVariable Method:

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 Yl Y2 Y3
RPM Rad Rail Crown Blend Skew Taper Force Xc Yc Ht Hb Alpha
S S S s s s s s S S s s S
10 .01 .2 4 .1 1.0 .8 45 0.8 0.7 |.3307 .3355 .6529
10 .0 .0 .0 .0 .0 .0 .0 0. 0. .0099 .0104 .0142
0 .01 .0 .0 .0 .0 .0 .0 0. 0. .0352 .0401 .0527
o .0 0.2 .0 .0 .0 .0 .0 0. 0. .1294 .1383 .0865
0 .0 .0 0.4 .0 .0 .0 .0 0. 0. .1796 .1855 .4741
0 .0 .0 .0 0.1 .0 .0 .0 0. 0. .0951 .1038 .0566"
0o .0 .0 0 .0 1.0 .0 .0 0. 0. .0472 .0729 .0243
o .0 .0 0 .0 .0 0.8 .0 0. 0. .0189 .0197 .0984
o .0 .0 0 .0 .0 .0 0.45 0. 0. .1883 .1929 .2756
o .0 .0 0 .0 .0 .0 .0 0.8 0. .0613 .0560 .3195
o .0 .0 0 .0 .0 .0 .0 0. 0.7 | .1115 .0841 .0181
Variables:
X1l: Revolutions/minute X6: TEC skew (deg.)
X2: Trailing edge center (TEC) radius (inches) X7: Taper length (mils)
X3: Rail width (mils) X8: Preload (gm force)
X4: Crown (uin.) X9: Load (mils from TE)
X5: Blend Width (mils) X10: Load (mils OR or CL)
Fixed values: Length = .112 inch Y1l: Xducr Rail microinch
Taper angle = 1 deg. Y2: Ballast Rail Height

Rail Camber = 0 Y3:

Blend angle = 2.deg. 20 minutes

Ballast Rail wWidth - Transducer Rail Width

Pitch microinches

= 0.

No residual flexure torques in loaded position



STANDARD DEVIATIONS FOR TRANSDUCER CLEARANCE
(ISOLATED VARIABLE METHOD)
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STANDARD DEVIATIONS FOR PITCH
(ISOLATED VARIABLE METHOD)

Std Deviation (uin.)
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IN A LINEAR
SYSTEM, THE
SUM OF VARIANCE
FROM EACH CAUSAL
COMPONENT WOULD
EQUAL THE
SYSTEM VARIANCE.

AN AIR BEARING
IS NOT A
LINEAR SYSTEM.



[SOLATED VARIABLE METHOD LINEAR VARIANCE

COMPARISON CHART

Transducer Ballast

Source of Rail Rail uin.

Variance Height Height Pitch
RPM .000098 .000108 .000202
Radius .001299 .001608 002777
Rail Width 016744 019127 .007482
Crown ,032256 .034410 224771
Blend Width .009044 010774 .003204
Skew 002228 .005314 .000590
Taper Length .000357 .000388 .009683
Preload .035457 .037210 075955
Dimple x Pos. .003758 .003136 .102080
Dimple Y Pos. .012432 .007073 .000328

Sum/Combination: .11367/.10936 .11915/.11256 .42707/.42628

Note: All values in units of microinches squared.



MONTE-CARLO TABLE OF RESULTS FOR 70% MICROSLIDER

Variable Elimination Method:

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 Y1 Y2 Y3
RPM Rad Rail Crown Blend Skew Taper Force Xc Yc Ht Hb Alpha
s S s s s s s s s s s s s
10 .01 .2 .4 1.0 .8 45 0.8 0.7 |.3307 .3355 .6529
0 .01 .2 .4 .1 1.0 .8 .45 0.8 0.7 |.3304 .3352 .6530
10 0. .2 .4 .1 1.0 .8 .45 0.8 0.7 |.3299 .3348 .6516 -
10 .01 oO. .4 .1 1.0 .8 .45 0.8 0.7 |.3071 .3035 .6493
10 .01 .2 0. .1 1.0 8 .45 0.8 0.7 |.2864 .2872 .4557
10 .01 .2 .4 0. 1.0 .8 .45 0.8 0.7 |.3154 .3188 .6506
10 .01 .2 .4 .1 0. .8 .45 0.8 0.7 |.3232 .3322 .6523
10 .01 .2 .4 .1 1.0 0. .45 0.8 0.7 [.3299 .3345 .6455
10 .01 .2 .4 .1 1.0 .8 0. 0.8 0.7 |.2811 .2820 .5961
10 .01 .2 .4 .1 1.0 8 .45 0.0 0.7 |.3261 .3317 .5591
10 .01 .2 .4 .1 1.0 .8 .45 0.8 0.0 [.3149 .3221 .6510
Variables:
X1l: Revolutions/minute X6: TEC skew (deg.)
X2: Trailing edge center (TEC) radius (inches) X7: Taper length (mils)
X3: Rail width (mils) X8: Preload (gm force)
X4: Crown (uin.) X9: Load (mils from TE)
X5: Blend wWidth (mils) X10: Load (mils OR or CL)

Fixed values: Length = .112 inch
Taper angle = 1 deg.
Rail Camber 0.
Blend angle 2 deg. 20 minutes
Ballast Rail Width - Transducer Rail Width = 0.
No residual flexure torques in loaded position

—
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STANDARD DEVIATIONS FOR TRANSDUCER CLEARANCE
(VARIABLE ELIMINATION METHOD)

Std. Deviation (uin.)
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SOURCE OF TRANSDUCER CLEARANCE DISTRIBUTION
TEN VARIABLE MONTE—-CARLO



POTENTIAL Ht DISTRIBUTION IMPROVEMENT FROM
COMPLETE CONTROL OF DIFFERENT PARAMETERS

POTENTIAL STD. DEV. IMPROVEMENT
.07
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.03
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.01

RPM Rad Rail Crown Blend Skew Taper Load Xc Yc

SOURCE OF TRANSDUCER CLEARANCE DISTRIBUTION
VARIABLE ELIMINATION METHOD



Dynamic Head Loading

Historical Perspective
In the Beginning...
Early Dynamic Loading
Contact Start/Stop
Removable Winchester

Dynamic Loading for Reliability
Rotary Dynamic Load Designs
Tolerance Considerations
Testing & Analysis

Applicability To the Portable Marketplace
Ruggedization
Reliability
Low Power
Disadvantages
Other Advantages

Conclusions



Dynamic Loading is Not
That New



In the Beginning...

First Air Bearing Magnetic Hea
Tested on June 2, 1953

Source: (Review IBM JRNL
RES & DEV)



Artist Conception of the
Finished Random Access File

: (Review IBM JRNL

RES & DEV

Source

)



Development of Technologies

.......................................................................................................... e R N SN A L

N A

Year of First Ship 1957 1961 1962 1963 1966 1971 1973 1976 1979 1979 1981
Product 350 1405 1301 1311 2314 3330 3340 3350 3310 3370 3380

Areal Density (Mb/ln.z) 0.002 0.009 0.026 0.051 0.22 0.78 1.69 3.07 338 7.8 >12
Linear Bit Density (bpi) 100 220 0.026 0.051 2200 4040 5636 6425 8530 12134 15200

Track Density (tpi) 20 40 50 > 100 192 300 478 450 635 >800
Head-to-Disk
Spacing (uin) 800 650 250 125 85 50 18 bl 13 b <13
Bearing Type hydrostatic hYdrOdynamic *k *k *k *k * & *k *k
Bearing Contour flat i cylindrical b > taper flat ** o i
Fixed/Removable fixed ** b removable pack ** module pack ** * o
Heads 2 heads/ 1 head/ b * 2h/s ** 1h/s 2h/s **
actuator surface
** Same as In preceeding column Source: (Review IBM JRNL

RES & DEV)



- Hydrodynamic Head Evolution

Source: (Review IBM JRNL
RES & DEV)



Early Dynamic Loading
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Torsion Bar Loading

Sept. 29, 1970 S. F. BROWN ETAL 3,531,788

APPARATUS POR LOADING AND UNLOADING A SLIDER ASSEMBLY
Filed Sept. 30, 1968 ] 1

9
H
H

3
3
o
/.
o

FIG. 2 /"/(of\F\ o

o
&

o FIG.3

INVENTORS
STANLEY F. BROWN
STEVEN J. MACARTHUR 24° °

BY Buberd B Crovuck —




Passive Ramp Structure

Dec. 1, 1970 R. A. APPLEQUIST ETAL 3,544,980
MAGSETIC RECORDING DISC DRIVE ¥WITH HEAD POSITIONING AND
COLLISION AVOIDANCE APPARATUS
Filed Rarch 22, 1968 4 Sheets-Sheet 8

L TITE Y PRSI IO 22 122847 I‘

INVENTORS o1 N |
RoY A APPLEQUIST
sy LAURENCE M WILSON

a1 el B

ATTORNEYS







Introduction of
Contact Start/Stop

3340/3350 & 3370/80
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Dynamlc Whltney Head Loadmg

Linear Implementation (Amcodyne)

U.S. Patent  Aug. 13, 1985 Sheet3of3 4,535,374
FIG 5A
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Dynamlc Whltney Head Loadlng

Launch Energy vs RPM For Various
Carriage Speeds

50y Typical Contact Start -
‘ II........ '."...ll'

.2to0 .4 V X 1000 ms Dragging | . -
or 200 to 400 Vms " LTI L
40 (0 to 3000 RPM in 2500 ms) ’l
. <>?()/(\3){k\),<\\\‘(//))\\((//,\\\<(/)’\ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ ii'\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\> \\\\\\\\\\\\\\\\\\
30 £
Energy %
K¢
( Vms) 5 IPS
20
4 IPS
3 IPS
101 2ps —
1 1Ps .'-’gplilll'-—
0 0.3 ,PS ‘Llllliilll I | l

RPM (14" Disk 6.7 in R)
Source: KMA 4/16/82
(Amcodyne)



Removable Whiiney Test Resulis
(Amcodyne

R Ty

- Life Tests (60,000 L/UL)
No Head/Disk Degradation

- High Speed Movies
Smooth Landing

. Field Performance
80,000 hr MTBF



carly Fixed Drives with Dynamic
Loaded Heads for R

R s

Amcodyne Lapine



Dynamic Loading for Reliability

Rotary Dynamic Loading
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Rotary Dynamic Loading Hardware
Implementations with Buttons
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Source: PrairieTek '86



Low Profile Rotary
Dynamic Loading




Rotary Dynamic Loading
Hardware Implementatlon
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Dynamic Loadihg

Dynamic Loading
Tolerance Zone



Dynamic Loading Life Test Results

T D R

e T A

Typical Dynamic Load Slider
After 250,000 Load/Unloads




Dynamlc Loadmg DVT Life Test

e 10 Drives (40 heads)
e 343,000 Load/Unload
 No Additional Errors

e No Other Drive Problems



Dynamic Loading Trajectories

....................................................

Loading Motion of the Slider for
Different Initial Times, TEIR.
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Displacement (um)
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Displacement (um)

o
T T T

A 1 1 . 1
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T

o 10 20 30 40 0 10 _ 20 30 40
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With Runout Runout Subtracted out

Source: Yamada & Bogy
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Dynamic Loading

Dynamic Loading on a Glass Disk



- Applicability of Dynamic Loading
- to the Portable

-------------------------------------------------------

Is Dynamic Loading a Future
Requirement?



Applicability to che
Portable Ma

............... AN o . T, s O N N A e N A NS

Ruggedization
~« Non-Operating Shock
« Non-Operating Vibration

- High Humidity & Temperature



Applicability to he

Reliability
 Passive Ramp vs Scissor Load
« No Stiction

e No Mechanical Wear



Applicability to che Portable
Marketplac

A . N N N A A A A A A AR NN A A N S N A AN A e N A

Low Power
- Start Torque (Stiction & Friction)

 Unlimited Power Downs (with fast
spin-up)



Applicability to ‘he
Marketplace

...............................................................................................

Disadvantages
- Interdisk Spacing

- Power Down Unload Requirements



Applicability to the

Other Advantages
« Manufacturability
« Unload Detent

- Allows Higher Areal Densities



Applicability to .he

Disadvantages

- Interdisk Spacing

e Power Down Unload Requirements



Dynamic Loading
Works Well
Increases Reliability

Increases Durability

Efficiently Uses Data Surface

Lowers Power Requirements

Eliminates Barriers to Higher Areal Density
Allows Removability in Miniaturized HDA

Appropriate Solution to Portable Computing
Requirements



IIST Short Course on the Head-Disk Interface

Low Flying Height

Dick Henze
Hewlett-Packard Laboratories
Dec. 12-14, 1989

Storage Technology Department 6 HEWLETT
Hewlett-Packard Laboratories ( B PACKARD



What Does “Low Flying Height” Mean?

4-6 microinches?

2-3 microinches??

Less than 1 microinch???

%) Operation in a “similar” manner to todays products!

Reduced spacings achieved via the evolution of
“conventional”’ components and process controls.

 Nofcontinual high speed contacts

e /

CA
\ e
\& /'//‘

Storage Technology Department b] HEWLETT
Hewlett-Packard Laboratories ( /7 PACKARD



What’s Required?

* Further development of components:
Disks Sliders

Process control Suspensions

* Product and process engineering which assimilates
these components to satisfy a product definition:

Density Reliability

Performance Cost

* The product definition can vary widely

Form factor will affect:

Speed OD/ID ratio
Skew angle range Power consumption
Storage Technology Department HEWLETT

Hewlett-Packard Laboratories /’ PACKARD



DISKS

For lower flying heights:

* Decreased surface roughness of intentional texture

° Tradeoff with friction/stiction

° |Isotropic micro-textures, primarily on glass and glass-ceramic
° Relationships between lube thickness and texture roughness
° Measurement issues remain

° Therefore, process control issues especially vital

* Reduced RVA characteristics

o Allows reduced dynamic flying heights

° Tribology role not fully understood
o C.Mm? v ‘{5‘%@ r\T;@ ~

o

* Some parallel developments:

Reduced thickness Alternate substrate materials

# Storage Technology Department ﬁ] HEWLETT
Hewlett-Packard Laboratories ( 1” PACKARD



Representative Disk Textures

(4 microinch scale) 209x

Circumferential texture on
NiP plated aluminum
carbon/lube

RMS roughness 5.79 nm

T T T i
e 12 25 37 50
Distance (Micrans)

Polished glass
carbon/no lube
RMS roughness 1.58 nm

T 1 1
"] 12 25 3?7 gB
Distance (Microns)

Isotropic microtexture
on glass

carbon/lube

RMS roughness 1.68 nm

R}
2 12 2s 37 se
Distance (Micrans)

Storage Technology Department (ﬁB HEWLETT
Hewlett-Packard Laboratories PACKARD



Strain Gage Friction Force (SG) and Acoustic Emission
RMS Output (AE) vs. Velocity, With Touch Down
and Acoustic Emission Velocities Marked

1 i i Circumferential texture on
z - NiP plated aluminum
& N carbon/lube
& ! ! -
Ao S .
= $6 .—] JS) AJ %W AANLU N
S ) y J@\ J'U V&r‘q NLUN
e SIB lé@ xia' 260' "Z'SIB'“H;OB

VELOCITY (ips)

Polished glass
carbon/no lube

FRICTION (gm)
»

n
Tl
f — TV, AEV (30 ipe)

3 SG
3 AE
v BAEARES A as aa s o s e e s e s s e a et e e n
[ se 1ee 150 200 230 300
4
VELOCITY (ips) 47, /

RN Y Y o
t Wiy 4 ‘/Z’W/‘”Z’ W/ Sl
/

s :-: Isotropic microtexture
Z ; ; on glass
-
S | carbon/lube
g U
\ ;
@ 1] 100 158 200 252 3ee
VELOCITY (ips)
Storage Technology Department ﬁ HEWLETT
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Initial Once-around Friction Plots Showing

Magnitude and Modulation of Friction Force
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circumferential texture on
NiP plated aluminum

carbon/lube

Polished glass
carbon/no lube

Isotropic microtexture

on glass

carbon/lube
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Average Friction Force and Strain Gage Touchdown
Velocity vs. Start/Stop Cycles For Each Texture
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y
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xMicro-tex Glass
+Textured Al1-NiP
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Schematic of Flying Height Measurement With and Without Texture

mmw

measured flying height

FLYING ; FLYING : ;

wihout lexiure
SLIDING %:

= 22
EFFECT OF TEXTURE ON LIT MEASUREMENT R

WITH NO AERODYNAMIC EFFECTS :’g%

2
Storage Technology/Department HEWLETT &

Hewlett—Packarq}ﬁboratories [bB PACKARD




Measured Flying Height Vs. Speed for Polished Glass and Conventional
Texture With 3 Sigma RMS Roughness Values Superimposed

Bb
7F validataes assumption of
- f measuremant bias __“\\\
Ler
D [
u -
5-
O F .
Z t . threae sigma
O 4F ’ at 200X v rho
< 3
A [
U 3
CE L
wefr
® I
1B polishad glass
- L e convaentional textura
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qD - 100 200 300 400 500 600 700 800

SPEED [ipsl
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Measured Flying Height Vs. Speed for Polished Glass and Isotropic
Micerotexture With 3 Sigma RMS Roughness Values Superimposed

7E gl
Tl o
= SF .
I.D.l 5 C ,a:>
L el
Z t _-°" threa sigma
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E [ " ”/’
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00 100 200 300 400 S00 600 700 800
SPEED [ipsl
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SLIDERS

* Skew angle sensitivity is incregsed at lower flying
heights - Wali ). %W\ W)\g@,}gpj\ ;\gﬁ& P e M o MO

Air bearing surface geometries address this issue
Conventional taper flat sliders
Transverse slotted (cross-cut) designs

Transverse pressure contour
stepped edge (Jim White) designs

Flatter flying height profile Increased complexity
Less roll variation More expensive

Where is the practical tradeoff between cost and
performance?

* Problems are intensified in small drives
° Reduced speed —— reduced bearing stiffness
o Larger OD/ID ratios

Storage Technology Department ﬁ HEWLETT,
Hewlett-Packard Laboratories ( .,J PACKARD



Flying Height Measurements Showing the Combined Effect of Radius and
Skew Angle for a Typical 5-1/4 Drive With Taper Flat and Slotted Sliders
)

H

"‘""".""""""""“‘

"""""""'V""""""'

‘?

/g inner rail
d  mmmme=- outer rail

REAR SPACING ([uin]
w

+ conventional
eglotted

e | 2 A 4 A 1 A A A _ & 1 A 4 4 L i A re 1 A A A4 1 e ry 2

35 40 - Fo 55 60 "85
RADIUS [mm]

o
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Modeling Results Showing the Combined Effect of Radius and Skew Angle
for a Typical 3-1/2 Drive With TPC and Slotted (Cross—cut) Sliders

2 1 "
1o 3 E) TPC:-7.+13
3 3 CUTD.+20
3 . TOL:TPC
10.0 . TOLTPC L
3 * TOLLUT [
x TOLCUT
9.0 3
3 +
/r//
80 ,/r/
J -
3 R
s ~
70 3 // cut —3 e
3 pd RS 3 ]
-~ + 3/r/ i
T Lt '
e . 1 [ 7/31— —— o —— - TPC~ y
% 50 IR TEEEE S ey YU NSO
2 3 ‘V ’cm,x_..-’ﬁ E
/_..-- e § — g
R e e
i /’/ |
3.0
20 ~ —~— r v
r 8 10 12 1.4 1.6 18
RADIUS{IN.)

Data courtesy of Dastek
Source: Dr. James W. White
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SLIDERS (cont)

* Behavior is more sensitive to actual ABS
characteristics:

edge blend crown
cross-curvature twist

Is there quantitative agreement between your model and
empirical data?

* Parallel development: reduced size sliders

° actuator inertia reduced

o disk area saved

° frictional forces reduced from reduced loading forces

° dynamic flying height reduced e

° lower cost

° requires proper stiffness and relationship with suspension

\
* All of the above relates to negative pressure or \
zero-load sliders as well

Storage Technology Department
Hewlett-Packard Laboratories

() | ol
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PROCESS CONTROL

* Glide testing

Pros:

e Slider is part of the transducer, so the results can be tied to
what you really care about

* Relatively efficient means for scanning entire disk surface
* Can be extremely sensitive

Cons:

e Calibration process, flying behavior and piezo output
* Contact/noncontact

* How “realistic” is the calibration event?

¥ The “sacred” standard

What features do you need to detect?

Dealing with reduced glide margins and customer
expectations

Storage Technology Department [b] HEWLETT
Hewlett-Packard Laboratories F PACKARD



WMW

ey
Glide Head Over 2 mm Calibration Bump - 664 ips
— :)/(Z(’ 4
2.5 "betf
outer rail spacing
2 uin/div "
bump (approx LMMWN

vertical position)
J/W A V.. a0\

inner rail spacing |, m\”\/\\ émwwi}w\m Ao a&uwécaf/
roll // \\
10 urad/div \V.VA DN AU M I
pitch " o ’\ <
40 urad/div \__/J o R
glide output o AVMV‘W e S M/
. N oy e
acoustic emission e B b | LA e o /%
i,
Conlat?
Storage Technology Department HEWLETT
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Glide Head Over 2 mm Calibration Bump - 332 ips

outer rail spacing /
2 uin/divv

;
alk
|

bump (approx W P Mj
vertical position)

inner rail spacing

roll \

3
!
%
§
|

f/

10 urad/div d -
pitch N _J/F\
40 urad/div \\ __/\/\MMM

glide output *W-,_— o B -

acoustic emission

Storage Technology Department (ﬁ] HEWLETT
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Glide Head Over 2 mm Calibration Bump - 155 ips

bump (approx |, :ﬂr\%w
vertical position)

outer rail spacing I
2 uin/div / |' g ii

inner rail spacing

roll /\

10 urad/div /

F/

pitch vl \
40 urad/div \\

glide output

B
‘?
|

acoustic emission

Storage Technology Department [b] HEWLETT
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PROCESS CONTROL (cont)

* Augmentation with other techniques

° Acoustic emission

* Laser Doppler vibrometry '/Wf‘”i'f/f_ SKew
Fasy o A Head Dise

* Readback signal modulation
* A very important bottom line
° Magnetics coupled in

* Disk surface monitors
° Runout, velocity, acceleration probes
o Optical scattering for smaller features
o What about smallest features, scratches, etc.?

Storage Technology Department (ﬁ] HEWLETT
Hewlett-Packard Laboratories F PACKARD



~ SUSPENSIONS
/y j,za /-/ n

Suspension dynamics during seeks and crash stops
can cause significant vertical displacement of the
slider

Vertical Displacement at the Slider Trailing Edge vs. Suspension
Base Excitation for an In-line Suspension

Log
Mag

NM
M/S»2

-
<30

Design and control of load beam and gimbal
resonances will become more important at lower
flying heights

Storage Technology Department (ﬁ] HEWLETT
Hewlett-Packard Laboratories 1” PACKARD



275 South Hillview Drive
Milpitas, CA 95035

Tel. (408) 946-2300
Telex 759164

THE DISK

H. C. Tong

Komag, Inc.



THE DISK

GENERAL VIEW
SUBSTRATE /UNDERLAYER
TEXTURING

MEDIA

OVERCOAT

LUBRICANT

THE NEXT GENERATION --- GLASS DISK

275 South Hillview Drive
Milpitas, CA 95035

Tel. (408) 946-2300
Telex 759164



275 South Hillview Drive
Milpitas, CA 95035

Tel. (408) 946-2300
Telex 759164

DISK TECHNOLOGY REQUIREMENTS

High

Performance :

* Optimum Hc and Mrt

* High S/ /N

* I.ow Flying Height

* Thin and Light weight

* Highest Quality Control
* Optimized surface

mechanical parameters

Roughness
Flatness



R
‘Uj 275 South Hillview Drive
Milpitas, CA 95035
Tel. (408) 946-2300

Telex 759164

Excellent Reliability:

* Excellent Wear Resistance

* Excellent Corrosion Resistance

Lowest Cost:

* Simplest Manufacturing
Steps

* High Yield a2automation

* Low Cost High Performance

Materials
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Future demand for Increased

volume storage reguires thinner disks

DISK SIZE NOW FUTURE
s 1L/74 75 mil SO mil
3 a2 SO mil 31 .5 mil



3 1/2" Al Substrate - 50 mil
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3 1/2" Glass Substrate - 50 mil

Refererize subtractsd
Tota! undicated readina 2.02 pm

Fualiba Level 2
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3 1/2'" Al Substrate - 31.5 mil

Al-3-227b

Reference subtracted

Total indicated reading 11.58 wm
Quality Level o
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N A\:\\Qx
AANA >

XN
N
QA

WA WAy
AR ey
m;\,""\Q‘_
N

Flatmaster Front Referenced Plot

QC*‘:L




3 1/2" Glass Substrate - 31.5 mil

Glass—-3I-IXb

Reference subtracted

Quality Level o

#28

Total indicated reading S5.43 pm

Flatmaster Front Referenced Plot

Q‘f:L
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N Milpitas, CA 95035
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UNDERCOAT TECHNOLOGY =

FUNCTION :

RIGIDITY IMPROVEMENT
PROVIDE EASIER TEXTURING SURFACE

COMMON TYPE :

AL-Mg ALLOY(5086): Koop Hardness

1. ELECTROLESS NiP 600-650

2. ANODIZED LAYER

GLASS: NO UNDER COATING IS NEEDED. 600

ISSUES s
DISK FLATNESS MAY BE INDUCED BY STRESS OR HANDLING

INDUCED DISK.
INDUCED DEFECTS SUCH AS NODULES, PITS, ETC. WHICH MAY
CAUSE MISSING PULSES/EXTRA PULSE, AND GLIDE HEIGHT

FAILURES.



<: :: 7' ' 275 South Hillview Drive
Milpitas, CA 95035
Tel. (408) 946-2300

KOMAG , Telex 759164

SUBSTRATE

FUNCTION :

Provide a flat rigid base for a magnetic recording media.

SUBSTRATE MATERITITALS

Selection criteriac:

* Low cost.

* Surface finish

* Physical Properties such as modulus, rigidity, etc
* Dynamic properties, RVA, etc.

* FEasy manufacturing.

* Adhesion to next layer.

* Thérmal expansion

* Environmental stability

CURRENT SUBSTRATE:

5086 AL-ALLOY



KOMAG

Al-Mg Aluminum-Magnesium

Atomic Percentage Magnesium

o
¢ 4 8 12 16 20

800
1400F

700 660.37° -L -

1200F
600 \\
1000F

500 S

800F (A1) 14.9

400
T00F

300 /

500F (A1) - B
200 —/]
00F /
100

Al 4 8 12 16 20
Weight Percentage Magnesium

451°

275 South Hillview Drive
Milpitas, CA 95035

Tel. (408) 946-2300
Telex 759164

Chemical Composition

ALUMINUM ALLOY- 5088
SILICON 0.40 max
IRON 0.50 max
COPPER 0.10 max
MANGANESE 0.20 to 0.7
CHROMIUM 0.05 to 0.25
ZINC 0.25 max
TITANIUM 0.15 max
Others 0.05 each-0.15 max
Remaining Aluminum |

Source: ASM Handbcok 8th Edition Volume 1.

Ref: 14



Mechanical Properties of Glass and Al1-5086 Disk Substrate:

Properties Glass Aluminum
Specific Gravity (g/mm ) 2.41 2.70
Young’s Modulus (Kg/mm ) 7050 7220
Shear Modulus (Kg/mm ) 3000 3008
Poisson’s Ratio .18 .20
Knoop Hardness (Kg/mm ) 640 50-60 Al

600-650 NiP

Thermal Expansion Coefficient 49 231
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TEXTURING TECHNOLOGY =

FUNCTION:

1. REDUCE STICTION OF THE LUBED DISK, AND

2. PROVIDE SUFFICIENT BEARING SURFACES FOR WEAR
RESISTANCE.

ISSUES::
DISK FLATNESS: RVA
DEFECTS: PITS, NUDULES, ETC.
INFLUENCE GHT BUDGET

TEXTURE CAN INFLUENCE TRANSITION ZIG-ZAG PATTERN



3. Texture induced space loss

Mechanical Texture - NiP

-

HEAD |
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iy /)

Chemical Texture - Glass

1

KoOMAG



Mechanical Texture - NiP

ryr
ala

X5000 X60000
Ref: 5
~—’
KOMAG
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Chemical Texture - Glass

Ref: >

KoMAG



Media surface asperity

a. Texture induced
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SPACING FLUCTUATION (nm)

KOMAG

30 *‘ (a)

Wl ey
—‘30 PSS WY SHUY S NN S SR SHNNY S SN S Y SR S SN SR S S
g g

- PP S S ST S SR

~30
(c)

30 ¢t

OWW%MWWWM

—-30 U B SRR

Pt

0 0.5 1.0 1.5 2.0

TIME (rev.)

‘Head-disk spacing fluctuation due to the disk surface curvature.
(a) experimental data, uncorrected; (b) experimental data, cor-
rected; (c) theoretical prediction based on the disk profile.

Ref: 3

SPACING FLUCTUATION (nm)

~120 EL

275 South Hillview Drive
Milpitas, CA 95035

Tel. (408) 946-2300
Telex 759164

120

W o o
O O o o

| | |
© o W
© O o

TIME (rev.)

2.0

‘Slider-disk spacing fluctuation at the slider's leading edge. (a)

Experimental data, corrected; (b) theoretical prediction.



KOMAG

Scan Pile Name:82t3.dat vith 600 data points.

Scan Time:09:05, Scan Date:10-27-89, Scan Lenqth:1200uN, Scan Speed:LOW

Ra= 35.94, RMS= 45.6A, Sk= -0.009,

Ko= 0.03

Kax= 94,31 (at 104.0un), Mln=-170.91 (at 334.0un), RMax= 265.2 1.

Original Profile From Dektak
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275 South Hillview Drive
Milpitas, CA 95035
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Telex 759164
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Conclusions:

A)

B)

Enclosures:

A)

Set Right Center Left Avg Sd Dev
1 4.6 4.9 5.1 4.9 0.25
2 5.3 5.9 5.3 5.4 0.35
3 5.1 - 5.8 5.4 0.50
Total . 5.2 0.43

The best repeatability we can expect from the
Dektak is +/- 0.3 u".

The bump heights measured via a Dektak are
subjective due to:

1) The operator must "eyeball" a line through
the top of the peak and the base.

2) The height scale on the side of the print out
must be interpolated to determine the height.

Inconsistencies in measurement techniques could
easily cause 0.5 u" differences in height.

Dektak measurement technique.



GLIDE ISSUES

Transducer

Acoustic vs. Piezo

Mapctor

Data courtesy Bernard Flusche Jr., Akashic
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GLIDE ISSUES
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Data courtesy Bernard Flusche Jr., Akashic
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