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Achieving Competitive Edge Through the Application
of Total Quality Management

Dr. D. Paul Piplani, CEF, Acteron Corporation, Redwood City, CA

The global marketplace, with a new economic order, is creating an
educated consumer who is loyal only to product quality, competitive
pricing, and on-time delivery with every shipment. A changed
corporate culture is a must for the implementation of total quality
management (T.Q.M.) to achieve first time right plating quality.
This paper examines the plating specification criteria in the
incoming purchase order, genuine participation by all personnel
involved, and the use of quality aids, such as statistical process
control (S.P.C.) to go beyond rather than just meeting minimum
requirements.
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PRACTICAL GUIDE FOR MEASURING HD UNDERCOAT THICKNESS
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* Uyemura International Corporation, Ontario, California
** C. Uyemura & Co. Ltd., Tokyo, Japan

ABSTRACT

This paper will discuss and review various methods of thickness measurement of Ni-P
undercoat on aluminum magnetic hard disk (HD). Accurate measurement of these films is of
considerable importance due to the trend of the hard disk industry towards smaller size
disks as well as thinner Ni-P undercoat.

Focus will be on the X-ray Fluorescence (XRF) method, pointing out the different variables
effecting the accuracy of this method.

Introduction

The magnetic disk drive industry is still experiencing market
growth evidenced by a smooth spiral in electroless nickel C EN ) sales.
There has been major shifts during recent years. Industry publications
have expressed that the market has boomed for the 3.5-inch drives
while the larger format 8-inch and 14-inch drives is almost gone .

The personal notebook computers have moved to a 2.5-inch and 3.5-
inch format disk drives.1 Keeping up with technology advances,
price competiveness and changing conditions remain as barriers for
the magnetic disk industry's success.

Not only has the size of the disk decreased, the high phosphorous
(12%) EN coating thickness has also decreased. We are seeing that

where 30-40klm thicknesses were common, now 6-10Wn has become
common. Cost increases in proportion to the plating thickness, so we
must be able to provide a sufficient film thickness, corrosion
resistance, wear resistant and a durable non-magnetic surface.

The process of selecting a measurement method requires you to
consider accuracy, the cost of the measuring device, repeatability and
confidence levels. Accurately measuring the thickness of the undercoat
poses a significant challenge as films become thinner.

Four basic thickness measurement techniques are gravimetric,
microscopic cross sectioning, beta backscatter and, X-ray
fluorescence (XRF). The trend over the past years has been away from

1
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the first three stated above and toward XRF.2 XRF is favored

mainly because of the accuracy and repeatability that can be achieved

with minimal measurement times. XRF is capable of better than 15 %

accuracy, especially where extra precautions are taken to eliminate

errors. Acquiring significantly greater accuracy would be difficult

because of the inherent roughness of the substrate and the coating
surface themselves.

Comparison of the different thickness measurement methods

for high phosphorous content electroless nickel (HPEN) hard
disk undercoat.

Gravimetry (two-types, non-destructive [weight gain] and

destructive.): Non-destructive: Accuracy using this method causes the

result to be affected by the loss in weight during etching due to the
dissolution of the Al substrate material.

Destructive method: Ni-P/Al plated parts are dissolved in 10% w/v

NaOH allowing nickel to peel-off from the Al substrate. The dry Ni

foil can then be weighed. Thickness is calculated as equal to weight

of Ni divided by the product of the density and the area.3 This
destructive method is considered the most accurate and a good
reference.

Microscopic cross section (destructive, optical): Good reference.

The coating thickness is measured in a magnified image of a

cross section of the coating. Normal metallographic procedures are

used for mounting, polishing, and etching the specimens. A filar micro-

meter ocular or image-splitting eyepiece is used to measure the
thickness. In some instances, the image is projected onto a ground

glass plate, the measurement is made with a ruler at an approp-

riate magnification.4 This is accurate for films of about10-100 wn
1 5%. Thickness capability is dependent on microscopic equipment
used and skilled technician.

Beta backscatter ( non-destructive, mass per unit area method):

The principle of beta backscatter is that when beta particles

impinge upon a material, a certain portion are backscattered. The

intensity of the backscatter can be used for the measurement

of mass per unit area of the coating, which is directly proportional to
2



the thickness. Measure thicknesses ranging from 0.5 - 40 kim. For best
accuracy with the backscatter method, appropriate isotope for the
target coating and to have standards established for each turnover to
adjust for phosphorous increase. Two disadvantages of beta
backscatter are that frequent calibration is necessary to compensate
for decay of the isotope material.5 Second is that parts to be tested
come in contact with the isotope probe and this will leave surface
marks that may affect the integrity of the HD undercoat deposit,
especially after polishing.

X-Ray Fluorescence (non-destructive, mass per unit area method):
A contactless measurement that indicates thickness by directing an
X-ray beam through the coating . The beam is absorbed and the amount
of absorption yields an instanteous readout of thicknesses between
0.5gm-30Wn. Advantages are the ability to measure every part, with
very high speed and without contacting and destroying the test piece.
Areas as small as 2 mm in diameter can be measured.6 Disadvantages
are the one-time cost of the special equipment and the upper limitation
to measuring thickness.

Table 1 Compares the different methods.

Gravimetric Cross-section

Non-destructive Destructive Destructive

Plating operator Skilled technician

Less than 60 sec. More than 1 hour

Common laboratory equipment

0.4 pm-unlimited 10-100 pm

Beta Backscatter XRF

Non-destructive

Platinq operator

Less than 60 seconds

Speciality equipment

0.5-40 kim 0.5-30 wn

Based on the above data, we chose to explore to explore applic-
ations of XRF for measuring Hard-disk electroless nickel undercoating.

XRF Experimental Details

The following experiments were carried out using a Seiko SFT-157
Fluorescent X-ray Coating Thickness Gauge. The phosphorous content
was set at 12% unless otherwise specified. X-ray intensity was 10
for collimator size 0.1 and 0.3 mm and X-ray intensity 4 was used
for collimator 1.0 mm. The instrument was calibrated with 4.93*m
and 21.1 wn Ni standards on Al; and with Ni, Al and 10.6 wt.%P Ni-P
infinite standards

3
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Effect of measurement time

The thickness of a Ni-P foil (5, 10, and 15wn) on aluminum was

measured 30 times using different count times (2,5,10,20,30,60 and

100 sec.).

Effect of different collimator sizes

The thickness of Ni-P foils on Al of various thicknesses were measured

using different collimator sizes ( 0.1, 0.3 and 1.0 mm). The count time

for each measurement (10 trials) was 60 seconds.

Effect of Z-stage height

The thickness of Ni-P /Al magnetic disk (approx. 13 Lim) was

measured for 30 sec. (10 trials) using a collimator size of 1.0 mm with

the sample stage at different heights, ranging from 5 mm below to

3 mm above the focal position*. This experiment was also performed

using collimator sizes of 0.1 and 0.3 mm.

* The point where the sample parts appears clear with defined sharp

image when viewed through the C.R.T. monitor .

Effect of thickness of the Al substrate

The thickness of Ni-P foil was measured with increasing number of

Al foil pieces (0.02 mm per piece) using a measurement time of

20 sec. (10 trials). The procedure was repeated until the thickness of

the Al was 0.3 mm.

Effect of Phosphorous content

The thickness of a 22.1wn Ni-P/Al disk with a phosphorous content of

12.3% was measured using a collimator size of 1.0 mm using different

% P content in the calibration.

X-ray drift

The thickness of a Ni-P/Al standard disk was measured over time to

check for any shift .7
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measurement time of 10 seconds. However, even

better results were obtained with slightly longer times. For example,

using the 1.0 mm collimator most reproducible results to measure a

Ni-P film of about 15wn in shortest time was when measurement
time of 20 seconds was used .

However, your production situation will dictate whether the

time required obtaining the extra precision is cost efficient.

2. Collimator size

XRF Coating Thickness Gauges are designed to measure film

thickness on small areas by focusing the X-ray beams from the X-ray

tube into a concentrated ray. A collimator is used for this purpose.

Cross section is a good reference to counter-check XRF results.

One direct way of comparing accuracy is to graph the measure-

ments from one method against the other. Thus, the results in

figure 2 show that the best overall correlation of the thickness

obtained using these two methods was found using a 1.0 mm
collimator.

For Ni-P films with thicknesses below 20gm , the deviation of

the thickness obtained using the 2 methods was less than 2.556, using

collimator sizes of either 0.3 mm or 1.0 mm; however, for the 0.1 mm

collimator, the thickness difference was up to 8%.

The error in the measurement of Ni-P/Al thicknesses outside the

range of calibration, that is in the present study below 5klm and above

21 klm showed a tendency to increase with the thickness of the Ni-P

coating. Thus, the small deviation of less than 0.5% for the 58.4klm

Ni-P film using the 1.0 collimator is misleading as the XRF measure-

ment above 40ktm-50wn is generally less than that obtained by

cross-sectioning. This is in contrast to the situation using the smaller

collimators (0.1 mm or 0.3 mm) where the XRF measured thickness

showed an increase, after 25Bm compared to the cross-sectioned

thickness measurement.
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In regards to the substrate thickness, it is known that silver
coatings8 for example, are influenced by the thickness of the underside
film, especially if the substrate is thin. This phenomena can be
understood from the following diagrams - one where the substrate is
regular and the other where the thin substrate allows for the secondary
fluorescent X-ray is from the underside coating as well as the base
material.

FLUORESCENT X-RAY

FROM COATING X-RAY
FLUORESCENT X-RAY

X-RAY
t=HUM COA I ING

FLUORESCENT

 X-RAY FROM BASE
I MATERIAL

4

.
4

4
4 SUBSTRATE

3:

FLUORESCAT

X-RAY FROM

BASE

MATERIAL

AND LOWER

COATING

Fjgure 4 Theoretical effect of decreasing the substrate thickness.

The results in figure 5 (next page) show that a thickness of the
Ni-P film can be obtained with 95% confidence if the substrate is over

0.12 mm. Thus, for the present, this effect is negligible, however, care
should be exercised in the future to take this phenomena into account.

5. Phosphorous content

XRF measurements are based on conversion of mass per unit area
to thickness, the coating density must be accounted for when using this
method. The phosphorous content in a Ni-P film affects the density of
the deposit and thus at least a close approximation of the deposit's
phosphorous must be entered into the calibration. The results in figure
6 show that the phosphorous content entered at the time could only be
changed by about + 1% to obtain a thickness with a 95% confidence
level.
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0 0

Thickness of upper Ni-P film

1,1,1.1,1,1,1,1.1,1
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Figure 5 XRF measurements with Al substrate size changes.
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Figure 6 Effect of Phosphorous content on Ni-P film thickness.
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2. Position : Focus distance between the sample and the
collimator determines the confidence level of the

measurement. This varies from instrument to instrument,

if absolute rather than relative data is desired , you will

need to experiment with ideal positioning for your

application.

3. Collimator size: Exposing the maximum area, especially

for thicker deposits gave a more precise measurement.

Larger measurement area lessens any localization effect.
We would recommend 1.0 mm collimator for use in the

hard disk industry.

4. Substrate thickness: As disks have become smaller they

have also become thinner. As this trend progresses to even

thinner aluminum alloy substrates, the thickness

measurement techniques for the EN undercoating are sure

to be effected.

5. %P: Take extra care to enter the proper phosphorous

content in the calibration to maximize the accuracy of

your measurement using XRF equipment.

6. Instrument drift: Protecting against natural drift in X-ray

test equipment is the responsibility of you, the user.
To maintain the XRF instrument at its ideal calibration

before testing a sample , read the pages relating to calib-

ration procedure in the USER GUIDE. Thetime spent doing

this will prove worthwhile.
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WHY JOHNNY CAN'T DO SPC

By: David J. Sugg

Eastman Kodak Company

Dayton, Ohio

ABSTRACT

Increasingly American businesses must concern themselves with the problem of
illiteracy. Vast percentages of the young workforce cannot even read well enough to
understand a bus schedule, much less a complicated process specification. Related to
this problem is innumeracy, the inability to deal with mathematical ideas, or even simple
arithmetic.

This problem becomes particularly acute when a company seeks to start a Total
Quality Management program. How can you teach someone to do SPC who can't read, or
calculate an average? How can you talk about percent defective to someone who cannot
understand the idea of 'percent'?

This paper provides some suggestions on how to deal with these problems in the
modern workplace. Examples will be given of a new control chart that does not require
any calculations. Emphasis wiI[ also be placed on the use of visual or graphical means
of communication to supplement more traditional written communication.

THE PROBLEM DEFINED

For many years we have heard about the illiteracy problem in this country. A
nation that once prided itself on having the highest literacy rate in the world, has seen
a steady decline in the percentage of its citizens that can read at even modest levels.

Experts give many reasons for the decline. Some claim that television has taken
away the motivation to read. At one time, a young person had to read a book to

,

escape' into fantasy. Now, a push of the on-off button provides the same 'escape.
Instead of spending hours lost in books, young people (and old!) now spend those
hours as 'couch potatoes' in front of the 'boob tube.'

Others cite the change away from the use of phonics in reading instruction as
the source of the decline. With only a knowledge of words they could 'sight read,'
students coming across a new word had little idea how to continue. With an
understanding of phonics, the student could at least sound out the word, and perhaps
recognize it from their spoken vocabulary.

More recently, the poor math skills of most high school graduates have also
become a major concern. This concern ranges from the inability to add, subtract,
multiply and divide; to the failure of most to understand the more complicated math
behind risk assessment. How do we expect someone who cannot even calculate an
average, to understand that simply being below average does not mean that something
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