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This scanning electron microscope study shows the quality
of vinyl used to press discs plays a large part in record
wear. One primary type of defect is fracturing of the disc
surface, which even occurs during the pressing cycle.

The LP record, which made its debut
about 30 years ago, brought about a
dramatic improvement in sound quali-
ty over the shellac-based 78s in addi-
tion to providing much more playing
time per disc. Following this, the rapid
change from sapphire to diamond styli
brought the twin benefits of lower
record wear and very much longer
stylus life. Record wear shows up as a
toss in audible sound quality, and the
audio industry responded to the prob-
lem by choosing quality viny! mixes
for the LP record base and by continu-
ally improving tonearms, pickups,
stylus designs, and stylus loading char-
acteristics. Today the public has avail-
able relatively inexpensive but none-
theless high-quality transducer sys-
tems. With this excellent equipment
widely available, our ears tell us just
how marvelous a record can be when
it is played for the first time. Then, de-
pending on the qualities of the record
base material, the quality of pickup,
and pickup loadings, critical ears can
hear loss of sound quality after as few
as two to 10 plays. interested in how
records wear and with the ultimate

38

Fig. 1—Three stylus types. This illus-
tration shows the relationship of the
moving stylus to the groove walls. The
ideal contact areas are shown.
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goal of reducing record wear, we have
used the scanning electron micro-
scope (SEM) to help us to see how
wear occurs.

Currently, there are three general
stylus designs; these are the spherical,
elliptical, and Shibata types (Fig. 1).
Note that the elliptical and Shibata de-

signs were developed to solve particu-
lar problems brought about by LP discs
and quadraphonic reproduction. With
all three of these designs, the pressure
on the vinyl remains very high, ranging
from 30,000 to 69,000 pounds per
square inch with a stylus tracking force
of 1 gram. These high pressures have
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fig, 2—An optical microphotograph of
an unplaved Kotekan record, The in-
formation in the groove walils is very
difficult to read using this technique,
which uses reflected fight via cono-
scopic illumination.
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Fig.3—Scanning eiectron microscope
(5EM) microphotographs of an
unplayed Kotekan record.

Fig. 4—5EM microphotographs of a
Kotekan record played 50 times.

record surface. As an example, the
photo shown in Fig. 2 was taken by
reflected, conoscopic illumination —
effectively a ring light around the ob-
jective lens of the opticai microscope.
The view is perpendicular to the
record. The hills and valleys on each
side of the groove are manifested by
changes in refiection. The information
on the record groave is not easily read
because of the viewing angle (%0 de-
grees}. If the viewing angle is changed,
the depth of field severely limits the
surface area that can be viewed. The
depth of field difficulty disappears
with the SEM. The SEM photos for this
article were taken with an angle of 60
degrees between the viewing electron
beam and the record surface. The
enormous depth of field allows us to
see all of the audio information and, in
addition, all of the surface imperfec-
tions.

Reading SCM Photos

However, viewing SEM photographs
can be frustrating, as they do show a
large amount of detail, some of which
is important and some of which is not.
Thus, interpretation of the photos can
be difficult. At times a depression may
appear to be a particle lying on the
surface, and at times a hill on the sur-
face may appear to be a depression.
Turn the magazine upside down and
view the low magnification photos.
What were grooves now appear to be
mountain ridges; concave feaiures ap-
pear convex. “Up” and “down” ap-
pearances are, to a large extent, psy-
chological phenemena We learn to
identify “up”™ and “down” by relation-
ships between objects and the light
shining oh them. The sun is always up!
Only by earefully studying a sequence
of SEM photos in light of the back-
ground knowledge of the spatial rela-
tionship between the surface and the
electron beam, can one be certain
whether ane is observing a hill or 2
valtey.

Figures 3 through 5 are three
sequences of six photos each, taken of
a small area on an individual record
with varying magnification. Figure 3 is
of a very high-quality, unplayed, au-
diophile record (Kotekan. which was
kindly provided by Reference Record-
ngs, 400 Pennsylvania St., San Francis-
co, Calif. 34101 in the iow-magmihica-
Hen pictures, one can see the weaith
of audio informatian; the percussive
notes with harmonics are supenm-
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posed upon the basic frequency. The
width and depth of the groove give
amplitude information {loudness). As
the magnification is increased, we be-
gin ta see imperfections in the surface
of the vinyl. Notice the small pertur-
bances of the surface. It is not smooth.
in Fig. 3D and 3E we can alse discern
several small holes in the groove sur-
face. These are imperfections arising
from the pressing operation. There are
also holes in the bottom of the groove.
These imperfections probably came
from the process of reieasing the
recard from the press mold. Since the
styfus rides on the sides of the groove,
imperfections in the very bottom of
the groove do not lead to deteriora-
tion ef the audio quatity.

The Kotekan is a record of superb
audio quality. The imperfections seen
at high magnification are both of low
number density (number per unit area
of the groove} and of smail size. In
these studies of record wear, the num-
ber density of imperfections, their siz-
es, and their types are the important
data.

For these tests, all of the records
were played with a new Shure M91£D
cartridge (elliptical) loaded at 1 gram
with proper anti-skate adjustment. The
records were cleaned with 30 percent
isopropy! alcohol. (Dirt could have
caused erroneous interpretation by
gouging aut the groove surface) Rec-
ards had adjacent serial numbers so
that they came from the same mastar
and presumably pressed within min-
utes of one another.

Figure 4 is the sequence of SEM
photos of a Kotekan record played 50
times. The loss of audio quality is easi-
Iy heard. The SEM photos show that
there are now many small pieces of vi-
nyl that have come off of the surface
These little depressions are very remin-
iscent of glass surfaces that have been
chipped by fine sand, that is, these im-
peffections appear to be due to sur-
face conchoidal fractures. Examples of
conchoidal fractures are broken or
shattered glass. Note that by compari-
son with Fig. 3, there are many more
imperfections ot this kindd and that
their individual sizes are larger than
those of Fig. 3. Notice too the distinct
weal tines that are paraliel to the
record groove.

Figure 3 15 a sequence of SEM pho-
tos taken of a record of Holst's The
Planets. This record was also plaved 30
times. After 50 plays, it 15 almost unlis-




Fig. 5~-SEM microphotographs of a
record of Holst’s The Planets.
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tenable. The groove wails clearly show
enormous damage. Notice that the
damage is mainly of the concheidal
fracture type and that there are many
longitudinal wear lines. In Figure 5F,
we can clearly see why high frequen-
ctes became distorted by the wear pro-
cess. The wall modulations in the right
channel are very badly damaged by
the conchoidal fracturing that has oc-
curred. In this photo, the dimensions
of the fractures are a sizable fraction of
the width of the wall moduiations.

The wear damage shown in Figs. 4
and 5 is predominantly of the conchoi-
dal fracture type. But this 15 not the
only kind of wear damage that can oc-
cur, Figures 6A, B, and C show exam-
ples of another kind of wear process,
tearing and gouging in addition to the
conchoidal fracture, which may be as-
sociated with a “stick-slip” frictional
phenomenon. These photos were tak-
en from a recording of Rachmaninoff’s
Symphony No. 1, used as demonstra-
tion record in an audiophile specialty
house. The pickup was a moving-coil
type loaded at 2.5 grams, and the
record was thoroughly cleaned prior to
each playing.

Several points should be noted from
these SEM pictures. First, there is a
large difference in wear, depending
upon the quality of the vinyl used in
the record pressing. The Kotekan is not
only a superb recording, but the discs
are also made of high-quality vinyl.
Second, the unplayed records have
many defects visible under high mag-
nification. It is the number density
{number per unit area of the groove)
and the sizes of the defects that ac-
count for the deterioration of audic
quality. Third, the smooth tines warn
into the side walls produced by the
wearing operation probably do not do
as much sonic harm as the conchoidal
fractures ar the tearing and gouging
wear.

The SEM data indicate that, despite
the very large unit area loading at the
record groove walls, repeated plays do
not, in themselves, lead to large per-
manent deformations of the groove as
has been widely presumed. A very
strong implication from this data s
that, to a large extent, the crackling
and popping sounds presumed to be
caused by static eiectricity are caused
by the conchaoidal fracturing, the tear-
ing, and the gouging wear. There s no
question, however, that static electrici-
ty is built upin the course of playing a




fig. 6—SEM microphotographs of a

recording of Rachmaninoif's Symphony No. 1.
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record, but the purely static charge ef-
fect appears minor compared to dete-
noration of audio quahty due to the
generaion  of wear detects. Static
probably causes more harm by attrac-
ing dirt to the playing surface where il
subsequently 15 pushed and pounded
into the groove wall or forced along in
front of a stylus, scouring and gouging
the groove wait

Pure viny! is not used in presssing
records, rather vinyl with various fillers
is used, and variations in the ratio of
vinyl to fillers and the dispersion of
fillers are common. The coenchoidal
fracturing wear is indicative of too
large a concentration of filler; the tear-
ing and gouging wear is indicative of a
poor choice of the type of filler materi-
al. SEM data coutd help the manufac-
turers develop and provide the con-
sumesr with a better product. Although
huran ears may be abie to discern the
audio deterioration, they cannot point
to the cause. _

The SEM is a powerfu! tool for the
detailed study of surfaces. This study

points to several mecharusms for wear
in phonograph records. It also points
to contributing factors that atiect the
wear processes which are introduced
in the manufactunng processes. Mi-
croscopic  fracturing,  gouging, and
tearing along with the detrimentat ef-
focts of surface contamination are me-
chanical factors contributing to the
wear processes. This study also clearly
indicates that the quality of the vinyl
record base material has an enormous
effect on the type of wear and the to-
tal quantity of wear.

Much can be and has been done to
slow the wearing process. Audio
equipment technology has made large
strides towards this goal, and the au-
diophile has become more aware of
the importance of cleaning and proper
record storage. Some record preserva-
tives are presently being marketed and
new ones are about to be introduced
to the public, and with the escalating
cost of records, these new matenals
and processes can help keep good mu-
sic affordable to the consumer.
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fine moving coil cartridge. But it’s
been an impossible dream for many
because of the high cost. Until now.
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And like all the Satin cartridges, it fea-
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