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Abstract

The tensile fracture strengths of a total
of 83 ST cut, single crystal, quartz discs
were measured under a variety of experimental
conditions, The major emphasis of this
study was to compare the fracture strength of
four different types of quartz including
natural, and three synthetic grades (optical,
premium Q and electronic). Since fracture
strength often depends on surface finish,
two different polishing techniques were also
assessed, One technique used a Syton polish
starting from a rough ground surface while
the second technigue involved a fine mech-
anical polish followed by a short Syton
polish., A biaxial flexure test was used for
measuring the tensile fracture strength on
the discs which were 1 inch in diameter and
nominaily 0.1 inch thick,

The average fracture strength of
polished samples was 21,400 psi with a stan-
dard deviation of & 6,000 psi. There was
very little difference in fracture strength
for the four types of quartz and the two
different polishing techniques, The differ-
ences between the average fracture strength
for each category fell well within the stan-
dard deviation, Five unpolished discs were
also tested and the average fracture strength
was found to be 8,900 * 800 psi. Clearly,
polishing the surface serves to increase the
fracture strength by better than a factor of
two.

Two particular techniques for altering
the surface quality were also investigated.
1t has been reported that chemical etching
of very thin quartz discs can significantly
increase the fracture strength, To test the
effect of chemical etching on thick discs,
ten chemically etched samples were also
broken. The average fracture strength was
significantly lower than for polished discs,
but many of the etched samples showed numer-
ous etch pits or channels. Some the samples
had few or no etch pits or channels and
these showed a fracture strength comparable
to the polished samples. Another seven
samples had 1600 shallow grooves (~ 1000 A
deep) ion milled into a polished surface.
Theca camples showed no significant change in
average fracture strength. In audition tou
the parameters mentioned above, other factors
such as relative humidity, Q (from infrared
measurements), and sample thickness also were
found to have no correlation with fracture
strength.

Introduction

'T“:>This paper discusses research made on
the  basic tensile fracture strength of quartz,.
it has been over 10 years since a value Eor;ﬁﬂ
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the fracture strength of quartz (~ 14,000 psi)
was publishedl and this number should be re=-
evaluated in light of the progress made in

the technology of growing and polishing
quartz, The major emphasis in this study was
to compare the fracture strength of discs
made out of four different types of guartz.
These were natural quartz and three synthetic
grades (optical, premium Q, and electronic).
Since fracture strength often depends on sur-
face finish, two different sample polishing
techniques were used. The electro-mechanical
Q of many of the gquartz discs was also meas-
ured using infrared absorption techniques.
The test mechod used fpr fracturing was the
biaxial flexure test. ésults from these
fracture tests will be presented as well as
results which show the effects, on the frac-
ture strength of quartz, of chemical etching
and ion beam etched grooves about 1000 A deep.

Sample Preparation

Eighty-three ST cut, Z-zone, l-inch
diameter and 0.1 inch-thick (after polishing)
quartz discs were purchased, Both natural
and synthetically grown quartz were supplied,
inciuding the three synthetic grades of
cotical, premium Q, and electronic. The
fracture strength of a material depends upon
the quality of the surface finish, where sur-
face flaws such as scratches can concentrate
the applied stregs and thereby lead to frac-
ture. Complete removal of flaws from the
surface permits the strength to approach the
theoretical maximum for the particular mate-
rial, For comparison purposes, two different
sample preparation and polishing techniques
were followed,

The first polishing technique (referred
to as Polish A) was simple, going directly
from a 220-diamond saw blade cut finish to
Syton polishing for a half hour on each sur-
face, Syton is a chemical-mechanical polish
consisting of a colloidal suspension of SiO;
in NaOH. The second polishing technique
(referred to as Polish B) was more complex.
Starting with a similar 220-diamond saw
finish, each surface was ground down using
successively finer grit sizes of 35, 12, 9,
5, and 3 microns of alumina oxide. Next a
two~-step polishing sequence was employed,
firet nsing cerium oxide and then finishing
with Syton. The duration of the cerium
oxide and Syton polishes varied, depending
upon the grade of quartz, from 2 to 5 hours
for cerium oxide and 1/2 to 2 hours for
Syton. Both Polish A and Polish B samples
had slighcly bevelled edges. For both types
of samples, the mechanical wheels used were
randomly varied among the different types of
quartz in order to avoid any systematic
errors resulting from usage of a particular
wheel on a particular type of quartz.
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sity and electromechanical Q of quartz.
High Q crystals tend to have fewer impurities
) than low Q crystals. There is also a direct
¢ correlation between Q and infrared absorption.
H Hence, infrared measurements were a conven-
ient method for determining the Q and, there-
fore, the material quality of the quartz
; discs. All of the synthetic quartz ordered
! criginated from Sawyer Inc., with a quoted
minimum Q of 1.3 x 106, 1.8 x 106, 2,2 x 106 2oL
; for optical, electronic, and Premium Q grade,
respectively, “L
ot 1 1 1 nd
A Perkin-Elmer 580 B Infrared Spectro- 4000 3500 3000 2300 2000
photometer was used with a selected resolu- WAVENUMBER (cm™!)
tion of 1.4 cm™! and the plotted wavenumber (¢)
spectrum from 4000 to 2000 cm~l. Examples
of plotted infrared spectrum measurements of
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Synthetic quartz

natural and synthetic quartz are shown in
Fig. 1. With natural quartz, great differ-
ences were seen in the level of absorption

at a given band. This indicates that the
impurity content is distinctly variable from
sample to sample. This is not surprising
considering the different origins, growth
conditions, and environmental factors forming
each natural quartz stone out of which one to
two quartz discs were cut, Because of the
large variations, infrared spectrum measure-
ments were made on each natural quartz disc.
For synthetic quartz, little variation was
seen in the infrared spectrum from disc to
disc within a particular grade, hence only a
sampling of the disc were measured.
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The equation used for converting infra-
red transmission levels into Q was obtained
from a paper by Philips Research Labs.2 The
basic equations used are as follows:

N 1 1 1 ]
H 4000 3500 3000 2500 2000
§ WAVENUMBER (em*!)

§ (a) Natural guartz 1 ( T3800)

le AT
100

NATURAL QUARTZ
Q- 8sxt0*

*
a3500 = 3560 * 0.25

3

a3gop = Extinction coefficient at
wavenumber 3500 cm™
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-
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a;500 = Extinction coefficient
with the correction factor
shown above.

20¢

t = Thickness of sample in
kL centimeters.

L 1 1 J
4000 3500 3000 2500 2000
WAVENUMBER (em”'}

Ty = Fraction of incident light
of wavenumber v transmitted
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(b) Natural quartz (note that
this spectrum is quite

different from above) Q= 1.35 x 105/a;500

g S e o e

Figure 1, 1Infrared transmission spectra for

two samples of natural quartz and
one of synthetic quartz: Note
that sample-to-sample variation
in natural quartz can be quite
large, whereas all synthetic
samples of a given quartz grade
were quite similar,
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Two other calculation methods for Q were
assessed where one used a 3410 em~! line2 and
the other used a different equation. They
all resulted in somewhat different values of
Q for a sample. However, the equation above
generally gave a Q between the high and low
vaiues,
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For natural quartz, the Q varied from
0.3 to 4 x 106, Most values fell into the
range from 0.7 to 1,1 x 106, Synthetic sam-
ples nearly always satisfied the minimum Q
quoted., A major limitation on the accuracy
of the infrared measurements and hence the
calculated Q was the thickness of the quartz
discs. The literature2 recommends at least
7-mm thick samples to provide sufficient
infrared absorption for high Q material., Al-
though our disc were only 2.54 mm thick, the
low Q of most of the nratural quartz samples
provided high enough absorgtion chat accurate
measurements could be made., For the higher Q
material, which included a small fraction of
the natural and all of the synthetic quarwz;
two or three discs were stacked together to
provide improved accuracy.

Biaxial Flexure Test and Experimental
Conditions

Though there are a number of techniques
for measuring tensile fracture strength, the
biaxial flexure test® was chosen, since this
technique has been used for years at Raytheon

to measure the strength of optical and ceramic

nmaterials and also a large number of samples
can be easily handled with this method. In
this test, a l-inch circular sample is sup-
ported below by a somewhat larger ring and

is loaded above by a ball (5/8 inch diameter)
with a mechined flat surface (1/2 inch diam-
eter). For an isotropic material, this cre-
ates a large area of uniform tensile stress
directly under the area loaded by the ball,
The bottom surface of the specimen is under
tension, Once loading and specimen deforma-
tion begins, the upper loading occurs along
a ring having the diameter of the flat region
of the ball; hence, edge preparation is not
of major importance, so that sample prepara-
tion is relatively easy. Figure 2 saows the
load fixture and Fig. 3 shows the Instron
universal testing instrument on which the
tests were conducted.

The fracture strength of the gquartz
discs was determined by loading the samples
until fracture occured, The load force at

CE 66279

Load fixture for biaxial flexure
test.

Figure 2,

;—_‘?fs-,a.a.‘.)x:m& T w7

CE 66277

Instron universal testing instru-
ment used for loading the quartz
discs,

Figure 3.

fracture was recorded and this was used to
calculate? the tensile stress from the
equation below,

2 2
% = %F (1-v) e + (1-y) 1n a/r_| &
2b° o| 12
Where
Yy = Poisson's ratio
a = Radius of supporting ring
Yo = Radius of flat on load ball
b = Radius of quartz disc
P = Load force (in pounds)
t = Sarple thickness (in inches)

The values used for the various parameiers
are: a = 0.420 inch, rgo = 0.25 inch, b =
0.50 inch, and y = 0.16. The value used for
Poisson's ratio was that of fused quartz.
This obviously is not the correct value for
single-crystal quartz, but the anisotropy of
crystailine quartz means there is no single
value, The above equation for tensile stress
is not strongly dependent on y, however, so
the exact choice of a value for y is not

critical, A 25 percent change in y causes
only a 4 percent change in op.
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It was impossible to conduct the tests
in a fully controlled environment, but temper-
ature and humidity were recorded during each
test to provide for evaluation of any possible
correlations between these parameters and the
observed fracture strengths. The tests were
conducted at room temperature which, through
the course of the tests, showed only a small
peak-to-peak variatio. of about 4°F, The
relative humidity, however, ranged from
46 percent to 72 percent over the duration
of the tests. A special test designed to
reduce the effect of humidity on tensile
strength was performed and will be discussed
in the next section.

During the course of the fracture tests
on the first two samples, it was necessary to
stop the application of increasing load in
order to make adjustments in the recording
equipment, In both cases the sannles frac-
tured after several tens of seconcs at a
high but constant load. This phkcaomenon is
known as delayed fracture and results from a
slow crack propagation velocity. Since this
introduced a time-dependent variable into
the fracture strength, great care was taken
to =2nsure that all subsequent tests were made
at a fixed load rate, This rate was 1300 lb/
min which gave a typical time from the start
of the test to fracture in the range of
15 sec to 45 sec,

In order to prevent the introduction of
another variable, all of the samples {(with
the exception ~f some with strain gauges)
were placed on the support ring with their x
axis pointing in the same direction. Also,
since very high load forces (350 to 1000 1b)
were required to fracture the discs, some
damage to the support ring was incurred dur-
ing each test., To prevent this from becoming
a factor in the fracture strength, the sup-
port ring was dressed after every seventh
test. No significant damage was incurred on
the load ball throughout the tests.

A final comment on the experimental

stress test is that once the sample bends
under the load force, the only region of con-~
tact between the flatted load ball and the
sample surface is at the outer edge of the

flatted area. Since quartz is a very hard
and brittle material, it was decided to test
this assumption by replacing the flatted
area with a ring of tne same diameter for a
few tests. Two samples were broken in this
manner and their fracture strengths were
completely in line with other samples frac-
tured in the normal manner. Therefore, all
remaining discs were fractured with the
flatted load ball,

Fracture Results from Main Group

The main group of samples consisted of
50 discs prepared as previously disoussed,

Of these 50 discs, 15 were natural quarcz,

14 optical grade, 14 premium Q, and 7 elec-
tconic grade. Polish B was used on 22, while
the remaining 28 had Polish A. This group of
50 samples provides the main body of data
from which the effect of grade of quartz and
type of polish could be evaluated., 1t also
provides a baseline to which some special
cases could be compared. These special cases
(involving 30 additional discs) will be dis-
cussed in the next section,

Table 1 shows the average fracture
strength (in psi) and standard deviation for
each of the seven combinations of the type of
quartz and the polishing technique as param-
eters that were tested. No electronic grade
samples with Polish B were used. The far
right column and bottom row show the combined
results from the columns to the left or the
rows above, respectively. During the frac-
ture tests, the samples were broken in groups
of seven (one sample for each parameter) so
that any systematic variable could be mini-
mized, The average fractucre strength for the
entire popoulation was 21,400 psi, but two
other characteristics are quite noticeable.
One is that the scandard deviation is quite
large (~ 30 percent), and that any differ-
ences in fracture strength among the seven

procedures: one assumption of the biaxial
TABLE 1
FRACTURE STRENGTH OF ST CUT QUARTZ DISCS
Polish B Polish A Polish A & Polish B
Natural (8) 21,600 % 7,600 (7) 20,900 * 5,200 (15) 21,400 ¢ 6,300
Optical (7) 24,400 * 6,400 (7) 23,200 t 8,100 (14) 23,800 ¢+ 7,100
pPremium O (7) 19,400 ¢ 4,200 (7) 20,100 * 4,400 (14) 19,700 ¢ 4,200
Electronic - {7) 20,40C ¢ £,100 (7) 20,400 ¢ 6,100
Total (22) 21,800 £ 6,33C (28) 21,100 ¢ 5,900 (50) 21,400 t 6,000

(N) = Number of samples. All values in psi.

TOTAL POPULATION (N=50)
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21,400 t 6,000 psi
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FRACTURE STREHGTH OF NATURAL QUARTZ DISCS VS Q
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Fracture strength of .atural quartz
discs relative to their measurea Q
values,

Figure 4,

parameters are small compared to the standard
deviations, Virtually no difference existed
between Polish A and Polish B samples. More
variation among the types of quartz was
observed, but even between the strongost
(optical) and weakest (Premium Q) the differ-
ence was only 4,100 psi. This is only
slightly more than 2/3 of the average stan-
dard devi:cions. Also, no correlation was
observed between the measured Q of the natu-
ral quartz and the fracture strength. This
is shown in Fig. 4.

In view of the large standard deviations,
it is of interest to investigate the distri-
bution of fracture strengths., Figure 5 shows
the distribution for the entire population of
50 discs. As can be seen, the distribution
is not symmetric but has a tail which
stretches up to nearly 40,000 psi. vYet, the
peak of the distribution lies somewhere be-
tween 15,000 and 20,000 psi. The ratio of
the strongest to weakest sample is a very
large 2.85., Figures 6 and 7 show the frac-
ture strength distribution for the Polish B
and Polish A samples separately, Both show
the same general shape as the distribution
for the entire population. 1In these figures,
the grade of quartz for each data point has
been indicated by a letter (N = natural, 0 =
optical, etc,)

In addition to the fracture strength of
each disc, seven of the first samplss wers
broken with strain gauges on them. The
strain gauges were located on the bottom side
of the discs (the side under tensile stress).
Four w.re oriented so as to measure the
strain along cne x axis, while the cther
three wer~ oriented to measure the strain
along the direction perpendicular to the x
axis, The strain at fracture ranged from
1.2 x 10~3 to 1.6 x 10~3 for seven samples,
In the x direction the average ratio of
stress to strain was 17.9 * 1.0 x 107 psi,

PONCB2- 198

FRACTURE STRENGTH OF ST CUT
QUARTZ DISCS (1"DIA.)

TOTAL POPYLAT'ON N = 50

Avg. - .1 400 2 6,000 psi
Max. = 37,70C pa
Min. = 13,100 oy
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Figure S, Distribution of fracture strengths
for the main group of 50 discs.
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FRACTURE STRENGTH OF ST CUT
QUARTZ DISCS (1"0D1A)
POLISH B N =22
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Figure 6. Distribution of fracture strengths
for the Polish B discs. The grade
of quartz is shown for each sample,
N = natural, O = optical, P =
premium Q.
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FRACTURE STRENGTH OF ST CUT
QUARTZ DISCS (1"DIA)
POLISH A N =28
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Figure 7. Distribution of fracture strengths
for the Polish A discs. The grade
of quartz is shcwn for each sample;
N = natural, O = optical, P =
premium Q, E = glectronic.
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In the direction perpendicular to the x axis,
the ratio was 17.5 * 0.9 x 107 psi.

Some obhservations made during the course
of the tests led to minor changes in test con-
ditions. One observation was that the average
fracture strength of the 7 discs with strain
gauges was 25,000 psi while the next 14 discs,
without strain gauges, averaged 21,000 psi.
This led to some concer:t that the strain
gauges effected the fracture strength. To
check this, the next 7 discs were broken with
a piece of thin plastic, similar to a strain
gauge, fuastened to the disc in the same manner
as a strain gauge. The average strength of
these 7 discs, however, was found to be
21,400, This seemed to rule out the strain
vauges as a cause for the high strength of

that particular group.

fince the relative humidity was increas-
ing through the course of the fracture tests,
it was also decided to evaluate the effect of
humidity on fracture strength. Therefore, a
special test was arranged for the final 14 of
the 50 discs. Seven were broken as usual,
but the other seven were taked at 175°C for
4 hours to drive off absorbed water., While
hot, one surface was coated with a silicon
grease and then the discs were stored in dry
nitrogen (at room temperature) until immed-
iately befor. they were to be fractured. The
greased side was placed down so as to be
under tension. Though the humidity was high
during these tests, both groups showed above-
average strengths and little difference was
observed between the greased and ungreased
samples. Since neither the dummy strain
gauges or “he silicone grease had any signif-
icant effect on fracture strength, these
parameters were not calied out in Table 1.
In hindsight, it appears that our concerns
about systematic affects were caused by sta-
tistical fluctuations related to the large
standard deviation,

The statistical theory ~f brittle mate-
rials is commonly based on the Weibull
probability distribution, The relationship
between probability of failure (Pg) and
applied stress is:

e 5]

where ¢ is the maximum stress at fracture and
The Weibull

oo and m are material constants.
modulus is represented by m. Figure 8 shows
a plot of the Weibull distribution for our

samples.

The estimation of the Weibull parameter m
is made by using the wmaximum likelihood method

.

in ln-ln space. rhe weibull Jistiibutisn ox

pressed in terms of probability of survival is:

o [5)'

Taking the logarithm of both side yields:

m
inp = -|[28=
s (0 >
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Figure 8. Weibull distribution for the total

population of 50 samples tested.
Similarly:
In(~:n Fg) = m Iln o -m In o5,

Note that ln (~inPg) is a linear function of
In ¢ where m is tne slope and the intercept
is (-m ln op). Figure 9 shows a plot of
In(~-1Infg) vs., In o. Diiferent Weibull mod-
ulus can indicate that more than one fracture
mechanisim is occuring. From Fig. 9 more

than one Weibull modulus is apparent and can
indicate that one type of iracture mechanism
occurs for low fracture srrength, and another
fracture mechanism occurs for high fractuvre
strengths. This may explain the large stan-
dard deviaticn that was observed.
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Figure 9.
trne slope is the Weibuil modulus.
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L. a final step in evaluating the main
group «f discs, seven discs were reassembled
in order to study the fracture pattuorns.

When broxken, the quartz shattered and the
higher-rtrength discs disintegrated invo far
too many pieces to attempt reconstruction,
Therefore, only the weaker discs could be
reassembled, Figure 10 shows the fracture
patterns of four of the seven samples along
with the corresponding fracture strengths (in
psi). A great deal of similarity is seen in
the patterns among the four samples. All
show a central section with fracture lines
running completely around it and usually
through it, The diameter of the central sec-
tion is roughly the same as that of the flat
on the load ball. 1In some cases, some of the

fracture lines on different samples appear to

be the same crystallographic planes. Outside
of the central section the fracture lines
tend to run radially, giving a flower petal
appearance, Generally it was not possible
to tell where the fracturing originated, but

in one sample the central section was cracked

but still intact, Obviously, for this case,
the fracturing did not originate in the cen-
tral section.

a biaxial stress test., This observation, in
combination with the very similar fracture
patterns in all seven of the reassembled
samples, has led to the possibility that the
fracturing of all of the samples may have

started near the edge of the flat on the ball

or perhaps even near the support ring. A
possible explanation for this is the affect
of anisotropy of a single crystal. The
stress analysis for the biaxial stress test
was done for isotropic materials, such as
ceramics, and would not be accurate for most
single crystal materials., A complete analy-~
sis for ST cut quartz discs was beyond the
scope of this program, but it may show high
tensile stress levels on the bottom surface,
directly under the edge of the load ball.
This further increases the uncertainty in
calculated values of the fracture stress.
Therefore it would be best to assume that

these values are a lower limit and the frac-

CE 66278

LAY P
18,000 13, 000 18,9
Figure 10. Fracture patterns for four guartz

discs along with their measured
fracture strengths,

parallel to the indicated 1line,

This was unexpected since that
is precisely where it is supposed to start in

the

BEach disc is
oriented such that its x axis is

The pres-~
ent questions about the accuracy of the cal-
culated stress values should in no way affect
the results of the comparison among different
grades of quartz and types of polish,

ture stress may in fact be higher,

Fracture Results from Special Groups

Thin Discs

In this special group, eigh% quartz
discs consisting of two each of X cut, Y cut,
AT cut and BT cut piates were 1sed. The
discs were 1,25 incli in diametor, 0.05 inch
thick, and were polished on one gide., It was
determinad that the discs were at least
10 years old, but the source, grade of quartz,
and type of polish were unknown. The average
fracture strength of the eight discs was
found to be 22,110 % 6160 psi, which is very
consistent with the results from the main
group. This was reassuring since these discs
were considerably different in both geometery
and history from the main body of samples.

The two X cut discs had the highest
average strength (~ 26,700 psi) of the four
different cuts, but a population of only two
is insufficient to draw any conclusion about
the relative strength of the various cuts.

Unpolished Discs

In order to compare the relative
strengths of polished and unpolished discs,
five unpolished quartz discs were broken.
of the five, four were natural quartz with a
120-um lapped surface finish, and the average
tensile strength among the four was 9200 *
440 psi, The one vemaining disc was an
optical-grade guartz with a 220-diamond saw
blade finish which broke at 7,600 psi. By
comparison, the average tensile strength of
polished discs was 21,400 % 6060 psi. These
experiments indicate, not surprisingly, that
unpolished quartz is substantially weaker
(by a factor of two to three) tnan polished
quartz, and therefore that polisghing is an
important part of maximizing the strength of
a given configuration,

PBN-82-796
Ammonium
Bifluoride Teflon
Solution Witamauaentt Sampier
(~80°C) S Holder
-,
Corn Ol o Quart2
(Heat Transfer s,
Medtum) [
! Magnetic
U _) Stirrer
Figure 11, Experimental setup used for
chemically etching quartz discs.
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Chemically Polished Discs

Chemical etching of natural quartz discs
in a saturated solution of ammonium bifluor-
ide can produce chemically polished surfaces.
Interest was generated because very thin
chemically polished discs are shown to be
extremely strong., The etching experiments
were performarce in a double beaker arrange-
ment, as shown in Figure 11, An outer glass
beaker contains corn oil, which proved to bLe
a better heat-conducting medium than water
because of its slower evaporation rate and
higher boiling point. The inner teflon
beaker contains a saturated solution of am-
monjum bifluoride with a composirion of 65
gms ammonium bifluoride flakes per 100 ml of
solution, The ammonium bifluoride solution
is heated to about 80°C, and is constantly
agitated with a stirring bar. The rate of
etching depends primarily con the temperature
of the solution where the higher the temper-
ature the tastur the removal of material from
the substrate. A teflon sample holder is
used to hoid the quartz disc in'the etching
solution.

Prior to etching, all discs underwent a
thorough cleaning to remove surface contami-
nanty such as grease, which may inhibit
etching. The cleaning procedure consists of
ultrasonic agitation in a detergent solution
fo.lowed by thorough rinsing with TCE, ace-
tone, and methanol.

Both n~atural and synthetic quartz discs,
with either Polish A or Polish B surfaces,
were chemically etched, The rate of removal
from both surfaces varied from 1.5 to 2.2 mils
per hour dependent upon temperature and amount
of depletion of the etching solution. A total

PBN-82-798

Etch Pit

i

Natural Quartz

.4 mil Ola. Wite

Eteh Pit—""7 ¢

Synthetic Quartz

of 4 to 6 mils was typically etched off to
ensure complete removal of surface layers
damaged by mechanical lapping and polishing
processes.

After completion of the chemical polish-
ing, the surface topographv was examired.
Two commonly observed surface defects are
etch pits and etch channels, as shown in
Fig., 12, At the surface end of an etch chan-
nel, etch pits are always found; however,
etch pits are not always associated with etch
channels., The exact mechanism for generation
of etch pits and channels is unclear. Etch
channels are lixkely due to dislocations in
the crystalline lattice, Bulk and/or surface
defects and impurities in the quartz may lead
to etch pits., One piece of evidence for a
bulk-related mechanism was seen in a sample
where etch pits were heavily concentrated in
corresponding areas of the surface on both
sides of the disc. A surface-related mechan-
ism instead would have resulted in etch pits
evenly distridbuted across only one surface,
since the whole disc surface should have
undergone the same preparation and polishing
conditions.

Large number- of etch pits and channels
were observed in synthetic grade quartz.
Hence, chemical polishing using ammonium bi-
fluoride proved to be unsuitable for synthetic
gquartz., Though the amount of etch pits and
channels varied from sample to sam.le, all
chemically etched natural quartz surfaces were
of much better quality than chemically etched
synthetic quartz surfaces. Of the ten chem-
ically etched surfaces, the average fracture
strength was 14,400 % 6300 psi, which proved
to be substantially weaker than the regularly
syton polished surfaces of strength 21,400 ¢

PBN-82-799

Frasture Strongth

27,100 pol

18,400 pol

11,300 pol

Figure 12, Photographic comparison of sur- Figure 13, Three chemically polishea natural
faces of'natural and synthetic quartz discs, showing the corre-
quartz disc after chemical lation petween fracture strengtn
etching. and surface quality after euvching.
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6000 psi., This weakening of tensile.strength
due to chemical etching is contrary to results
noted in the literature. One important
observation was thkat, among etched samples,
the better quality sur{aces with little or no
etch pits had a high ¢ fracture strength of
20,700 + 7500 psi. ‘'lthough this is not
stronger than the reg larly polished Syton
finish surfaces, it is substantially stronger
than the average strength of the general popu-
lation of chemically polished samples where
the surfaces were full of etch pits and chan-
nels, Hence, etch pits and channels do cause
weakering of the fracture strength. Shown in
Fig. 13 is this observation that the fewer the
etch pits and channels on the surface, the
higher the fracture strength. An interesting
possibility may be first to chemically etch
the surface and then finish with a slight
Syton polish to smooth out the etch pits.

Discs with Ion Etched Grooves

Placing ion-milled grooves onto the
surface of quartz discs and then testing
for tensile strength would show the effect
of the gronves on the disc structure and
show whether the grooves would substantially
weaken the discs. :

Seven quartz discs had grooves ion-milled
onto the surface using standard photolitho-
graphic techniques. The quartz is coated with
photoresist, Then the photoresist is exposed
through a mask with UV light, A mask with
1600 2.5 microns wide grooves was used.
Following the exposure, a development step re-
moves the exposed photoresist and hence bares
the surface in the groove regions. An ion-
miller is used to etch down 1000 A into the
bare substrate, and the resc of the substrate
is protected by the photoresist.

The average fracture strength was
19,300 * 2700 psi, which is comparable to
regular unmilled surfaces with strengths of
21,400 * 6000 psi. Hence, at least for
discs, ion-milled grooves on the surface did
not substantially weaken the tensile strength.

Conc¢lusion

The major emphasis of this study was to
compare the fracture strength of four differ-
ent types of quartz including natural and
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three synthetic grades (optical, premium Q
and electronic). A biaxial flexure test was
used for measuring the tensile stcength on
quartz discs which were 1 inch in diameter
and nominally 0.1 inch thick. The average
strength of polished samples was 21,400 psi
and this was independent of both quartz grade
(natural quartz and three distinct synthetic
grades) and polishing details. Unpolished
samples, however, fractured at approximately
9,000 psi indicsting that polishing is indeed
a critical processing step, increasing mate-
rial strength by a factor of 2 to 3. Chemical
etching was also evaluated, but caused etch
pits in natural quartz whick actually reduced
average strength., The ion-beam milling of
eatremely shallow grooves (1,000 A deep) on
the disc surfaces did not significantly alter
material strength. In addition to the param-
eters mzationed above, other factors such as
relative huwmidity, ¢ (from infrared measure-
ments), and sample thickness also were found
to have no correlation with fracture strength.
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