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M-tron Engineering Notes

Understanding Quartz Crystals

The usage and applications for quartz crystal devices is in-
creasing with each new technological advancement in com-
puters and peripherals, consumer electronics, telecommuni-
cations, and industrial electronics.  More and more engineers
are now responsible for specifying crystal parameters for their
specific application. Along with this new responsibility comes
the need to better understand crystal devices. This Engineer-
ing Note will attempt to take away some of the mystery in
trying to define certain parameters for crystals.

I. Quartz and Its Properties
The quartz crystal or resonator operates due to the piezo-
electric effect. The piezoelectric effect of quartz allows it to
produce an electrical charge on its surface when the same
surface(s) are distorted or subjected to pressure. This distor-
tion allows the crystal to vibrate at a particular resonant fre-
quency. Conversely, the application of an alternating voltage
produces the same type of mechanical vibration.

Quartz is one of several forms of silicon dioxide (SiO
2
) that is

found in nature; mostly in Brazil. Natural quartz is costly to
mine. Consequently, most of the quartz used for crystal fabri-
cation today is of the “cultured” or synthetic variety. Cultured
quartz is produced by placing small seeds of quartz mixed
with an alkaline solution in an autoclave. This mixture is sub-
jected to high heat (> 400°C) and high pressure (30,000 psi).
This causes the quartz to dissolve and reform as thin slices
of quartz. This process takes approximately 30-45 days.

Quartz is ideal for use as a frequency determining device
because of its predictable thermal, mechanical, and electri-
cal characteristics. The quartz crystal is one of the few de-
vices that can provide a high-Q (quality factor) that is needed
for precise frequency control in oscillators used as a timing
standard.

II. Vibrational Modes and Orientation Angle
There are many different vibrational modes for crystals as
shown in Figure 1.  The frequency versus temperature char-
acteristics of quartz crystal are primarily determined by the
orientation angle at which the quartz wafers are cut from a
given bar of quartz. These properties are dependent on the
reference directions within the crystals. These directions are
referred to as “axes”.

There are three axes in quartz, the X, the Y and the Z. An
ideal crystal would consist of a hexagonal prism with six fac-
ets at each end. See Figure 2.  A cross section taken from
that prism would look like the depiction in Figure 2.

The Z-axis is known as the “optical” axis and repeats its physi-
cal properties every 120° as the crystal is rotated about the Z-
axis. The X-axis is parallel to a line bisecting the angles be-
tween adjacent prism faces.

This axis is called the “electrical” axis. Electrical polarization
occurs in this direction when mechanical pressure is applied.
An XT-cut crystal is produced from a slab of quartz cut from
that portion of the quartz bar that is perpendicular to the X-
axis. The XT-cut crystal if often referred to as a “tuning fork”
crystal and is used extensively for 32.768 kHz crystals such
as the M-tron MMCC-1, MMCC-2, and SX1555. The frequency
vs. temperature for the XT-cut crystal is shown in Figure 3
(Page 143).
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