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Quartz Crystal Theory
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fig.4 • Angle of cuts

fig.6 • CT, DT, SL, X, XY, BT

fig.5 • AT-cut

fig.3 • Modes of vibration
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Modes of  v ibrat ion,  cuts  and
frequency ranges

The AT-cut resonator uses the thickness shear mode of vibration (fig.3). A standing wave
is set up in the crystal blank by the reflection at both major surfaces of traverse waves
travelling in the thickness direction. The major mechanical displacement is in the plane
of the crystal at right angles to the direction of wave propagation. At resonance an odd
number of half wave lengths are contained in the thickness plane of the crystal blank.
Therefore the thickness is the primary frequency determining dimension.

The AT-cuts (fig.5) are commonly manufactured in the frequency ranges:

1 MHz ~   32 MHz as fundamental
30 MHz ~ 250 MHz as overtone (3rd; 5th; 7th; 9th)

Below about 1 MHz the thickness shear mode resonators become too cumbersome and
unwieldy for general use and other modes of vibrations are used:

a) below about 100 kHz flexural, length extensional mode
b) 100 kHz face shear, CT; DT; SL cuts (fig.6)

For each mode of vibration there is an optimal angle of cut which controls the frequency
deviation of the quartz crystal over the temperature range.
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