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2 Claims. (C. 310-9.6) 

The invention relates to a quadrangular piezo-electric 
crystal plate having dimensions such that the crystal is 
capable of performing thickness-shear vibrations. 
One of the requirements in practice for quartz crystals 

is that the “activity' of the crystal should be substan 
tially constant over a wide temperature range of for ex 
ample -50° C. to --90° C., or should at least exceed a 
given minimum level. The "activity” may be determined 
by causing the crystal to oscillate in conjunction with a 
standard tube oscillator and by measuring the grid clar 
rent of the tube. 

It is found that with many of the quartz crystals of 
the above type which otherwise provide a satisfactory 
performance the “activity” curve (grid current of the 
oscillator tube as a function of the temperature of the 
crystal) exhibits one or more large dips, which render 
these crystals unserviceable. The amount of reject thus 
caused in the production may be very considerable. 

According to the invention this disadvantage is sub 
stantially completely obviated, if at least one of the four 
sides of the peripheral boundary of the crystal plate has 
the shape of a concave line. Preferably all four edges 
are concave. It is found that owing to this shape the 
amount of rejects may be reduced to a few percent. 

Figs. 1 and 1a show one embodiment of the invention 
and 

Fig. 2 is a graph with reference to which the advan 
tage obtained by the invention will be explained. 
The crystal plate shown in Figs. 1 and 1a is substan 

tially quadrangular and has an edge of, for example 12 
mms. and a thickness of 0.5 mm. The cut and the di 
mensions of the crystal are such that upon excitation by 
a tube oscillator the crystal performs thickness-shear 
oscillations and that the dependence on temperature of 
the frequency produced (temperature coefficient) has an 
advantageous low value (this is inter alia the case with 
the AT- and BT-cuts). 
As is evident from Fig. 1 the edge of the plate follows 

on all four sides a concave line, i. e., a line curved in 
Wardly. By way of comparison the purely quadrangular 
shape is indicated in broken lines; the chord a is of the 
order of 0.1 mm. 
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In Fig. 2 reference II designates the “activity curve' 

of the crystal shown in Fig. 1; this is the curve indicating 
the grid current is of the oscillator tube of a test stand 
ard oscillator co-operating with the crystal, as a func 
tion of temperature t of the crystal. During manufac 
ture the crystal has initially the shape shown in broken 
lines in Fig. 1; the activity curve obtained by this shape 
is designated by I in Fig. 2. The horizontal line III indi 
cates the level below which the activity must not drop. 
The figure shows that this requirement can be fulfilled 
only by the shape in accordance with the invention (curve 
II). 
The effect of the invention may be accounted for by 

assuming that the decrease in activity is produced by the 
interference of overtones of other waveform, the funda 
mental frequencies of which are considerably lower than 
those of the desired waveform, for example thickness 
vibrations and flexural vibrations, with the desired vi 
brations. Since the temperature variation of the vibra 
tion modes of lower frequency differs from that of the 
desired vibration, the modes of vibrations will counter 
act one another only at definite temperatures; at the cor 
responding areas the activity curve will exhibit a dip. 

It has been found that the activity of the vibration 
modes of lower frequency and of their overtones is 
strongly reduced by a concave shape of the edges of the 
crystal plate; the activity of the desired vibrations is 
found to be substantially unaffected by this shape. As 
a result, the activity errors of the crystal, as is evident 
from Fig. 2, can be substantially completely obviated. 

Experiments have proved that by grinding only one 
of the edges into a concave shape an improvement is 
obtained; this improvement increases as more edges are 
ground. The number of edges that must be ground de 
pends on the value of the activity error inherent in the 
purely quadrangular plate. A further improvement may 
Sometimes be obtained by providing the edges with a 
facet, which is also curved, and/or by slightly rounding 
of the corners. 
What is claimed is: 
. A quadrangular piezo electric crystal plate having 

two surfaces each parallel to the X-axis of the crystal 
and each forming an angle of less than 90 with the 
Z-axis whereby said plate is adapted to vibrate in the 
thickness-shear mode, each of said surfaces being bounded 
by at least one concavely curved inwardly bevelled pe 
ripheral edge. 

2. The piezo-electric crystal plate of claim 1 in which 
at least one of the edges has a curved facet. 
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