
APPENDIX I 

QUARTZ AT-TYPE FILTER CRYSTALS FOR THE FREQUENCY RANGE 0.7 to 60 MC 

The following is incorporated from the manuscript of a forth­

coming article by Dr. R. Bechmann without editorial modifications, 

that is, retaining Dr. R. Bechmann's symbols, and the metric system 

of units. Th� only exception is that Figures 55 and 56, originally 

one figure, have been separated, and slight changes made in the text 

a ccordingly. A few notes by the editors are added. 
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"QUARTZ AT-TYPE FILTER CRYSTAlS FOR THE FREQUENCY RANGE 0.7 to 60 MC" 

by 

R. Bechmann 

U. 	 S. Army Signal Research and Development Laboratory 
Fort Monmouth, New Jersey 

1. INTRODUCTION 

For application of quartz crystals to filters, the knowledge of the 

motional parameters, i. e., the capacitance or inductance Ll, theCl 

resistance Rl or Q, and the shunt capacitance Co of the crystal is 

necessary. In addition, the crystal must be free from unwanted modes 

in a specific range in the vicinity of the wanted frequency. 

In the following, design data for AT-type crystals in the frequency 

range 0.7 to 60 mc are given, leading to a suppression of unwanted modes. 

In general, unwanted modes must be suppressed at least to 40 db below 

the main mode. 

The behavior of unwanted modes in thickness-shear vibrating quartz 

plates e.g. , AT fundamental or overtone crystals is determined by: 

(a) The ratio of plate dia.meter Ia... to plate thickness, t: f, , 

I>E(b) The ratio of electrode plate thickness,t: t 

The electrodes are assumed to be circular and accurately centered. 
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2. QUARTZ CRYSTALS HAVING A DIAMETER-THICKNESS RATIO LARGER THAN 60 

For quartz crystals for frequencies higher than 10 mc the dia­

meter-thickness ratio is usually larger than 60. When the diam eter­

thickness ratio is larger than 60, unwanted modes depend in first 

approximation on the electrode diameter to thickness ratio and are 

practically independent of the plate diameter to thickness ratio. 

A. Circular Quartz Crystals in the Range 10 to 30 mc 

AT-Type, Fundamental 

It has been found that unwanted modes are suppressed 

to 50 db and more below the main mode when the electrode 

diameter to thickness ratio equals 18. 

B. Quartz in the Range 10 to 30 mc 
Fundamental 

Triangular shaped quartz crystalsl are very suitable 

for filter crystals when the electrode diameter­

thickness ratio is ¢e = 24 or less. 

The performance of triangular crystals is superior 

when one side of the triangle is parallel to the 

X-axis. The plate size of an equilateral triangle 

is defined by the circumscribed circle and the length 

of the triangle equals the radius of the circumscribed 

circle multiplied by the cos 30°, (Ì= 0.8660). 
2 
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C. Circular Quartz in the Range 30 to 60 mc 
Third Overtone 

Circular plates are sufficiently free of unwanted modes for 

an electrode to thickness ratio ¢e = 10 Triangular crystals
t: 

behave similarly to circular crystals. The limitation for prac-

tical application is the electrode size which becomes very small 

for higher frequencies. 

D. 	 The Motional Capacitance 

The motional capacitance Cl follows from the equation 

(1) 


lwhere r * is the motional capacitance constant measured in 10-6 pF mm- , 

"a" the area of the electrode measured in 1IUIl2, "t" is the thickness 

of the plate measured in mm and the motional capacitance Cl measured 

in pF. The motional capacitance constant r depends slightly on the 

electrode diameter Fe and the values for r are given in Table 6. 

The values of r for the fundamental mode are fairly accurate (±5%), 

however the accuracy of r for the third overtone is estimated to be 

±lË and may be improved. Thickness "t" and frequency "f" are re-

lated by the frequency constant N f.t when f is measured in mc:= 

for the fundamental mode Nl 1.660 mc 1IUIl, for the third overtone= 

= 4.980 mc 1IUIl .N3 

* For the definition of r , see the "LR.E. Standards on Piezoelectric 
Crystals: Determination of the Elastic, Piezoelectric and Dielectric 
Constants - The Electromechanical Coupling Factor," of 
the I.R.E., vol. 46, 1958, pp. 765-778, ( April, 1958). 
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Equation (1) can be written as 

Cl :: K 
f 

(2 ) 

where 

K N r( :.Z) 77 pF-me ( 2a ) 

The values for K for circular quartz plates, fundamental mode (10 to 

30 me) using Ê = 18 , are shown in Table 7; for triangular plates, 
t 

fundamental 00 de , (10 to 30 mc ) when � = 24 , are shown in Table 8;t 
and for circular plates, third overtone (30 to 60 mc ) Ie = \0 are 

t 
shown in Table 9-

3 - QUARTZ CRYSTALS HAVING A DIAMETER-THICKNESS RATIO SMALLER THAN 60 

The range for the diameter-thickness ratio smaller than 60 can be 

divided in the ranges: 

(a ) ;. = " 0 TO 25', ( b ) < 25 • 

É < 25In the range t ' the unwanted modes can be suppressed by adequate 

bevelling of the edges of the plate Ǔ,.3. Bevelling affects the boundary 

conditions of a plate and removes coupling with other modes, mainly low 

frequency contour modes. The size of the 

For plates with larger diameter-thickness ratios 

bevelling becomes less effective with increasing 

of the plate becomes more and more essential. 

electrodes becomes unessential_ 

in the range 1: := 25 , 

t The pa rallelism 
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The electrode diameter to thickness ratio must be sufficiently small. 

No general geometric rules can be given for bevelling; bevelling is mainly 

based upon empirical data. Suppression of unwanted modes can be attained 

using different bevels. 

Small changes of the radius and the extent of the bevel give rise to 

essential changes in the performance of the crystal. However, for the 

IÇfrequency range.07 to 10 mc, suitable dimensions for both ratios 7" 
and Ie can be found to suppress unwanted modes.t 

The motional capacitance constant in this range can be calculated from 

a value for the motional capacitance constant r 210 10-6 pF rom 1 ±5È.= 

Figure 55, where the frequency in the range 0.7 to 60 mc is plotted 

against the diameter-thickness ratio and Figure 56 electrode dia-

meter-thickness ratio J , give a which has been found to result 

in an optimum suppression of unwanted modes. The symbol Q) &. refers 

to fundamental mode, circular and triangular shaped crystals respectively; 

Cl) refers to crystals excited in the third overtone. Experimental points 

for the diameter- thickness ratio ¢'a, are shown for both plate sizes corre-t 
sponding to crystal units HC-6/u and HC-18/u which follow on practically 
straight lines. In the frequency range 1 to 5 mc, two cross-hatched areas 

Æ4J are shown: one for the diameter-thickness ratio and the correspondingT 
range for the electrode diameter-thickness ratio ¢e These areas re-l 
present dimensions which have been found preferable by several manufacturers. 

As we can see from Figure 55, for low frequencies in the range 0.7 to 2 mc, 

very small diameter-thiekness ratios can be used provided the plates are 

adeq uately bevelled. 

survey 

http:range.07
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It may be mentioned that the strips forming the electrode connections 

may be arranged so that they form an angle other than 1800 and particularly 

for crystals for the third overtone, this arrangement is advantageous to 

suppress unwan ted modes. 

This information was obtained from measurements by the author over a 

long period of time. In addition, the author acknowledges with grateful 

appreciation information obtained from Hermes Electronics Company, U. S. 

Army Signal Research and Development Laboratory, Fort Monmouth, Contracts 

Nos. DA36-039-sc-73234 and DA36-039-sc-78242; James Knights Company, 

McCoy Electronics Company, Piezo Crystal Company, Reeves-Hoffman Corp. 

and Union Thermoelectric Corporation. 
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TABLE 6 

Observed Values for the Motional Capacitance Constant r For 
Fundamental and Third Overtone as Function of the Electrode Diameter 

.tie r r 
10- 6 pF mm -l 10- 6 pF mm-l 

mm Fundamental 3rd Overtone 

0.5 220 24 

1.0 220 24 

1.5 215 22 

2.0 210 20 

2·5 205 

3·0 200 

3·5 195 

TABLE 7 

DATA FOR CIRCULAR FILTER CRYSTALS, 10 to 30 mc, J#e = 18 

f 

mc 

10 

20 

30 

Ie 
mm 

2.988 

1.494 

0.996 

r 
10-6 pF mm-l 

200 

215 

220 

K 

10-
4 

pF mc 

845 

908 

929 

Cl 

10-
4 

pF 

84.5 

45.4 

31.0 
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DATA FOR TRIANGULAR 

TABLE 8 

FILTER CRYSTALS, 10 to 30 me, ¢;, 24-= 
r 

f 

me 

10 

20 

30 

.¢e 
IIDll 

3·984 

1.992 

1.328 

10-

r 
6 pF mm-1 

190 

210 

217 

K 

10-4 pF me 

C1 

10-4 pF 

142.7 

157·7 

163.0 

142.7 

78. 9 

54·3 

DATA FOR 

TABLE 9 

FILTER CRYSTALS, 30 to 60 me, ¢; = (0t 

f 

me 

30 

40 

50 

60 

Ie 
mm 

1.660 
1.245 

0.996 

0.830 

r K 

10-6 pF mm-1 10-4 pF me 

21.5 84.1 

22. 7 88.8 

24 93·9 

24 93·9 

C1 

10-4 pF 

2.80 

2.22 

1.88 

1. 57 
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Editorial Notes on Motional 

In order to convert the material on motional capacitance from 

area in mm2 and thickness in mm, to the electrode diameter in inches2 

and the thickness in inches: 

cl.e 2 ·Cn 0.002 r t= 

Figures 57 and 58, added b y  the editors are examples of measurements 

made by Union Thermoelectric on specific cases. Dr. Bechmann's values 

are plotted beside them. There appears to be no question about the 

general shape of the curve, vs. de
2/t, that is, that "The motionalCn 

capaci tance constant I'" depends slightly on the electrode diameter." 

About the exact values, and the effect upon these values of the thick-

ness and diameter of the plate there is considerable uncertainty. 

Therefore, examples only are given here, and no attempt is made to 

give a general formula. 

It will be noted that in no part of this Appendix do the values 

given for Cl and C3 correspond to an n2 ratio. From available data 

it appears that when the same unit is measured on different orders 

Cl/C3 Cl/C5may become as small as 9 and as small as 25 under cer-

tain conditions, among which is a very small electrode. For typ-

ical units with about 7 òó shunt capacitance Cl/C3 is likely to 

be in the neighborhood of 10 or 11 rather than 9, and C5/Cl, to be 

greater than 30. Likewise is likely to be between 3 and 4C3/C5 

rather then 25/9 2.78.= 

Figures 59-64 show the motional capacitance and reactance, 

as measured, for several cases of the contoured plate. 
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