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This invention relates to high frequency piezo 
electric crystal apparatus and particularly to har 
monic longitudinal mode piezoelectric quartz 
crystal elements adapted for use as circuit ele 
ments in such systems as electric wave ?lter sys 
terns and radio frequency oscillation generator 

- systems, for example. 

In my United States Patent No. 2,240,309 
granted April 29, 1941 on application Serial No. 
297,259, ?led September 30, 1939, harmonic longi 
tuclinal mode quartz crystal elements of low or 
substantially zero temperature coefficient of fre 

' quency are described. In the present applica 
tion, harmonic longitudinal mode quartz crystal 
elements are described which have much the 
same frequency-dimension characteristics but 
differ therefrom, in orientation, and dimensional 
ratios. ' 

One of the objects of this invention is to obtain 
relatively high frequency piezoelectric crystal ele- " 
ments of low impedance. , 
.Another object of this invention is to obtain 

high frequency piezoelectric crystal elements sub 
stantially free from interfering vibrational modes 
and having fewer undesired'extraneous or 
ondary resonances. ‘ 

In electric wave ?lter systems such as wide 
band ?lters above 500 kilocycles per second for 
example, and other systems, it is often desirable 
to utilize crystal elements of relatively low im 
pedance and having great freedom from extrane 
ous or secondary resonances. For the relatively 
lower frequencies, this. requirement is met by 
fundamental mode crystals of the type described 
in my United States Patent 2,204,762, dated June 
18, 1940, but forthe relatively higher. frequencies, 
such fundamental mode crystals in some in 
stances may be inconveniently small in size. It 
is the purpose of this invention to provide high 
frequency harmonic longitudinal mode crystal 
elements of low impedance and of fewer ex 
traneous frequencies, that are capable of giving 
good stability for longitudinal mode frequencies 
up to 2 or more megacycles per second, the har 
monic mode quartzcrystal elements having such 
related orientation, dimensional ratios and vi 
brational mode as to obtain the desired low im 
pedance and substantial freedom fromundesired 
interfering modes within temperature ranges that 
occur in practice. 
In accordance with this invention, a relatively 

thin piezoelectric quartz-crystal plate of suitable 
orientation with respect-to the X, Y and Z axes 
thereof, and of suitable dimensional ratios, may 
be subjected to a thickness direction or Y' elec- I 
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trio field and vibrated at an odd or even harmonic 
resonance frequency dependent mainly upon the 
longest or major axis length dimension of the 
crystal plate in a mode of motion which consists 
of an harmonic longitudinal or extensional vi 
bration along such length dimension giving the 
desired harmonic resonance frequency referred 
to. The orientation of the crystal plate may be 
any of several, the major axis or length dimension 
of the crystal plate being in every case inclined 
either about 45, or alternatively about 135 de 
grees, with respect to an electric axis X, and the 
major plane and major surfaces being in every 
case parallel or nearly parallel to such X axis 
and inclined with respect to the optic axis Z at 
any angle between about-i745 and +52 degrees. 
Such quartz crystal plates when suitably propor 
tioned as to relative thickness, width and length 
dimensions produce, for the desired harmonic 
longitudinal mode resonant frequency mentioned, 
a substantial freedom from extraneous frequen 
cies at temperatures within ordinary tempera 
ture ranges. In a particular species where the 
major plane of the crystal plate is inclined at an 
angle about from +45 to +52 degrees with re 
spect to the Z axis, and the Width dimension of 
the harmonic mode crystal plate is related to the 
above-mentioned length dimension in the ratio 
of less than about 0.8, and the thickness di 
mension is related to the length and width di- _ 
mensions in proper proportions, as given herein 
after, the desired longitudinal mode harmonic 
resonant frequency referred to is relatively free 
from interfering modes such as the undesired 
shear and flexure modes. - 
To reduce the temperature coefficient of fre 

quency of such crystal elements operating at or 
near the desired resonant longitudinal mode fre 
quency, a condenser of suitable capacity may be 
connected in series circuit relation with the crys 
tal element, the condenser itself having a tem 
perature coefficient of capacitance of such mag 
nitude and sign with respect to that of the crys 
tal element as to reduce or balance that of the 
resonant frequency of the crystal thereby reduc 
ing the over-all temperature coefficient of fre 
quency of the combination. 
For a clearer understanding of the nature of 

this invention and the additional advantages, ., 
features and objects thereof, reference is made 
to the following description taken in connection 
with ‘the accompanying drawings, in which like 
reference characters represent like or similar 
parts and in which: 

Figs. 1 and 2 are enlarged views of a harmonic 



I handed or left-handed crystals. 

2 

projected. edge view taken in the horizontal di 
rection indicated by the arrows I--I of Fig. 2, 
and Fig. 2 being a major'face view taken in the 

. direction indicated by the arrows 2-2 of Fig. 1; 
Fig. 3 is a major face view of a quartz plate 

similar to that of Fig. 2 buthaving an alternative 
45-degree orientation angle with respect to the 
Xaxis; - ' 

Fig. 4 is an edge view of the crystal plate of 
Figs. .1 to 3 provided with electrodes and elec 
trode connections for ?fth harmonic mode oper 
ation; > ‘ ' ' 

Fig. 5 is. a graph showing the calculated rela 
tion between the orientation angle and the de 
sired longitudinal mode resonant frequency of 
quartz crystals in accordance with this inven-' 
tion; and ' 

Figs. 6 and 7 are graphs showing by points 
thereon, preferred values of dimensional ratios 
.of length, width, and thickness for third and 
?fth harmonic quartz crystal elements respec 
tively, in accordance withthis invention. 
This speci?cation follows the conventional 

terminology as applied to crystalline quartz which 
employs three orthogonal or mutually perpen 
dicular X, Y and Z axes, as shown in the draw 
ings, to designate an electric, a mechanical and 
the optic axes, respectively, of piezoelectric quartz 
crystal material,‘ and which employs three or 
thogonal axes X’, Y’ and Z' to designate the 
directions of axes of a piezoelectric body angu 
larly oriented with respect to such X, Y and Z 
axes thereof. Where the orientation is obtained 
by double rotations of-the quartz crystal element 
I, one rotation being in effect substantially about 
an electric axis X, and the other about the Y’ 
axis of the piezoelectric body as illustrated in 
Figs. 1 and 2, the orientation angles 45 and 0 
respectively, designate in degrees the effective 
angular position of the crystal plate I as meas 
ured from the optic axis Z and from the or 
thogonal electric axis X, respectively. The 
length. or longitudinal axis X" shown in Figs. ' 
2 and 3 indicates the result of a second rotation. 
Quartz crystals may occur in two forms, name 

ly, right-handed and left-handed. A right 
handed quartz crystal is one in which the plane 
of polarization of a plane polarized light ray 
traveling along the optic axis Z in the crystal 
is rotated in a right-hand direction, or clock 
wise as viewed by an. observer located at the 
light source- and facing the crystal. This de? 
nition of right-handed quartz follows the con- . 
vention which originated with Herschel. Trans. 
Cam. Phil. Soc. vol 1, page 43 (1821); Nature 

10 

30 

V40 

‘vol. 110, page 807 (1922); Quartz Resonators and , 
Oscillators, P. Vigoureux, page 12 (1931). Con- ' 

- versely, a quartz crystal is designated as left 
handed if it rotates such plane of polarization 
referred to in the left-handed \or counter-clock 
wise direction, namely, in the direction oppo-l' 
site to that given hereinbefore for the right 
handed crystal. I 

If a compressional stress or a squeeze be ap 
plied to the ends of an electric axis X of a quartz 
body I and not removed, a charge will be de 
veloped which is positive at the Positive end (+) 

' of the‘ X axis and negative at the negative end 
(—) of such electric axis X, for ‘either right 

The magnitude 
and sign» of the. charge may be measured in 
a known manner with a vacuum tube electrome 
ter for example. In specifying the orientation 
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longitudinal mode piezoelectric quartz crystal 
.plate embodying this invention, Fig. 1 being a 

of a right-handed crystal, the sense of the angle 
95 which the new axis Z" makes with respect to 
the optic axis Z as the crystal-plate is rotated’ 
in eifect about the. X axis is deemed positive 
(+) when, with the compression positive end 
(+) of the X axis pointed toward the observer, 
the rotation is in a clockwise direction as il 
lustrated in Fig. 1. A counter-clockwise rota 
tion of such a right-handed crystal about the 
X axis‘ gives rise to a negative orientation angle' 
¢ with respect to the Z' axis. Conversely, the 
orientation-angle of a left-handed crystal is posi 
tive when, with the compression positive end 
(+) of the electric axis X pointed toward the 

,observer, the rotation is counter-clockwise, and 
is negative when the rotation is clockwise. The 
crystal material illustrated in'Figs. 1 to 3 is 
right-handed as the term is ‘used herein. For 
either right-handed or left-handed quartz, a pos 
itive (+) angle ¢ rotation of the Z’ axis with 
respect to the Z axis as illustrated. in Fig; 1 
is toward parallelism with the plane of a minor 
apex face of the natural quartz crystal, and 
a negative (—) ¢ angle rotation of the Z’ axis 
with respect to the Z axis is toward parallelism 
with the Diane of a major apex face of the nat 
ural quartz crystal. ' ‘ 

Referring to the drawing,‘Figs. 1 and 2 are. 
respectively'an edge view and a major face view 
of a right-handed relatively thin piezoelectric 
quartz crystal plate I of substantially rectangu 
lar parallelepiped shape having an over-all length . 
dimension L, a width dim'ension' W which'is per 
pendicular to the length dimension L, and a 
thickness or thin dimension T which is perpen 
dicular to the length dimension L and the width 
dimension W. As shown in Fig. 1, the major 
plane and the opposite major faces 2 and 3 of 
the crystal plate I may be parallel or nearly 
parallel to an electric or X axis of the quartz 
material and inclined with respect to the optic 
axis Z at a :1: angle of about from +45 to +52 
degrees as measured between the Z and Z’ axes 
in a plane which‘is perpendicular to the X axis 
and to the major plane of the crystal plate I. 
Smallpangle departures up to 5 degrees‘or more. 
for example, of the major faces 2 and 3, from 
parallelism with respect to the X axis do not 
greatly alter the ¢ angle and dimensional ratios 
required to obtain the result of substantial free 
dom from coupling to extraneous modes of vi 
bration. Since the minor apex faces oi’ the nat 
ural quartz crystal from which the quartz plate 
I is cut occur at'a ¢ angle of about +38 de 
grees with respect to the optic axis Z, the posi 
tive (+) sense for the ¢ angle is equivalent to 
a rotation about the X axis from the Z axis 
toward parallelism with the plane of a minor 
apex face for either right-handed or left-handed 
quartz. ' 

In Fig. 1, the X axis is perpendicular to the 
plane of the drawing with the compression posi 
tive and (+) of the X axis pointed towards the 
observer, and is also perpendicular to both the 
Y and Z axes.v The over-all length dimension L 
of the crystal plate I lying along the major axis 
X" as shown‘ in Figs. 2 and /3 may .be inclined 
at an angle 0 of about 45 degrees with respect 
to the‘above-mentioned X axis in either direc 
tion as illustrated by the alternative _0 angle 

1 orientations shown in Figs. 2 and 3. While the 
major axis length dimension L of the crystal 
plate I of Fig. 2 is inclined at a different 45 
degree 0 angle with respect to the X' axis than 
that of Fig. 3, it will be understood that either ‘ 



. length dimension Z. 

' faces 2 and 3 of the crystal plate I. 
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of these 45-degreepositions for the angle 0 may 
be used alternatively with any of the 40 angles 
disclosed herein. 

Suitable conductive electrodes such as the 
electrodes 4 of Figs. 2 and 4 may be placed on, 
adjacent or be formed integral with the opposite 
major faces 2 and 3 of the crystal plate I to 
apply electric field excitation to the quartz plate 
I in the direction. of the thickness dimension T, 
and by means of any suitable circuit such as, for 
example, a ?lter or an oscillator circuit, the 
quartz plate I may be vibrated in the desired 
longitudinal mode of motion along the length 
dimension L at an odd or an even harmonic 
vibrational response frequency which depends 
mainly upon and varies inversely as the major 
axis length dimension L and the elementary 

It will be understood that 
the crystal plate I may be operated in any de 
sired odd or even harmonic longitudinal mode 
along the length dimension L by means of a 
plurality ofpairs of equal area opposite elec 
trodes disposed adjacent the opposite major 

The elec 
trodes may be interconnected as illustrated 
schematically in Fig. 4 so that all positive (+) 
electrodes are connected together and all -nega— 
tive (~> electrodes are connected together but 
no positive electrode is connected with a nega 
tive electrode. The number of pairslof opposite 
electrodes to be used corresponds to the nu 
merical order of the desired harmonic which may 
be any odd or even overtone of the fundamental 
mode. 
the ?fth harmonic longitudinal mode, five pairs 
of equal area opposite electrodes 4 may be uti 
lized as illustrated in Figs. 2 and 4; and simi 
larlylto drive the crystal plate I in third har 
monic longitudinal vibrations along the length 
dimension L, three pairs of opposite electrodes 
which may‘ partly or nearly-wholly cover the 
equal elementary lengths Z of‘ the major faces 
2 and 3 may be utilized. The odd harmonic 
longitudinal mode is of special interest since 
then the crystal plate I may be clamped at its 
geometrical center 6 at the centers of the middle 
pair of opposite electrodes 4 as illustrated in 
Figs. 2 and 4. Reference is made. to my United 
States Patent No. 2,185,599 granted January 2, 
1940 for examples of harmonic longitudinal mode 
electrode and electrode connection arrangements 
that may be utilized to drive any of the crystal 
plates described herein in harmonic mode longi 
tudinal vibrations along the major axis length 
dimension L. These harmonic mode electrode 
and connection platings may be such as to leave 
three edges of _the crystal body entirely free of 
any plating in order to make edge grinding ad 
justments of the frequency and the temperature 
coefficient of frequency. 
The harmonic mode crystal plates I described 

herein may be mounted in any suitable manner 
such as, for example,>by clamping the electroded 
crystal plate I between a pair of opposite con 
ductive clamping projections 5 which may con- ' 
tact the electroded crystal plate I at opposite 
points of very small area designated 6 in Figs. 
2 and 4. As an illustrative example. an evac 
uated holder of the type disclosed in United 
States Patent No. 2,203,486 granted June 4, 1940 
to W. L. Bond may be utilized for this purpose. 

Alternatively, the electroded crystal plate I 
may be supported by soldering or otherwise at 

. taching one or more pairs'of electrically con 
ductive spring wires-to one or more or any pair 
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such as the middle pair of the crystal electrodes 
4, at the opposite points designated Ii in Figs. 2 
and 4. Such conductive wires may support and 
hold the electroded crystal plate I in spring sus 
pension. ‘ ‘ F 

It will .be understood that any holder which 
will give stability and a relatively high react 
ance-resistance ratio, Q, may be used to mount 
these‘harmonic mode crystal elements I. 
The desired longitudinal mode resonant fre 

quency of the harmonic mode crystal plate I is 
a function of the major axis length dimension L 
and of the several equal elementary or funda 
mental lengths l, the over-all length L being 
equal to the n times the elementary length di 
mension l where n is the numerical order of- the 
harmonic as determined by the number of pairs 
of opposite electrodes 4 that are applied to the 
major faces 2 and 3 of the crystal plate I of . 
any 95 angle. Since the invention may be 
adapted to any order of harmonic operation, odd 
or even, the correlated values of longitudinal 

' vmode frequency and ¢ angle, are given in Fig. 5 
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in terms of the elementary length dimension Z. 
It will be noted that in so far as the elementary 
areas are concerned, the related values of the 
orientation, and the frequency constant of the 
several elementary areas of the harmonic mode 
crystals of this application follow these values 
given for the fundamental mode crystals of the 
corresponding orientationl described in United 
States Patent 2,204,762 referred to. 

Fig. 5 is a graph giving the calculated values 
of the desired longitudinal mode frequency in 
kilocycles per second per centimeter of elemen- ' 
tary length dimension 1 of the crystal plate I 
for all angles of <15 from -90 to +90 degrees, the 
angle 0 being always equal to about 45 (or 135) 
degrees for every angle of (15. For any given angle 
of ¢ such as the g5 angle of +49° 30', the curve 
of Fig. 5 gives the approximate frequency con 
stant corresponding thereto‘in terms of frequency 
in kilocycles per second per centimeter of the 
elementary length dimension Z of the crystal plate 
‘I or n times this value where n is the numerical 
order of the harmonic frequency such as the 
third or’?fth harmonic, for example. Since the 
frequency of the longitudinal mode vibrations 
along the length l varies inversely as the par 
ticular length dimension of 1 involved, the value 
of Z in centimeters corresponding to the resonant 
frequency in kilocycles per second may be ob 
tained directly from the frequency dimension con 
stant given by the curve of Fig. 5 for any value 
of the angle ¢ selected. The calculated values 
of the desired resonant frequency given in Fig. 5 
approximate the measured values. 
The graphs of Figs. 6 and '7 give for the orienta 

tion angles of ¢ from about +45 to +52 degrees, 
the angle 6 being substantially 45 degrees, the 
corresponding dimensional ratios of width, thick 
ness and length that may be used to construct 
third and ?fth harmonic quartz plates I of rec 
tangular parallelepiped shape to obtain the de 
sired longitudinal mode frequency substantially 
free from undesired extraneous flexure mode fre 
quencies. The preferred values of dimensional 
ratios therein substantially given by the points 
are in terms of the over-all length dimension L 
with respect to the thickness dimension T of the 
crystalvplate I, and also in terms of the width 
dimension W with respect to the overall length 
dimension L. Each of the elementary lengths l 
of the crystal plate I are equal to L/n where L 

_is the major axis over-all length dimension of 



4 
the‘crystal plate I and n is the numerical order 
of the harmonic, namely, the third and the ?fth 
harmonics covered in Figs. 6 and "l. The series, 
of points of Fig; 6 give the preferred‘ dimensional 
ratios for third harmonic longitudinal mode crys-. 
tal elements I- in terms of the width W, the length 
L and the thickness T for all of the positive an 
glesof qs between about +45 and +52 degrees 
while the series of points of Fig. 7 give the pre 
ferred dimensional ratios for ?fth harmonic 
longitudinal mode crystal elements I for all_ of 
the same positive ‘angles of ¢ between about 
+45 and +5_2 degrees, the angle 0 in every case 

2,231,778 
the undesired ?exure mode frequencies is inde 
pendent of the q» angle orientations from +45 

. to. +52 degrees since both depend on the same 

10 

being about 45, degrees as illustrated in either ' 
Fig. 2 orFig. 3.- The angles of .4) from about. 
+45 to +52 degrees covered in Figs. 6- and '1 
represent the preferred range ofv ¢ angles. 
The corresponding longitudinal mode frequency 

constants for the quartz plates I, oriented and 
dimensioned in accordance with the values given 
by the graphs of Figs. 6 and 7 are substantially 
given by the curve of Fig. 5 at the intercept of 
the particular value of ¢ selected. For example, 
when Q) is substantially +49° 30’, 0 being sub 
stantially 45 degrees, the frequency constant is 
about 330 ‘kilocycles per second percentimeter 
of elementary length dimension 1 or n times this 
value per centimeter of over-all length dimen 
sion L where n is the numerical order of they 
harmonic involved such as 3, 5, etc. For example, 
a ?fth harmonic quartz crystal plate I of such 
an orientation and of one centimeter over-all 
length L will have a desired longitudinal mode 
resonant frequency of about ?ve times 330' or 
about 1650 kilocycles per second. Other values . 
of corresponding orientation and frequency for 
quartz plates I may be obtained from the curve 
of Fig. 5 forany angle of ¢, the preferred ¢ an 
gles between about +45 and +52 degrees giving 
a frequency of about 328 to 333 kilocycles per 

' second per centimeter of elementary length Z. 
In Figs. 6 and '7, the series of points repre 

sent the Fcenters of the regions for the dimenh 
sional ratios which may be "utilizedto obtain 
the desired harmonic longitudinal mode vibra- 4 
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tions in quartz crystal elements I substantially ’ 
free from undesired ?exural mode vibrations, 
Fig. 6 giving such information for the third 
harmonic longitudinal mode crystal elements I 
and Fig. '7 for the ?fth harmonic longitudinal 
mode crystal elements‘ I. As illustrated by the 

I .reg'ionswithin the elliptical-shaped curves sur 
rounding two of‘ the ‘points in Figs. 6- and '7, the 
preferred regions for the dimensional ratios may 
extend about a quarter of the way between any 
of the points illustrated. Accordingly, it will be 
understood that the graphs of Figs. 6 and '7 each 
comprehend a plurality of regions or spots each 
having as its center one of the points shown and 
while for optimum or most nearly ideal condi 
tions, the dimensional relations of the piezoelec 

50 

elastic constant, namely the Young’s modulus in 
the direction of propagation and hence their ratio 
is unchanged by the orientation ¢ angle. The 
same is nearly‘ true for the undesired secondary 
shear frequencies since the shear constant varies 
in the same way with ‘the orientation angle 4>. 
In order to separate the undesired ‘shear fre 
quency from the desired main length mode har 
monic frequency by at ‘least 8 per cent, the ratio 
of the width dimension W with respect to the 
vlength dimension L may be less than about 0.8 
which is indicated by the vertical broken lines 
in Figs. 6 and '7. Accordingly, third and ?fth . 
harmonic crystal elements I having dimensional 
ratios selected from Figs. 6 and '7 to the left 
of vsuch vertical broken lines and near one of the 
seriesof points thereon may have.the desired 
harmonic mode longitudinal frequency substan- ' 
tially free from interfering extraneous modes of 
the flexural type as well as of the shear type. 
As an example, a ?fth harmonic longitudinal 

mode crystal element 1 having a v4) angle of sub 
stantially 4-49" 30’, a thickness dimension T of 
1 millimeter, a width dimension W of 23.02 milli 
meters, and a length dimension L which varies 
from 36 to 32 millimeters is illustrated by the 
dimensional ratios of length L to thickness T 
and of width W to length L given roughly within 
the ellipse-shaped curve of Fig. 7. At the point 
at the center of such ellipse-shaped curve of 
Fig. 7, the dimensional ratio of the length L with 
respect to the thickness Tv is about 33 and the 
"dimensional ratio of the width W with respect to 
the length L is about 0.7 Such a ?fth harmonic 
crystal element 1 having a length dimension L 
of 33 millimeters has a desired longitudinal mode 
of ?fth harmonic frequency of about 503 kilo 
cycles per second which is substantially free from 
interfering modes such as the harmonics of ?ux 
ure modes therein. 

In order to avoid the undesired ?exural 
harmonic modes referred to, it will-be under 
stood that in choosing the thickness dimension T 
of the crystal element 1 of any given or desired 
harmonic longitudinal mode frequency, it is de- . 
gsirable to avoid and preferably deviate as far as 
possible from any value of thickness dimension 

. T that satis?es the following dimensional ratios; 
' one should therefore use a thickness dimension 'T 
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tric element I may conform to one of the points, v 
the advantages of the invention may be secured 
in varying degrees with any relationship indi 
cated by the graph. In other words any position 
falling within an elliptical region centering at 
one of the points of Fig. 6 or Fig. 7 and which 
region may extend outwardly from the point not 
more than roughly a quarter of the distance to the 
nearest point, may be advantageously utilized. 
Such regions may be utilized for the dimensional 
ratios of the crystal elements I to separate the 
undesired flexural mode frequencies fr 111 the de 
sired main _ length mode harmonic requency. 
The location of such preferred regions free from 
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of a value other than and somewhere-inter 
mediate the values corresponding to these dimen 
sional ratios, and preferably of a value midway 
or nearly midway between the nearest or adja- . 
cent values givenby the dimensional relations: 

L m2 
(1) 7*: 10.88n 

‘rand 

<2> K212; 
LT_ 10.881; 

where is the over-all length dimension of the 
crystal element I along the direction of the de-‘ 
sired harmonic longitudinal vibration, W is the‘ 
width dimension of the crystal element I per 
pendicular to the length dimension iL, T is the 
thickness dimension measured along the Y’ axis, 
and n is thenumerical order of the selected 
longitudinal .mcde harmonic frequency which 
may be‘of‘ any numerical order such as one of the 
values 2 to 5 for example. The values of m for 
the undesfred even order harmonics of ?exure 



mode vibrations are given by the relation: 
mz=7.853; m4=14.l37 and thereafter 

to seven decimal places, where i is anyeven order 
integer, such as 2, 4, 6, 8, etc. The,foregoing 
equations have been used in obtaining the points 
plotted on Figs. 6 and 7, and may be similarly 
applied in connection with crystal elements i of 
other harmonic mode frequencies where n is a 

' value according to the order of the harmonic. 
In the case of Fig. 6, the points plotted thereon 
represent optimum values of length L with re 
spect to thickness T, and of width W with respect 
to length L, for third harmonic crystal elements 
I, and are obtainedfrom the foregoing equations 
using a value of n=3, with assumed values of m 
and calculated values of 

mi 

The seven values of 

ma 
10.8811 

given in the foregoing table represent values for 
L/T in Equation 1 that are to be avoided, as 
mentioned hereinbefore, and accordingly the six 
horizontal rows of points on Fig. 6 are placed 
about midway between such ‘values. For ex 
ample, the horizontal rcw of ?ve points shown 
on Fig. 6 opposite the ratio of 40 thereon, are 
placed midway between the'two values of 33.5 
and 47.5 given in the foregoing table, the L/T 
ratio of 40 accordingly being one of the optimum 
L/ T ratios for third harmonic crystal elements 1, 
as shown on Fig. 6. Assuming a given length di 
mension L of a suitable value to give the desired 
third harmonic longitudinal mode frequency, the 
thickness dimension T of the crystal may be made 
of any valuev that avoids the 

values given in the foregoing tabla-and prefer 
ably is made of a value that is midway between 
any pair of such values, as, for example, the L/T 

betweenthe values 33.5 and 47.5 given in the 
foregoing tabulation. . ,l I 

In the example given, with the length L of the 
crystal determined ‘by the desired third harmonic 
frequency and the . ,L/T ratio determined by 
Equation 1 and, selected as 40, the W/L .ratios 
to be avoided are'given by Equation 2.using the‘ 
same 

. m2 

10.88n 

values as were used in connection with Equation 
1 and will be found by calculation, using Equa-. 
tion 2, to be as follows for the third harmonic 

5 

1O 

.15 
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40 

50“mined from the dimensional ratio equations 
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ratio of 40 given on Fig. 6, which is about midway _60 

crystal element'having an L/T dimensional ratio 
Of 402 ' 

ml W 
1038 n L Equation 2 

l. 95 . 22 
6:15 . 39 

12. 9 . 66 
22. 1 . 75 
33. 5 . 91 
47. 5 1. 1 

It will be noted that the horizontal row of 
the ?ve points, shown opposite the L/T ratio 
of 40 on Fig. 6 and representing optimum W/L 
ratios for an optimum L/T ratio of 40, are lo 
cated midway between the six calculated values 
of .22, .39, .56, .75, .91, and 1.1 given in the above 
tabulation. Similarly, the optimum W/L ratios 
for the other optimum L/T ratios given by the 
points on Fig. 6 are obtained from the foregoing 
equations. , 

In. the case of Fig. 7, the optimum L/T and 
W/L ratios for ?fth harmonic crystal elements 
are similarly obtained from the foregoing equa 
tions using a value of 11:5 where n is the 
numerical order of the harmonic frequency. 

Accordingly, in such crystals, the length L 
value being determined by the desired frequency, 
the thickness T value is determined by Equation 
1 and the width W» value by Equation 2 for any 
order of harmonic, and crystal elements having 
their dimensions so proportioned may be ren 
dered substantially free from the undesired ?ex 
uralpmode frequencies referred to. The remain 
ing undesired resonances are probably due to 
coupling with shear modes of motion and may be 
‘minimized by selecting a suitable ratio of the 
‘width dimension W with respect to the length 
dimension L less than about 0.8 after selecting 
the proper ratio for'the width dimension W to 
avoid the undesired ?exural even order harmonic 
modes referred to. While the graphs of Figs. 
6 and 7 illustrate the preferred dimensional 
ratios for only the third and ?fth harmonic 
longitudinal mode crystal elements i having ¢ 
angles from +45 to +52 degrees, the 0 angle 
being about 45 degrees in every case, the preferred 
dimensional ratios for other harmonics of the 
desired longitudinal mode may be similarly ob 

hereinbefore given. _ , 

The harmonic longtiudinal mode crystal ele 
ments I having ¢ angles within the range from 
+45 to +52 degrees, the 0 angle always being 
substantially 45 degrees, have a ratio of capacities 
of the order of 300 to 600, the +45'degree ¢ angle 
crystal element i giving the lower value and the ' 
+52 degree ¢ angle crystal element l giving the 
larger value of ratio of capacities. 
The temperature coe?icient of the desired 

harmonic longitudinal'mode frequency of such 
‘crystal elements I having ¢ angles from about 
+45 to +52 ‘degrees and having dimensional 
ratios selected to avoidv the undesired harmonic 
?exural modes is of the order of 15 to 30 parts 

.'per million per degree centigrade, the +45 de 
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gree ¢ angle crystal element l giving the higherl 
value and vithe +52 degree ¢ angle crystal ele 
ment l giving. the lower value of temperature 
coe?icient of frequency. A crystal element I hav 
ing‘a 4: angle in the region of +49° 30' has a 
ratio of capacities that is nearly as good as that 
of 9. +45, degree 4: angle crystal element l and 
a temperature coe?icient of frequency that is 



creasing the frequency to a desired value. 
. grinding on either of the longest edges perpen 
. 'dicular- to the width dimension W, the width di 

6 
much lower. 
less than 0.5 millimeter, the equivalent induc 
tance of such a crystal element l is around 0.3 
to 0.5 henry.‘ 

' vWhile the temperature coei?cient of frequency 
of such crystal elements I isof the order of 15 
or moreparts ‘per million per degree centigrade, 
this change in‘frequency due to temperature 
change results only in a relatively small change 
in frequency in a ?lter system. For example, a. 
?lter at 1,800,000 cycles per second having a 
temperature coefficient of frequency of 15 parts 
in a million per degree centigrade will change its 
frequency only 2'? cycles per degree centigrade. 
For a room temperature- change from 60° 

‘ fahrenheit to 110° fahrenheit, for example, this 
would result in a shift in the ?lter characteristic 
of $370 cycles in the edge of the pass band. If 5 
kilocycles are‘ allowed for the ?lter loss to come 
from the edge of the band pass to the high at 
tenuation‘point, a cut-o? of 0.27 per cent re 
sults, which is a relatively small change in fre- ‘ 
quency. When thedimensioned crystal element 
I is utilized a ?lter system, the extraneous 
resonances may be placed so that they do not 
come'at low impedance points in the equivalent 
lattice. Illustrative examples of ?lter circuits in 
which the crystal‘element I may be utilized are 
shown in W. vP. Mason Patent 1,967,250, dated 
July 24, 1934, Fig. 4, and in W. P. Mason Patent 

For a thickness dimension T of > 

. 2,281,778 

, ccemcient of the crystal. 

2,212,840,‘dated August 27, 1940, Fig. 1, for ex- -‘ 
ample. . . 

The frequency of any of these longitudinal 
mode crystal plates I may be adjusted to rela 
tively precise values by edge grinding-on the 
edges along the width W 'of the crystal plate., 
Since the frequency is controlled mainly by the 
major axis length dimension L, the frequency of 
a slightly oversize crystal plate I' may be>in 

- creased by grinding on either of the edges that 
are perpendicular to the length dimension L 
thereby reducing the length dimension L and in 

BY 

mension W may be.uniformly‘reduced thereby 

'40 

changing the dimensionalratio‘ of the width W , 
with respect to the length L of the crystal plate 
luntil' the desired value is obtained.- By the 

process of edge grinding, the frequency of the 
crystal plate I may be ultimately adjusted to the 
correct or desired value.‘ . ' - - 

_ These harmonic mode crystals may be used in 
wide band *filters ",for' example at radio fre~~ 
quencies up to'2 megacycles per second or more 
with substantial freedom from troublesome sub 
sidiary or extraneous . Wide band 
quartz crystal filters-have heretofore-been lim 

extra resonances existing in. high frequency 
crystals. In carrier it is often desira- ‘ 
'ble to have high and low-pass filters of ‘very 
sharp selectivity for the purposeof droppins off 

- ' sentences at intermediate points and. hence .to 
A have crystals which can be used-in wide bandv 
“filters at frequencies up to 2 megacycles per‘ sec 
ond or more and which have relatively, low im 
pedance, and vibrate-at high frequencies with 
the desired frequency of vibration separated as 
much as possible from the frequencies of other 

. modes. Any .nearby undesired resonance that is 
present may, ifcaused by a i‘lexure mode deter 
mined by the thickness dimension T of the 
‘crystal plate 'I, be removed. by changing the' 

. ratio of the thickness dimension T with respect 

to 

. clined substantially 45 degrees with respect to‘ 
. ited to about 500 kilocycles per second due-to the " and x axis,v said over-all length dimension being I 

to the‘ length dimension L, without changing the 
desired resonance frequency or the temperature 

' The thickness dimen 
sion T of the crystal plate I may ordinarily be 
of the order of l millimeter more or less for ex 
ample, and of a value to suit the impedance or 
other requirements of the particular circuit with 
which it may be associated.’ Either the third 
harmonic or ?fth harmonic crystal elements I, 
for example, ‘may be used to advantage in oscil 
lators or moderately high impedance ?lters, 

. By using an electrical element which varies its 
impedance with temperature change, 'the tem 
perature coe?icient of frequency of the crystal 
circuit may be adjusted and over-all variations 
in the frequency of an oscillator that may be as-" 
sociated therewith may be considerably reduced. 
For this purpose, as illustrated in Fig. 4, a con 
denser ’I'may be connected in series circuit rela- ' 
tion with the electroded crystal plate I. The 
condenser ‘I may have a temperature coefficient. 
of capacitance of such magnitude and sign as 
to balance that of the crystal plate I and thereby 
reduce the over-all temperature coefficient of 
frequency of the combination‘ crystal element 
and condenser. " » ' 

A small trimmer condenser of suitable ca-‘ 
pacity for example, of the orderfof 20 micro 
microfarads more or less may be connected in 
parallel circuit relation‘with the electrode ter 
minals 5 of the crystal element I to adjust the 
frequency thereof to the desired ?nal value. As 
an illustrative example, such as condenser may 
consist of a thin mica sheet having conductive 
material such as silver or other suitable conduc 
tive material deposited in a known manner upon 
the opposite major surfaces thereof. The ad 
justment of capacitance may be made by scrap 
ing off or otherwise removing part of the silver 
coating until the desired values of capacitance 
and frequency are obtained. 
Although this invention has been described 

and illustrated in relation to speci?c arrange 
ments,'it is to be understood that it is capable 
of application in other organizations and is, 
therefore, not to be limited to the particular em 
bodiments disclosed, but only by the scope of the 
appended claims and the state of the prior art. 
What is claimed is: r . _ 

1. A piezoelectric quartz crystal vibratory body 
'having its‘ opposite substantially rectangular 
major faces substantially parallel to an X axis 

' and inclined at an angle‘ of substantially +49“. 30' 
with respect to the z axis as measured in aplane . 
substantially perpendicular to saidmajor faces, 
the major axis over-‘all length dimension and the 
width dimension of said ‘major faces being in 

in effect divided into a plurality of equal length 
elementary lengths corresponding to the numeri 
cal order of a desired harmonic frequency,‘ said 

- width having a dimensional ratio‘ of less than 
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given by the relations: 

substantially .0.8with respect to said over-all 
length ‘dimension; the thickness dimension be 
tween said major faces Ebeing oneof the values 
substantially midway between the nearest values 

2 . £=<-._'"__._ 
'1' 10.881: 

and ‘ > v 

I _IZ_7_ ' m’ 

, . LT_10,887Tl - 

where L,_T and Ware respectively said over-all 



length, thickness, and width dimensions ex 
pressed in the same units, n is the numerical 
order of said harmonic frequency, and m is equal 
to 1r(i+1/2) where i is an even order integer 
that is one of the integers 2, 4, 6, 8, 10, 12, 14, 
16 and 18. 

2. A piezoelectric quartzv crystal vibratory body 
having its opposite substantially rectangular 
major faces substantially parallel to an X axis 
and inclined at one of the angles substantially 
from +45 to +52 degrees with respect to the Z 
axis as measured'in a plane substantially per 
pendicular to said major faces, the major axis 
over-all length dimension and the width dimen 
sion of said major faces being inclined substan~ 
tially 45 degrees with respect to said X axis, said 
over-all length dimension being in effect divided 
into a plurality of equal length elementary 
lengths corresponding to the numerical order of 
a desired harmonic frequency to form a plurality 
of elementary areas the number of said ele 
mentary lengths being one of the integers 2 to 5, 
the thickness dimension between said major faces 
being a value substantially intermediate the 
values given by the relations: 

where L, T and W are respectively said over-all 
length, thickness, and Width dimensions ex 
pressed in the same units, n is the numerical 
order of said harmonic frequency, and m is equal 
to 1r(i+1/2) where i is an even order integer that 
is one of the integers 2, 4, 6, 8, 10, 12, 14, 16 
and 18. - 

3. A piezoelectric quartz crystal vibratory body 
having its opposite substantially rectangular 
major faces substantially parallel to an X axis 
and inclined at one of the angles substantially 
from +45 to +52 degrees with respect to the Z 
axis as measured in a plane substantially per 
pendicular to said'major faces, the major axis 
over-all length dimension and the width dimen 
sion of said major faces being inclined substan 
tially 45 degrees with respect to said X axis, said 

’ over-all length dimension being in effect divided 
into a.» plurality of equal length elementary 
lengths corresponding to the numerical order of 
a desired harmonic frequency to form a plurality 
of elementary areas, the number of said ele 
mentary lengths being one of the integers 2 to 5, 
the thickness, dimension between said major faces 
being a value intermediate the values given by 
the relations: > 

and, _ 

L’1'_lO.88n 
where L, T and W are respectively said over-all 
length,' thickness, and width dimensions ex 
pressed in the same units, n is the numerical 
order of said harmonic frequency, and m is equal 
to 1r(i+1/2)4 where i is an even order integer, 
said width having a dimensional ratio of less than 
substantially . 0.8 with respect to said over-all 
length dimension, and electrodes adjacent each 
of said elementary areas of said major faces of 

' said crystal body. _ 
4. A piezoelectric quartz crystal vibratory body 

having its opposite substantially rectangular 

10 

major faces substantially parallel to an X axis 
and inclined at one of the angles substantially 
from +45 to +52 degrees with respect to the Z 
axis as measured in a plane substantially per 
pendicular to said major faces, the major axis 
over-all length dimension and the width di 
mension of said'major faces being inclined sub 
stantially 45 degrees with respect to said X axis, 
said over-all length dimension being in effect 
divided into a plurality of equal length ele-' 
mentary lengths corresponding to the numerical 
order of a desired harmonic frequency to form a 
plurality of elementary areas, the number of said 
elementary lengths being one of the integers 2 to 
5, the thickness dimension between said major 
faces being a value substantially midway between 

V the nearest values given by the relations: 
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where L, T, and W are respectively .said over-all 
length, thickness, and width dimensions ex 
pressed in the same units, n is the numerical 
order of said harmonic frequency, and m is equal 
to 1r(i+l/2) where i is an even order integer, and 
means including electrodes formed integral with 
said elementary areas of said major faces for 
operating said crystal body in said mode of mo 
tion consisting substantially of harmonic longi 
tudinal vibrations along said major axis length 
dimension. , > _ 

5. A piezoelectric quartz crystal body adapted 
to vibrate at a harmonic frequency dependent 
mainly upon itsmajor axis length dimension, the 
major faces of said body being substantially par 
allel to an X axis and inclined at one of the 
angles substantially from +45 to +52 degrees 
with respect to the Z axis as measured in a 
plane perpendicular to said major faces, said 
length dimension and the width dimension of 
said majorfaces being inclined substantially 45 
degrees with respect to said X axis, said fre 
quency being substantially 330 kilocycles per 
second per centimeter of said length dimension 
arithm-etically multiplied by the numerical order 
of said harmonic frequency, the thickness di 
mension between said major faces being a value 
substantially intermediate the values given by 
the relations: , 

wherev L, T and Ware respectively said over-all 
length, thickness and width dimensions expressed 
in the same n is'the numerical order of 
said harmonic frequency, and m is equal to 
1r(i+1/2) where i is an even order integer that 
is one of the integers 2, 4, 6, 8, 10, 12, 14,16 and 
18. ’ 

6. A piezoelectric quartz crystal plate having 
substantially rectangular major faces and means 
including a plurality of pairs of electrodes dis 
posed adjacent said mador faces for operating 
said crystal plate at a harmonic frequency de 
pendent mainly upon the major axis dimension 
of said major faces, said pairs corresponding in 
number to the numerical order of said harmonic 
and being disposed along the equal elementary 
lengths of said major axis dimension,'said major 



vfaces being substantially parallel to an X axis 
and inclined substantiailly +49° 30' with re 
spectto the Z axis as measured in a plane per 
pendicular to said major faces, said major axis 
of said major plane being inclined substantially 
45 degrees with respect to said X axis, the di 
me'nsional ratio of the width dimension with re 
spect'to said major axis dimension of said major 
faces being less than substantially 0.8, the thick 
ness dimension between said major faces being 
a value substantially midway between the near 
est values given by the relations: 

where L, T, and W are respectively said over-all 
length, thickness, ’ and width dimensions ex 
pressed in the same units, 11. is the numerical 
order of said harmonic frequency, and m is equal 

, to 1r(i+1/2) where i is an. evenorder integer. 
'7. A piezoelectric quartz crystal body adapted 

to vibrate at a third harmonic frequency de 
pendent mainly upon each ofv the fundamental 
or elementary length dimensions along the maj 
or axis of said body multiplied by said numerical 

I order of said harmonic frequency, the major 
plane of said body being substantially rectangu 
lar and disposed substantially parallel to an X 
axis and inclined at an angle from +45 to+52 
degrees with respect to the Z axis, said major 
axis of said major plane being inclined sub 
stantially 45 degrees with respect to said X axis, 
the dimensional ratios of length, width and 
thickness dimensions of said body being sub 
stantially a' set of values given by the graph of 
Fig. 6,1and the frequency for each centimeter of ' 
said elementary length dimensions being given 
by the curve of Fig. 5 substantially at the inter 
cept for said angle. ‘ 

8. A‘ piezoelectric quartz crystal 
major axis length dimension of said body being 
divided ‘in effect into three, equal elementary 
lengths in accordance with‘ the numerical order 
of the harmonic selected to obtain third harmon 
ic mode vibrations along said major axis dimen 
sion, the major faces of v‘said body being sub 
stantially rectangular, substantially parallel to 
an x axis and inclined at an angle ‘from +45 to 
+52 degrees with respect to the Z axis,isaid 
major axis length dimension being inclined sub 
stantially 45 degrees with respect to said x axis, 
the dimensional ratios of the length, width and 
thickness of ‘said body being'related values sub 
stantially as given by the graph'of Fig. 8; 

'ieloeleetrie ‘9.1m ouartccmtalbodyadepted 

body, the‘ 

2,281,778‘ 
. to vibrate along the major axis'length dimension‘ 

10 

15. 

20 

25 

at a ?fth harmonic mode frequency dependent 
upon the elementary length dimension equal to 
said major axis length dimension arithmetically 
divided by said numerical order of said harmon 
ic, said frequency being given by the curve of 
Fig. 5 for an angle’ from +45 to +52 degrees, 
the major plane of said body being of substan 
tially rectangular shape, disposed substantially 
parallel with respect to an X axis and inclined‘ 
at an angle from +45 to +52 degrees with re 
spect to the Z axis, said major axis of said major 
plane being inclined substantially 45 degrees 
with respect to said X axis, the dimensional re 
lation between the length, width and thickness 
dimensions of said body being substantially one 
of the sets of values given by the graph of Fig, ‘7. 

10. A piezoelectric quartz crystal body adapt 
ed for longitudinal vibrations along and at a 
third harmonic frequency dependent mainly 
upon the elementary lengths of the major axis 
length dimension‘ of its substantially rectangular 
major plane, said major plane being substan 
tially parallel to an X ‘axis and inclined at an 
angle between substantially +45 and +52 de-. 
vgrees with respect to the Z axis as measured in 
a plane perpendicular to said major plane, said 
major axis being inclined substantially 45 degrees 

4 with respect to said X axis, the dimensional 
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ratio of the width with respect to the over-all 
length dimension of said major plane being less 
than substantially 0.8, the dimensional ratios of 
length, width, and thickness of said body having 
relative values'substa'ntially as given by one of 
the points of Fig. 6 to provide substantial free 
dom from extraneous modes near said third har 
monic frequency. ' ' 

11. A piezoelectric quartz crystal body adapted 
for longitudinal vibrations along and at a ?fth 
harmonic frequency dependent mainlyupon the 
elementary lengths of the major axis length di 
mension of its substantially rectangular major _ 
plane, said major plane being substantially par-, 
allel. to an X axis and inclined at an angle be 
tween +45 and +52 degrees with respect’to the 
Z axis as measured in a plane perpendicular to 
said major plane, said major .axis being inclined 
substantially 45 degrees with respect to said X ' 
axis, the‘ dimensional ratio of the width dimen 
sion 'of said major plane'with respect to said 
ma;or axis length dimension being less than sub 

_' stantially 0.8, the dimensional ratios of length, 
width. and thickness of said body having relative 
values substantially as given by one of the points 
in Fig. 7 to produce substantial freedom from - 
extraneous modes near said ?fth harmonic fre 

wanam r. mason. 
quency. 


