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This invention relates to the piezo-electric art 
and to the cutting of piezo-electric crystal ele 
ments Suitable for use in oscillatory circuits. It is 
an improvement upon the invention disclosed in 
copending application to Samuel A. Bokovoy, Se 
rial No. 728,377, filed May 31, 1934, 

It is known to those skilled in the art that 
when a quartz-crystal is X-cut, that is to say 
When it is cut in the form of a rectangular plate 

(). So oriented with respect to the nother crystal 
that its thickness dimension is along an electric 
(X) axis and its length or width along either the 
Optic (Z) axis, or a mechanical (Y) axis, several 
inodes of vibration and consequently several nor 

15 mal frequency responses are possible of attain 
ment. One of these nodes of vibration, namely 
the thickness or X-mode, is always present. 
Where more than one Y-axis mode frequency 

Or OScillatory characteristic is present difficulties 
20 SOmetimes arise because the Several modes are 

not very far apart. It is then possible to tune 
the tank circuit to any one of these frequencies. 
In certain instances two of these lower or Y 
modes of vibration may be within 50 kilocycles 

25 or SO of each other. Instances have arisen where, 
due to a slight misadjustment of the tuning cir 
cuit two of the Y-mode frequencies of the crystal 
Would appear Simultaneously. 
Samuel A. Bokovoy in the above-identified co 

30 pending application sets forth his discovery that 
this undesired operating characteristic may be 
obviated by cutting the piezo-electric element in 
a novel manner So that of several Y-mode fre 
quencies at first present only One Wii remain in 

8 the finished element. A crystal so cut will, of 
course, also respond to an X-mode frequency 
which is always present. In a given crystal the 
frequency characteristic of this mode of vibra 

40 tion is usually much higher than any of the sev 
eral Y-modes originally present and seems to bear 
no definite relation thereto; that is to say, it is 
usually not a whole number multiple of any of 
the frequencies characteristic of the lower or Y 

45 axis modes of vibration. 
A principal object of the present invention is 

to provide a piezo-electric crystal element that 
Will oscillate at only two fundamental frequencies, 
each of the frequencies bearing a predetermined 

50 useful relation to the other. 

5 

(CI. 17i1—327) 

Another object of the invention is to provide a, 
piezo-electric crystal element free to Oscillate at 
only two fundamental frequencies, one of the 
frequencies being a multiple of the other, the 
lower frequency being a function of the Y-axis 5 
dimension of the element and the higher fre 
quency being a function of its X-axis dimension. 
Another object of the invention is to provide a, 

piezo-electric crystal element capable of doing 
the work of two, especially where the frequencies 10 
desired are relatively far apart, as for example 
200 k. C. and 2000 k. c. 100 k, c, and 900 k, c., etc. 
Another object of the invention is to provide a 

simple, accurate and efficient mode of procedure 
for the design and for the cutting of crystals lis 
having the described oscillatory characteristics. 
Other objects and advantages of the invention 

will be apparent from the following description 
taken in connection. With the accompanying 
drawing wherein: 20 

Figure 1 shows a section of a mother crystal of 
some piezo-electric material, preferably of quartz, 
having its ends cut off in planes perpendicular 
to the optic (Z) axis thereof, with a section X 
cut into a rectangular plate so Oriented with 25 
respect to the mother crystal that its thickness 
dimension is along an electric (X) axis, its width 
parallel to a mechanical (Y) axis and its length 
along the optic (Z) axis; 

Fig. 2 is a graphic chart showing the relation 30 
between the length of a Crystal along the optic 
(Z) axis and the Y-mode frequency constant 
thereof, and illustrating how crystals of like width 
but of different lengths may be caused to osci 
late to produce any one or more of three Y-mode 85 
frequencies; and 

Fig. 3 is another graphic chart indicating illus 
tratively certain of the necessary relations be 
tween length, width, Y-mode frequency constant 
and normal Y-mode frequency of quartz crystals. 
Both Figs. 2 and 3 are borrowed from the 

above-mentioned application of Samuel A. Boko 
voy, Serial No. 728,377. 
Given a crystal cut in accordance with appli- 45 

cation Serial No. 728,377, that is to say, one hav 
ing a single Y-mode frequency response and an 
X-mode response of random or unrelated fre 
quency, we have found that the objects of the 
present invention may be simply attained by 50 
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2 
choosing a suitable thickness for the Crystal in 
accordance with the formula 

f. 
where the thickness it is expressed in mills Or 
thousandths of an inch; the desired multiple or 
X-mode frequency fix in megacycles and the Value 
of Kx is approximately 113. 
While it is entirely practical to first achieve 

the higher, X, or thickness-mode frequency in 
accordance with the above formula, and then COr 
relate the length-width dimensions of the Crystal 
to that of the thickness dimension in order to 
achieve a desired single, preferably lower, Y-node 
frequency, we prefer first to achieve the single 
Y-mode frequency in accordance with the Boko 
voy disclosure and then grind or lap the crystal 
to the thickness dimension dictated by Our preS 
ent formula. 

In following this preferred practice a suitable 
Width for the crystal is first chosen in accord 
ance with the Y-mode frequency desired and in 
accordance with the earlier Bokovoy formula 

Kg (2) 

The Y-mode frequency f. is here expressed in 
megacycles, the width W in mills, or thousandths 
of an inch, and the value of Ky is a function of 
the length, as will be observed by reference to 
Fig. 2. 

It is the practice to start with a blank, the 
width, length and thickness of which are 
smoothed up to slightly greater dimensions than 
those to which it will be finished. The X-mode 
frequency and the Y-axis mode frequencies then 
obtained should be about 1% to 2% lower than 
the respective desired frequencies. The length 
will be approximately 50% greater than the 
width, assuming that the crystal is to be fin 
ished for the so-called “normal' Y-axis or Width 
mode freedom of oscillation. At this point it is 
best to begin reducing the length and to check 
the Y-mode frequency at intervals between the 
grinding operations. Since the width will re 
main unchanged the values of Ky and fy Will be 
increased proportionately. By continuing to re 
duce the length without further reducing the 
width not only will the Y-mode frequency be 
brought up to the desired value, but the Upper 
Y-mode frequency will disappear. A single Y 

(1) 

mode frequency having been achieved, the thick 
ness of the plate is then reduced as by lapping 
Or grinding in accordance With Formula (1). 
To give a concrete example of how a crystal 

plate may be cut for normal Y-mode frequency 
at 200 kilocycles and for an X-mode frequency 
of 2000 kilocycles, it is preferable to start with 
a blank having a Width of approximately .565, a 
length of say .85'', and a thickness of say .058'. 
Such a crystal Will have two low or Y-mode fre 
quencies at around 196 kilocycles and 237 kilo 
cycles, and a high or X-mode frequency of say 
1948 kilocycles. The values of Ky Will be in the 
neighborhood of 11) and 132, respectively. Now, 
if the length is gradually reduced these Y-mode 
frequencies and constants will increase since Ky 
equals fy times the gy dimension in thousandths of 
an inch. 
On reducing the length a point will be reached 

Where the upper Y-node frequency becomes SO 
weak as to be Scarcely noticeable. This occurs 
when the constant for the upper Y-mode fre 
quency reaches a value of approximately 133. 
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The constant for the lower Y-mode frequency 
Will then be about 112. 
With somewhat further reduction of the 

length, say to .845, the desired single Y-node 
frequency rating 200 kilocycles will be obtained. 
The dimensions of the crystal blank at this 
point in its manufacture are now: ength, ap 
proximately .845'', width approximately .565'', 
and thickness .058'. As above indicated, it will 
have a single Y-mode frequency response of 200 
kilocycles and an X-mode frequency response of 
approximately 1948 kilocycles. To obtain the 
exact desired X-mode frequency response, in this 
instance 2000 kilocycles, a major face or faces 
of the crystal is lapped, that is to Say, its thick 
ness dimension is reduced, until the desired re 
sponse is obtained. This point will ordinarily be 
reached when the blank has been reduced to a 
thickness of say, .0565 of an inch. 

It will be understood that the Specific cases of 
normal Y-mode frequencies shown in Fig. 3 in 
their relation to length and width are by no 
means indicative of any limits of Y-mode fre 
quency possible of attainment. This graph could 
be extended to include crystals of greater dinnen 
sions and crystals having a single Y-mode fre 
quency response at other than the So-called 
“normal' Y-mode. The X-mode, Y-mode fre 
quency relationship, characteristic of the pres 
ent invention, is, of course, not limited by the 
Y-mode frequency Selected. 

It may be desired to cut a crystal having an 
X-mode frequency and a corelated Y-mode fre 
quency which is other than the normal Y-mode 
frequency described. The Y-mode character 
istics of such a crystal are in no Wise indicated 
in Fig. 2, which covers only a certain range of 
corelation of length to Ky wherein the lower 
Y-mode frequency, if it is present, accompanies 
the normal Y-mode. The OWer Y-mode fre 
quency can be obtained exclusively, however, by 
making the dimension along the Z-axis the Width 
dimension and choosing a value for the dimension 
along a Y-axis such that this Y dimension or 
length becomes the principal factor in determin 
ing the frequency. This relation can best be 
explained by the formula 

L=: (3) 
where 

has the same significance as given in Formula, (2) 
and Ly is the length in mills along a Y-axis. 
Without attempting to explain the natural laws 
governing the limit of Values to be assigned to 
the frequency Ky and to the ratioS of length to 
Width for obtaining a Single Y-inode irequency 
response, to the exclusion of other Y-node re 
sponses, it may be well to give below the charac 
teristics of certain specific specimens of piezo 
electric plates Which have been carefully meas 
ured and tested, and let the facts speak for them 
Selves. Others skilled in the art will, no doubt, 
be able to extend the range of characteristic 
Corelations for producing Oscillator elements hav 
ing single Y-mode frequency responses. The 
range of possibilities in this respect has by, no 
means been exhaustively explored, although 
BokoWoy has found that there are available even 
more than the three Y-modes of vibration rep 
resented in Fig. 2, as Will be seen in the following 
tabulation wherein the specimens catalogued are 
in every case naturally resonant to but one fre 
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2,078,046 
quency other than the X-mode or thickness fre 
qu'en Cy. 

Dimensions (mils) 
along the axes Ratio Con- Kilo 

Mode Y stant | cycles 
ZIY | °?" | “?; X Y Z 

50 106.0 492 ,0 1044 2120 169 ------------- OW?I .1 
DO-- 135 45 740 ... 646 103. 90 
Do------------- 123 1030 678 658 103.0 100 

2. Normal---------- 147 760 110 | 1.46 4.0 150 
Do------------- 124 650 1000 .54 113.7 175 
Do-- 186 562 87. 1.55 111.3 19S 
Do. 19 572 851 1.49 14.4 200 
Do S6 562 842 1.50 14.6 204 
DO 186 562 820 1.46 15.8 206 
D0 186 562 794 | 1.41 116.9 203 
Do.-- 186 562 764 1.36 18.0 210 

3. High.----- 43 536 1166 2.8 119.0 222 
Do----- 88 523 3 2.13 120.8 231 
DO----- 50 45 823 1.98 116. 2 280 

4. Eigher.-- 149 570 1563 2.74 123, 217 
Do-- 124 514 1481 2.88 12.3 236 
D0 136 420 122 2.89 22.2 29 
DO 88 390 113 2.85 120.9 310 
Dol- 50 341 823 2.41 119.? 350 

5. Still higher------ 88 370 113 3.03 22.8 332 
385 .120 3.33 1039 312 133 -------------D0? 

Do------------- 50 294 823 2.80 2.7 414 

In Order that a piezo-electric plate may be de 
pended upon to vibrate at a single Y-axis mode 
frequency and at any of the Y-modes above the 
normal Y-mode, the limits of values to be as 
signed to the constant Ky and to the ratio Z/Y 
have not been generally determined, but in the 
following instances it has been found that the Y 
frequencies stated are single Y frequencies only 
Within the limits given. 

Kilo cycles Limits of K, ES Y-mode fu of Z/Y 

23. 
280 
310 
350 

118, 0-23.4 
114.9-118.1 
18.2-123.8 

7.6-120, 

2, 48-89 
2.08-1, 94 
2.93-2, 70 

Do---------------------------- 2.58-2.0 

From the foregoing description, tables, graphs 
and formulae it is apparent that a crystal may 
be so cut as to have practically any desired Y 
mode frequency response characteristic, further, 
that-in accordance with the present invention 
and regardless of exactly how this single Y-mode 
frequency is obtained-the crystal may be so cut 
that it will respond to a second predetermined 
and useful frequency. The Second frequency 
will, of course, depend upon the use to which the 
Crystal is to be put, in some cases it may be de 
sirable to have the higher of the two response 
frequencies an exact multiple of the lower, as 
for instance 100-900 k.c., 200-2000 k, c. etc., other 
usage may dictate an apparently unrelated pair of 
frequencies. An ample choice of frequencies and 
frequency relations is provided; it may be said 
generally that a crystal may be cut in accordance 
With the present invention. So that it Will have an 
X-mode frequency response between, say, 400 and 
19,000 kilocycles and a Y-mode frequency re 
sponse between approximately 50 kilocycles and, 
say 400 kilocycles. 
One important use to which crystals of our 

present invention may be put is that of providing 
voltages at accurate frequencies for frequency 
calibration purposes, such as aligning the dial 
Scale of receivers, calibrating test Oscillators, etc. 

It is Well known in the art that in Order to ob 
tain the frequency characteristics of a piezo-elec 
tric plate with the precision that is required, fre 
quent tests of frequency characteristics should 
be made between Successive stages of the grind 

3. 
ing operation. The invention, therefore, is not 
to be limited except insofar as is necessitated by 
the prior art and by the spirit of the appended 
claim.S. 
We claim as our invention: 
1. An X-cut piezo-electric quartz crystal elle 

ment, cut from a mother crystal, said eleinent 
being free to Oscillate at only two fundainental 
frequencies, characterized in that its dimension 
along an electric axis (X) is approximately 565 
ten-thousandths of an inch, its dimension parallel 
to a mechanical (Y) axis is approxiinately 585 
one-thousandths of an inch and its dimension 
parallel to the optic (Z) axis is approximately 
845 one-thousandths of an inch, Said element 
having a response frequency of 200 and also of 
2000 kilocycles per second. 

2. A piezo-electric crystal element having its 
electrode faces lying in planes substantially para!-- 
lel to a Y-axis and to the Z-axis, the length and 
Width of each face being so proportioned that 
said element will oscillate at only one of Several 
Y-modes normally possible when a randcm rela 
tion exists between length and width, and having 
its thickness so related to its length and width 
that it will also oscillate at an X-rhode frequency 
which is a multiple of said one Y-mode frequency. 

3. A piezo-electric crystal element having its 
major electrode faces lying in planes substan 
tially parallel to a Y-axis and to the Z-axis, and 
having its length, width and thickness so pro 
portioned to one another that it will oscillate 
at only one fundamental Y-mode frequency and 
at a fundamental X-mode frequency which is a 
multiple of Said Y-mode frequency. 

4. A piezo-electric quartz crystal element free 
to OScillate at Only One Y-mode frequency and at 
an X-mode frequency which is a multiple of said 
Y-mode frequency, said Y-mode frequency in 
megacycles being equivalent to between 

103 
Y7 

and 
124 

Where W equals the dimension of the element 
along a Y-axis, reckoned in thousandths of an 
inch and said X-mode frequency being equivalent 
to 

113 
T 

Where T equals the dimension of the element 
along an X-axis reckoned in thousandths of an 
inch. 

5. An X-cut pieZ0-electric quartz crystal elle 
ment having a Y-mode frequency constant of be 
tWeen 103 and 124 and an X-mode frequency 
constant of approximately 113. 

6. An X-cut piezo-electric quartz crystal elle 
ment having a Y-mode frequency constant of be 
tWeen 103 and i 10 and an X-mode frequency con 
Stant of approximately 113, said element having a 
dimension along its Z-axis such that it will Sus 
tain Y-mode oscillations af, only one frequency, 
and having a dimension along an X-axis such 
that it will sustain X-mode oscillations at a fre 
quency which is a multiple of Said one Y-mode 
frequency. 

7. An X-cut piezo-electric quartz crystal elle 
ment having a Y-node frequency constant of be 
tWeen 13 and 118 and an X-mode constant of 
approximately il3, said element having a length 
Such that it will sustain Y-node oscillations at 
one frequency only, and having a thickness such 
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4 
that it will sustain X-mode oscillations at a fre 
quency which is a multiple of said Y-mode ire 
qUenCy. 

8. An X-cut piezo-electric quartz crystal elle 
ment having a Y-mode frequency constant of be 
tween 116 and 124 and an X-mode constant of 
approximately 113, said element having a length 
such that it will Sustain Y-node oscillations at one 
frequency only, and having a thickness such that 
it will sustain X-mode Oscillations at a frequency 
Which is a multiple of Said Y-mode frequency. 

9. An X-cut pieZO-electric quartz crystal elle 
ment having a Y-mode frequency constant of ap 
proximately 113 and an X-mode constant of ap 
prOXimately 113, Said element ha Wing a length 
Such that it Will Sustain Y-mode Oscillations at 
one frequency only, and having a thickness Such 
that it will Sustain X-mode oscillations at a fre 
quency which is a multiple of said Y-mode fre 
quency. 

10. Method of cutting a crystal element so as to 
exhibit a single Y-mode frequency response and 
an X-mode frequency response which is a multiple 
of said first mentioned frequency, said method 
comprising cutting a slab With its electrode faces 
perpendicular to an X-axis and parallel to the 
Optic axis reducing the dimension along the Y 
axis to such value that it will oscillate at a pre 
determined Y-mode frequency lower than the Y 
Ode frequency desired, reducing the dimension 

along the Optic-axis until the one desired Y-mode 
frequency response is obtained, and then reducing 
the dimension along the X-axis until the desired 
X-mode frequency response is obtained. 

11. Method of cutting a crystal piezo-electric 
element having a single Y-mode frequency re 
Sponse and an X-mode frequency response which 
is a multiple of said first mentioned frequency, 
Said method cornprising forming a blank the 
thickness of which is measured along an X-axis 
and perpendicular to the Z-axis, reducing the 
Width of Said blank along a Y-axis to a desired 
Value, reducing the length, measured along the 
Z-axis until the desired Y-mode frequency ap 

2,073,046 
pears and other Y-mode frequencies disappear, 
and then reducing the thickness of said blank 
until the desired X-mode frequency response is 
obtained. 

12. Method of making a quartz crystal piezo 
electric element having a single width-length fre 
quency response and another frequency response 
Which is a function of thickness and is a multiple 
of said first mentioned frequency response, which 
method comprises cutting a slab to such dimen 
Sions as Will produce approximate but somewhat 
lower frequencies than those desired While hold 
ing the dimension along a Y-axis to a value in 
nils betweein 

108 
Jg 

and 
124 
? 

and the dimension along an X-axis to a value in 
mills Which is greater than 

where fy and fx are respectively the desired width 
length mode-frequency response and the desired 
thickness mode frequency response, then reducing 
the dimension along the Z-axis until the desired 
Width-length frequency response is obtained and 
other nodes of frequency response related to 
length and Width disappear, and finally reducing 
the dimension along said X-axis until the desired 
thickneSS-mode frequency response is obtained. 

13. A piezo-electric crystal element, having its 
major electrode faces lying in planes substantially 
parallel to a Y-axis and to the Z-axis, and having 
its length, width and thickness so proportioned to 
One another that it will oscillate at only one 
fundamental Y-mode frequency and at a funda 
mental X-mode frequency which bears a prede 
termined useful relation to said Y-mode fre 
quency. 

CHARLES F. BALDWIN. 
SAMUEL A. BOKOWOY. 
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