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1. 
The present invention relates to the manuface ture of piezo-electric crystals and, more particus 

larly, to correcting the orientation of crystal. 
blanks during-the-course of manufacture. 
In the production of piezo-electric.crystals:it: 

is a well knowii fact... that the temperatures: 
frequency characteristics of the crystal may vary. 
considerably, dependings upon the precise: angle: 
of cut: For example; in the case: of an Ai cut 
crystal to be operated at room' temperature, 
orienting the crystal attaniangle of 35 degrees, 13. 
minutes relative to the -2 axis producesya. Satist. 
factory temperature characteristic. However, 
Where a crystal of AT cut is...to be employed in a 
crystal oven and operated at a substantially con 
stant temperature, preferred characteristics; are 
obtained, when; the angle is: on the Order of 35. 
degrees. 26-minutes;... But where the crystal is; to 
be employed in aircraft or for military purposes 
where wide temperature swings are to be encoln- 2 
tered for example, from minus 55 degrees C. to 
plus 90 degrees C., the performance.characteris 
tics require that the angle of cutlie between the 
above-limits; for example, at 35 degrees: 19 mine 
utes. It is apparent; therefore, that changing the 
angle of cut only a few minutes of arc has a 
radicall effect on the operating: characteristics, 
and such angle: must be maintained. Within eX 
tremely close tolerances where military:Specificar 
tions are to be: inet. 
When crystal blanks are produced from a 3 

rough crystal the crystal axes are determined by 
X-ray measurement, and the individual; blanks 
are formed by a series of parallel cuts made at 
the appropriate angle employing a diamond SaW. 
Unfortunately, sawing... is: an inherently inaccu 
rate operation, and it is practically impossible to 
control conditions closer than plus or ninus 
seven minutes, of arc. The accuracy, desired in 
the final: crystal, by contrast, is on the Order. of 
plus or minus one of two minutes. In order, to 
prevent...a high rate of rejection, therefore, it is 
desirable: to correct the angle of orientation of a 
large:portion:of the crystal blanks resulting from 
the sawing operation. Correction, has, in the 
past; been time consuming and expensive. Where 
crystals are to be produced in quantity for a 
competitive market, many. manufacturers. have 
preferred to throw away a large proportion. of 
the-blanks-rather, than to bother. With individur 
ally, correcting them. In a number of instances 
efforts have been made to correct Orientation of 
a number of crystal blanks at the same time, but 
the schemes which have been devised have sufi 
fered from various drawbacks, for example, the 
grinding away of too much face material from at 

s 

O 

2 5 

3 5 

40 

45 

50 

55 

2. 
least a portion of the crystal undergoing. correct, 
tion. 

Accordingly, it is an objects of the present in 
vention to provide a method and apparatus for: 
correcting: orientation which enables: crystal 
blanks to be corrected to an extremely high de 
gree of accuracy, and which may be employed 
With equal effectiveness regardless. of whether 
the amount of . Correction' which is required; is 
large O'Small. It is another"object: to provide a 
method and apparatus for. Crystaliangle, correca, 
tion which enables crystals of any type of citito 
be corrected quickly in a high quantity: products, 
tion line, and at an ; extremely: Small cost. per 
Crystal. It is a related object: to providea:pro 
cedures and apparatus for correcting crystal 
blanks which inay be efficiently and safely, em. 
ployed by...relatively unskilled help. 

It is: alliother object to provide a method, and 
apparatus for Crystal; angle correction which is 
capable of treating a relatively large number of 
crystals at the same time yet, which removes; only 
a minimum amount of quartz:from eachi'of them 
thereby having... especial: application to crystals 
which are extremely thin and fragile; . It is: a 
related object to provide a method and apparatus 
for. Crystal:Correction which leaves; the faces of 
the-crystallblank Smooth and active, and:which 
avoids the necessity for extensive subsequent lap. 
ping for the purpose of restoring activity and avoiding:"tWinning.' . 

It is a further object to provide an apparatus 
which; although of high accuracy, may beleasily 
and inexpensively, constructed and which may be 
employed...ini, various types of; conventional lap 
ping machines: - - 

Other...objectS and advantages of the invention 
Will become apparent as the discussion proceeds. 
in connection. With the following drawings: 

Figure-li shows.sa.general view of a setup for, 
correcting crystal blanks in accordance; with the 
present invention and in connection with a stand, 
ardittype: of lapping inachine, the correction ring: 
employed: herein; being. illustrated in exploded. 
relation to the machine, 

Fig. 2; is: a cross-sectionai view showing; the 
correction: ring. and the crystal-blanks attached 
thereto during the correcting operation. 

Fig. 3, shows the: underside of the correction 
ring with crystals closely spaced...around the pe 
riphery, thereof. 

Fig. 4. shows: a crystal blank, before and after, 
correction. With the removed portions em. 
phasized; by shading: 

Fig. 5 is a fragmentary view of the correction 
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ring and attached crystal showing the manner 
of correcting the first crystal face. 

Fig. 6 is a similar view showing the correction of 
the remaining crystal face, and 

Fig. 7 shows an alternative construction of 
correction ring used in practicing the present 
invention. While the present method and apparatus are 
Subject to various modifications and alternative 
constructions, it will be understood that only the 
preferred embodiment is disclosed herein and 
that the invention is not limited thereto, but 
includes the various modifications and alterna 
tive constructions falling within the spirit and 
Scope of the appended claims. 

Referring now to Figure 1, a lapping machine 
base is disclosed, which will be recognized as 
being of Hunt-Hoffman type extensively emi 
ployed in this art. It includes a lap plate 0, 
having an outside rack or gear , and an inside 
gear 2. The lap plate and outside rack are 
stationary While the inside gear is rotatable by 
any Suitable power Source. Meshing with the 
inside and outside gears is a carrier 3, having 
a series of gear teeth 4, to impart orbital rota 
tion movement to the carrier as the inside gear 
2 is rotated. 
Eccentrically arranged in the carrier 3 is an 

opening 5. In accordance with the present 
invention, a novel correction ring 6 is provided 
which fits freely within the opening 5 and which 
is held in place by a weight . The parts are 
assembled as Set forth in the sectional view in 
Figure 2. As shown in detail in the latter figure, 
the correction ring 6 has a frusto-conical face 
20 machined on One side thereof, and a fiat face 
2 machined on the remaining side. The conical 
angle or slope is indicated at A in Fig. 2 and is 
generally very Small, on the Order of one to 
forty-five minutes, depending upon the exact 
amount of correction. Which is desired. 
Arranged side-by-Side around the bevelled or 

undersurface of ring 8 are a plurality of Crystal 
blanks 22 (see also Fig. 3). These blanks are 
fastened to the surface 20 by means of paraffin 
wax or the like. 
In order to understand the manner in which 

correction is achieved, it will be helpful to refer 
to Fig. 4 which shows a typical rough crystal 
blank greatly enlarged and With the amount of 
correction exaggerated. The crystal blank has 
two faces which have been designated 22a, 22b. 
Face 22d will be assumed to be the reference 
surface. It is desirable to designate a selected 
one of the surfaces as a reference Surface since 
normally the faces of the blank Will not be ex 
actly parallel to one another upon completion of 
the sawing operation. It will be further as 
sumed that the proper plane of Orientation of the 
crystal blank is denoted by the line P-P which 
is located at the desired angle relative to the Z. 
axis. It will be seen that the desired Orienta 
tion can be achieved by removing the Wedge 
shaped portions which have been cross-hatched 
in the figure and indicated at 22c, 22d. The 
resulting blank, indicated by the unshaded por 
tion in Fig. 4, therefore, has an angle of Orienta 
tion which is related to the reference surface by 
a small angle A. It is this angle A which is 
referred to as the angle of correction. As the 
discussion proceeds it will be apparent that a 
single reference surface is sufficient and that it 
is unnecessary to know the relative angle of 
orientation of the opposite or non-reference Sur 
face. 
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4. 
The angle of correction. A between the ref 

erence Surface and the plane of orientation of 
the crystal is established by employing X-ray 
techniques known to one skilled in this art. Em 
ploying such techniques, the crystal is mounted 
in the X-ray analyzer with the reference surface 
away from the operator. A reading is made of 
the number of minutes of arc between the ref 
erence Surface and the desired plane of orienta 
tion of the crystal, in other words, the amount 
by which the reference surface is in error. To 
preserve the direction that the cut is to be taken, 
and in Carrying out the present invention, a 
pencil mark is applied to one of the faces of 
the crystal, preferably while the crystal is still 
in the X-ray analyzer. For a purpose which will 
become clear as the discussion proceeds, such pen 
cil mark is applied, not to the reference surface, 
but to the non-reference Surface 22b, the Surface 
Which faces the operator. This pencil mark, 
which is indicated at 23 of Fig. 4, is preferably 
in the form of a line which is placed on the non 
reference Surface 22b along the edge which is 
diagonally opposite from the portion of the ref 
erence surface which requires minimum correc 
tion. Since the error in parallelism is usually 
rather small, the mark 23, as a result, denotes 
that portion of the reference surface which re 
quires minimum correction. The pencil en 
ployed for the purpose is preferably hard So as 
to resist ordinary cleaning and handling and to 
be removable only as a result of the later lapping 
of the crystal face. In a quantity production run of crystal blanks 
there will, of course, be a considerable variation 
in the degree of correction required. In the case 
of some of the blanks it will be necessary to re 
move material to correct the orientation of the 
reference Surface by, Say, two minutes Of al'C. 
Other blanks will require the reference Surface 
to be corrected by three minutes of arc, still 
others four minutes, and so on. In carrying Out 
the present invention, all of the blanks requiring 
the same amount of correction are Segregated to 
form a three-minute lot and four-minute lot, and 
SO. O. After all of the crystals have been analyzed 
and segregated, they are given an additional 
pencil marking on the opposite face which is, as 
stated, the reference surface. Preferably such 
marking is applied with a red pencil at a region 
of the reference surface which lies diagonally op 
posite from the first mark 23. The new mark 
has been designated at 24 in Fig. 4. Preferably 
the mark is one which is non-Symmetrical and 
therefore not subject to reading from the reverse 
side of the crystal. In practice, the numeral '4' 
is used. 

In accordance With the present invention, a 
group of crystal blanks from the same lot and 
requiring the same reference correction are 
mounted side-by-side in ring formation upon 
the conical face of a correction ring having a 
corresponding angle. The crystal blanks are 
mounted on Such correction ring with their ref 
erence Surfaces in contact with the ring and with 
the reference marks 23 on all of the blanks fac 
ing inwardly, as shown in Fig. 3. With the 
crystals thus mounted, it will be apparent that 
the desired orientation is defined by a plane which 
passes symmetrically through all of the crystal 
blanks. The portions bearing the reference 
marks 23 will be the last to be removed during 
the lapping process. 
As illustrated in the fragmentary view of Fig. 
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5; the correction-ring:is then placed in the car 
rier 3 with the Weight 7 thereon. The lap plate 
is: coated With an abrasive of finelapping grade 
Suspended in oil, water, or similar vehicle. The 
weight:is such as to produce efficient cutting ac 
tion for the particular grade-of lapping material 
employed, the selection being a matter...well with 
in the, Skill of the art; 
The correction ring and its load of crystals are 

rotated with a compound orbital movement until 
they wedge-shaped portion indicated at 22c. in 
Figs: 4:and 5 is removed. The orbital movement 
is compound since the carrier is moved orbitally 
with respect to the lapping plate and the ring: 
is moved eccentrically with respect to the carrier. 
Complete removal of the unwanted portion 22c of 
the...crystals is indicated by the lapping off of 
all of the pencil marks on the entire series, and 
the progress can be checked from time to time 
during the lapping process, to determine when 
this point has been reached. Upon completion 
of the lapping step it is found that the lapped 
faces slie in a plane, which is sprecisely parallel 
to , the plane of desired Orientation of each of 
the . Crystals. This is the desired. result. Its 
achievement, however, is rather surprising con 
sidering the fact that the correction ring is only 
loosely guided by the carrier and the fact that 
the correction ring is positioned in the lapping 
machine solely by the non-reference surfaces of 
the crystal blanks, the orientation of which is 
not only undetermined but varies somewhat from 
blank-to-blank. 
After the material 22c has been lapped away, 

the-crystal blanks are removed from the tapered 
surface 20, for example, by heating the paraffin 
which has been used as a cement. As a next 
step in the correction, the Surfaces which have 
been lapped are cemented to the opposite or flat 
surface 2 of the correction ring as indicated in 
Fig. 6, and the reference surfaces are exposed 
for lapping. Proper orientation is assured by 
placing the red pencil mark toward the inside 
of the ring and a final check is made to see that 
the crystal is right side up by noting whether all 
of the marks are “readable.' The weight T is 
again applied and the lapping machine turned 
"on.' The work is inspected from time to time 
until it is noted that the marks 24 have all been 
removed. The time required for the lapping of 
the first face serves as a rough guide for lapping 
the Second. 
Upon completing the lapping of the second face 

of the crystal blank, the faces will be substantially 
parallel to one another and the crystal will be 
ready for additional lapping, as required to bring 
it to the desired frequency. Such additional 
lapping is conveniently carried beyond the de 
sired frequency point and the faces are, as a 
final operation, loaded by plating them with 
silver or the like in order to adjust the frequency 
of the crystal to a high degree of accuracy. 

It will be apparent that the above procedure 
enables a large number of crystals, for example 
fourteen or more, to be treated simultaneously. 
The amount of quartz removed from each of the 
Crystals - during the - correction - thereof is stib 
stantially the same. It Will be apparent that the 
amount renoved is the very minimum amount 
necessary, in Order to establish the desired de 
gree. Of correction. It is to be noted that the 
Crystals during correction acquire a lapped fin 
ish, as contrasted with a 'diamond' finish. As 
is, Well known to. One skilled in this art, a lapped 
finish is highly desirable since it insures a high 
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6 
degree: of activity, insures frequency; stability. 
over a long period of time, and prevents's the 
phenomenon known as: "twinning.' Furthers 
more, the production' of a lapped finish greatly 
Simplifies: the subsequent finishing operations 
and makes: it completely unnecessary to perform 
extensive lapping to repair.the danlage done by 
the heavier: abrasives commonly... employed in 
crystal correction. It has been necessary in the 
past to lap. as much as .010, inch from the face 
of a crystal in order to correct the damage done 
by rough grinding: operations; and to insure a 
high degree of accuracy and stability: It will be 
apparent, therefore, that the present procedure 
is: particularly applicable to high frequency-crys 
talsi, which are extremely, thin and which may 
not have sufficient quartz available to permit the 
use. Of conventional correction techniques; 

It has been found that a wide range of correc 
tion' is possible employing:the present proce: 
dures. As little as one-minute of correction may 
be effected, or, if desired, the correction may be 
as much as one.'degree or more... Regardless of 
the degree of correction, the fabrication of the 
correction rings therefor is an extremely simple: 
precedure. and ones which may be accomplished 
with precision while using only .an ordinary-de 
gree of care. A correction ring may be chucked 
in a conventional lathe; and anal)gle cuttaken 
to for the tapered surface:20. The angle: need. 
not be measured directly but may be ascertained 
indirectly with a high degree of accuracy simply 
by calipering the inner and outer edges: of the 
ring aid reasuring the distances d1 and d2 (Fig. 
5). The difference between these two distances 
divided by the width v of the ring is the tangent 
of the -angle. In the event that the angle: pro 
duced by a given cut is not sufficiently accurate, 
a very slight tool adjustment may be made and 
a Second cut taken. This process may be re 
peated until the desired angles is achieved. If 
desired, the tapered surface may be made using 
a grinding wheel instead of a cutting tool in the 
tool holder. 
A graded set of rings may be made up in this 

manner for the various amounts of correction, 
for example, with intervals of one minute or two. 
minutes of arc. Each of such rings should prefa 
erably have the Sane, inside and outside. diame 
ter, to enable use of a "single carrier and single 
auxiliary weight. Only one such set of rings is 
required regardless of whether the correction is 
plus or minus, assuming the pencil marking pro 
Cedure is uniformly followed as described above. 
In operation, use of the rings is so simple, and 
lechanical that a relatively unskilled operator 
may be employed, even where the degree of cor 
rection is extremely slight and maximum accu 
racy essential. The operator needmerely be told 
to use a ring...having a designated number for all 
of the crystal blanks in the container having the 
Corresponding number. Several lapping mas 
chines equipped with the present correction 
rings can easily be tended at the same time. 

It will be apparent to one skilled in the art 
that the invention is not limited to the use of a 
ring and separable weight. If desired, the ring 
Inay be made of heavier cross Section. So that the 
desired weight is, incorporated thereiri. The 
present alrangement enables a single weight to 
be used with a complete set of rings. 

it will also be aparent that the invention is 
not limited to a correction ring having an in 
ternally conical surface, but is equally applicable 
to rings in which the: conical surface:20; faces. 
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butwardly. The crystal blanks in such case 
would be similarly Oriented with respect to the 
lapping surface so that the marked portion of 
each blank is "low' and therefore the last to be 
removed. This is shown in Fig. 7, corresponding 
parts being indicated by corresponding reference 
numerals with subscript “ct.' While the al 
rangement of Fig. 2 is preferred, either construc 
tion enables the same amount of material to be 
lapped from a group of diametrically arranged 
blanks, 
In the following claims the term "ring' shall 

be understood to mean a crystal lapping mount 
in which there is provision for arranging crys 
tals in ring formation and is not limited to car 
riers which have a hole or opening at the center. 
We claim as our invention: 
1. Apparatus for correcting the angle of orien 

tation of a plurality of piezoelectric crystal blanks 
comprising in combination a correction ring hav 
ing a frusto-conical Surface on one Side there 
Of which is coaxial With respect to the ring, said 
frusto-conical Surface being of such width as to 
accommodate a plurality of crystal blanks ar 
ranged side by Side in ring formation thereon 
and With the slope of said surface equal to the 
angular correction to be imparted to the first 
face of each of Said crystal blanks, said correc 
tion ring having a plane face on the opposite 
side thereof for the mounting of said crystal 
blanks in ring formation for corrective lapping 
of the remaining faces of said crystal blanks 
when the ring is in inverted position, a lap plate 
having an extensive flat Surface, a carrier hav 
ing a flat apertured face through which extends 
the said correction ring, said fiat face lying on 
the lap plate, and means operatively engaging 
the carrier for translating the same With orbital 
movement on the lap plate. 

2. Apparatus for correcting the angle of Orien 
tation of a plurality of piezoelectric crystal blanks 
comprising in combination a correction ring hav 
ing a frusto-conical surface on one side thereof 
which is coaxial with respect to the ring, Said 
frusto-conical surface having a plurality of crys 
tal blanks arranged symmetrically side by side 
in ring formation on such conical Surface and 
cemented thereto, the slope of said surface being 
equal to the angular correction to be inparted 
to the presented faces of each of said Crystal 
blanks, said correction ring having a plane face 
on the opposite side tihereof, a lap plate having 
an extensive flat surface, a carrier having a flat 
apertured face through which extends the Said 
correction ring, said flat face lying on the lap 
plate, and means operatively engaged in the car 
rier for translating the same With Orbital nove 
ment on the lap plate. 

3. The method of correcting the angle of Orien 
tation of piezoelectric crystal blanks having a 
reference surface having a predetermined angle 
to the desired plane of orientation which Con 
prises the steps of arranging a plurality of blanks 
requiring the same amount of correction Side 
by side in ring formation with the reference sur 
face on each of the crystal blanks Symmetrically 
inclined in the locus of a cone having a slope 
equal to the magnitude of the desired correc 
tion, lapping said arranged crystal blanks simul 
taneously until the presented faces of the blanks 
form a plane surface, arranging Said crystal 
blanks in similar ring formation but with the 
lapped surfaces coplanar and with the remain 
ing faces presented for lapping, and then lapping 
said remaining faces of the crystal blanks simul 
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8 
taneously until such remaining faces form a plane 
surface. 

4. The method of correcting the angle of Orien 
tation of piezoelectric crystal blanks which com 
prises the segregating a plurality of blanks each 
having a reference surface which is in error rela 
tive to the desired plane of orientation by the 
Same angle of Correction, mounting said blanks 
side by side in ring formation on a frusto-conical 
Surface having a slope equal to the angle of cor 
rection, Said crystal blanks being so symmetri 
cally arranged that the desired orientation of 
said crystal blanks is defined by a plane passing 
symmetrically through all of the blanks, subject 
ing the presented faces of said crystal blanks to 
relative lapping movement on a fiat lapping sur 
face, continuing Such lapping movement until 
all of the lapped faces of the crystal blanks lie 
in a common plane which is parallel to the plane 
of desired orientation, and then lapping the re 
maining faces of the crystals into parallelism 
with the faces which have been previously lapped. 

5. The method of correcting the angle of Orien 
tation of piezoelectric crystal blanks which com 
prises the steps of Selecting a plurality of crys 
tal blanks each having a reference surface which 
is in error relative to the desired pianise of Orien 
tation by the same angle of correction, mark 
ing the non-reference of each crystal blank ad 
jacent, the edge thereof which does not require 
apping away of material, mounting said blanks 
side by side in ring formation with their refer 
ence Surfaces in contact with a frusto-conical 
sulface having a slope equal to the magnitude 
of the desired correction, said crystal blanks 
being so arranged that the marks are all ex 
posed on the innermost edges of the crystals re 
Sgectively, subjecting said crystal blanks to si 
multaneous lapping movement On a flat lapping 
Surface, continuing such lapping movement until 
all of the marks on said crystals are obliterated 
indicating that the lapped faces of the crystal 
blanks lie in a common plane of desired orien 
tation, and then lapping the remaining faces of 
the crystals into parallelism. With the faces which 
have been previously lapped. 

6. The method of correcting the angle of Orien 
tation of piezoelectric crystal blanks which con 
prises the steps of segregating a plurality of 
blanks each having a reference surface which 
is in error relative to the desired plane of Orien 
tation by the same angle of correction, mount 
ing said blanks side by Side oil a mounting block 
in a two-dimensional pattern with each crystal 
blank being angled With respect to the mount 
ing block by an angle equal to the desired angle 
of correction and with Said crystal blanks being 
so symmetrically arranged that the desired orien 
tation of said crystal blanks is defined by a plane 
passing syninetrically through all of the blanks, 
subjecting the presented faces of said Crystal 
lanks to relative lapping movement on a flat 
apping surface, continuing Such lapping move 
ment, until all of the lapped faces of the crys 
tal blanks lie in a common plane which is par 
allel to the plane of desired orientation, and then 
lapping the remaining faces of the crystals into 
parallelism with the faces which have been pre 
viously lapped. 

7. The method of grinding piezoelectric crys 
tal blanks on a flat abrasive coated lap plate 
which comprises selecting a plurality of crystal 
blanks requiring the same amount of angular 
Correction, Cementing the blanks side by side 
in ring formation on a symmetrically weighted 
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mounting member having a frusto-conical sur 
face, said frusto-conical surface having a slope 
equal to the desired angle of correction and said 
crystal blanks being symmetrically arranged on 
the frusto-conical surface for corrective removal 
of a Wedge-shaped face portion on each of the 
blanks, and then transporting the mounting 
member across the lap plate with the presented 
faces of the crystal blanks in contact with the 
lap plate and with the mounting member free 
to press downwardly on said Crystal blanks under 
the force of gravity. 

ROBERT F. HOLZRICHTER. 
ERNEST E. OVERBEY. 
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