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UNITED STATES PATENT OFFICE 
2,432,913 

x-RAY ANALYSIS APPARATUS 
John C. Luley, Teaneck, N.J., assignorito, West. 
ern Electric Company, Incorporated, New York, 
N.Y., a corporation of New York 

Application December 1, 1943, Serial No. 512,415. 
(Cl. 250-83) 2 Claims, 

- 

This invention relates: to X-ray, analysis appa. 
ratus for particular use in the examination of 
quartz crystals. - 
The processing of quartz crystals, for the pro-. 

duction of quartz crystal plates for use in elec. 55. 
trical units of the communication art, includes 
numerous-steps beginning with the mother stone. 
and ending. With the finished wafer ready to be. 
assembled in the electrical unit. These steps. may vary, depending upon the type of unit for 10. 
which the crystalwafer is desired. This artis. 
so, extensive that a complete disclosure thereof. 
Would be considered inadvisable. Furthermore, 
as the various steps may differ, it is thought ad 
visable to direct attention to the co-pending ap 
plication of Burton, E. Baker, Serial No. 491.253 
filed June 17, 1943, which illustrates, some of the 
early steps in the process of manufacture for 
locating the optic axis when mounting the mother. 
stone. Through the aid of additional means as disclosed in applicant's co-pending application, 
Serial No. 506,906, filed October 19, 1943, certain. 
of the other axes of the mother stone may be 
located so, that the stone, for example, when 
mounted by the aid of the teachings in the afore 
mentioned Baker application may be cut into sec 
tions, of desired widths, the cuts extending at 
chosen angles with respect to certain of the axes 
of the crystal. Subsequent steps include the cut 
ting of the sections into bars of, desired widths and the cutting of the bars into given lengths, de 
pending upon the size of the crystal plate or wafer 
to-be produced therefrom. 
The material handling apparatus of the present 

disclosure was designed for use at this, portion 
of the process following the cutting of the bars 
into predetermined lengths. Prior to the cutting 
of the remaining crystal portions into plates for 
subsequent reduction to wafers through the use 
of lapping-machines, it is necessary to locate the 
atomic-plane-in-this crystal portion with respect 
to the physical plane or face of the crystal struc 
ture, 
An object-of-the-invention is to provide a sim 

ple, efficient and highly practical X-ray analysis 
apparatus for examining quartz crystals. 
With this and other objects-in view, the in 

vention comprises-a-unit, for-supporting a mate 
rial, such as quartz crystal, movable- on a table 
to a position, where a point in-a-surface thereof 
liesin-alignment with the -axis of the table, means 
to locate: the table with the crystal in any one 
of a plurality of positions relative- to an X-ray. 
beam; and mechanism actuable to further move 
the stable. With the unit within given limits rela 
tive to the said positions. 
Other objects and advantages will be appar 

eit from the following: detailed description when 
considered in conjunction with the accompany 
ing drawings; wherein. 
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2. 
Fig. 1s is...a vertical sectional view, of the. ap-. 

paratus, portions...thereof being...shown in elevar. 
tion; Fig. 2' is an enlarged fragmentary, Sectional. 
view, taken along the line-2-2 of Fig. 1: 

Fig. 3: is an enlarged fragmentary sectional 
view.taken along-the-line: 3-3-of-Fig. 1; 

Fig. 4 is alongitudinal sectional view of the: 
work or crystal support-taken-substantially, along. 
the-line 4-4 iof Fig. 3; 

Fig. 5 is an end-elevational View of the Support; 
shown in Fig. 4, portions...thereof being broken 
a Way 

Fig. 6-is, a top plan view of the apparatus, and 
Figs, 7 and 8-are-schematic illustrations, of dife 

ferent types of crystal portions from which cryss. 
tal plates are to be obtained. Referring... now, to the drawing, attention, is: 
first directed...to. Fig. 1, which illustrates a table. 

O; upon which a base. is: mounted the latter 
having, an integral tubular. Support. 2: Centrally. 
apertured and provided with bearings-4. A shaft. 
5:is rotatably supported in the bearings f4 and 

is normally urged-downwardly, by, a spring 6 car 
ried by a collar J, which is supported by...-a, nut. 
disposed; upon a...threaded end: 8 , of the shaft. 
A supporting arm. 20; having an integral collar 
24 disposed and held in a desired adjusted posi 
tion on the Supporting member 2, is rectangular 

member as ill 
element 22, has 
the shaft 15, as the forward end of the supportin 
extending therebeyo 

trated in Fig.1. 
negend dispo 

25. The plate 24 carries a shaft. 26 upont lower end of which is mounted a handliever2. 

in cross-segtipn and extends laterally from the 
An adjustable. 

2d concentric, with 
at 23, the other, end resting upon 

ember 29, and 
oad, where it is provided with 

a plate.24 fixed theretothrough the aid of screws. 

The shaft 26, projects into acutawayportion or. 
aperture; 28 in the forward end of the element.22. 
and has a lever 29, mounted thereon. A pin 30. 
is carried by the free end of the lever, 29 and has 
a flat-sided member 3i freely mounted thereon. Means is provided, through the aid of a spring 
32, to hold the lever 27 in either one of two posi 
tions, controlled by, locating pins 33 and 34. One 
end of the spring 32, is carried by a projection 
or lug 36 supported by the plate 24, the other end 
being connected to a lug. 37 carried by or integral 
with the lever 27, A table 40 rests upon the element 22, and has. 
One end apertured, at 4, to receive a reduced end 
of the shaft 5 and be fixed thereto through the 
aid of a pin 42. The table 4D extends, the full length of the adjustable element 22 and has 
an elongate groove or slot 44 in the lower surface thereof which is substantially rectangularingen. 
eral contour. The member 3 f is movably disposed 
in-the-groove .44 and through this means, inclu ing-the-associated-lever 29, the shaft 26 and the 
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lever 27, the table may be moved about the axis 
of the shaft S in either one of two positions. A 
dovetail member 46 is mounted upon the table 
40 through the aid of screws 41, and upon this 
member a clamping or Supporting unit indicated 
generally at 48 is movably disposed. 
The unit 48 includes a body 49 formed to strad 

dle the table 40 as well as the member 46, as illus 
trated in Fig. 3, and is provided with a dovetail 
slot 50 extending the full length thereof for con 
nection with the member 46 and for movement 
of the unit in a given path longitudinally of the 
table toward the axis of the shaft 5. The body 
49 has a substantially V-shaped groove 5 therein 
With vertical projections 52 and 53 integral there 
with. A retaining member 54 is pivotally Sup 
ported, at 55, upon the projection 52 and has a 
lip 56 formed to be engaged by a latch 57, the 
latter being pivotally supported at 58 upon the 
vertical projection 53 and normally urged into 
closed position through the aid of a Spring 59. A 
locating pin 60, carried by the retaining member 
54, and a hold-down spring 6, apertured to re 
ceive the pin, to engage the supporting unit 
shown in Figs. 4 and 5, are also carried by the 
member 54. As previously stated, the body 49, 
through its dovetail slot 50 and its overhanging 
side portions, is slidable longitudinally of the 
table on the member 46 and, through the aid of 
screws 64, it may be caused to lock the unit 48 
in any desired position relative to the table 40. 

Attention is now directed to Figs. 1, 4 and 5, 
where a material or work supporting unit 65 is 
adapted to removably receive a mounting plate 66 
for an article 67, which in the present instance 
is a quartz crystal bar. The crystal is fixed to 
the mounting plate by suitable means, Such as 
cement, and it is through the aid of the unit 65 
that the crystal is mounted in a cutting apparatus 
for cutting the crystal into Wafers or plates of 
desired thicknesses. A standard supporting 
means for the unit is provided in the cutting ap 
paratus (not shown) but it is important that the 
atomic plane of the crystal lie in a given position 
With respect to the cutting element of Such an 
apparatus. Therefore, it is important that the 
atomic plane of the crystal be previously located 
with respect to the center line of the unit 65. 
In some instances it is preferred that the atomic 
plane of the crystal be parallel with the physical 
plane or face of the crystal. In other instances 
it is desired that the atomic plane lie at a given 
angle, for example, two degrees (2), With respect 
to the physical plane or face of the crystal. For 
this reason the adjusting means through the actu 
ation of the lever 27 is provided, to locate the 
table 40 with the supporting unit 48 in either 
one of tWO positions, 
These positions are With respect an X-ray unit 

68 positioned to cause projection of an X-ray 
beam, indicated at 69, in the direction of the 
arrows (Fig. 6). ASSociated with the apparatus 
is also a unit Sensitive to an X-ray beam, com 
mercially known as an ionization chamber, 10. 
The X-ray beam is reflected by the atomic plane 
in the crystal structure and not by the physical 
plane or Surface of the Crystal. 

During the previous processing steps to cut the 
crystal into the various parts to produce the crys 
tal bar 67 these steps have been aided by various 
means to produce, as in Fig. 7, a crystal bar with 
the atomic plane parallel with the physical plane 
or Surface of the bar, or the bar illustrated in Fig. 
8 with the atomic plane positioned at an angle 
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4. 
of two degree (2) With respect to the face Or 
surface of the crystal bar. It is necessary, how 
ever, regardless of the painstaking efforts to 
maintain quartz crystal bars With the atomic 
planes in the desired positions, to continue test 
ing the product after each step of the process to 
assure the desired final result, as but Small varia 
tions may produce unsatisfactory crystal plates. 
This apparatus prepares the quartz crystal bar 

for the final cutting operation, the operation 
wherein the bar is cut into thin Wafers or plates. 
With this in mind, it is necessary to provide means 
to Vary the position of the atomic plane in either 
instance, with that of Fig. 7, or that of Fig. 8, so 
that if there should be any variation from that 
desired, this may be corrected prior to the final 
SaWing of the crystal bar. This variable means 
is present in the unit 65. The unit includes a 
head 72 of the contour similar to the mounting 
plate 66, with a straight slot 73 adapted to receive 
a mounting bolt T4 of the mounting plate, and an 
arcuate slot 75 to receive a similar mounting bolt 
76. With this formation the bolts 74 and 76 may 
be loosened sufficiently without the complete re 
moval of the nut portions thereof, the bolt 74 
inserted in the slot 13, and through the arcuate 
movement of the mounting plate with the crystal 
bar thereon, the bolt 6 may be moved into the 
slot 75, and by tightening the nut portions of the 
bolts, the mounting plate may be Secured in place. 
Through a universal connection 77, the head 72 

is Supported by a shank or supporting rod 78 in a 
main body 79 of the unit 65. The head 72 lies 
adjacent a flexible member 80 and has a recess 
8 adapted to receive a fixed pin 82 carried by 
the body 79 and the member 80. Adjusting pins 
83, disposed at spaced positions with respect to 
each other and the fixed pin 82, are disposed in 
engagement with the inner Surface of the head 
T2, and through the cooperation of adjustable 
Screws 84, threadedly disposed in the body 79, the 
pins 83 may be individually adjusted to bring 
about any desired variation in the location of the 
crystal bar 67, particularly the atomic plane 
thereof With respect to the center line of the unit 
65. It will be noted, by viewing Fig. 3, that the 
body 79 is provided with longitudinal slots 86 in 
its periphery, these slots being disposed ninety de 
grees (90) apart and adapted to singly receive 
the locating pin 60. 

Referring again to the supporting rod 78, it 
Will be noted that the inner or left end thereof 
(Fig. 4) is threaded as at 88 and has disposed a 
retaining member 89 threadedly disposed thereon, 
the latter having a reduced portion receivable in 
a central aperture 90 of the body 79 and, through 
Central apertures in a retaining ring 9 and 
through an annular flexible member 92. The ring 
9 and the member 92 are apertured, the former 
including apertures 93 to provide access to the 
ends of the adjustable screws 84, the apertures 
in the flexible member 92 being to receive the ends 
of the adjusting screws. 
After the crystal bar is mounted upon the 

mounting plate and the latter secured to the sup 
porting unit 65, this is located in the clamping 
unit 48. This entire structure may be moved 
relative to the table 40 to locate a point in the 
Crystal bar 67 in alignment with the axis of the 
shaft 5. The locating means includes a point 95 
of a stop Screw 96, the latter being supported in a 
threaded aperture of a bracket 97 which is 
mounted upon the table 40. 

It has been described that through the actua 
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tion of the lever 27, the table with the units 48. 
and 65 thereon may be moved relative to the units 
68 and 70 of Fig. 6 into one or the other of two 
positions. 
crystals are perfect, that is; if the atomic planes 
thereof are at the desired locations within the 
crystal structure, a deflection of the X-ray beam 
from the crystal into the unit or ionization chanis' 
ber 70 will give the maximum reading in each 
instance. It is desirable, however, to determine 
the degree of variation from the locations desired 
if such should exist. This is, brought about 
through a variable unit indicated generally at 95 
in Figs. 1 and 2. In this structure or unit 95', a 
rectangular element or block 96" is movably dis 
posed in an elongate aperture. 97 of the element 
22 and is freely mounted on a pin 38 of an eccen 
tric element 99. The element 99 is supported, at 
fe0, in an aperture in the arm 20 for rotation 
about an axis eccentric with respect to the pin 98. 
Through the aid of a lever fell fixed to the eccen 
tric, and adapted to move it. rotatably between 
given limits controlled by stop pins 02 and 63, 
the element 22 together with the table 40 and the 
entire mechanism supported thereby, may be 
moved from one of its selected positions, con 
trolled by the lever 27, a given distance upon both 
sides of those positions. In the present instance 
this movement is seven and one-half (7%) min 
utes from the neutral or given position to deter 
mine accurately the variation from a predeter 
mined standard the location of the atomic planes 
in either crystal structure from that desired. A 
spring G4, having one end fixed to a pin (5 
carried by the supporting arm 2C, the other end 
fixed to a lug 06 integral with the lever 10, 
normally holds the latter in its neutral position. 
In reviewing the operation of the apparatus, 

let it be understood that if the crystal bar 67 is of 
the species shown in Fig. 7, the lever 27 will be in 
the position clockwise from that shown in Figs. 
2 and 6, whereas if the crystal bar is of the species 
shown in Fig. 8, the lever 27 will have been moved 
into the positions shown in FigS. 2 and 6. The 
crystal bar selected is secured to the mounting 
plate 66 and the latter is fixed to the head 72 of 
the unit 65. The supporting unit 65 is then 
mounted in the clamping unit 48 and, through the 
aid of the elongate slots 86, repeated examination 
may be made of the crystal bar to determine the 
accurate location of the atomic plane. If neces 
sary, adjustments may be made in the unit 65 to 
vary the relative position of the crystal bar with 
respect to the X-ray beam until the desired loca 
tion of the crystal is made with respect to the 
center line of the unit 65. During each of these 
positions of the supporting unit 65 and the clamp 
ing unit 48, the crystal is held in the position de 
termined by the locating point 95 of the screw 96. 
Thus at all times the point of deflection of the 
X-ray beam is at the axis of the shaft 5, and all 
adjustments, whether in One position or the other, 
through the aid of the lever 27 or the finer adjust 
ment relative to each position made through the 
aid of the lever 0, are made about the axis of 
the shaft 5 and about the point of deflection of 
the X-ray beam. The illustrations in FigS. 7 and 
8 are exaggerated for the reason that the atomic 
plane is closely adjacent the physical plane or 
surface of the crystal bar. 
When one bar has been tested and the neceS 

sary adjustments made in the unit 65, this bar 
with its unit may be removed and another Sup 
porting unit 65, with another crystal bar and its 

These positions are fixed, and if the 
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6. 
mounting plate disposed thereon, inserted in the 
clamping unit 48, supported in the V-groove 5: 
thereof, and held in place by the retaining mem 
ber. 54: The holding, of the unit. 65 is further 
made possible through the resilient spring 6 and 
the locating pin 69. Also, through the aid of the 
slots. 86, the crystal may be tested in the four 
different positions: to accurately determine: the 
location of the atomic plane. This mounting of: 
the unit 65 in place may be accomplished when 
the unit 48 is: disposed away from the locating 
screw, '96. The two units are then moved toward 
the locating screw until the crystal engages the 
screw at which time the desired point of the 
crystal is located in the axis of the shaft. At this 
time, depending upon the type of crystal bar to 
be tested, whether that illustrated in Fig. 7 or 
that in Fig. 8, the table with the two units 48 and 
65 is adjusted accordingly through the operation 
of the lever, 27 and its associated structure. This 
adjustment, as previously stated, is about the axis 
of the shaft 5: If, by chance, the operator 
should not have the proper location of the table 
and units with respect to the X-ray beam, this 
extreme variation would be registered in the unit 
70 and the lever 27 adjusted to correct this posi 
tioning of the mechanism. At this time the lever 
Oi is actuated in both directions from the nor 
mal position, and during the actuation of the 
lever f0 any variation of the atomic plane of the 
crystal from that desired may be corrected 
through the aid of the adjustable screws 84 in the 
unit 65. This may result in the positioning of the 
physical plane or outer surface of the crystal bar 
at an angle with respect to the center line of the 
unit 65, However, by mounting the unit 65 with 
the crystal bar in a fixture located at a given posi 
tion with respect to a grinding mechanism or ele 
ment, the variation existing in the crystal bar 
may be corrected so that when it is finally 
mounted in the cutting apparatus, the location of 
the atomic plane With respect to the physical 
plane Will be accurate. 
Although specific improvements of the inven 

tion have been shown and described, it will be 
understood that they are but illustrative and that 
Various modifications may be made therein with 
Out, departing from the scope and spirit of this 
invention as defined by the appended claims. 
What is claimed is: 
1. An apparatus for analysis of quartz crystals 

comprising an X-ray beam projecting unit, a unit 
Sensitive to an X-ray beam, a table mounted for 
movement about an axis intersecting an X-ray 
beam from the projecting unit, a support for a 
quartz crystal to be analyzed, a clamping unit for 
removably holding the support, a carriage, upon 
which the clamp is fixedly mounted, movable 
radially of the axis on the table between an 
analyzing position, where an atomic plane of the 
crystal Will reflect the X-ray beam at the said 
axis, and a loading position with the crystal 
Spaced from the X-ray beam, a fixed position arm. 
parallel with the table, an element interposed be 
tWeen the table and the arm and movable about 
the Said axis, a lever pivotally supported by the 
element, means movable by the lever to cause 
movement of the table about the said axis to 
locate the atomic plane of the crystal in a selected 
One of a plurality of given positions, means to 
limit movement of the lever to locate the table 
with the atomic plane in the given positions, and 
means carried by the arm, normally holding the 
element against movement, actuable to move the 
element given distances in opposing directions to 



7 
vary the angular relation of the atomic plane with 
respect to the X-ray beam to cause maximum re 
flection of the beam into the said Sensitive unit. 

2. An apparatus for analysis of quartz Crystals 
comprising an X-ray beam projecting unit, a unit 
sensitive to an X-ray beam, a table mounted for 
movement about an axis intersecting an X-ray 
beam from the projecting unit, a Support for a 
quartz crystal to be analyzed, a clamping unit for 
removably holding the Support, a carriage, upon 
which the clamp is fixedly mounted, movable 
radially of the axis on the table between an 
analyzing position, where an atomic plane Of the 
crystal will reflect the X-ray beam at the said 
axis, a loading position with the crystal Spaced 
from the X-ray beam, a fixed position arm paral 
lel with the table, an element interposed between 
the table and the arm and movable about the said 
axis, a lever pivotally supported by the element, 
means movable by the lever to cause movement of 
the table about the said axis to locate the atomic 
plane of the Crystal in a selected one of a plurality 
of given positions, means to limit movement of the 
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lever to locate the table with the atomic plane in 
the given positions, and an eccentric member car 
ried by the arm and connected to the element to 
normally hold the element against movement, and 
a lever movable limited distances in Opposing 
directions from a normal position to vary the 
angular relation of the atomic plane with respect 
to the X-ray beam to cause maximum reflection 
of the beam into the said Sensitive unit. 

JOHN C. LULEY. 
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