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57) ABSTRACT 
An apparatus for precisely slicing a crystal in a crystal 
face thereof, wherein the orientation of the crystal 
fixed to a specimen rest is measured in a crystal orien 
tation identifying device by X-ray irradiation, the crys 
tal is rotationally moved to a crystal slicing device 
which is located at a place separate from the crystal 
orientation identifying device and which has a cutting 
edge coplanar with an X-ray irradiation standard face 
of the crystal orientation identifying device, and the 
crystal is sliced under the state in which it is fixed 
again with a determined orientation on the basis of the 
measured result, whereby the crystal can be sliced in 
the predetermined orientation at extraordinarily high 
precision at an error within 0.1 milliradian and effi 
ciently in short time without the necessity for detach 
ing the crystal and the specimen rest from a support 
ing portion of the apparatus. 

3 Claims, 4 Drawing Figures 
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1. 

APPARATUS FOR PRECISELY SILICING A 
CRYSTAL IN A CRYSTAL FACE THEREOF 

BACKGROUND OF THE INVENTION 

The present invention relates to improvements in ap 
paratus for precisely slicing a crystal in a crystal face 
thereof. 
With the advancement of opto-electronics, elec 

trooptic materials and elements employing crystals 
tend to be widely utilized. In general, optical elements 
have questionable transparency and uniformity. The 
element accordingly must be precisely worked after 
being formed to any desired configuration. In particu 
lar, the precision of a polished face is a factor which de 
termines the quality of the optical element. A variety 
of methods of lapping or polishing faces at high preci 
sion have therefore been developed. 

It is impossible, however, to apply a working method 
for optical materials, such as the method of lapping a 
face at high precision, to the working of electrooptic 
crystals. The main reason for this is that the conven 
tional optical materials are optically isotropic, whereas 
the electrooptic cyrstals are, in general, optically aniso 
tropic. With the electrooptic crystal, a worked face 
need be held at a fixed orientation with respect to a 
crystal axis on account of the optical anisotropy. In the 
case where the orientation of the worked face deviates 
from the fixed one, optical properties change according 
to the deviation, and this leads to degradation of the ac 
curacy of the device as an electrooptic element. 
Since the single crystal of KHPO, for example, has 

a great electrooptic effect, it is used for a momentary 
open shutter, a light modulator and various other ele 
ments exploiting the electro-optic effect. Taking the 
KHPO (hereinbelow termed KDP which is short for 
Kaliumdihydrogenphosphate (potassium dihydrogen 
phosphate)) crystal as an example, there will be de 
scribed the importance of the working precision. 
KDP is paraelectric at room temperature, and is an 

optically negative uniaxial crystal belonging to the te 
tragonal system. The indices of refraction are a) = 
1.5095 (the refractive index along the major axis of el 
liptically polarized light) and e = 1.4684 (the refractive 
index along the minor axis of eliptically polarized 
light). The optic axis of KDP is identical with the c-axis 
of the crystal. Therefore, when a plate with two mutual 
lyopposing faces cut perpendicularly to the c-axis 
(hereinafter termed the C-plate) is inserted between 
two crossed Nicols whose polarization planes are ar 
ranged orthogonally to each other, a light shutter ele 
ment is produced. 

In more detail, the birefringence for light incident in 
parallel with the c-axis of the crystal is null. The inci 
dent linearly-polarized light is transmitted without 
being subject to any change, and is broken by the rear 
polarizing plate. Consequently, the quantity of light 
passing through the rear polarizing plate (hereinbelow 
termed the analyzer) is null. In contrast, when a voltage 
is applied to the crystal, a birefringence An is exhibited 
even for the light among the c-axis owing to the elec 
trooptic effect. In general, the transmitted light be 
comes elliptically polarized light. The birefringence is 
proportional to the voltage, and is represented by: 

An = n.f E 
(1) 
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where n denotes the index of refraction, f the elec 
trooptic coefficient and E the magnitude of electric 
field. The light I transmitted through the analyzer is ex 
pressed in terms of the incident light Io as follows: 

I = I sin(d An/M 7T) 
(2) 

where d denotes the thickness of the crystal and M the 
wavelength of the incident light. 
From equations (1) and (2), 

I = I sin(d in fix at E) 
(3) 

so that the transmitted light is a maximum at E = A/(2 
dn'f). To sum up, with the light shutter device employ 
ing KDP, when no electric field is impressed (E = 0) 
the state is established under which I at 0 or the quan 
tity of the transmitted light is a minimum (Ini); 
whereas, when the electric field of E = \/(2 d n' f) is 
impressed, the state is established under which I = loor 
the quantity of the transmitted light is a maximum 
(Inn). Thus, the contrast ratio (Infinin) of the light 
shutter ought to become infinity. 
The normal of an actual crystal face, however, does 

not perfectly agree with the c-axis, but it deviates there 
from by the component of a working error. For this rea 
son, even when light is brought into incidence perpen 
dicularly to the crystal plate, the birefringence for the 
incident light does not become zero. Letting 8 be the 
deviation between the normal and the c-axis, the bire 
fringence An can be approximated for small values of 
8 as follows: 

An = (81) x 106 
(4) 

Since 8 is not zero, I 74 0, and 
Imin lo sin (d8 X 10/M 82) 

(5) 

Since d/N is usually 10, equation (5) approximately 
corresponds to the following equation (6): 

Imin c lo sin (108 92) 
(6) 

Accordingly, the contrastratio can be expressed as the 
following equation: 

I/I = 1/sin (10 X 6) as 10 X 9-4 
(7) 

Therefore, in the case where it is desired to set the 
contrast ratio of the light shutter element at an order 
of at least 10, the working precision requires that the 
error be confined to within 1 milliradian with respect 
to the orientation. 
As regards the mere measurement of the orientation 

of the crystal, it is generally easy to attain a precision 
of 0.1 milliradian by the use of a commercially avail 
able product, such as a standard crystal orientation test 
unit. It has been the subject of those skilled in the art, 
however, to determine how a face to be made identical 
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to the fixed orientation face of the crystal having been 
measured by the crystal orientation test unit or the like. 

In the prior art, agoniometer head is commonly used 
for the crystal orientation test unit and for a crystal slic 
ing device First of all, a crystal is fixed to a goniometer 
of the slicing device, and is properly sliced. After the 
slicing, the crystal is detached from the goniometer of 
the slicing device. It is fixed to the goniometer of the 
crystal orientation test unit, and has the orientation of 
the sliced face measured. If any deviation in orientation 
is found, the crystal is fixed to the goniometer of the 
slicing device again and is sliced after correction of the 
orientation. Thereafter, these procedures are repeat 
edly carried out to reduce the deviation between the 
sliced face and the fixed orientation. 
The inventors repeated the troublesome and ineffi 

cient operations as stated above, and searched for the 
limitation of errors. The conclusion is that, even when 
close attention is paid to the operations, 0 cannot be 
made less than 1 milliradian. 

O 

5 

20 

More specifically, in an apparatus in which the slicing 
device and the orientation measuring device are re 
spectively independent, a rest for fixing the specimen 
is made common to both the devices, and thus, any set 
ting error due to the detachment of the specimen is 
minimized. Nevertheless, an error of approximately -- 
0.5 is inevitable. 
The reason for this error will be as stated below. In 

order that the crystal may be set to achieve a good re 
producibility even when the set and reset of the crystal 
are frequently conducted, a robust supporting jig en 
suring a certain fixation precision is required. Further, 
a considerable force also acts on the crystal during the 
slicing of the crystal, so that the supporting portion 
should be made rather robust. The requirement of ro 
bustness and the requirement that the orientation of 
the crystal be highly precisely and smoothly moved by 
a small angle with the center at the crystal face by the 
use of a precision goniometer, have been found to be 
contradictory. Particularly, the detachment of the crys 
tal is the main factor for the lowering of the precision. 
It has been forecast that, if the operation can be done 
without the detachment of the crystal, the precision 
will be enhanced as expected. 
Under the present situation of the art, it is difficult to 

find a method, which precisely cuts the crystal on the 
X-ray goniometer as it is held thereon. That is to say, 
the measurement of the orientation by X-rays and the 
slicing of the crystal by the slicing device cannot avoid 
being carried out in separate places. 
On the other hand, a method is presently adopted 

widely in which, although the slicing and the orienta 
tion measurement by X-rays are conducted in separate 
places, the slicing to the fixed orientation is completed 
during the state under which the specimen and the rest 
are held fixed to the slicing device. According to this 
method, an extreme end part of a crystal is thinly cut 
away by means of the slicing device made of diamond 
grindstone, the sliced face of the small piece cut, away 
has its orientation separately measured by means of the 
X-ray orientation test unit, the rest on which the re 
maining crystal is mounted is manually moved to the 
fixed direction and has its position corrected by the 
component of the orientation error, and the crystal is 
sliced. The above procedures are repeated until the 
predetermined angle is attained. With the measure 
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4 
ment of orientation according to this method, (1) con 
ditions of the external shape of the cut-away small 
piece as are ascribable to the cutting, such as swell 
(bowling) and parallelism, lead directly to orientation 
errors. For example, in order to acquire an orientation 
precision within 30 inches, the swell need be restrained 
to below 0.5 pu for a specimen being 10 mm long. (2) 
When, for the measurement of orientation, the cut face 
is adsorbed to a base by a vacuum chuck, dust particles 
smaller than 1 a need be avoided in order to attain the 
measurement accuracy within 30 inches. On account of 
such problems, the orientation precision after the cut 
ting becomes as bas as approximately 0.1. In addi 
tion, this method has the disadvantage that the speci 
men is wasted since several small pieces are cut away, 
therefore, a considerable time is required for the orien 
tation measurement. 
A further prior art method is the etched pattern 

method or the like, which consists in the combination 
between means to optically measure the orientation of 
a crystal and a slicing device, and according to which, 
although the measurement of orientation and the slic 
ing are executed in separate places, a rest supporting 
the crystal thereon is slidingly moved for operations on 
a movable guide between the optical means for the ori 
entation measurement and the slicing device without 
detaching the crystal from the rest. This method can 
really reduce the errors induced by the foregoing ineffi 
cient operations of setting and resetting the crystal onto 
the rest. It raises anew, however, the problem of the 
precision of the surface roughness in the rest moving 
means including the movable guide. Desirably, the 
contact portions between the rest and the movable 
guide are of a small number, and the alterations in posi 
tion between them are smoothly effected. This, how 
ever, is subject to technical limitations. Besides, it is un 
deniable that the optical measurement of orientation is 
much lower in precision as compared with the meas 
urement of orientation with X-rays. With this method, 
it is accordingly quite impossible to expect the slicing 
of a crystal at high precision. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide appa 
ratus for precisely slicing a crystal in a crystal face 
thereof, which can slice various crystals in predeter 
mined orientations at extraordinarily high precision 
and efficiently in a short time." 
The apparatus of the present invention for precisely 

slicing a crystal in a crystal face thereof is characterized 
by comprising a specimen mounting block which holds 
the crystal in a manner to be rotatable and slidable in 
an arbitrary direction, a crystal orientation identifying 
device which sets a standard face for X-ray irradiation 
and measures the orientation of the crystal by the X-ray 
irradiation, a crystal slicing device which is separated 
from the crystal orientation identifying device to a posi 
tion defining a certain angle (for example, 90') with re 
spect to a rotary shaft and which has a cutting edge for 
slicing the crystal in a predetermined orientation, 
means which can rotationally move the specimen 
mounting block between the crystal orientation identi 
fying device and the crystal slicing device through a 
specimen supporting arm portion so as to form a verti 
cal plane with respect to the rotary shaft, the arm por 
tion bridging the specimen mounting block and the ro 
tary shaft, and means for making adjustments so that 

s 
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the cutting edge of the crystal slicing device and the 
X-ray irradiation standard face of the crystal orienta 
tion identifying device may be contained on an identi 
cal plane, whereby the apparatus can slice the crystal 
in the predetermined orientation at an error within 0.1 
milliradian with such extraordinarily high precision 
which has a hitherto been impossible to perform effi 
ciently in a short time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic cross-sectional view illustrating 
the principle construction of one form of the apparatus 
of the present invention for precisely slicing a crystal in 
a crystal face thereof, 

FIG. 2 is a schematic vertical sectional view of the 
apparatus for precisely slicing a crystal as illustrated in 
FIG. ; 
FIG. 3 is a front view showing the external appear 

ance of the apparatus for precisely slicing a crystal ac 
cording to an embodiment of the present invention; 
and 

FIG. 4 is a side view showing the external appearance 
of the apparatus for precisely slicing a crystal as shown 
in FIG. 3. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIGS. 1 and 2 are respective diagrams of the outlines 
along a cross section and a vertical section through a 
crystal slicing device, a crystal holder and an orienta 
tion identifying device of the apparatus of the present 
invention for precisely slicing a crystal in a crystal face 
thereof. 
A crystal S attached to a specimen mounting block 

6 disposed at an extreme end part of the crystal holder 
B is set at a predetermined orientation by the orienta 
tion identifying device C composed of an X-ray colli 
mator 17 and a proportional counter tube 22. Thereaf 
ter, the whole crystal holder B is rotated by 90° from 
a position shown by dotted lines in FIG. 1 to a position 
shown by full lines in the same figure. Then, the crystal 
S is sliced by the slicing device A. Herein, the position 
of the slicing device A with respect to a rotary shaft D 
of the orientation identifying device C need not always 
define the angle of 90, as in the above case. 
Such positional change through rotation requires a 

smaller number of contact portions at movement as 
compared with the prior art positional alteration device 
based on sliding movement on a movable guide. The 
former therefore has the advantage that it can be 
smoothly performed. 

In order to attain a good flatness of the sliced face of 
a crystal, there were examined more than ten slicers, 
including an inside diametral diamond cutter (or ID 
cutter), an outside diametral diamond cutter or OD 
cutter), a wire saw and so forth. It has been found that 
the best result with respect to the flatness of the sliced 
face is obtained with the ID cutter. 

In this case, it is necessary to previously bring into co 
incidence the edge face of a diamond blade of the slic 
ing device A and the standard face of the X-ray colli 
mator 17 of the orientation identifying device C. In 
more detail, the slicing edge face 1 of the slicing device 
and the sliced face 2 of the crystal are within an identi 
cal plane, as shown in FIG. 2. Therefore, in order to ro 
tate the rotary table by 90° and to bring the sliced face 
2 of the crystal into a fixed position for X-ray measure 

10 

15 

6 
ment the sliced face 2 must be brought off the plane of 
the slicing edge face 1, and thereafter rotated by 90' 
into the fixed position. Here, the fixed plane (the stan 
dard face of the X-ray collimator 17 for X-ray irradia 
tion) 3 of the fixed position must be so set as to be the 
same as the plane of the slicing edge face 1. At this 
time, the sliced face 2 must be always brought to the 
fixed plane 3 at an error within 1 pu. Further, the slicing 
edge face 1 must be always located on the same plane 
as the fixed plane 3. Therefore, in the case where the 
blade has become old by repeated slicing operations 
and where it is to be replaced with a new one, the edge 
face of the new blade must be secured onto the same 
plane as the fixed plane 3 at the error within 1 p. The 
apparatus according to the present invention for pre 
cisely slicing a crystal in a crystal face thereon solves 
the problems. 
FIGS. 3 and 4 show a front view and a left side view, 

respectively, of the apparatus according to the present 
invention for precisely slicing a crystal in a crystal face 
thereof. In these figures, an inside diametral cutting 
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wheel 1" of the slicing device A can have its speed var 
ied within a range of 2,000 - 4,000 r-p.s. by means of 
a high-speed spindle and an electric motor M. Cutting 
liquid (or cutting oil) is supplied by a nozzle 2" via a 
regulating valve 3' from a liquid source. Outside the 
cutting wheel 1", a cover 4 is disposed which serves to 
prevent the cutting liquid and cut powder from being 
scattered. 

In order to effect the cutting feed smoothly and with 
high precision, the whole unit of the crystal holding 
arm portion B is fixed to an automatic feed table 5 by 
a whirl clamp handle 14, the automatic feed table 5 
having as its guide face a face parallel to the diamond 
wheel 1". By loosening the whirl clamp handle 14, the 
crystal holding arm portion B can be rotated through 
an arbitrary angle on the automatic feed table 5 and at 
a level with a rotary shaft D. 
The specimen mounting block 6 is provided with an 

aligning knob 7 for setting the specimen S at the central 
part of the diamond wheel 1", and a clamp handle 8 for 
the knob 7. It is further provided with a longitudinal 
angle-dial 9 imparting a rotation in the longitudinal di 
rection (x-x' direction) about an X-axis and a clamp 
handle 10 therefor, and a cross-angle-dial 11 imparting 
a rotation in the cross direction (y-y' direction) about 
a Y-axis and a clamp handle 12 therefor. The indexing 
in the direction of thickness is conducted by vertically 
moving the specimen mounting block 6 with a pulse 
motor 13. The indexing region is variable in a range of 
0.001 - 3 mm. 
The orientation identifying C is fixed to a goniometer 

frame 16 in front of the slicing device A by a coarse ad 
justment screw 15 and a fine adjustment screw 15'. The 
coarse adjustment screw 15 and the fine adjustment 
screw 5' serve to set the standard face Z of the colli 
mator 17 relative to the slicing face of the diamond 
wheel l'. 
An X-ray tube (of, for example, CukaX-rays) 18 has 

an output of 1 kW. After being reflected by the face of 
the specimen S, X-rays radiated from the collimator 17 
are detected by the counter 22, and are indicated by a 
rate meter 24. The counter 22 is fixed to an arbitrary 
angle by a counter fixing knob. 23. The collimator 17 
is inclined from the standard face by a 6-angle driving 
dial 19 so as to define the Bragg reflection angle 26 of 
the predetermined crystal face. Then, it is fixed by a 



7 
9-ray clamp dial 21. The 6-angle driving dial 19 can 
vary and set the angle 28 within a range of 0-40 at 
a precision of 0.0027, and indicates the the set value 
28 on a 9-angle indicator 20. Illustrated in FIGS. 3 and 
4 is the state of slicing of the specimen. At the measure 
ment of the orientation, a state is established under 
which the specimen mounting block 6 is positioned on 
the orientation identifying device C. 

In the case of slicing the crystal in the determined ori 
entation by the use of the apparatus of the present in 
vention, the collimator 17 is first set to the 26-value of 
the predetermined crystal face by the 6-angle driving 
dial 19 in order to identify the orientation of the crys 
tal. Subsequently, the specimen face is irradiated by an 
X-ray beam, and the longitudinal-angle-dial 9 and the 
cross-angle-dial 11 are regulated so that the quantity of 
X-rays detected by the counter 22 may reach a maxi 
mum value. 
Thus, the predetermined crystal face is set, and the 

orientation measurement is completed. Thereafter, the 
crystal holder B is rotated by 90'. The indexing, the 
feed speed, the number of revolutions of the spindle, 
etc., are set at the optimum conditions. The slicing is 
conducted. The indexing region is 0.001 - 3 mm as pre 
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The following table lists the comparisons between the 

results of performance by the apparatus of the present 
invention for precisely slicing a crystal in a crystal face 
thereof and the results of slicing by various prior art 
methods of slicing a crystal results of slicing by various 
prior art methods of slicing a crystal in a predetermined 
orientation. As understood from the table, with the 
prior art techniques, the precision of the slicing orien 
tation is at most 0.1 or so, while the measurement: of 
orientation generally requires a period of time of at 
least thirty minutes. In contrast, in accordance with the 
apparatus of the present invention, the precision of the 
slicing orientation is 20 inches (approximately 0.1 mil 
liradian) or so, while the measurement of orientation 
can be carried out in an extremely short time of 2-3 
minutes. It is accordingly apparent that the effect of the 
present invention is very great. 
As described above, the apparatus according to the 

present invention for precisely slicing a crystal in a 
crystal face thereof can largely enhance the prior art 
techniques. In contradiction to the prior art, it can slice 
various crystals in predetermined orientations at ex 
traordinarily high precision and in a short time. It is 
therefore remarkably effective in practical use. 

viously mentioned, the feed speed is 0.5-50mm/min, 25 What is claimed is: - 
and the number of revolutions of the spindle is 2,000 1. Apparatus for precisely slicing a crystal in a crystal 
- 4,000 rp.s. The operation is fully automatic. face thereof, comprising: a specimen mounting block 

TABLE 

Methods of Error Time Failure of Inter- Merits 
Measuring of Slicing required Specimen, locking and 
Orientation Orientation for meas: Utility De- with Demerits 

uring Ori- gree of Same Slicing 
entation Device 

back Over None, Requires skill in 
Laue l hour No failure Common reading Laue spot, 

X-ray pattern rest Long time, Poor 
precision 

Methods 
spec- o AppE Poor utility Common Orientation error 
tron- 20 min. due to pre- rest caused by swell 
ete liminary and poor parallel 

r-- - - - ------- ... ----...-- Slicing ism of small cut 
- - - - - ----------- ------- -- - - --- --- away piece 

natural Approx. No failure Partial Covenient and 
habit 30 min. easy for crystal 

with well 
developed face 

etched Approx. Destructive Present Requires to accu 
Optical pattern h 1 - 20 min. (especially, thin mulate detailed 
Methods - - - - - - specimen) data between crys 

tal orientation 
face and etched 
pattern 

COO- Approx. Applicable only 
scopic 0.5° 30 min. No failure Partial to specific 
figure crystal having 

optical anisotropy 

compressed 
pattern due 

Mechani- to plastic +5-6 Destructive None Destructive, 
cal deforma- poor orientation 
Methods tion, etc. precision 

Method of the Within 0.012-3 min. No failure Integral Making slicing 
Invention (approx. device and orien 

0.1 mrad) tation measuring 
device integral, 
thereby enabling 
fixed-orientation 
slicing at high 
precision in short 
time 
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to hold the crystal, adjusting means including a rotary 
shaft and supporting arm portion to support said block 
to be rotatable and slidable in an arbitrary direction, 
crystal orientation identifying means for measuring the 
orientation of said crystal by X-ray irradiation by set 
ting a standard face for the X-ray irradiation, a crystal 
slicing device which is separated from said crystal ori 
entation identifying means at a position defined by an 
angle of rotation about said rotary shaft and which has 
a cutting edge face for slicing said crystal in a predeter 
mined orientation, means for rotationally moving said 
specimen mounting block between said crystal orienta 
tion identifying means and said crystal slicing device 
through said supporting arm portion so as to form a 
vertical plane with respect to said rotary shaft, said arm 
portion bridging said specimen mounting block and 
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said rotary shaft, and means for adjusting the relative 
positions of said cutting edge face of said crystal slicing 
device and the X-ray irradiation standard face of said 
crystal orientation identifying means to locate them on 
an identical plane. - 

2. The apparatus according to claim 1, wherein said 
crystal orientation identifying means comprises an 
X-ray collimator and a counter and means for setting 
said collimator and said counter at positions defining 
the Bragg reflection angle of the predetermined crystal 
face. 

3. The apparatus according to claim 1, wherein said 
crystal slicing device comprises an inside diametral 
diamond cutter. 

ck k -k k >k 


