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An angle compensation method compensates for the angle 
of the light-receiving surface of a photodiode disposed in an 
inclination detection device. The light-receiving surface is 
divided into four parts by an a-aXis and a b-aXis disposed 
perpendicular to each other and receives light re?ected from 
an object surface that is an X-Y plane. The inclination 
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ANGLE COMPENSATION METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to an angle compensation 
method for a photodiode light-receiving surface in an incli 
nation detection device Wherein re?ected light re?ected off 
an object surface is received on the photodiode light 
receiving surface divided into four parts and the inclination 
of the object surface is sought from changes in the position 
of irradiation of the re?ected light on the photodiode light 
receiving surface. 

[0003] 2. Description of the Prior Art 

[0004] In the prior art, the inclination of the object surface 
Was detected by an optical lever method in a pin-contact 
type surface roughness tester, scanning probe microscope 
(atomic force microscope) or a tWo-dimensional position 
sensing detector With laser beam re?ection. 

[0005] FIG. 2 is a sketch for explaining the principle of 
detection of inclination of an object surface by the knoWn 
optical lever method. In FIG. 2, the photodiode light 
receiving surface D is disposed opposite the object surface 
P, Which is the X-Y plane, and the re?ected light L1 When 
the light beam L is incident on the object surface P is 
received by the photodiode light-receiving surface D. This 
photodiode light-receiving surface D comprises light-receiv 
ing surfaces D1, D2, D3 and D4 divided into four parts by 
an a-aXis and a b-aXis perpendicular to each other, and When 
the photodiode light-receiving surface D is projected on the 
object surface P, the position of the photodiode light-receiv 
ing surface D is adjusted such that the projected a-aXis 
(projected a-aXis beloW) corresponds With the Y-aXis and the 
projected b-aXis (projected b-aXis beloW) corresponds With 
the X-aXis, in Which state the inclination of the object 
surface P is measured. 

[0006] When the object surface P is rotated about the 
Y-aXis by angle y, the position of irradiation of the re?ected 
light L1 on the photodiode light-receiving surface D is 
displaced along the b-aXis depending on the amount of 
change, and When the object surface P is rotated about the 
X-aXis by angle 6, the position of irradiation of the re?ected 
light L1 on the photodiode light-receiving surface D is 
displaced along the a-aXis depending on the amount of 
change. The light beam L in this case has an appropriate 
amount of spread, i.e., an appropriate amount of spread that 
can all be contained on the photodiode light-receiving 
surface D, and the spread of the beam is adjusted in 
advanced so that it Will irradiate the center of the photodiode 
light-receiving surface D. 

[0007] Here, When the object surface P is rotated up by 
angle y around the Y-aXis by the actuator 16 and the center 
position of the irradiation of the re?ected light L1 moves 
from the irradiation position M1 on one side toWard the 
irradiation position M2 on the other side, this movement 
causes the light to become thinner on one side of the a-aXis 
and to become thicker on the other side, and this trend 
becomes marked as the angle y becomes larger. That is, the 
difference A in the amount of light obtained by subtracting 
the amount of light received on one side of the a-aXis 
(amount of light received on light-receiving surface D2 and 
light-receiving surface D3) from the amount light received 
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on the other side of the a-aXis (amount of light received on 
light-receiving surface D1 and light-receiving surface D4) is 
proportional to the angle y When the angle y is small, and 
therefore by detecting the light amount difference A, it is 
possible to seek the angle y. 

[0008] Similarly, When the angle 6 is small, the angle 6 can 
be sought by the difference B obtained by subtracting the 
amount of light received on one side of the b-aXis (amount 
of light received on light-receiving surface D3 and light 
receiving surface D4) from the amount of light received on 
the other side of the b-aXis (amount of light received on 
light-receiving surface D1 and light-receiving surface D2). 

[0009] HoWever, in the above inclination detection 
method, agreement of the Y-aXis With the projected a-aXis 
and agreement of the X-aXis With the projected b-aXis are 
prerequisites for measurement, and if they do not agree, the 
data accuracy of the light amount differences A and B Will 
be degraded, Which Will degrade the accuracy of measure 
ment of the inclination of the object surface P. Next, deg 
radation of the data accuracy of the light amount differences 
A and B is discussed using FIG. 3 through FIG. 6. 

[0010] Degradation of the data accuracy of the light 
amount differences A and B can occur in the folloWing tWo 
modes: 

[0011] (I) When the photodiode light-receiving sur 
face D is rotated about the c-aXis, Which passes 
through the intersection of the a-aXis and the b-aXis 
and is perpendicular to the a- and b-aXes. 

[0012] (II) When the photodiode light-receiving sur 
face D is rotated about the Z1-aXis, assuming this 
Z1-aXis is parallel to the Z-aXis of the object surface 
and is positioned behind the photodiode light-receiv 
ing surface D. 

[0013] In the case of the mode in (I) above, as shoWn in 
FIG. 3, the a-aXis projected on the X-Y plane (projected 
a-aXis) is rotated about the Z-aXis by angle 0t With respect to 
the Y-aXis. If the object plane P is inclined by angle 6 in this 
mode, the irradiation of the re?ected light L1 on the pho 
todiode light-receiving surface D generates a locus on the 
Y-aXis (aXis inclined by angle 0t from the a-aXis) projected 
on the photodiode light-receiving surface D as shoWn in 
FIG. 4. Also, When the object surface P is inclined by angle 
y, the irradiation of the re?ected light L1 on the photodiode 
light-receiving surface D generates a locus on the X-aXis 
(aXis inclined by angle a from the b-aXis) projected on the 
photodiode light-receiving surface D as shoWn in FIG. 4. 

[0014] Therefore, the light amount difference A on both 
sides of the a-aXis is primarily proportional only to angle y 
and is therefore described by A= m~y (Where, m is the 
compensation factor), but due to the occurrence of angle 0t 
(rotational shift around the c-aXis of the photodiode light 
receiving surface D), it is noW described by equation 

A=m-(y-cos (1+6-sin 0L) Equation (1) 

[0015] Further, the light amount difference B on both sides 
of the a-aXis is primarily proportional only to angle 6 and is 
therefore described by B=n~6 (Where, n is the compensation 
factor), but due to the occurrence of angle 0t (rotational shift 
around the c-aXis of the photodiode light-receiving surface 
D), it is noW described by equation 

B=n-(y-cos (1+6-sin 0L) Equation (2) 
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[0016] In this Way, the factor sin 0t interferes With the light 
amount differences A and B, and due to this factor, the data 
accuracy of the light amount differences A and B is 
degraded. 

[0017] In the case of the mode in (II) above, as shoWn in 
FIG. 5, the line of intersection R betWeen the X-Y plane and 
the photodiode light-receiving surface D is rotated about the 
Z-axis by angle [3 With respect to the Z-axis. If the object 
plane P is inclined by angle 6 in this mode, the irradiation of 
the re?ected light L1 on the photodiode light-receiving 
surface D generates a locus on the Y-axis (axis inclined by 
angle [3 from the a-axis) projected on the photodiode light 
receiving surface D as shoWn in FIG. 6. Also, When the 
object surface P is inclined by angle y, the irradiation of the 
re?ected light L1 on the photodiode light-receiving surface 
D generates a locus on the X-axis (axis inclined by angle [3 
from the b-axis) on the photodiode light-receiving surface D 
as shoWn in FIG. 6. 

[0018] Therefore, the light amount difference A is prima 
rily proportional only to angle y and is therefore described 
by A=m~y (Where, m is the compensation factor), but due to 
the occurrence of angle [3 (rotational shift around the Z1-axis 
of the photodiode light-receiving surface D), it is noW 
described by equation 

A=m-(y-cos [3+o-sin [3) Equation (3) 

[0019] Further, the light amount difference B is primarily 
proportional only to angle 6 and is therefore described by 
B=n~6 (Where, n is the compensation factor), but due to the 
occurrence of angle 6 (rotational shift around the Z1-axis of 
the photodiode light-receiving surface D), it is noW 

described by equation B=n-(6-cos [3+y-sin [3) 

[0020] In this Way, the factor sin [3 interferes With the light 
amount differences A and B, and due to this factor, the data 
accuracy of the light amount differences A and B is 
degraded. 

Equation (4) 

[0021] As explained above, it is possible to raise the data 
accuracy of the light amount differences A and B by deleting 
the interfering terms sin 0t and sin [3, Which is equivalent to 
adjusting the posture of photodiode light-receiving surface 
D to make both angle 0t and angle [3 Zero. 

[0022] HoWever, in adjusting the position of the photo 
diode light-receiving surface D as explained above, the 
adjustment that makes angle [3 Zero (adjustment about the 
Z1-axis) has not been performed at all, and this becomes a 
factor that can degrade the measurement accuracy of the 
inclination of the object surface P. 

[0023] Further, the adjustment that makes the angle 0t Zero 
(adjustment about the c-axis) has been performed, but this 
adjustment is based mainly on the experience of the person 
performing the measurement, and therefore it cannot be said 
to be a highly accurate adjustment and may be factor in 
further degrading the measurement accuracy of the inclina 
tion of the object surface P. 

[0024] This invention Was proposed to address these 
issues, and its purpose is to offer an angle compensation 
method capable of improving the measurement accuracy of 
the inclination of an object surface in an inclination detec 
tion device. 
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SUMMARY OF THE INVENTION 

[0025] In order to achieve the above purpose, this inven 
tion provides an angle compensation method for compen 
sating for an angle of a light-receiving surface of a photo 
diode disposed in an inclination detection device, the light 
receiving surface being divided into four parts by an a-axis 
and a b-axis disposed perpendicular to each other and 
receiving light re?ected from an object surface that is an 
X-Y plane, the inclination detection device seeking an 
inclination of the object surface from changes in an irradia 
tion position of the light re?ected on the photodiode light 
receiving surface, the method comprising the steps of ?xing 
the light-receiving surface to a rotary stage that can rotate 
both about a c-axis that passes through an intersection of the 
a-axis and b-axis and is perpendicular to the a- and b-axes 
and about a k-axis that is parallel to a Z axis of the object 
surface; and rotating the light-receiving surface about the 
c-axis and k-axis so that, When the light-receiving surface is 
projected onto the object surface, the a-axis aligns With a 
Y-axis and the b-axis aligns With an X-axis. 

[0026] The light-receiving surface can be ?xed to a rotary 
mechanism about the k-axis supported on a rotary mecha 
nism about the c-axis or to the rotary mechanism about the 
c-axis supported on the rotary mechanism about the k-axis. 

[0027] Further, the rotary stage comprises a spherical 
magnetic substance and is housed in a sphere holder having 
three perpendicular Walls, and the sphere is pulled by 
magnets disposed in the corners formed by the three Walls to 
facilitate rotation of the sphere. 

[0028] As described above, in this invention the light 
receiving surface is ?xed to the rotary stage, and the rotary 
stage is rotated about the c-axis and about the k-axis to 
eliminate any rotational shift of the light-receiving surface 
With respect to the object surface. Therefore, the projected 
a-axis aligns With the Y-axis and the projected b-axis aligns 
With the X-axis. This can facilitate prevention of degradation 
of the data accuracy of the light amount differences A and B, 
and greatly improve the measurement accuracy of the incli 
nation of the object surface. 

[0029] Further, since the rotary stage is preferably a mag 
netic sphere as described above and the sphere is pulled 
toWard the corners by magnets While being held in the 
sphere holder, the sphere can be held stable and angle 
compensation of the photodiode light-receiving surface can 
be performed precisely. 

[0030] Other purposes and features of the invention are 
described in detail beloW based on the attached draWings. 

BRIEF EXPLANATION OF THE DRAWINGS 

[0031] FIG. 1 is an explanatory diagram of the inclination 
detection device for implementing the angle compensation 
method of this invention. 

[0032] FIG. 2 is a diagram for explaining the principle of 
inclination detection of the object surface by the knoWn 
optical-lever method. 

[0033] FIG. 3 is a diagram shoWing the relationship 
betWeen the X- and Y-axes and the projected a-axis and 
projected b-axis When the photodiode light-receiving sur 
face is rotated about the c-axis. 
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[0034] FIG. 4 is a sketch showing the change in the 
irradiation position on the photodiode light-receiving sur 
face When the photodiode light-receiving surface is rotated 
about the c-axis. 

[0035] FIG. 5 is a diagram shoWing the line of intersection 
With the photodiode light-receiving surface in the X-Y plane 
When the photodiode light-receiving surface is rotated about 
the Zl-axis. 

[0036] FIG. 6 is a diagram shoWing the change in the 
position of irradiation on the photodiode light-receiving 
surface When the photodiode light-receiving surface is 
rotated about the Zl-axis. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0037] The embodiments of the invention are explained 
beloW based on the draWings. 

[0038] FIG. 1 is an explanatory diagram of the inclination 
detection device for implementing the angle compensation 
method of this invention. In the ?gure, the inclination 
detection device comprises a sphere C that is an example of 
a rotary stage, a photodiode light-receiving surface D ?xed 
to this sphere C, and an object surface P, Which is the X-Y 
plane. 

[0039] The object surface P and photodiode light-receiv 
ing surface D are disposed such that the re?ected L1 
resulting When the light beam L is incident on the object 
surface P is received by the photodiode light-receiving 
surface D. The photodiode light-receiving surface D com 
prises the four light-receiving surfaces D1, D2, D3 and D4 
divided up by the a-axis and b-axis Which are perpendicular 
to each other, these light-receiving surfaces D1, D2, D3 and 
D4 are connected to an arithmetic unit (not shoWn in ?gure), 
and the amount of light detected by each of the light 
receiving surfaces D1, D2, D3 and D4 becomes an electric 
signal that is input to the arithmetic unit. The arithmetic unit 
uses the light amount signal to seek the light amount 
differences A and B described above, and based on these 
light amount differences A and B, the inclination (angle y 
and angle 6) of the object surface P is sought. 

[0040] This object surface P is mounted on an actuator 16 
for inclining the object surface P, and this actuator is 
con?gured such that it can generate angles y and 6 indepen 
dently. 

[0041] The aforementioned sphere C is made from mag 
netic metal and is housed in a sphere holder 10 having three 
Walls 11, 12 and 13 intersecting each other. Magnets 15 are 
disposed in the corners 14 formed by the three Walls 11, 12 
and 13, and the sphere C housed in this sphere holder 10 is 
pulled toWard the corners 14 by the magnets 15 and is held 
stationary by being in contact With the three Walls 11, 12 and 

[0042] The photodiode light-receiving surface D is ?xed 
to the sphere C as described above, in Which case the c-axis, 
Which passes through the intersection D0 of the a-axis and 
b-axis and is perpendicular to the a-axis and b-axis, is 
disposed such that it passes through the center Co of the 
sphere C, and the intersection Do area is in contact With the 
sphere C and is ?xed to the sphere C by an adhesive, etc. 
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[0043] The sphere C has a k-axis. This k-axis is formed by 
linking the contact point C1 betWeen the sphere C and the 
Wall 11, Which makes up the bottom surface of the sphere 
holder 10, and the center Co of the sphere C and is parallel 
to the Z-axis (axis perpendicular to the X-Y plane) of the 
object surface P. 

[0044] In order to make the angle 0t (rotational shift of the 
photodiode light-receiving surface D around the c-axis) Zero 
in this con?guration, ?rst the actuator on Which the object 
surface P is mounted is moved to incline the object surface 
P from the prescribed position by only angle 60 (or Y0) With 
respect to the angle 6 (or y), and the change in the light 
amount difference A (or B) is sought. Next, the sphere C is 
rotated about the c-axis by only a small angle, and then the 
above procedure is repeated in this condition to seek the 
light amount difference A (or B). In this Way, the sphere C 
is sequentially rotated about the c-axis and the position of 
the photodiode light-receiving surface D that yields the 
minimum light amount difference A (or B) is sought. Fur 
ther, When the light amount difference A(or B) is minimiZed, 
the angle 0t is Zero and any rotational shift of the photodiode 
light-receiving surface around the c-axis is minimiZed. 

[0045] FolloWing this, in order to make angle [3 (rotational 
shift of the photodiode light-receiving surface D about the 
k-axis) Zero, ?rst the actuator on Which the object surface P 
is mounted is moved to incline the object surface P from the 
prescribed position by a ?xed angle 60 (or Y0) With respect 
to the angle 6 (or 6y) and the change in the light amount 
difference A (or B) is sought as in the case of the adjustment 
of the angle 0t described above. Next, the sphere C is rotated 
about the k-axis by only a small angle, and then the above 
procedure is repeated in this condition to seek the light 
amount difference A (or B). In this Way, the sphere C is 
sequentially rotated about the k-axis to seek the position of 
the photodiode light-receiving surface D at Which the light 
amount difference A (or B) is smallest. Further, When the 
light amount difference A (or B) has been minimiZed, the 
angle [3 becomes Zero and the rotational shift of the photo 
diode light-receiving surface D about the k-axis is elimi 
nated. 

[0046] Upon completion of adjustment of the angle 0t and 
angle [3, the projected a-axis agrees With the Y-axis and the 
projected b-axis agrees With the X-axis. 

[0047] The rotation of the aforementioned sphere C about 
the c-axis and k-axis can be performed by means of an 
actuator, or a more simple manual operation can be used. 

[0048] The light-receiving surface can be ?xed to a rotary 
mechanism about the k-axis supported on a rotary mecha 
nism about the c-axis or to the rotary mechanism about the 
c-axis supported on the rotary mechanism about the k-axis. 

[0049] As described above, this invention comprises the 
above con?guration, and therefore the effects described 
beloW can be expected. 

[0050] That is, in this invention, the photodiode light 
receiving surface is ?xed to a rotary stage and this rotary 
stage is rotated about the c-axis and k-axis to eliminate any 
rotational shift of the photodiode light-receiving surface 
With respect to the object surface, and therefore the projected 
a-axis aligns With the Y-axis and the projected b-axis aligns 
With the X-axis, thus making it possible to prevent degra 
dation of the data accuracy of the light amount differences 
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A and B due to interference. This makes it possible to greatly 
improve the accuracy of measurement of the inclination of 
the object surface in a contact type surface roughness meter 
or scanning probe microscope (atomic force microscope). 

[0051] Further, since angle compensation of the photo 
diode light-receiving surface is performed by rotating this 
sphere, angle compensation can be performed accurately 
using a simple con?guration. 

[0052] In addition, since the aforementioned sphere is held 
in a sphere holder and is pulled toWard the corners by 
magnets, the sphere can be held in a stable condition, Which 
also makes it possible to perform accurate angle compen 
sation of the photodiode light-receiving surface. 

What is claimed is: 
1. An angle compensation method for compensating for 

an angle of a light-receiving surface of a photodiode dis 
posed in an inclination detection device, said light-receiving 
surface being divided into four parts by an a-aXis and a 
b-aXis disposed perpendicular to each other and receiving 
light re?ected from an object surface that is an X-Y plane, 
said inclination detection device seeking an inclination of 
the object surface from changes in an irradiation position of 
the light re?ected on the photodiode light-receiving surface, 
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said method comprising the steps of ?xing the light-receiv 
ing surface to a rotary stage that can rotate both about a 
c-aXis that passes through an intersection of the a-aXis and 
b-aXis and is perpendicular to the a- and b-aXes and about a 
k-aXis that is parallel to a Z aXis of the object surface; and 
rotating the light-receiving surface about the c-aXis and 
k-aXis so that, When the light-receiving surface is projected 
onto the object surface, the a-aXis aligns With a Y-aXis and 
the b-aXis aligns With an X-aXis. 

2. The angle compensation method according to claim 1, 
Wherein the light-receiving surface is ?xed to a rotary 
mechanism about the k-aXis supported on a rotary mecha 
nism about the c-aXis. 

3. The angle compensation method according to claim 1, 
Wherein the light-receiving surface is ?Xed to a rotary 
mechanism about the c-aXis supported on a rotary mecha 
nism about the k-aXis. 

4. The angle compensation method according to claim 1, 
Wherein the rotary stage comprises a magnetic sphere and is 
housed in a sphere holder having three perpendicular Walls, 
and the sphere is pulled by magnets disposed in corners 
formed by the three Walls to facilitate rotation of the sphere. 


