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INSTRUMENT FOR MEASURING THICKNESS OF 
THIN FILM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to a thin film 

thickness measuring instrument and more particularly 
an instrument for measuring, by use of two light beams 
of different wavelength, the thickness of a thin film 
being deposited by vacuum evaporation. 

2. Description of the Prior Art 
In the measurement of a thin ?lm being deposited 

upon a base such as a lens by vacuum evaporation, the 
optical properties of the thin film are continuously 
measured, and a desired thickness is considered to be 
attained when the optical properties satisfy predeter~ 
mined conditions. There are two methods for measur 
ing the optical properties. One method is called a 
monochromatic method, which measures the transmis 
sivity or reflectivity by using a single light beam of a 
predetermined wavelength incident upon the thin film 
being deposited, thereby measuring the thickness 
thereof. The other is called a dichromatic method 
which uses two light beams of different wavelength that 
measure the thickness of the thin film with a greater de‘ 
gree of accuracy than the method using only one light 
beam as will be described in detail hereinafter. 
The spectral characteristic curve ofa light beam inci 

dent at a right angle to a thin transparent film (with an 
index of reflation of n and a physical thickness ofa’ be 
comes a periodic curve having extreme values at the 
wavelength )\ when it satisfies the condition of ad = m 
)t/4 (m = 0,1,2 . . . ). As is well known in the art when 

plotted against l/)\, the characteristic curve is symmet 
rical about the wavelength of an extreme value. When 
a thin film is being deposited by vacuum evaporation, 
a white light beam is made incident upon the thin film 
and the reflectivities (or transmissivities) of two light 
rays It, and X2 which are displaced in wavelength from 
a predetermined wavelength It‘, by the same wavelength 
on both sides of A” within a range of Ito/4, are measured. 
The reflectivities are varied as the thickness of a thin 
film is increased, and become equal to each other when 
the following condition is satisfied: 

It is so defined that when the reflectivities of the two 
light beams of different wavelengths equal each other, 
the thin film, whose optical properties are measured by 
the center wavelength A”, has attained a desired thick 
ness. 

The above mentioned principle of the instrument for 
measuring thickness of a thin film will be discussed 
hereinafter in detail in conjunction with the accompa 
nying drawings. 

In such an instrument for measuring the thickness of 
a thin film according to the prior art, the amplifiers, 
phototubes and other components required consider 
able stability and thus there arose many problems espe 
cially when the thickness of the thin film was measured 
with the desired degree of accuracy. 
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SUMMARY OF THE INVENTION 

One of the objects of the present invention is there 
fore to provide an instrument for measuring the thick 
ness of a thin ?lm which is simple in construction and 
adjustment and is capable of measuring the thickness 
with a high degree of accuracy. 
Another object of the present invention is to provide 

an instrument for measuring the thickness of a thin film 
by the use of two light beams or rays of different wave 
lengths. 
Another object of the present invention is to provide 

an instrument for measuring the thickness of a thin film 
which does not require the use of photoelectric trans 
ducers of the same characteristics and the adjustment 
of the variation in the characteristics obtained from a 
plurality of photoelectric transducers due to their prod 
uct variation. 
Another object of the present invention is to provide 

an instrument for measuring the thickness of a thin film 
which is provided with only one ampli?er so that the 
adjustment of the variation in characteristics of a plu 
rality of amplifiers can be eliminated. 
Another object of the present invention is to provide 

a method and an instrument for measuring the thick 
ness of a thin film by selectively using the light ray or 
beam of a predetermined wavelength or two light rays 
or beams of different wavelengths. 
Another object of the present invention is to provide 

an instrument for especially measuring the thickness of 
a thin film being deposited by vacuum evaporation. 
Another object of the present invention is to provide 

an instrument for measuring the thickness ofa thin film 
which may be mounted on an apparatus for deposition 
of a thin film by vacuum evaporation in a simple man 
ner. 

Another object of the present invention is to provide 
an instrument for measuring the thickness of a thin film 
in which the error caused by the interference of light 
beams other than the light beam or beams used for the 
measurement can becolmpletely eliminated. 
Another object of the present invention is to provide 

an instrument for measuring the thickness of a thin film 
which is capable of measuring the overall thickness of 
a plurality of thin films of different substances which 
are successively deposited one upon another. 
The above and other objects, features and advan 

tages of the present invention will become more appar 
ent from the following description of preferred embodi 
ments thereof taken in conjunction with the accompa 
nying drawing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a view illustrating a conventional instrument 
for measuring the thickness of a thin film by using two 
light beams of different wavelength; 

FIG. 2 is a graph used for the explanation of the in 
strument shown in FIG. 1; 
FIG. 3 is a view illustrating the underlying principle 

of an instrument for measuring the thickness of a thin 
film in accordance with the present invention; 

FIG. 4 is a front view of an optical chopper used in 
the instrument shown in FIG. 3;. 

FIG. 5 is a view used for the explanation of the mode 
of operation of the instrument shown in FIG, 1;‘ 

FIG. 6 is a view of a stop plate used in the instrument 
shown in FIG. 3; 
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FIG. 7 is a view illustrating a modi?cation of the pres 
ent invention; 
FIG. 8 is a view illustrating another modification 

thereof; 
FIG. 9 is a view illustrating a further modification 

thereof; 
FIG. 10 is a view illustrating a second embodiment of 

the present invention; 
FIG. 11 is a view illustrating a stop plate used in the 

instrument shown in FIG. 10; 
FIG. 12 is a view used for the explanation of the stop 

plate shown in FIG. 11; 
FIG. 13 is a view illustrating a variation thereof; 
FIG. 14 is a view illustrating a shutter used in the in 

strument shown in FIG. 13; 
FIG. 15 is a view illustrating a third embodiment of 

the present invention; 
FIG. 16 is a perspective view illustrating the instru 

ment of the second embodiment of the present inven 
tion whose underlying principle is illustrated in FIG. 
15; 
FIG. 17 is a perspective view illustrating the principle 

component parts thereof; 
FIG. 18 is a top view thereof; 
FIG. 19 is a perspective exploded view of a light 

source thereof; 
FIG. 20 is a perspective view, in cross section, of a 

phototube thereof; 
FIGS. 21 and 22 are perspective and sectional views 

of a specimen holder thereof; and 
FIGS. 23 A + 238 are circuit diagrams of the instru 

ments shown in FIGS. 3,10 and 13. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to FIGS. 1 and 2, the light beam ema 
nated from a light source 100 is collected by a lens 101, 
suitably modulated by an optical chopper 102, trans 
mitted into a vacuum chamber 104 through a lens 103 
to transmit through a substrate 105, upon which is to 
be deposited a thin film by vacuum evaporation, redi 
rected by a re?ecting mirror 106, made into parallel 
rays by a lens 107, split by a semi-transparent 108 and 
re?ecting mirror 109 and intercepted, through ?lters 
110 and 111, by photoelectric transducers 112 and 
113, such as phototubes, for example. 
The outputs of the phototubes 112 and 113 are am 

plified by amplifiers 114 and 115, respectively, and ap 
plied to a differential amplifier 116, the output of 
which is indicated by an indicator 117. 

It is assumed that when a thin film deposited upon the 
substrate 105 attains a predetermined thickness, the 
characteristic curve P1 (See FIG. 2) will be obtained. 
The center wavelengths of light transmitted through 
the optical filters 110 and 111 are A, and A2 which are 
displaced from the center wavelength )1, by the same 
wavelength on both sides thereof. The light beam ema 
nated from the light source 100 is emitted to the sub 
strate 105 upon which a thin film is to be deposited by 
vacuum evaporation, and thegains of amplifiers 114 
and 115 are so controlled that the pointer of the indica 
tor 117 indicates zero. The characteristic curve P2 
(See FIG. 2) is obtained when the deposition by vac 
uum evaporation is started and the thickness of a thin 
film deposited upon the substrate 105 is still thin. The 
outputs of the amplifiers 114 and 115 are not equal to 
each other. When a desired characteristic curve P1 is 
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4 
obtained as the deposition proceeds, the difference in 
output of the amplifiers 114 and 115 becomes zero so 
that the reading of the indicator 117 is zero. The depo 
sition is therefore stopped so that a thin ?lm with a de 
sired thickness is deposited upon the substrate 105. 
The ?nal signal from which the thickness of the thin 

?lm deposited upon the substrate is to be determined 
is the difference in output between the two amplifiers 
114 and 115, which corresponds to the difference be— 
tween the line segments (1 and d’ shown in FIG. 2. The 
line segments :1 and cl’ represent an intensity of the 
order of 5 percent in the case of reflection and of the 
order of 95 percent in the case of transmission. The dif 
ference between the line segments d and d’ is theoreti 
cally of the order of 0.01 — 0.05 percent so that the am 
pli?ers, phototubes and other components must have a 
stability of the order of I/l0,000 and there arise many 
problems when the thickness of a thin film is measured 
with a desired degree of accuracy. 

First Embodiment, FIGS. 1-9 
Referring to FIG. 3, a first embodiment of the present 

invention will be described. Reference numeral 120 de 
notes a light source; 121, a condenser lens; 122, a semi 
transparent mirror; 123, a reflecting mirror; 124 and 
125, ?lters which permit the light beams of wave 
lengths )t, and A2 to pass therethrough; 126, an optical 
chopper comprising a chopper plate 129 consisting of 
a semi-circular light transmissive section 127 and a 
semi-circular light shielding section 128 and a motor 
130 for rotating the chopper plate 129, the light beams 
transmitted through the optical filters 124 and 125 
being alternately chopped by the rotating chopper 
plate 129; 131, an aperture blade for controlling the 
light intensity; and 132, a motor for driving the aper 
ture blade 131. 
As shown in FIG. 6, the aperture blade 131 com 

prises a segment plate which is swung through a prede 
termined angle by the motor 132 which in turn is con 
trolled in response to the control signals transmitted 
from a motor control circuit, thereby controlling or 
shielding the light beams emerging from the optical fil 
ters 124 and 125 so as to control the intensities of the 
two light beams. 
Referring back to FIG. 3, reference numeral 133 de~ 

notes a re?ecting mirror; 134, a semi-transparent mir 
ror for superimposing the light beams of wavelength A, 
and A2 from the optical filters 124 and 125 one upon 
another; 135, a Bell jar; 136, a substrate to be treated; 
137, an evaporation source; 138 and 139, windows 
made of a transparent material; 140, a re?ecting mir 
ror; 141, a phototube; 142, an amplifier; 143, a phase 
detector which is adapted to detect the phase of the 
input signal with reference to the output of a phototube 
144 which intercepts the light beam from the optical 
chopper 126; and 145, an indicator. The amplifier 142, 
the phase detector 143 and the indicator 145 constitute 
detecting means. 
The evaporant material is evaporated by heating and 

deposited upon the substrate (136). Instead of the pho 
totube 141, a phototransistor or the like may be em 
ployed. 
When no thin film is formed upon the substrate, that 

is when the thickness of the thin ?lm is zero, there is no 
difference in the transmissivity of the light beams of 
wavelengths A, and A2 incident upon the substrate so 
that the output of the phototube 141 becomes a con 
stant DC level as shown in FIG. 5a. As a result the read 
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ing of the indicator 145 would be zero. However the 
output of the phototube 141 includes a pulsating com 
ponent, as shown in FIG. 5, because of the radiation 
characteristic of the lamp 120, the sensitivity of the 
phototube 141, and the optical characteristics of the 
?lters 124 and 125 and the half mirrors 132 and 134. 
Therefore the indicator 145 indicates as if a thin film 
with a certain thickness has already been deposited 
upon the substrate. 
The motor 132 is driven to displace the aperture 

blade 131 as shown in FIG. 6 so as to partly shield the 
optical filters 124 and 125. This is done in order to 
eliminate the pulsating component of the output of the 
phototube 141. Thereafter the evaporant material 137 
is vaporized by heating and deposited upon the sub 
strate 136. Two light beams of wavelength A, and A2 are 
alternately incident upon the substrate by the chopper 
plate 129, and the output of the phototube 141 is am 
plified by the ampli?er 142 and detected by the phase 
detector 143 so that the signal which is correlated in 
phase with the rotation of the chopper plate 129 is de 
rived and applied to the indicator 145 for reading. Until 
a thin film deposited upon the substrate attains a prede 
termined thickness, the output waveforms indicated by. 
b and c in FIG. 5 are applied to the indicator 145. When 
a desired thickness is attained, there is no difference 
between the outputs of the phototube in response to 
the light beams of wavelength it, and k2 so that the 
reading of the indicator 145 becomes constant. There 
fore one can see that the thin film deposited upon the 
substrate 136 has attained a desired thickness. Then 
the evaporation is stopped so that the thin film with a 
desired thickness is deposited upon the substrate 136. 

Variation, FIG. 8 
When the phototube is sensitive over a wide range of 

wavelengths, in order to intercept two light beams of 
different wavelengths, the operating point of the photo» 
tube deviates considerably by the so-called stray light 
beam emanated from the light source so that a noise is 
generated. This problem can be overcome by the ar 
rangement shown in FIG. 8. The light beam emerging 
from the Bell jar through the window 139 is split by a 
semitransparent mirror 146 and a reflecting mirror 
147, and optical filters 148 and 149, which transmit the 
light beams of wavelength A, and k2, respectively, are 
inserted into the two split optical paths, respectively. 
The split light beams are superposed one upon another 
by a semi-transparent mirror 151 and a reflecting mir 
ror 150 so as to be intercepted by the phototube 141. 
Variation. FIG. 9 
Alternatively, as shown in FIG. 9, a prism or refrac 

tion grating 152 is located in front ofthe phototube 141 
in such a manner that the refracted light rays of wave~ 
length A, and A, may be incident upon the phototube 
141 through windows 153 and 154 of a shield plate 
155. 
As described hereinbefore according to the present 

invention the thickness measuring instrument may be 
made extremely simple in construction even though 
two light beams of different wavelength are used be 
cause only one photoelectric transducer as well as an 
amplifier are used. Therefore, the variation in gain may 
be made negligible, and a measurement with a higher 
degree of accuracy may be stabilized. Furthermore, the 
preadjustment by the aperture blade 131 serves to pro 
vide a constant level output, containing no pulsating 
component, when a thin film is deposited to a desired 
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thickness, so that measurement with a higher degree of 
accuracy is possible. 

Variation, FIG. 7 
In the first embodiment and its variations described 

hereinbefore, the ratio of intensity between the two 
light beams It, and A2 is so great that it is not necessary 
to use the blade 131, which is symmetrical as shown in 
FIG. 6, but the use of a symmetrical aperture blade is 
preferable because, in one case the light beam of wave 
length A, is shielded, and in the other case the light 
beam of wavelength k2 is shielded, depending upon the 
wavelengths It, and M. In the variation shown in FIG. 
7, a rectangular blade 156 is used, which is recipro 
cated in the directions indicated by the double-pointed 
arrow A by a threaded rod 157, which is in mesh with 
an internally threaded gear 158 that is rotated by a 
motor (not shown), whereby either of the light beams 
of wavelengths A, or A2 may be selectively shielded as 
needed. 
Second Embodiment, FIGS. 111-14 
The second embodiment is described in detail herein 

after with particular reference to FIG. 10. This em bodi 
ment is different from the first embodiment described 
hereinbefore with reference to FIG. 3 in that instead of 
measuring the light beams transmitted through the thin 
film and the substrate, the light beams reflected there 
from are intercepted by a photoelectric tube. The same 
reference numerals are used in FIGS. 3 and 10 to desig 
nate similar component parts. 
The light beam from the half mirror 134 is redirected 

by a mirror 159 to make it incident upon the substrate 
136, and the light beam reflected by the substrate 136 
is redirected by a mirror 160 to make it incident upon 
the phototube 141. The reflectivi'ties of the light beams 
of wavelengths It, and A, are also varied as shown in 
FIG. 2 so that the thickness of a thin film deposited 
upon the substrate 136 may be measured in a manner 
substantially similar to that of the first embodiment. 

In the second embodiment, in order to improve the 
accuracy in measurement, an aperture or stop plate 
161 of the type shown in FIGS}. 11 and 12 is used. 
When the aperture blade of the type shown in FIG. 6 
or FIG. 7 is used, the intensity of the light beam emerg 
ing from the optical filter 124 or 125 is linearly varied. 
That is, the variation or increase or decrease in the in 
tensity of the light beam, controlled by the aperture 
blade, is in proportion to the angle of rotation of the 
motor. Therefore, the variation in intensity of the light 
beam per unit of angle of rotation (that is, the variation 
in intensity of light beam when the aperture blade is an 
gularly displaced by AB/ the intensity of the light beam 
from the optical ?lter 124 or 125 which is not shielded 
by the aperture blade at all), when the optical filter 124 
or 125 is substantially shielded, is considerably higher 
than when the optical filter 124 or 125 is shielded only 
over a small area. That is, the variation in intensity of 
light beam with respect to the light displacement of the 
aperture blade is not constant so that the light intensity 
adjustment cannot be attained smoothly. In order that 
the ratio of the variation in light intensity dx when the 
aperture blade is rotated through a unit angle of rota 
tion d6 to the intensity of light transmitted through the 
optical ?lter, which is shielded, must satisfy the follow- - 
ing equation: 

—d.\'/.\' = k (119 
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where K = a constant. 
An approximate solution of Eq. ( 1) may be obtained in 
the following manner. Assume that the radius from the 
center 0 to the periphery f-l and f-2 of the aperture 
blade is r and that when f-l is tangent to the filter 124 
when 0 = O, the radius is r,,. Furthermore, assume that 
when 0 —-> cs,f-1 completely shields the ?lter 124 and 
the radius is r,,,,,, and that the radius is r-l at a predeter 
mined angle 9, (which is the critical angle at which the 
light beam can be beam shielded by the aperture 
blade). Then the radius r, from the center 0 to f-l 
when the angle of rotation is 0, is given by 

r : rumr _' (rum: '- ro) E'ao 

where 
a = ln (rmua' — flu/rum: T‘ rt) 

A con?guration de?ned by Eq. (2) is a segment with an 
angle (1), as shown in FIG. 11. 
Eq. (2) gives the solution when the light beam trans 

mitted through a segment 162 with a subtended angle 

20 

d) is shielded by the shielding plate'l6l, but does not ' 
give the solution when the light beam transmitted 
through the circular opening 0 of the filter 124 or 125 

. is shielded. However Eq. (2) may be applied to the lat 
ter case in practice. 

In the preadjustment effected by the aperture blade 
161 whose configuration is defined by Eq. (2), the vari 
ation in light intensity per unit of angle of rotation is 
constant so that a preadjustment with a higher degree 
of accuracy may be accomplished in a simple manner 
when the aperture blade is rotated by a servomotor, as 
shown in FIG. 10. 

Variation, FIGS. 13 and 14 
FIG. 13 illustrates a variation of the second embodi 

ment shown in FIG. 10, with the same reference nu 
merals being used to designate similar component parts 
as shown in FIG. 10. In the variation shown in FIG. 13, 
a shutter 163, which is driven by a motor 164 (See. 
FIG. 14), is inserted in the optical path ofthe filter 124 
in order to use the thickness measuring instrument 
shown in FIG. 10 to measure the thickness ofa thin film 
by using only one light beam. When the motor 164 is 
driven so that the shutter 163 is displaced so as to 
shield the whole surface of the ?lter 124, only the light 
beam of wavelength A», is incident upon the substrate 
from the light source 120. The absolute re?ectivity of 
the thin film is measured in terms of the de?ection of 
the pointer of the indicator. 

In general, the thickness of a thin film can be mea 
sured more accurately when two light beams are used 

' rather than when only one light beam is used, but it 
may be preferable to use only one beam in the meas 
urement, depending upon the characteristics and for 
mation of the thin ?lm. Furthermore, when two light 
beams are used, they must be suitably balanced and the 
sensitivity in the measurement must be suitably deter 
mined. In this case the sensitivity may be determined in 
a simple manner when the thickness measuring instru 

‘ ment is switched to the mode using only one light beam 
after the two light beams are balanced by the aperture 
blade. 
Third Embodiment, FIGS. 15-22 
In FIG. 15 illustrating a third embodiment of the 

present invention, reference numeral 165 denotes a 
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8 
white light source; 166, a collimater lens; 167, a di 
chroic mirror in order to permit the transmission there-8 
through of the light beam of wavelength A, and to re‘ 
fleet the light beam of wavelength A2; 168 and 169, re 
?ecting mirrors; 170, a dichroic mirror complementary 
to the dichroic mirror 167; 171, an optical chopper; 
172, a stop blade; 173 and 174, motors for driving the 
optical chopper 171 and the stop blade 172, respec 
tively; 175, a re?ecting mirror; 176, a dichroic mirror 
for transmitting the light beam of wavelength It, but re 
?ecting the light beam of wavelength A2; 178 and 179, 
reflecting mirrors; 180, a dichroic mirror complemen 
tary to the dichroic mirror 176; 183, a slit disposed in 
a focal plane offocusing lenses 181 and 182; 184, a dif 
fusion plate located behind the slit 183; and 185, a pho 
totube. 
The light source 165 and the phototube 184 are 

housed within a casing 186, which in turn is disposed 
on top of a Bell jar 187 in such a manner that the light 
ray re?ected by the reflecting mirror 175 may be inci 
dent upon a specimen 188 held within the Bell jar 187. 
Within the Bell jar, which is evacuated, is disposed a 
rotary table 189 upon which are bonded lenses L,—L,, 
upon which are deposited the thin films. The rotary 
table 189 is rotated in order to ensure a uniform depo 
sition of the thin films upon the lenses. The specimen 
188, comprising a glass plate, is placed in the lower 
portion of a through bore formed at the center of the 
rotary table 189. 
The white light emanated from the light source 165 

is split by the dichroic mirror 167 into light beams of 
wavelengths A, and M, which are alternately chopped 
by the optical chopper 171 in order to be incident upon 
the dichroic mirror 170, so as to be combined into one 
beam. Therefore, the light beam combined by the di 
chroic mirror 170 is divided in time into the light beam 
of wavelength A, and the light beam of wavelength A2. 
The light from the mirror 170 is redirected by the mir 
ror 175 to be incident upon the specimen 188 within 
the Bell jar 187. The light re?ected by the specimen 
188 is incident upon the dichroic mirror 176 through 
the mirror 175 and the lens 182. 
A thin film is deposited upon each of the lenses L,—L,, 

placed upon the rotary table 189 in the Bell jar 187. In 
this case, a thin ?lm is also deposited upon the speci 
men 188 so that the thickness of the thin film deposited 
upon each lens may be measured by measuring the 
thickness of the ?lm deposited upon the specimen 188 
in a manner substantially similar to that described here 
inbefore. 
The light beam is split into two light beams by the 

mirror 179. The light beam of wavelength A, is redi 
rected and transmitted through the optical filter 190, 
which transmits only the light beam of wavelength A], 
to be incident upon the dichroic mirror 180. The light 
beam of A2 is transmitted through the optical ?lter 191 
which transmits only the light beam of A2 and redi 
rected by the re?ecting mirror 179 to be incident upon 
the dichroic mirror 180 where the two light beams of 
wavelengths A, and A2 are combined into one light 
beam which is incident upon the slit plate 183. The 
light beam focused upon the slit plate 183 is diffused by 
the diffusion plate 184 and converted into an electrical 
signal by the phototube 185. 
When the thickness of the thin film deposited upon 

the specimen 188 reaches )\,,/4, the outputs of the pho 
totube in response to the light beams of k, and M be 



9 
come equal to each other so that the thin ?lms depos 
ited upon the lenses are detected to have reached 10/4. 
Since the dichroic mirrors 167 and 170 are used for 

the time-division of the light beam to be incident upon 
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The housing of the optical system 186 has a cylinder 
which is disposed upon the bottom so as to form an air 
tight fit over the upper opening of the Bell jar. The 
specimen holder 196 is located at the center ofthe Bell 

the specimen 188, the luminous ?uxes L A, and L M of 5 jar 187, and a plurality of specimens 188 mounted 
the light beams of )1, and A2 are given by 

during a time interval 1, when the chopper 171 inter 
rupts the optical path of the mirror 167, where 
R, : re?ectivity of mirror 167 
T2 : transmissivity of mirror 170. 

In the next time interval 12, 

Therefore the luminous ?uxes intercepted by the pho 
totube 185 are given by 

where Q A, and Q 12 are luminous ?ux efficiencies of 
light beams of wavelengths it, and 12, respectively. 

In the second embodiment where the halfmirrors are 
used (see FIG. 13), the luminous ?ux efficiencies are 

Then, it is seen that in the third embodiment the lumi 
nous ?ux efficiency may be increased by about six 
times. 
Since the evaporant material is heated within the Bell 

jar, stray light is generated and is incident upon the mir 
ror 175 to be redirected so as to be incident upon the 
phototube 185. To overcome this problem, slit plate 
183 is interposed. Furthermore, the brightness distribu 
tion upon the surface of the light source 165 may be 
made uniform by locating the diffusion plate 184 be 
hind the slit plate 183 and in spaced apart relation with 
the phototube 185, whereby the adverse effect caused 
by the nonuniform density of the filament of the light 
source 165 may be eliminated. Furthermore, the above 
arrangement makes it possible to compensate for the 
variation in sensitivity of the light receiving surface of 
the phototube so that the deviation of the optical path 
will not cause variation in the sensitivity. 
Referring to FIG. 16, which illustrates a perspective 

view of the thickness measuring instrument described 
hereinabove with reference to FIG. 15, the optical sys 
tem generally indicated by reference numeral 186 is 
mounted on top of an apparatus 187 for deposition by 
vacuum evaporation. Reference numeral 192 denotes 
a lamp house in which is disposed the light source 165; 
193, a lens barrel housing the collimator lens 166; 194, 
a casing housing a photoelectric electron multiplier 
tube corresponding to the phototube 185 shown in 
FIG. 15; 195, an electronic circuit unit to which is ap 
plied the output of the phototube; and 199, a specimen 
holder suspended into the Bell jar 187 from the under 
surface of the optical system 186 by means of three 
threaded rods 197 — 199. The specimen holder 196 has 
a lever 188 extending out of the Bell jar. 
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upon the specimen holder 196 is moved one by one to 
a center opening 201 of the specimen holder when the 
lever 200 is reciprocated in the directions indicated by 
the arrows A and B. 
The evaporant material is deposited upon the speci' 

men 188 placed in the opening 201 of the specimen 
holder 196, and the light beams of wavelengths A, and 
A2 are incident upon the specimen so that the re?ected 
light beams are intercepted by the phototube 194, the 
output of which is applied to the electronic unit 195 in 
the manner described hereinbefore. 
As shown in FIG. 15, within the Bell jar is disposed 

the rotary table upon which is placed the lenses. When 
the thin film with a desired thickness has been depos 
ited upon the lens, the specimen upon which was de 
posited the evaporant material, is displaced to the light 
so. as to be dropped onto the bottom of the Bell jar. 
When the lever 200 is returned :in the direction indi 
cated by arrow B, a new specimen 188 is placed into 
the opening 201 for the next deposition. 
Referring to FIGS. 17 and 18, the dichroic mirrors 

167 and 170, the re?ecting mirrors 168 and 169, and 
the motors 173 and 174 for driving the chopper and the 
stop blade are mounted upon a mount 203 which, in 
turn, is fixed to the side wall of the casing 186 in such 
a manner that it may be vertically moved by tightening 
or loosening adjusting screws 204 and 205 screwed into 
internally threaded holes formed in the side wall of the 
casing 186, as best shown in FIG. 18. 
Each of the re?ecting mirrors 168 and 169 is fixed to 

a mirror holder 219, or 220, which is normally so bi 
ased as to move forward by springs 214 and 215 or 216 
and 218 fitted over guide pins 208-210 (210 being not 
shown) or 211_213 ?xed to an upright mirror holder 
206 or 207 fixed to the mount 203. The mirror holders 
219 and 220 are provided with adjusting screws 221 
and 222 which are rotatably fixed to the mirror holders 
219 and 220 and screwed into the internally threaded 
holes formed through the mirror stands 206 and 207, 
so that the position of the mirrors 168 and 169 may be 
adjusted. More particularly, the coarse adjustment of 
the mirrors 167 and 170 may be made by tightening or 
loosening the adjusting screws 2.04 and 205, respec 
tively, and then the fine adjustment is made by tighten 
ing or loosening the adjusting screws 221 and 222. 
Optical filter holders 223 and 224 are also mounted 

upon the mount 203 so that the optical filters may be 
inserted when the balancing between the light beams of 
wavelengths A, and A2 is impossible. The balance be 
tween the two light beams may be attained by the opti~ 
cal filters and the stop blade 172.. 
A focusing lens 181 barrel holder 225 is also 

mounted upon the mount 203, and a pin 227, extending 
from the focusing lens barrel, is fitted into a groove 226 
formed in the holder 225 so that the focusing lens 181 
may be displaced in the optical direction thereof. 
A cylinder 228, in which is housed the re?ecting mir 

ror 175, and which has an extension fitted over the fo~ 
cusing lens barrel as best shown in FIG. 18, is ?tted into 
the top of the Bell jar and fixed. thereto with screws 
(not shown). The cylinder 228 is provided with a trans 
parent sealing member 229 for maintaining the vacuum 
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in the Bell jar and with a dust-proof glass 230. Mirror 
holders 235 and 236 are suspended by guide pins 
231-234 from a top cover 237 of the cylinder 228, and 
adjusting screws 238 and 239, which are rotatably fixed 
to the mirror holders 235 and 236, respectively, are 
screwed into internally threaded holes drilled through 
the top cover 237 so that the re?ecting mirrors 175 
may be displaced in the vertical direction, indepen 
dently of each other by tightening or loosening the ad 
justing screws 238 and 239, respectively, thereby ad 
justing the optical length. 
The reflecting mirrors 178 and 179 are mounted in 

a manner substantially similar to that of the re?ecting 
mirrors 168 and 169, and are displaced in parallel with 
each other along the guide pins 240, 241, 242 and 243 
by tightening or loosening the adjusting screws 244 and 
245, respectively, whereby the optical length may also 
be adjusted. The optical filters 190 and 191 and the fo 
cusing lens 182 are mounted on the same mounting as 
the re?ecting mirrors 178 and 179. 
The casing 194 housing the phototube is best shown 

in FIG. 20. The diffusion plate 184 is interposed be 
tween the phototube 185 and the slit plate 183 having 
a slit 248 formed at the center thereof. The light receiv 
ing surface of the phototube 185 is spaced apart from 
the diffusion plate by 10 millimeters. The housing 194 
has one end fixed to a holder 249 (See FIG. 17) in such 
a manner that the focal plane of the focusing lens 182 
coincides with the slit 248 of the slit plate 183. 
As best shown in FIG. 19, at one end of the lens bar 

rel 192 is fitted a mount 250 to which is screwed a 
screw 251. The lamp house 192 is provided with a 
sleeve 252 for engagement with the mount 250 of the 
lens barrel 129, and when the sleeve 252 and the mount 
250 are engaged with each other the screw 251 is tight 
ened, whereby the lens casing 194 may be securely 
fixed to the lamp house 192. A projection or ?ange 253 
is formed around the periphery of the sleeve 252 so 
that it may cooperate with the screw 251 to prevent the 
mount 250 from falling off the sleeve 252. Reference 
numeral 254 denotes a light source base body which 
forms the outer helicoid for engagement with the inner 
helicoid of the sleeve 252; 255, an intermediate mem 
ber is provided with slots into which are fitted two 
guide pins 256 and 257 extending from the base body 
254; and 258, a lamp holder is provided with slots 
which are at right angles with respect to the slots of the 
intermediate member 255 and fixed electrodes 260 are 
provided for engagement withthe light source or lamp 
165. 
When the lamp house 192 is mounted upon the 

mount 250, the distance between the filament of the 
lamp and the mount must be maintained at a predeter 
mined distance and the center of the ?lament must be 
made to coincide with that of the mount 250 by using 
the some jigs. 
After the light source 165 such as an idodine lamp is 

mounted, the guide screws or pins 256, 257 and 259 
are loosened so that the intermediate member 255 and 
the holder 258 may be displaced in the X- and Y 
directions in order to coincide the center of the fila 
ment with that of the mount. Thereafter the guide 
screws are tightened to securely hold the members 255 
and 258 in position, and the sleeve 253 is rotated to 
cause its upright end surface 253' to move in the 2 
direction in order to maintain a predetermined distance 
between the filament and the mount 250. Thereafter, 
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the screws 261' of the base 254 are tightened so as to 
hold the sleeve 253 in a stationary position. 
Thereafter, the sleeve 253 is inserted into the mount 

250 and securely held in position by tightening the 
screw 251. Thus the lamp 165 is located at the center 
of the mount, that is, at the focal point ofthe collimator 
lens 166. 
Next, referring to FIGS. 21 and 22, the specimen 

holder will be described in detail, as follows. Reference 
numeral 262 denotes a base ?xed to the'leading ends 
of the threaded rods 197, 198 and 199; 263, a specimen 
passage formed at the center of the base 262; 264 and 
265, frames for storing the specimens such as glass 
plates g1, g2, g3 and so on; 266, a bell crank having one 
end connected to the lower end of the lever 200 and its 
center pivoted to the base 262; 267, a pressure plate 
whose one end is fixed to a sliding member 268 and 
whose leading end is adapted to engage with the lower 
most specimen 3 so as to cause it to move toward the 
center opening 201; 268, a sliding member which has 
its side edges slidably ?tted into guides 269 and which 
has a pin 271 fitted into a slot formed in the lever 270; 
and 272, a guide‘ located below the base 262 so that the 
used specimen g’ may slide over the guide 272 to drop 
onto a predetermined position within the Bell jar. 
Next, the mode of operation will be described. The 

housing 186 of the optical system is mounted upon the 
Belljar, and then the lever 200 is actuated in the direc 
tion indicated by the arrow A so that the lever 270 (See 
FIG. 21) is rotated in a counterclockwise direction to 
cause the pressure plate 267 to push the lowermost 
specimen g. The lowermost specimen g is moved along 
the guides 263 to the opening 201. The light source 165 
in the lamp house 192 is adjusted in the X-, Y- and Z 
directions so that the filament is positioned at the cen 
ter of the collimator lens 166. When the light source 
165 is turned on and the motor 173 is driven, the light 
beams of wavelengths }\1 and A2 are incident in a time 
division manner upon the specimen in the opening 201 
through the optical system consisting of the mirrors 
167, 170, 181 and 175. The re?ected light is incident 
upon the slit plate 183 through the optical system con 
sisting of the mirror 175, the focusing lens 182, and the 
mirrors 176, 178, 179 and 180. 
However, when the mirrors 167 and 170 are not ad 

justed correctly or when the lamp 165 is not correctly 
positioned, the light reflected from the specimen will 
not be focused upon the slit and will be deviated in ei 
ther direction. 
Since many mirrors are used, it is almost impossible 

to adjust them independently of each other so that the 
re?ected light may be focused upon the slit. 
To overcome this problem, according to the present 

invention the mount 203 is displaced by tightening or 
loosening the adjusting screws 204 and 205, thereby 
adjusting the position of the mirrors 167 and 170 so as 
to cause the re?ected light to be focused at a point ad 
jacent to the slit plate 183. Next the fine adjustment is 
made by adjusting the positions of the mirrors 168, 
169, 175, 178 and 179 independently of each other so 
that the re?ected light is correctly focused upon the 
slit. Thereafter, the preadjustment is made by driving 
the stop blade 172 so that the pointer of the meter of 
the electronic unit 195 will indicate zero. 
The deposition by vacuum evaporation is then 

started and a thin film is also formed upon the speci 
men. When the thin film is deposited to a desired thick 
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ness, the pointer of the meter will indicate zero as de 
scribed hereinbefore. 
When a plurality of thin film layers of different mate 

rials are deposited, the deposition of one material is 
stopped as soon as the pointer indicates zero, and then 
the next evaporant material is placed in the Bell jar. 
The lever 200 is actuated to bring the used specimen, 
thatkis, the specimen upon which is deposited the thin 
?lm, toward the guide 272 to drop it into a predeter 
mined position in the Bell jar. Next, the lever 200 is 
moved in the direction B and then in the direction A so 
that a new specimen g may be placed in the opening 
201. 
The next deposition is then started so that the next 

evaporant material is deposited upon the thin film 
which has already been formed upon the lens. 
As described hereinbefore, according to the present 

invention the coarse and fine adjustments of the optical 
elements or mirrors are made so that the adjustment of 
the relative positions of the mirrors may be simplified. 
Furthermore, the light source is arranged as a unit, 
which is provided with a mechanism for positioning the 
lamp in the correct position, so that the replacement of 
the lamp may be facilitated. The replacement of speci» 
mens may be made only by reciprocating the operating 
lever so that the formation ofa multilayer on a lens may 
be facilitated. 
The stray light from the Bell jar is completely elimi 

nated because a slip plate and a diffusion plate are used 
and especially because the light receiving surface or 
photocathode of the phototube is spaced apart from 
the diffusion plate. Furthermore, the variation in sensi 
tivity over the light receiving surface or photocathode 
of the phototube, which is inherent thereto, may also 
be eliminated because the diffusion plate is spaced 
apart from the phototube. 
Next, referring to FIG. 23, the electronic circuit 

which may be used with the first, second and third em 
bodiments, described hereinbefore with reference to 
FIGS. 3, l0, l3 and 15, will be described. Reference 
numeral 273 denotes a phototube which corresponds 
to the phototube 141 or 185 and to which is applied a 
high voltage from a high voltage source 274; 275, a pre 
amplifier; 276, a bandpass filter which transmits only 
the fundamental component which is the frequency of 
rotation of the chopper, but prevents the transmission 
of the noise; 277, a coupling capacitor; 279, 280, 281 
and 282, resistors used for the adjustment of the ampli 
fication of an AC amplifier 278; 283 and 284, switches 
interlocked with a switch 285; 286, 287, 288 and 289, 
diodes and zener diodes inserted into a feedback circuit 
of the amplifier 278; and 290, a detector for detecting 
the DC component of the output of the amplifier 275 
in excess of a predetermined level. As shown in FIG. 5, 
the output of the amplifier 275 includes a high DC 
component even when the differential signal (s M-s A2) 
is small. Therefore the DC component in the output 
signal of the phototube must be detected so that the 
pre-amplifier 275 may be prevented from being satu 
rated or deactivated by the DC component. When the 
excess DC component is detected, the output of the de 
tector is applied to a central control circuit 291 to be 
described hereinafter. Reference numeral 292 denotes 
a detector which detects its input in excess of a prede 
termined level; 293, a holding circuit which holds the 
output of the detector for a predetermined time and ap 
plies the control signal to the central control circuit 
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291, the holding circuit being of any conventional type 
comprising capacitors, resistors and a diode; and the 
output of the detector 290 being applied to the reset 
input terminal of a control circuit 294 such as a flip 
flop in the central control circuit 291. The control cir 
cuit 294 is set when a high-voltage source actuating 
switch 295 is closed so that the signal is applied to the 
high-voltage source 273 which in turn supplies a high 
voltage to the phototube 273, but is reset in response 
to the output of the detector DT,, thereby causing the 
high voltage source 274 to supply a low voltage to the 
phototube 273. The output of the holding circuit 293 
is applied to the input of the control circuit 296 in the 
central control circuit so that an “over” indicating 
lamp 297 connected to the control circuit 296 is turned 
on. ln response to the outputs from the control circuit 
294 the indicating lamps 298 and 299 are turned on or 
off, thereby indicating whether the excess output is 
being derived from the amplifier 275 or not and also 
indicating the output voltage of the high voltage 
source. 

When the amplifier 278 is saturated by excess AC in 
put, the capacitor 277 is charged so that it takes a long 
time before the normal operation of the amplifier 278 
is restored even when the excess input is removed. In 
this case, the feedback resistor in the amplifier 278 is 
short-circuited in such a manner that either resistor 
279 or resistor 280 is connected in series to the capaci 
tor 277. Since the impedance of the capacitor 277 may 
be negligible in the case of the AC component, the am 
plification factor becomes Ram/R297. Since the capaci 
tor 277 is inserted, the amplification factor for the DC 
component of the amplifier 278 is zero so that there is 
no fear ‘at all that the operating point of the amplifier 
278 will be deviated due to the offset of the amplifier 
278. When the excess input is applied to the amplifier 
278, its output is increased for example in the positive 
(+) direction in excess of the voltage at which the 
diode 288 is conducted so that the input and output of 
the amplifier 273 is short-circuited. In this case there 
arises no problem since the forward voltage is applied 
to the zener diode 289. When the input is not in excess 
of a predetermined level, the diode 288 is not conduc 
tive. When the excess output of the amplifier 278 is in 
the negative (—) direction, the diode 289 is conductive 
so that the input and output ofthe amplifier 278 is also 
short-circuited. 
When the amplifier 278 is operated under the normal 

condition i.e., no excess input is applied, a voltage drop 
across the resistor 300 occurs due to the small leakage 
current of the zener diodes 288 and 289. The value of 
the resistor 300 is so selected that the diodes 286 and 
287 are not conductive even in the forward direction 
by the above voltage drop. When the diodes 288 and 
289 are conductive as the excess input is applied to the 
amplifier 278, a sufficiently high current flows through 
the resistor 300 so that a sufficient forward voltage is 
applied to the diodes 286 and 287 by the voltage drop 
across the resistor 300. Therefore, the diodes 286 and 
287 are conductive so that the feedback resistor 281 is 
short-circuited. As a result the capacitor 277 is rapidly 
discharged. 
However, since the excess input: is applied to the am 

plifier 278, the linearlity of the amplifier 278 is lost so 
that there is no proportionality between the input and 
output. ‘ 
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The excess input may be detected by monitoring the 
voltage drop across the resistor 300 in the manner de 
scribed hereinabove. When the voltage drop across the 
resistor 300 is rapidly increased in response to the ex 
cess input, the detector 292 detects this voltage drop 
and the output of the detector 292 is held for a prede 
termined time by the holding circuit 293. The level of 
the output of the holding circuit 293 is varied in a DC 
manner and the indicating lamp 297 is turned on in re 
sponse to the output of the control circuit 296, thereby 
indicating that the amplifier 278 is saturated by a ex 
cess input so that the normal measurement cannot be 
accomplished. 
As described above, when the DC component in the 

output of the phototube 273 is in excess of a predeter 
mined level, the voltage supplied from the high voltage 
source 274 to the phototube 273 drops. When the AC 
component in the output ofthe phototube 273 is in ex 
cess of a predetermined level, the indicating lamp 297 
is turned on, thereby indicating that the amplifier 273 
is saturated so that the normal measurement cannot be 
accomplished. 
Reference numeral 301 denotes a synchronous recti 

fier connected to the output ofthe amplifier; 302, a 
pulse signal waveform shaping circuit for shaping the 
sync signals generated by a photo-cell 303 disposed in 
the opening of the chopper 129 into the pulses, the cir 
cuit 302 being connected to the synchronous rectifier 
301 in order to apply the sync signals thereto; 304, an 
amplifier which is connected to the output of the syn 
chronous rectifier 301 through a switch 285 and a resis 
tor 305; 306 and 307, resistors inserted into the feed 
back circuit of the amplifier 304 so as to vary the am 
plification factor thereof; 308, an electronic switching 
element comprising a FET connected in series to the 
resistor 307 so that the resistor 307 may be selectively 
connected to the feedback circuit of the amplifier 304, 
R3,", = 10 X R301 // Rm (where // denotes the parallel 
connection) so that when the electronic switching ele 
ment 308 is closed the resistance is set to l/lO of the 
resistance when the electronic switching element is off 
(that is, X l, X10); and 309, an indicator connected to 
the output of the amplifier 304. 
Reference numeral 310 denotes a switch for chang 

ing the scale of the indicator 209. When the switch 310 
is closed, the scale is Xl whereas when the switch 310 
is opened, the scale is X 10. 
Reference numeral 311 denotes a control signal gen 

erator for applying the ON signal to the switching ele 
ment 308; and 312, a control circuit for adjusting the 
stop blade 172 when the pointer of the indicator 309 
will not indicate zero due to the product variation of 
the light source‘, the dichroic mirrors and the half mir 
rors, that is, when the deflection due to the light beam 
of wavelength A, does not coincide with that due to the 
light beam of wavelength A2. The control circuit 312 is 
connected to the switch 310 and to a control circuit 
313 including a ?ip-flop. Reference numeral 314 de 
notes a FET switching element whose gate is connected 
to the set output terminal of the control circuit 313 in 
cluding the ?ip-?op; 315, 314, 316, and 317, FET 
switching elements connected to the output of the con 
trol circuit 313 including the ?ip-?op; 318, an amplifier 
connected to the output of the synchronous rectifier 
301 through a switching element 319; and 320, a feed 
back resistor. A detector 321 is connected to the out 
put ofthe amplifier 3l8vso that when the output of the 
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ampli?er 318 is less than a predetermined level. the 
control circuit 313 including the flip-flop is reset. 
When the thickness measurement is made by the di 

.chromatic method, the switch 310 is depressed so that 
the flip-flop is set in response to the output of the con 
trol circuit 312. Then the switching element 319 is 
turned on whereas the elements 314, 315, 316 and 317 
are turned off. When the output of the synchronous 
rectifier 301, that is, the difference between the out 
puts in response to the light beams of wavelengths )1, 
and k2, is derived, the motor 174 for driving the ‘stop 
blade is driven in response to the output of the ampli 
fier 318 so that the stop blade is displaced in the optical 
path of the beam ofa wavelength A, or A2, thereby con 
trolling the intensity of the light. Therefore, the output 
of the amplifier 318 gradually approaches zero so that 
the motor 174 is stopped. When the output of the am 
pli?er 318 is less than a predetermined level, the con 
trol circuit 313, including a flip-?op, is reset through 
the detector 321 and the switching element 319 is 
turned off and the switching elements 314 and 315 are 
turned on whereas the elements 316 and 317 remain 
turned off. Since the set output of the ?ip-flop 313 is 
connected to the indicating lamp 322, when the control 
circuit 313 including the ?ip-?op is set so that the 
motor 174 is driven, the lamp 322 is turned on, thereby 
indicating that the stop adjustment is being made, 
The stop blade 172 is drivingly coupled to the motor 

174, and a cam 323 is secured on the shaft of the stop 
blade 172. Reference numerals 324 and 325 denote 
limit switches mounted on the ends of the cam 323; and 
326, a switch for detecting the position of the stop 
blade 172. 
Reference numeral 327 denotes a control circuit 

which is adapted to transmit the control signals to the 
control circuit 312 in response to the signals from the 
limit switches 324 and 325 and to reverse the state of 
the control circuit 313 including the flip-flop, thereby 
turning on only the switching elements 314 and 315. 
Therefore, the stop blade is rotated only in one direc 

tion. When the detecting switch 326 is opened, either 
of the elements 315 or 314 is turned on depending 
upon whether the limit switch 324 or 325 is closed so 
that the feedback ‘circuit of the amplifier 318 is short 
circuited. As a result, the input to the servomotor 174 
is interrupted so that the motor 174 is stopped, thereby 
preventing overrun of the stop blade. Since the diodes 
328 and 329 are connected in back-to-back relation 
with respect to each other and in series to the elements 
315 and 314, the polarity of the output to be applied 
to the motor 174 depends upon whether the switching 
element 315 ori'3l4 is turned on. 
Reference numeral 330 denotes a change-over 

switch for selecting the thickness measurement with 
the dichromatic method or with the monochromatic 
method; and 331, a driving circuit for selectively driv 
ing a rotary solenoid 332 or 333 when the switch 330 
is actuated. In the case of thickness measurement with 
a monochromatic method, a contact a (wavelength 1“) 
or a contact 0 (wavelength A2) is closed so that the ro 
tary solenoid 332 or 333 is selectively driven. The sole 
noid 332 corresponds to the electromagnetic compo 
nent indicated by 164 in FIG. 13, and when the sole— 
noid 332 is energized, the light beam of wavelength A, 
is interrupted so that the thickness measurement is 
made only with the light beam of wavelength A2. The 
rotary solenoid 333 is adapted to drive a shutter (not 










