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The invention relates to improvements in a
method and deviee for optically measuring the
thickness of light transmitting layers.

Heretofore It was customary to measure the
thickness of light transmitting layers, for in-
stance of layers which in photographle films
serve as cartier for the light sensitive emulsion,
by means of micrometer gauges or the like. This
well known method, however, has a numhber of
disadvantages. First of all, only certain selected
portions or samples of the layers can be meas-
ured, whereby the polnts of the layer subjected
to the measurement are apt to he deformed by
the pressure of the measuring device. Further-
more, the layers can only be measured while at
rest and when brought into a predetermined po-
sltion with respect to the measuring device.
When the layers or films are relatively large it 1s
possible only to gauge the thickness near tlie
edge of the layers, while the center portions of
the same can only be measured by cutting sam-
ples out of these center portions and gauging
these samples.

The principal object of the inventfon is to
overcome the disadvantages of the ahove named
mechanical measuring methods by substituting
therefor an optical measuring method which em-
ploys the interference of light waves.

In accordance with the invention a beam of
lght furnishing a continuous spectrum is pro-
jected onto the light transmitting layer whose
thickness 1s to be determined. This beam of
Hght, upon being reflected from the front face
and rear face of the layer, 1s spectroscopically
analysed and the number of dark spots (Infer-
ference bands) appearing within a predetermined
range of wave lengths 1s counted and serves as
a measure for the thickness of the layer. Theo-
retically, the followlng relation exists:

P 212 .
D =§'m‘ (ﬂz —5111“10) -1
wherein: D 1s the thickness of the layer heing
measured,

P 15 the number of dark spots appear-
ing In the viewlng area,

A1 and )2 are the upper and lower llm-
its respectively of the wave length
range In which the dark spots are
counted.

n is the refractive index of the mate-
rial of the layer being mersured, and

¢ 1s the angle of Incldence of the light
beam striking the layer.
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The above equation shows that the vailue P, 5§

namely the numher of dark spots, is dependent
upon the angle ¢ at which the beam of light
strikes the layer whose thickness 1s to be deter-
mined. The number of dark spots (interference
bands) in the mentloned range of the spectrum
1s within practical lmits independent of the angle
of incidence when the illuminating beam of light
strikes the layer as nearly as possible perben-
dicularly, It Is also possible to select an angle
of incidence which is so small that the light heam
practically grazes only the layer, but this has
the disadvantage agalnst perpendicular incidence
that practically the front face only of the layer
to be measured will reflect the llluminating heam
of light, and this results in a blurred image in
the fleld of observation.

When putting the method of the invention into
practice attention has to be pald to the proper
selection of the aperture of the illuminating beam
of light or of the reflected beam or of both, as it
is known from light interference arrangements
employed for other purposes. When selecting,
however, a very small angle of Incldence or per-
pendicular incidence one iz Independent within
wide Umits of the size of the aperture.

It is particularly advantageous for practical
considerations to make the aperture of the re-
flected beam of llght, which furnishes the meas-
uring data, larger than that of the illuminating
beam of light, or vice versa. In such case the
ohserver may vary within wide limits the rela-
tive position of the layer to be measured with
respect to the measuring device, The term “rela-
tive position of the layer to be measured with
respect to the measuring device” refers not only
to the distance of the layer from the measuring
device, but also to 1ts angular position with re-
spect to the same.

For this purpose of adjusting the aperture the
well known irls dlaphragms, adjustable slits or
any other means acting as diaphragm or stop
may be employed.

As 1s apparent from the above equation the
number of dark bands within a predetermined
range of wave lengths has to be counted. 'The
limits of this range of wave lengths may be fixed
in different manners. It is, for instance possible,
to determine the limits of the range of wave
lengths, between which the count is to take place,
by means of two known lines of the spectrum
which are emitted from a separate source of light.,
For this purpose the light of said separate source
of Ught is introduced into the path of the 1llumi-
nating beam of light or into the path of the re-
flected beam of light by means of mirrors or the
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Iike in such manner that both lines of the spec-
trum appear in the viewing fleld of the device.

The limits of the range of the wave lengths
within which the dark bands are counted may
also be determined by the width of the continu-
ous spectrum emitted from the lluminating light
source.

Furthermore, the limits of the above named
renge of wave lengths may be determined by
blocking filters, i. e, color filters, which permit
the passage of a predetermined range only of the
spectrum.

It appears particulariy sultable to determine
the limits of the range of the wave lengths by
means of masking devlces, which may be adjust-
able, and which are positioned at the very place
where the spectrum appears, 1. e, so called view-
ing masks, .

The dark spots may advisably be counted by
means of a transparent comparison plate or
gauge, which is also positloned at the place of
the spectrum. It Is also feasible to produce by
optical means a real or virtual Image of the com-
parison plate in the viewing area of the ocular.

The comparison plate may consist of a trans-
parent carrler provided with light absorbing
bands which preferably have the same distribu-
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tlon as the Interference bands in the spectrum -

to be examined. Preferably, a number of differ-
ent comparison plates are produced, so that an
operator may have at his disposal comparison
plates for layers of different thicknesses, which
different layers will produce in the spectrum
different numbers of dark spots when subjected
to the measurement depending upon the respec-
tive thickness. If any one of the comparison
plates has the same number of absorption bands
as there are dark lines In the spectrum, the thick-
ness of the layer under eXxaminatlon can be as-
certained from the comparison plate without fur-
ther computation. Each comparison plate may
have inscribed thereon the thlckness of the laye:
which it represents. If the absorption bands of
the comparison plate do not register i» their en-
tirety with the dark lines of the spectrum, a con-
ditlon exists which in Physics 1s known as “beats”
1. e. the light absorption bands of the comparlson
plate and the dark lines of the spectrum appear
in certain space Intervals in coincldehce and out
of colncfdence. The numbers of registrations
and/or fallures to reglster respectively, are an
index for the deviation of the thickness of the
layer under examination from the thickness
represented by the partlcular comparison plate
which 1s belng used.

The reflected beam of light Is advisably an-
alysed spectroscoplcally by a so called direct-
vislon or Amicl prism. Preferably a prism ls se-
lected which within the range of the maximum
spectroscoplc sensitiveness of the human eye, 1. e.
around 5500 A, It is also possible to use another
prism, but a direct-vislon prism has the ad-
vantage that when it i1s adJusted In axial difection
it may be used for varylng the measuring range.
In such case it is possible to work always with
one and the same comparison plate. The latter
preferably is mounted adjustably on the devlce.

The comparison plate or standard plate may,
for Instance, consist of a photograph of a system
of dark spots (Interference bands) or a carrler
made of glass and provided with screen lines, It
is also possible, however, to Introduce by means
of reflecilon & standard Interference band system
info the measuring fleld in such manner that
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both interference band systems are separate from s

354,220

each other, but preferably appear adjacent each
other or partly in superposed position. The
standard band system may have been produced
in the same manner as the band system to be
measured.

The drawing illustrates diagrammatically and
by way of example devices adapted to practice the
measuring method of the present Invention,
whereby

Fig. 1 is an optical arrangement according to
the invention,

Flg. 2 Is a modification of the device according
to the invention anc;

Figures 3 and 4 aYe representations of the field
of vilew, which can be observed, when looking into
the view opening of the device,

A beam of light from the source | and passing
through the concentrating lens system 2 and the
diaphragm 8 is directed by means of the mirror
4 onto the light transmitting layer 5 whose thick-
ness Is to be determined. The waves of the con-
centrated lght beam striking the layer 5 are re-
flected from the latter, namely from the top and
lower face of the same in a manner well known,
and are concentrated by means of the lens sys-
tem 6 to pass through a slot 7 in the plate 7%,
The objective 8 produces in the plane 9 a spec-
trum owing to the interposition of the direct-
vision prism {0, which spectrum is viewed
through the ocular ti. This spectrum contalns
the dark spots or bands produced by the layer
5 In the reflected light beam. When viewing a
spectrum containing a great number of inter-
ference bands it is advisable to employ an ocular
contalning a cylindrical lens or lenses arranged
in such manner that an enlargement is produced
perpendlicularly only to the length of the Inter-
ference bands. The standard or comparison
band system preferably is mounted or optically
projected In or directly adjacent the plane 9. In
the first illustrated embodiment a comparison or
standard plate 12 is employed which is mounted
directly above the plane 9.

It is not absolutely necessary that a mirror 4
be employed for reflecting the illuminating beam
of light onto the layer 5. If desired, it is also
possible to employ a prism or a semi-transparent
mirror for this purpose. Where a sem!-trahs-
parent mirror i1s used it is preferably arranged in
such manner that it intersects the path of the
beam of lght reflected from the layer 5 at an
angle of 45°, because in that case the {luminat-
ing beam of light could be caused to strike the
layer § perpendicularly. Furthermore, 1t 15 pos-
sible to project the illuminating beam of light
directly onto the layer 8, . e, without any mirror
4, or the Iike.

According to snother modification of the in-
vention the spectrum produced In the plane 9
may be recorded onto a movable light sensitive
layer (motion picture film) with or without a
comparison band systcm ¢comparison standard
plale or the like).

The limits of the range of the wave lengths
mentioned above may also be determined by two
known spectral-lines, which are emitted from
the separate source of light 13. By means of a
lens 13a, ah oplical system 6, en objective 8 and
by a direct-vision prism 10, these Iines appear
in the viewing field of the devite,

In Fig. 2 the separate Light source |3 is omit-
ted and for limiting the fahge of wave lengths
there 1s arranged a blocking filter (4. The
bloc;king filter 14 may alse be replaced by & dia-
phragm In the field of view (not represented),
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The blocking filter may be arranged elsewhere in
the illuminating or observing ray path, but the
diaphragm in the field of view must be arranged
in the same plane, as the spectrum 8 appears to
the observer. In Fig. 2 the eye-plece Il is re-
placed by a photoelectric cell I15. It is also pos-
sible to provide other means, e, g, an electrical
measuring Instrument (not represented), which
Is preferably provided with a scale, which indi-
cates the differences between the thickness of
the layer to be measured and the thickness re-
quested.

The comparison or standard plate 12 and the
direct-vision prism 16 are represented in the
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flgures 1 and 2 as being movable by the devices
I8 and (8a respectively. The comparison plate
12 i movable across the path of light rays, while
the direct-vision prism is displaceable in the di-
rection of the path of the light rays to and off
the comparison plate.

In figures 3 and 4 the numeral |71 designates
the dark bands produced by the layer to be meas.
ured and I8 represents the dark bands of the
comparison plate. In fig, 4 there is represented
in the midst of the field of view a so called
“bheat”.

HARALD W. STRAUB.



