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A new miniature interferometer has recently been developed for monitoring the changes of film

thickness and refractive index, wherein a semiconductor laser and a photodiode detector are
integrated to form a laser/detector hybrid. The laser light is collimated by a lens. When the laser
light hits a film, it is reflected twice by the two interfaces between the film and the surrounding
mediums. The two reflected light beams are interfered at the detector by the same lens. Due to
the interference, the detected intensity is a function of the film thickness. The swelling of thin
gelatin gel film has been used to demonstrate the use of this novel sensor. The sensor is ready to
be used in many applications, such as inside a vacuum chamber, on a robot arm, and in a small

reaction container, wherever a conventional interferometric setup cannot be easily implemented
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I. INTRODUCTION

For a long time, the interferometry method has been
used to detect the changes of film thickness and refractive
index,' where a He—Ne laser and a photodiode detector
are normally used. As shown in Fig. 1, when the laser light
enters a film at a very small angle (9), it is reflected twice
by the two interfaces between the film and the surrounding
mediums. Two reflected light beams (Ey ; and Ep,) inter-
ference with each other. The resulted intensity () at the
detector will be*™

5 2nd cos(0')
I:E‘}‘{,1+E§,2+2ER,1ER,2 COS(21T T), (1)
where Ay, 1, and d are the wavelength of the laser in vac-
uum, the refractive index, and the film thickness, respec-
tively. According to Eq. (1), if the thickness (d) or the
refractive index (n) is a function of time, the intensity ()
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FIG. 1. Schematic of a laser light reflected by a thin film. The optical
path difference between Ip; and Iz, is 2nd cos(8’), where ngsin(8)
=nsin(0’).
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will vary between the minimum (Ez;—E, R,2)2 and the
maximum (Ep+E R,Z)z. Therefore, the change in d or in
n can be monitored by the change of 7.

However, there are many cases, such as inside a vac-
uum chamber, on a robot arm in the production line, and
in a small reaction container, where a normal interferom-
eter cannot be easily implemented simply due to its size. In
the following, we report a new miniature interferometry
sensor.

Il. INSTRUMENTATION

Figure 2 shows a schematic presentation of our minia-
ture interferometry sensor (HOETRON, Inc. 776 Palomar
Avenue, Sunnyvale, CA, U.S.A.) which is made by slightly
modifying the detector used in most compact disk (CD)
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FIG. 2. Schematic of a novel miniature interferometry sensor.
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FIG. 3. Portion of typical intensity profile measured during a thin gelatin
film swelling process.

players. A semiconductor laser (SONY, I mW and
A9=730 nm) and a photodiode detector (0.8 mmx0.4
mm) with a sensitivity of 0.4 uA/uW are integrated to
form a laser/detector hybrid. The laser chip and detector
chip are placed symmetrically about the optical axis of the
lens. The distance between the laser chip and the detector
chip is 1.0=£0.1 mm. The laser light is collimated by the
lens (NA=0.25; f=9 mm). The collimated laser beam
comes out from the sensor at an angle of ~2° to the optical
axis, After the collimated beam hits the film, it is reflected
by the two interfaces between the film and the surrounding
mediums. The two reflected beams are focused by the same
collimating lens to the photodiode detector. The outside
dimension of the sensor is 1322 mm? The working dis-
tance between the lens and the film can be as fong as 50
mm. The sensor can be operated by a laser driver together
with an amplifier for the detector. The sensor is mounted
on a plate with two tilt freedoms. The alignment requires
only a few minutes.

1il. RESULTS AND DISCUSSION

We used this sensor to monitor the swelling process of
a thin gelatin film. The initial film thickness is 60 pm.
Figure 3 shows a typical intensity profile during the swell-
ing, i.e., the output voltage signal from the detector. Ac-
cording to Eq. (1), a change of the intensity from one peak
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FIG. 4. Film thickness change (Az) vs time (#) in a thin gelatin film
swelling process.

to another peak corresponds to a phase change of m or a
film thickness change of Ad, ,=A¢/[4n cos(6’}]. Since
9~2°, 0=6', and cos(08’) = 1. With the known value of 7,
we can easily convert the intensity profile in Fig. 3 into the
film thickness change (Ad) versus time (z) as shown in
Fig. 4, which shows that the swelling process slows down
as time increases and finally approaches the swelling equi-
librium.

On the other hand, if the film thickness is a constant,
e.g., a sample is confined inside a glass cuvette, the inten-
sity profile can be used to monitor the change of » which
can be further related to concentration or chemical reac-
tion. On the basis of Eq. (1), the intensity change from one
peak to another peak corresponds to a phase change of 7 or
a refractive index change of An, ,=A¢/[4d cos(6")].

We have shown the design of a novel interferometry
sensor together with its basic principle, and only demon-
strated the feasibility of its application. This miniature sen-
sor will certainly introduce many innovative applications
in both research and industrial application.
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