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In this work it is shown that the Total Internal Reflection (TIR) phenomenon can be exploited for gas detection. Total internal reflectance
measurements for evaporated Srifin films on quartz substrates are measured at ambient conditions. Changes in the reflectance measure-
ments are measured when €6r N, gas flows on the surface of the Sp@iims. The observed shift in the measured reflectance is defined

as the signal of the sensor. Preliminary results show that the maximum response takes place at incident angles close to the critical angle of
the quartz-air system.

Keywords: Total Internal Reflection; Optical gas sensors; Tin dioxide thin films; anisotropic materials; ande@€gtion.

En este trabajo se demuestra como puede ser utilizado@hfam de Refledin Interna Total para la deteéei de gases. En condiciones
ambientales normales se midieron espectros de refidriierna total de padulas de Sn@ evaporadas sobre substratos de cuarzo. Se
midieron cambios en los espectros de reflectancia cuando lasilpslde Sn@se expusieron a flujos de gas de LON-. En base a los
cambios observados en la reflectancia se definefial skel sensor. Resultados preliminares muestran que la respuiestaarse obtiene
paraangulos de incidencia en la vecindad @egulo cftico del sistema cuarzo-aire.

Descriptores: Reflexbn interna total; sensorépticos de gas; pilulas delgadas dediido de estiio; materiales anisdipicos; detecéin
de CG.

PACS: 42.15.Eq; 42.25.Gy; 42.25.Ja.

1. Introduction Under both techniques, electrical and optical, gas adsorption
changes the measured physical properties of the, $ilr@s,
Tin-dioxide films are widely used in sensors for gas detecbut optical transduction depends especially upon changes in
tion due to the change in the conductivity properties of suchhe dielectric constant and therefore in the refractive index.
media upon adsorption of the sensed gas. The traditional |t js well known that in order to determine the optical
sensing methods are based on monitoring the change in thgoperties of isotropic and anisotropic thin films, techniques
electrical resistance of the sensing film as a response to thg,ch as ellipsometry is widely used [5]. But for anisotropic
adsorption of the gas, and can only be used at high tempergims, the ellipsometry technique is only used in particu-
tures [1,2]. Measurements in situ and under ambient condimr cases when orientation of the optical axes are known,
tions are the major disadvantages of these devices. In ordahd the method is rather too elaborate for sensing appli-
to overcome these shortcomings, an alternative transductiafhtions. In recent years, new reflectometric methods have
method is studied in the present work. been proposed [6]. Furthermore, theoretical and experimen-
Optical methods are among the most potential approachdal research for reflection and transmission of monochromatic
for sensor transduction [3]. In recent years, a great deal dfght in anisotropic films has advanced in the course of re-
research has been carried out on optical gas-sensing propent years [6-9]. Deviations in reflectance and transmittance
erties of doped and undoped Sn@lms, using light trans-  spectra, when an anisotropic change takes place, are mea-
mission techniques to define the response of the sensor [4ured for anisotropic films, and it has been shown that these
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deviations principally depend on the degree of change in Air (Gas)
anisotropy, surface roughness, and film thickness (see for ex:
ample Refs. 6 and 7). Thus, small changes in the anisotropy
of the SnQ films after absorption of the gas molecules could
occur and therefore influence on reflectance measurements
This work presents experimental observations of changes in
the reflectance measurements using the method of total inter
nal reflectance and describes how this effect can be utilized
to detect CQ and N, gas fluxes.

Anisotropic  SnO , film

Quartz
Substrate

2. Samples and Procedures

Incident Beam Reflected Beam

Polycrystalline Sn@ thin films were evaporated on cleaned

quartz substrate in an electron-beam evaporator system. RAGURE 2. The studied thin film configuration.

pressure of the order 8fx 10~ Torr was sufficient to pro-

duce a film of Sn@. A crystal thickness monitor was used Prior to flow any gas over the surface of the slide, the
to control the thickness of the evaporated films with a preCi'reerctivity spectrum was taken. The gas flux was turned
sion of 0.1 nm. The quartz substrate was carefully cleaneg, from a gas container to a small gas chamber attached
in solvent steps of mlcrocle_anlng solutions [10], distilled wa-q the Sn@ film surface and exhausted simultaneously, get-
ter, acetone, ethanol, and isopropanol. For each solvent, €¥ng a constant flux. The flux was controlled by means of a
cept water, the substrate was immersed in the cleanser argj MONT 23631 precision flowmeter. The amplifier circuit
set in an ultrasonic bath for 10 minutes. The slides were theBpown in Fig. 1 was only used to get the response as a func-
“glued” using an optical matching gel (index of refraction tjon of time at a fixed angle. It is important to mention that
equal to that of quartz) to the base of a plano-convex cylindriy, any experiment, vacuum in the small chamber (see Fig. 1)

cal lens, which was mounted onto a motorized rotation staggas not made. That means this technique is a non-vacuum
having an angular resolution of 0.1 degrees. The experimengchnique.

tal setup is shown in Fig. 1.

A p-polarized He-Ne laser beam£632.8 nm) was fo- .
cused onto the slide at incidence angles, in the range op- Response definition

[10°—6C°] degrees, from the normal to the surfaces of the_. .. . . . . .
; T I Tin-dioxide presents a weak optical anisotropy. Its dielectric
film as it is shown in Fig. 2. Subsequently, measurements

of the reflected light intensity were made from the photodi-cons’tamt in the dlrt_-:-ctlon p_arall_el to its optl_cal axis Is equ_al
ode voltage output reading which were sent to a computer fol° £/| = 4-175, and in the direction perpendicular to its opt-
cal axis is equal ta; = 3.785 [11]. On the other hand, for

processing. deposited crystalline thin film materials, there are two prin-
cipal mechanisms by which anisotropy can be changed. One

of these is related to the surface roughness of the film be-

5 cause anisotropy is related to the orientation of the micro-

— crystals [7]. The other mechanism is the gas adsorption by

Hone Digital O N the surfaces of the film, although the correlation of the sens-
Laser Multimeter L1 ing mechanism and the microstructure of the sensing material

has not been clearly established yet [12]. For example, un-
der ambient conditions, M. Egashira [13] showed that when
oxygen molecules are adsorbed onto $r0rface, oxygen
atoms capture electrons from the conduction band of;SnO
and oxygen molecules are left as ions until they are desorbed
at higher temperatures. Then under ambient conditions, both
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FIGURE 1. Experimental Setup.

mechanisms could contribute to the change of the Sii@
anisotropy and therefore the shape in the reflectance spec-
trum.

In Fig. 3, the experimental reflectance measurements
for a quartz slide, a SnOfilm of 25.2 nm thickness and a
SnG; film of 32.3 nm thickness deposited over a quartz sub-
strate are shown. The experimental error was abo3%6
in the reflectance values. From Fig. 3 it can be observed
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the change in the intensity of the reflection spectrum of theand a constant 15 mL/minJd\yas flux, are shown. In this Fig-
guartz-Sn@ system with respect to the quartz-air system.ure, triangle symbols correspond to the reflectance spectrum
A similar behavior of anisotropic films has already been re-when 15 mL/min CQ gas is flowing in the small chamber.
ported in Refs. 6 and 7. Also, because the average refra&fter the CG, gas flow was turn off, a 15 mL/min Ngas
tion index of SnQ is of the order of 1.94 as reported in Ref. flow was turn on, the reflectance spectrum is denoted by the
14 and the refractive index of quartz is 1.45674, larger tharircles. Square symbols correspond to the reflectance spec-
the refractive index of air & 1), TIR still takes place. The trum in an atmosphere of air. The response of this film, as
experimental critical anglé. obtained from Fig. 3 is equal defined by Eq. (1), is shown in Fig. 5. From this figure, we
to 44 with an error oft- 0.5 degree because the reflectancecan observe a maximum response taking plact at 0.5°
measurements were made at intervals of 0.5 degrees in ttier CO, gas flux, close to the critical ang@l. For the case
vicinity of the critical angle. This value differs slightly with of the N, gas flux, a maximum response at the same angle
43.35+ 0.001 corresponding to the ideal theoretical valueis achieved. In general, a higher response fgiflhix is ob-
for the Quartz-Air system, which was calculated using theserved as compared to that of €@ux. This could be at-
Law of Snell [16]. tributed to the molecular diameter of,Nveing smaller than

As mentioned above, if a Spdilm adsorbs a quantity that of CG, (0.319 nm for CQ, 0.315 nm for N [15]). In
of gas and this process changes its reflectance spectrum; thetiher words, the non-occupied smaller “holes” of the $nO
we can define the response to the gas as the difference in redrface will be occupied by Nmolecules which implies a
flectance as follow: decreasing of the SnBurface roughness and therefore an in-
creasing on the reflection intensity.

Response= Ryas— Rair, Q)
1.0+
where R, is the reflectance under ambient conditions, and | Ezﬁmaaﬁﬂ
Rgyasis the reflectance at same conditions when a constant ga: pes
flux is maintained in the gas flow cell (See Fig. 1). 81 &
As a hypothesis, based on the reports in Refs. 6 and 7’8 ] s
we think that an additional change in the anisotropy of the £ ©°¢7 by
SnG; thin films occurs when these ones adsorb a quantity of § $
gas. But, additional detailed studies are necessary for provingE 0.4 §D
such hypothesis. .2t
oy
024 hﬂﬂﬁgz}zgégguj ec=44_o°
4. Results and discussion - /
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In Fig. 4, reflectance measurements for a 25.2 nm_Sil@, 10 20 30 40 50 60
before and after applying a constant 15 mL/minGfas flux 9 (Degrees)

FIGURE 4. Reflectance measurements for a 25.5 nm thick SnO
- film, when 15 mL/min CQ gas is flowing (triangles), and where-

10 after a 15 mL/min N gas flow was maintained (circles). Square
: ﬁgigigii symbols represent the reflection spectrum in air.
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FIGURE 3. Reflectance measurements for three systems. Squar€&IGURE 5. Sensor response obtained from Fig. 4 for the 25.5 nm
symbols are for quartz-air system, circles are for quartz-SnO thick SnG film. Circles correspond to COresponse and squares
(25.2 nm)-air and triangles are for quartz-Sn@2.3 nm)-air. to N2 response.
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FIGURE 6. Response to different constant fluxes of £f0r the FIGURE 7. Response in real time for an unexposed Sfin of
32.3 nm thick Sn@ film. Squares correspond to a 10 mL/min and 33.8 nm thickness.
circles to a 20 mL/min.

in the signal an amplifier circuit of about 10 times was used.

InFig. 6, we show the response ofa32.3nm §filmto 5o, the new amplified change in the signal should equal to the
different CQ; gas fluxes. Squares correspond to a 10 mL/mirprder of 0.03 V in magnitude. The measurements are shown
and circles to a 20 mL/min. No differences were got as cann Fig. 7. We can observe the fast response when D&
be observed. This could be attributed to the saturation of thg tred on. When the Nflux is turned on, C@ molecules
gas %tl)sorption on the films which means the process is iméad not been desorbed and the change in the signal is weak.
versible.

Under TIR method, we can also study the response of the
gas sensor in real time. Unfortunately, adsorption processds. Conclusion
of this type are irreversible and we need to use unexposed
samples for each running. Immediately after deposition, & Neéw gas detection method based on the use of,SnO
33.8 nm thickness SnOfilm was positioned in the experi- thin films operating under ambient conditions and using re-
mental setup to study the reflectance intensity versus time dectance phenomenon has been demonstrated experimen-
a fixed angle. The measurements were made=a#3. For  tally. Measurable responses to €@nd N, constant gas
results interpolated from Fig. 6, we expect an increment onlluxes were obtained. It was established that the maximum
the response of about a 5% for a £@ux of 15 mL/min.  response takes place at incident angles close to the critical
Converted to D.C. voltage, this increase corresponds to aangle of an ordinary quartz-air system. Close to the critical
order of 3 mV. Electronic noise and the precision of the ordi-angle the response of the sensor in time is good. The method
nary multimeter used are of the same order, therefore it wagan be improved using more sensible meters, and can be usec

not possible to detect that change. In order to detect suctp detect other kind of gases depending on the type of the
changes sensing film material.
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