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The paper deals with considerations concerning planar waveguide structures, in which the polymer SUS8 is
used as the waveguide layer. The results of numerical calculations of the distribution of the field concerning
structures of various thicknesses have been presented, and photos taken in the course of investigating the surface
by means of a microscope of atomic forces. The results of calculations of sensitivity in relation to the refractive
index of the cover layer at various thicknesses of the layer have been presented, too.

PACS: 42.25.Hz, 42.25.—p, 42.70.—a, 42.82.Et, 68.35.Ct

1. Introduction

Planar waveguide structures may be obtained by
means of many techniques, among others by ion ex-
change in glass, chemical deposition of the layer from the
gaseous phase applying plasma (plasma enhanced chem-
ical vapour deposition, PECVD), magnetron sputtering
or the formation of thin polymer layers by spin coating
[1-18]. In the investigations dealt with in this paper the
waveguide structures were obtained by spin coating. As
the waveguide layers the polymer SU8 was applied, as the
substrate a silicon plate with an SiO5 layer, and as a cover
in this structure water was used. On the subsequent sub-
strates the polymer was swirled at various velocities the
polymer SU8 was applied because of its high refractive
index and good adhesion to the substrate [13]. In numer-
ical analyses the following values of the refractive indices
were assumed: ngys = 1.592 [14], ng = 1.46 (refractive
index of the substrate-silicon dioxide), and n¢ = 1.33
(refractive index of the cover). In the calculations the
thickness of the waveguide layer was varied, whereas the
length of the wave of light was assumed as A = 0.633 pm.

2. Determination of the thickness
of the SUS8 layer

In order to determine the thickness of the SUS8 layer
a waveguide of the type rib was produced. The ob-
tained structures were tested by means of the microscope
of atomic forces AFM from the firm NT-MDT (model
NTEGRA Prima). Measurements were carried out in
the semicontact mode, applying a HA NC needle. Fig-
ures 1-4 illustrate the topography of selected surfaces,
obtained at various velocities of spinning the polymer.
Figures 5 and 6 show exemplary cross-sections of these
structures. Table presents the velocity of spinning of the
photoresist and also the corresponding thicknesses of the
layer.
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Fig. 2. Velocity of spinning — 3000 rotations per
minute.

3. Analysis of the sensitivity of planar
waveguides

If the planar waveguide is applied as evanescent wave
sensors and monitors changes of the refractive index
of the cover, an important parameter is the sensitivity
S{nc}. It determines changes of the effective refractive
index Neg caused by changes of the values of the refrac-
tive index of the cover nc:

(630)
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Fig. 3. Velocity of spinning — 4000 rotations per
minute.
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Fig. 4. Velocity of spinning — 4000 rotations per
minute.
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Fig. 5. 3000 rotations per minute — profile of the ob-
tained structure.
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Fig. 6. 4000 rotations per minute — profile of the ob-
tained structure.

TABLE

Velocity of spinning of photoresist and corre-
sponding thicknesses of the obtained SUS layer.

Velocity of spinning Thicknesses of the
of photoresist obtained SUS layer
v [rotations per minute] dsus [um]
5000 0.90
4000 1.10
3000 1.25
2000 1.50
a]Veff
S{nc) = et (1)

The effective refractive indices Neg concerning various
thicknesses of the SUS8 layer (Fig. 7) were calculated mak-
ing use of the Optivave software. Knowing the Neg val-
ues, the sensitivity S{nc} in relation to the cover layer
was calculated by means of the formula 1 taken over from
Ref. [19]:

2 _ N2 A 2N2 P
S{nc} = nc(nSUS cff> Zc( o 1) @

N \ s~ ) dor \ 7
where
deff = dSUS + Z AZJa (3)
J=S,C
]_ _
AZJ = p

05 ) (4)

-5 (5)

In the case of TE polarization the parameter p is equal
to 0 (for TM polarization the parameter p is equal to 1).
The results of the calculations have been gathered in
Fig. 8. It ought to be stressed that by choosing the proper
adequate thickness of the waveguide layer it is possible to
influence the sensitivity of the obtained structure. The
vertical lines in the diagrams indicate the thicknesses of
the obtained structures.

A more detailed analysis was carried out concerning
planar structures whose thicknesses of the waveguide
layer amounted to 0.90 pm, 1.1 pm, 1.25 ym and 1.50 pm.
The distribution of the refractive index of the considered
structures has been presented in Fig. 9, and Figs. 10-17
illustrate the distribution of the mode field (taking into
account the type of polarization).
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Fig. 7. Effective refractive index Neg as a function of
the thickness of the waveguide layer dsus.

0.1

——TE0O —=—TE1
008 ——TE2 —=—TE3
—=—TM0 ——TM1
—o—TM2 —a—TM3
2006
>
s
2
S 004
)
002
0
0 05 1 15 2

Th ickne-ss of the waveguide's layer dg ;g [um]

Fig. 8. Sensitivity S{nc} in relation to the cover layer
as a function of the thickness of the waveguide layer
dsus.
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Fig. 9. Distribution of the field of TE polarization at
a thickness of the waveguide layer dsus = 0.90 pum.

0.8 mode 0 ——
\ mede 1| ——
- 0.4 — i
&
& 00
-0.4 substrate Pt cladding
0.8 8U8
—4 -2 0 2 4 3]

Width ()

Fig. 10. Distribution of the field of TM polarization at
a thickness of the waveguide layer dsus = 0.90 pum.

Drewniak
mode 0 ——
08 — mode 1 ——
~ 04 — /
L& o0 b~ %—
—04 — substrate A cladding
-08 sU8
¥
-4 -2 0 2 4 6
Width (em)

Fig. 11. Distribution of the field of TE polarization at
a thickness of the waveguide layer dsys = 1.10 pm.
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Fig. 12. Distribution of the field of TM polarization at
a thickness of the waveguide layer dsys = 1.10 pm.
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Fig. 13. Distribution of the field of TE polarization at
a thickness of the waveguide layer dsuys = 1.25 pm.
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Fig. 14. Distribution of the field of TM polarization at
a thickness of the waveguide layer dsuys = 1.25 pm.
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Fig. 15. Distribution of the field of TE polarization at
a thickness of the waveguide layer dsus = 1.50 um.
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Fig. 16. Distribution of the field of TM polarization at

a thickness of the waveguide layer dsuys = 1.50 pm.

Fig. 17. Photo of a planar structure size 5 X 5 pum?
(velocity of spinning v = 4000 rotations per minute).

Light propagating in the planar waveguide structure
will penetrate deeper into that layer (substrate, cover)
whose refractive index is more approximated to the wave-
guide layer [16]. Analyzing the presented distributions of
the field, it can be perceived that in Figs. 14 and 15
the field of the modes TE; and TMy penetrates much
deeper into the substrate layer than in the case of the or-
der presented characteristics. In these cases the structure
is characterized by a high sensitivity (Fig. 8 shows dis-
tinctly that this corresponds to the thickness of the wave-
guide displaying a high sensitivity S{nc¢} in the modes
TE; and TMs,). If the refractive index of the light in the
cover layer were higher than in the substrate [19], the
system might successfully operate as a sensor. Such a
situation would be possible if between substrate and the
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Fig. 18.

Photo of a planar structure size 1 x 1 pm?
(velocity of spinning v = 4000 rotations per minute).

SU8 layer there were a layer with the refractive index
n < 1.33 (a so-called reverse waveguide) [6, 20].

Figures 18 and 19 present exemplary images obtained
while investigating the surface by means of a micro-
scope of atomic forces AFM (the structure in the case
of which the velocity of spinning in the course of the
photolitography process amounted to 4000 rotations per
minute). The rms of the investigated surface size
1 x 1 pm? is 0.59 nm.

The structures dealt with in this publication will be
investigated in more detail in future, first of all measure-
ments of their mode attenuation.

4. Conclusion

Investigation by means of an AFM microscope permit-
ted to verify how much the velocity of spinning affects
the obtained thickness of the waveguide layer. Applying
the most proper velocity, a structure may be obtained
displaying the highest sensitivity S{nc} in relation to
changes of the refractive index. This information is of
much importance when a sensor of the evanescence field
is being designed, applying the planar waveguide struc-
ture.
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