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Organic polymers have become important component
materials in the development of optical waveguides
[1, 2]. A critical requirement in the fabrication of rib
waveguides in polymers has been the realization of
suitable techniques of patterning and etching. The ion
beam etching (IBE) of organic polymers to form rib
waveguides [3-5] has been shown to produce exces-
sive surface damage, thereby increasing the extent of
optical scattering. Reactive ion etching (RIE) has also
been used to fabricate rib structures [3, 5-10], which
were directly etched into the core layer, typically to
form a raised-rib (Fig. 1a). A patterned layer of re-
sist was used to define the etch mask for the rib on
the surface of the core layer. However, an inherent
disadvantage of this configuration has been the ten-
dency for dissolution of the solvent from the photore-
sist into the polymer, thereby necessitating a complex
lithographic procedure [1, 3]. As an alternative con-
figuration, the etching of the cladding layer to form
a recessed mold for the rib (Fig. 1b) was advanta-
geous since the cladding polymers were typically not
dissolved in photoresist [1]. While the feasibility of
forming inverted ribs using RIE has previously been
established by Shi ef al. [11], this report has included
few details of the etching process. Based on results us-
ing oxygen gas, Dalton et al. [3] have suggested that
RIE can be used for forming waveguides for conditions

corresponding to chemical etching, i.e., the ions in
the system have such low kinetic energy that they do
not cause pitting of the polymer surface. The aim of
this letter has been to examine the reactive ion etch-
ing of UV curable polymers (Norland Optical Adhe-
sive NOA61 and NOA73) and (Master Bond UV15).
The polymers were selected as core layer materials
(NOAG61 and NOA73 with refractive index of 1.56 af-
ter curing) or as a cladding layer (UV15 with a re-
fractive index of 1.48 after curing). The characteris-
tics of the surfaces and profiles formed by reactive ion
etching have been examined as a function of the etch
parameters.

NOAG61, NOA73, and UV15 were spin-coated onto
wafers of polished silicon (76 mm). Before coating of
the liquid photopolymer, the wafers were soaked in HF
for 1 min to remove the native oxides. The samples
were then cleaned by rinsing in acetone, followed by
isopropanol, de-ionized water and blown dry in high
purity nitrogen gas. This treatment was found to im-
prove the wetability of the polymer films on the wafers.
The liquid polymer was poured onto the center of the
wafer and a spin speed of 500 rpm for 10 s was initially
used to obtain a uniform dispersion across the surface.
The speed was then ramped to 4000 rpm over 10 s
and held for 30 s. Following spin-coating, the samples
were immediately cured for 3 min using an unfiltered

(a)

Figure 1 Schematic illustration of a (a) raised rib and (b) inverted rib waveguide.
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Figure 2 (a) AFM image and profile of a trench etched in NOA61 at 300 W in CF4/O; gases. The scale on the X and Y axes was 5 um/division
and on the Z axis, 1000 nm/division. (b) AFM image and profile of a trench etched in NOA73 at 300 W in CF4/O; gases. The scale on the X
and Y axes was 5 um/division and on the Z axis, 1000 nm/division. (¢) AFM image and profile of a trench etched in UV15 at 300 W in CF4/O,
gases. The scale on the X and Y axes was 5 um/division and on the Z axis, 1000 nm/division.

mercury lamp with intensity 100 W/m? and then baked
at 120°C for 30 min. The lamp produced UV wave-
lengths suitable for curing of the thermoset polymers.
The subsequent baking step has been shown to further
cure the thermoset polymer and increase the glass tran-
sition temperature, T, [13]. Raising the value of T, was
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found advantageous in preventing the polymer from
flowing and wrinkling during etching. The UV baking
was also likely to decrease the sensitivity of the poly-
mer surface to solvents [13]. After curing, the average
surface roughness, R,, of each polymer was determined
by Atomic Force Microscope (AFM) as <1 nm. On the
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Figure 3 Etchrate versus rf power for NOA61,NOA73,UV15 polymers
and resists.

surface of the polymer films, an array of waveguide
patterns was formed in either Hoechst Celanese AZ
1512 resist or Hoechst Celanese AZ P4620 resist di-
luted by isopropyl alcohol in the ratio 1:1 to provide
a mask during etching. The resist patterns were hard
baked at 110 °C for 30 min.

The reactive ion etching was performed in a Surface
Technology Systems STS320 system. The cathode in
this system was 370 mm in diameter and was continu-
ously cooled to a temperature of 20 °C. A base pressure
in the chamber of ~1.33 x 10~® mbar was obtained
by a turbomolecular pump backed by a rotary pump.
The gas mixtures used were CF4/O, 28 sccm/2 sccm
and CHF;0, 28 sccm/2 sccm. The addition of fluo-
rine containing gases to O, has previously been found
to increase the etch rate of organic materials [14]. The
chamber pressure during etching was 6.67 x 10~2 mbar
and etch times were 1-2 min. After etching, any residual
resist was removed by immersion in Hoechst AZ 400 K
(an aqueous alkaline developer). The etch depth, the av-
erage surface roughness, R,, at the base of the etched
trenches, and the slope of the side-walls were measured
by AFM (Digital Instruments Dimension 3100).

AFM images of the patterns etched at 300 W in
CF4/O, gases are shown in Fig. 2a to c. A greater
depth of etch and verticality of the side-wall slope were
clearly evident in the NOA61 and NOA73 polymers
(Fig. 2a-b) than in UV15 (Fig. 2c). Measurements of
the etch rates of the polymers are plotted as a function
of rf power in Fig. 3. Also included in Fig. 3 were
the etch rates for AZ 1512 and AZ P4620 resists af-
ter baking at 110°C for 30 min. The etch rate in-
creased more steeply with rf power for the NOA61
and NOA73 polymers than for UV15. At 350 W, the
ratio of etch rates for the NOA16:NOA73:UV15 poly-
mers in CF4/O, gases was ~700:670:400 nm/min. In
comparison, during etching in the CHF3/O; gases, the
measured etch rates of the polymers (Table I) were
lower by a factor of ~2 than with the CF4/O, gases.
The order of ranking of etch rates in CHF3/O, gases at
350 W was also NOA61:NOA73:UV15 with etch rate
ratios of ~340:300:260 nm/min. A feature of etching
in the CHF3/0; gases was the greater etch rate ratio of

TABLE I Reactive ion etch rate of UV15, NOA61, and NOA73 poly-
mers in CHF3/0, gases

Etch rate (nm/min)

Power (W) AZ1500 UV15 NOAG61 NOA73
250 25

325 333

350 30 263 338 242

the polymer to the resist (etch rate ratio of 8:1-10:1)
than in CF4/O, gases (etch rate ratio of ~2:1).

In Fig. 4, the values of R, for the etched surfaces are
plotted as a function of rf power which corresponded
directly to an increase in ion energy. All three organic
polymers have shown a significant increase in R, with
rf power, particularly above 300 W. The NOAG61 and
NOA73 polymers developed a similar value of R, dur-
ing etching at all power levels which was significantly
greater than R, obtained for UV15.

The side-wall angle of trenches etched by RIE in
CF,4/0; is plotted in Fig. 5 as a function of rf power.
NOA61 and NOA73 polymers have both shown a
similar decrease in side-wall angle (50-60°) with in-
creasing power while UV15 formed trenches with a
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Figure 4 R, of the polymers versus rf power after etching in CF4/O,
gases.
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Figure 5 Side-wall angle versus rf power.
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lower angle (20-30°). Trenches which were etched in
CHF3/0, gases at 350 W have shown a reduced value
of side-wall angle of ~14° (UV15), 16° (NOA61), and
13° (NOAT73).

In summary, the NOA61 and NOA73 polymers have
shown a greater etch rate (~600-700 nm/min) than
UV15 (~400 nm/min) in CF4/O, gases and in CHF3/0,
gases. The etch rate for the three polymers in the CF4/O,
mixture was larger by a factor of ~2 than in CHF3/0,
gases although the selectivity between polymer and re-
sist mask was enhanced (etch rate ratio of 8:1-10:1)
in CHF3/O,. The NOA61 and NOA73 polymers have
shown a steeper verticality of the side-wall slope but
a greater surface roughness, R,, at the base in etched
trenches than in the UV15 polymer.
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