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High UV Sensitivity of SiON Film and Its Application to Center
Wavelength Trimming of Microring Resonator Filter

Satoshi UENO†a), Toshiki NAGANAWA†b), Nonmembers, and Yasuo KOKUBUN†c), Member

SUMMARY We demonstrated a vertically coupled microring resonator
(VCMRR) filter as an Add/Drop wavelength filter. However, the accuracy
of center wavelength was not sufficiently high for dense wavelength di-
vision multiplexing (DWDM) systems. Thus, a UV trimming technique
using a SiN (n=2.01 at λ=1.55 µm) ring core was previously developed.
Although a wide center wavelength trimming range of −12.1 nm and the
long-term stability of center wavelength were realized, the core size re-
quired for single-mode propagation was too small for fabrication using a
photolithography process. Therefore in this study, we introduced SiON as
the microring core to relax the single-mode condition of core size. We dis-
covered a large UV sensitivity of SiON film formed by a PECVD method,
and a wide range UV trimming of microring resonator of −10.5 nm was
demonstrated using this phenomenon.
key words: microring resonator, UV sensitivity, trimming, SiON

1. Introduction

A vertically coupled microring resonator (VCMRR) is an at-
tractive Add/Drop wavelength filter for a WDM access net-
work [1]–[3] due to its functionality, compactness, and the
possibility of dense integration owing to a cross-grid con-
figuration. In this stacked configuration, a microring res-
onator is placed at the crossing point of busline waveguide
and add-drop waveguides, which are crossed at right angles,
as shown in Fig. 1. The upper layer acts as the wavelength-
selective waveguide layer with a high index contrast (typi-
cally 35–37%), which yields a very small ring radius (typi-
cally 10–20 µm) with a high Q factor, while the lower layer
acts as the busline waveguide layer, which is designed for
better coupling to single-mode fibers. Due to the small ring
radius, the FSR is expanded to several tens of nm, which
covers the bandwidth of EDFA. Due to the cross-grid topol-
ogy and the small ring radius, a dense integration like 104 to
105 devices/cm2 will be possible. In addition, in the vertical
coupling configuration, the coupling coefficient is precisely
determined by the thickness control of buffer layer, which
is much easier than the gap control by etching in the case
of parallel coupling. However, the error of resonant wave-
length from the designed value occurs due to the nonunifor-
mity of index and thickness of film and fabrication error.

In solving this problem, we discovered that the UV sen-
sitivity of SiN film formed by the plasma-enhanced chemi-
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Fig. 1 Principle of center wavelength trimming by direct UV irradiation
to ring core.

cal vapor deposition (PECVD) method was much larger than
that of Ge-doped SiO2 and demonstrated a wide range UV
trimming of center wavelength of −12.1 nm using this phe-
nomenon [4]. Since the refractive index of SiN was 2.0,
the relative index difference was as large as 38% using an
air cladding layer. This large index contrast was considered
suitable for realizing a small ring radius of less than 10 µm.
However, the core size required for single-mode propaga-
tion was too small for fabrication using a photolithography
process.

Therefore in this study, we introduced SiON (n=1.74–
1.82) as the microring core to relax the single-mode condi-
tion of core size, and measured the UV sensitivity for the
trimming of VCMRR, as shown in Fig. 1.

2. Principle of Center Wavelength Trimming

The resonant wavelength of microring resonator filter is
mainly determined by the ring radius and the equivalent in-
dex. The shift of center wavelength due to the change in
equivalent index is determined by

∆λc =
2πR∆neq

N
, (1)

where R is the ring radius, N is the resonance order and neq

is the equivalent index. When the refractive index of ring
waveguide is changed by UV irradiation, the equivalent in-
dex is also changed. Thus, the center wavelength is shifted.
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Fig. 2 Single-mode condition of square core waveguide (λ = 1550 nm).

Fig. 3 Single-mode condition of busline waveguide with SiN core (λ =
1550 nm).

3. Analysis of Single-Mode Condition

To relax the core size required for single-mode propaga-
tion, the refractive index in the core was reduced. First,
we analyzed the single-mode condition for the square core
waveguide. The result is shown in Fig. 2. In this analysis,
the finite-element mode solver supplied by Appolo Optics
(APSS) was used. The transverse electric (TE) mode was as-
sumed, because the single-mode condition for the TE mode
is smaller than that for the transverse magnetic (TM) mode.

When the refractive index is 2.0, the core size required
for single-mode propagation is 0.8µm width × 0.8 µm
height. On the other hand, when we decrease the refrac-
tive index down to 1.7, the single-mode condition of core
size is relaxed to 1.21 µm width × 1.21 µm height, which is
a relaxation of 50%. Therefore, the core size required for
the single-mode conditon can be relaxed by reducing the re-
fractive index.

Fig. 4 Single-mode condition of busline waveguide with SiON core (λ =
1550 nm).

Next, to design the actual waveguide structure, we an-
alyzed the single-mode condition of busline waveguide of
which core is made of SiN with a refractive index of 2.0
and SiON with a refractive index of 1.77. The single-
mode condition of straight busline waveguide is more severe
than that of ring waveguide with a small ring radius. The
single-mode condition of busline waveguide made of SiN
is shown in Fig. 3 and that of SiON busline core is shown
in Fig. 4. When SiN is used as the core material, the core
size required for the single-mode condition is 1.2 µm width
× 0.3 µm height, which is too small for photolithography us-
ing a contact-type mask aligner in our experimental facility.
On the other hand, when we decrease the refractive index
down to 1.77, the single-mode condition of core size is re-
laxed to 1.5 µm width × 0.6 µm height, as shown in Fig. 4.
Thus, we introduced the SiON film as the core material in
our experiment.

4. Refractive Index Control of SiON Film by PECVD

We deposited a SiON film on a Si substrate by a prasma-
enhanced chemical vapor deposition method. The source
gas of Si was SiH4 or Si(CH3)4 and reactant gases were
NH3, N2, Ar, and N2O. The total pressure was 1.2 Pa, the
RF (13.56 MHz) power was 250 W, the LF (400 kHz) power
supplied to the substrate was 100 W, and the substrate tem-
perature was 300◦C. Three different films, i.e., SiN, SiON
and SiO2, were deposited using this apparatus. For the depo-
sition of SiN film, N2O was eliminated from the above com-
bination of reactant gases, and for the deposition of SiO2

film, NH3 and N2 were eliminated. When the SiON film was
deposited, all the above-mentioned gases were used. As for
the source gas of Si, we used two different materials, i.e.,
SiH4 and Si(CH3)4, and the differences in optical character-
istics between the films formed using these source gases are
discussed in Sect. 5.2.

The controllability of the refractive index of SiON film
was examined by changing the flow rate of N2O gas. In
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Table 1 Deposition conditions.

Gas SiH4 N2 NH3 Ar N2O
Unit sccm sccm sccm sccm sccm

Flow rate 50 100 100 200 x

Fig. 5 Refractive index of SiON vs. N2O flow rate.

this experiment, only the flow rate of N2O was changed and
those of other gases were kept constant, as shown in Table 1.
The measured result is shown in Fig. 5. The refractive index
was measured using a prism coupler (Metricon PC-2010).
It can be seen that the refractive index decreases almost lin-
early with the increase in the flow rate of N2O. Thus, the
refractive index was controlled by the N2O flow rate in the
range of 1.74–1.86.

5. Refractive Index Change of SiON Film by UV Irra-
diation

We measured the UV-induced refractive index change of
SiON film, which was deposited on a Si substrate by the
plasma-enhanced CVD method using SiH4. A Hg lamp was
used as the UV source, and the wavelength and the power
density were 254 nm and 42.6 mW/cm2, respectively.

5.1 Comparison of UV Sensitivity of SiN and SiON Films

Figure 6 shows a comparison of refractive index changes of
SiN and SiON films against UV irradiation time. For 9-h
irradiation, the index of SiN of 2.03 decreased by −2.2 ×
10−3. In contrast, the index of SiON of 1.77 decreased by
−6.4×10−3. It was observed that the refractive index change
of SiON is much faster and greater than that of SiN.

5.2 Comparison of UV Sensitivities of SiON Films
Formed Using Different Source Gases

SiN and SiON films were formed using two different source
gases, SiH4 and Si(CH3)4, in our PECVD apparatus. The
controllable range of refractive index was almost the same
for these two materials. Thus, the UV sensitivities of SiON
films deposited using these materials were measured and

Fig. 6 Comparison of UV sensitivities of SiN and SiON films (λ =
1550 nm).

Fig. 7 Comparison of UV sensitivities of SiON films made from SiH4

and Si(CH3)4 (λ = 1550 nm).

compared. The results are shown in Fig. 7. For 7-h ir-
radiation, the index of SiON made from Si(CH3)4 (tetra-
methylsilane) decreased by −1.9 × 10−3. In contrast, the
index of SiON made from SiH4 (monosilane) decreased by
−5.6×10−3. The refractive index change of SiON made from
SiH4 was greater than that made from Si(CH3)4. Therefore,
SiON made from SiH4 was used as the ring core material.

5.3 Comparison of UV Sensitivities of SiON Films against
Initial Refractive Index

The refractive index change of SiON films of different initial
refractive indices (n=1.74, 1.77, 1.82 and 1.86) was mea-
sured to examine the relationship between the refractive in-
dex change after UV irradiation and that before UV irradi-
ation. In the preparation of SiON films, only the flow rate
of N2O was changed to control the refractive index and the
conditions of the other gases were maintained constant so
that the film quality would not significantly change. The re-
sult is shown in Fig. 8. The refractive index of four SiON
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films changed at an almost equal rate against the UV irradi-
ation time for the first 5 h. After 5-h irradiation, the index
change of SiON film with a lower initial refractive index sat-
urated faster and the maximum index change of 0.036 was
obtained for the SiON film with the initial refractive index
of 1.86 for the irradiation time of 80 h. This index change of
0.036 is about fourfold greater than that of Ge-doped silica
glass.

5.4 Stability after UV Irradiation

We measured the stability of refractive index change after
UV irradiation. The result is shown in Fig. 9. The refractive
index was almost stable for more than 250 h after UV irradi-
ation. This result is similar to that obtained for the SiN film
[4]. Thus, it was expected that the center wavelength after
UV trimming would also be stable without any treatment
such as hydrogen loading.

The origin of the UV-induced refractive index change
was not completely analyzed. However, since the SiON film

Fig. 8 Comparison of UV sensitivities of SiON films against initial re-
fractive index (λ = 1550 nm).

Fig. 9 Stability of index change after UV irradiation.

was deposited using monosilane and ammonia gases and the
film was expected to contain certain amounts of hydrogen
and nytrogen, the UV-induced index change was considered
to be caused by the change in Si-H and N-H bonds due to
UV exposure.

6. Fabrication of Vertically Coupled Microring Res-
onator Filter with SiON Ring Core

6.1 Fabrication Process

Figure 10 shows the fabrication process of vertically cou-
pled microring resonator. Although the single-mode con-
dition was analyzed using the rectangular waveguide, we
adopted the ridge waveguide as the busline waveguide. This
is because the single-mode condition of ridge waveguide is
larger than that of rectangular waveguide with the same core
thickness and core width. In addition, the realization of flat
top surface is easier using the ridge structure than using the
rectangular waveguide, because the ridge with a height of
0.2 µm can be buried by the spin coating of spin-on-glass
(SOG).

A SiO2 film used as the cladding layer was deposited
on a Si substrate by the thermal oxidation method, and a
SiON film used as the core of busline waveguide was de-
posited by the PECVD method. The thicknesses of SiO2

cladding and SiON busline core were 7.5µm and 0.5 µm,

Fig. 10 Fabrication process.
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Fig. 11 Structure of vertically coupled microring resonator filter.

Table 2 Dimensions of device.

symbol dimensions
Ring radius R 20 µm

Ring waveguide width Wr 1.5 µm
Busline waveguide width Wb 1.5 µm
Ring waveguide thickness tr 0.9 µm

Busline waveguide ridge height tri 0.3 µm
Thickness of busline core tb 0.5 µm
Separation layer thickness tsep 0.5 µm

Over etching depth toe 0.2 µm
Lower cladding layer tcl 7.5 µm

respectively. Next, 100-nm-thick Cr was deposited as the
mask for reactive ion etching (RIE). Then, the busline wave-
guide was formed using the photolithography process and
RIE with C2F6 gas, and the Cr mask was removed by the
wet chemical etching. Next, the step height was eliminated
by the spin coating of spin-on-glass (SOG). After the baking
of SOG, the top surface of the busline waveguide was per-
fectly planarized. Since the typical thickness of SOG layer
was 0.2 µm and the required thickness of buffer layer be-
tween the busline core and the ring core ranged from 0.5 to
0.7 µm, an additional SiO2 buffer layer of 0.3–0.5 µm thick-
ness was deposited. Then the SiON ring core layer was de-
posited by the PECVD method. Next, Cr was deposited, and
the ring waveguide was formed using the photolithography
process and RIE.

We fabricated eight ring resonators of identical ring ra-
dius within the area of 2 mm × 300 µm to measure the dis-
tribution of center wavelength resulting from the fabrication
error. The cross-sectional structure denoted by symbols is
shown in Fig. 11, and the dimensions of each part are shown
in Table 2.

6.2 Filter Characteristics

Figure 12 shows the measured drop and through port charac-
teristics of one of the eight ring resonators with the ring ra-
dius of 20 µm. FSR was 10.32 nm and FWHM was 1.42 nm.
It was observed that single-mode propagation is realized
as expected from the designed structure. The small peaks
around the wavelengths of 1560 nm and 1570 nm seem to
be caused by polarization mixing.

In addition, it was observed that the output power level
in the wavelength range from 1500 nm to 1540 nm is lower

Fig. 12 Filter response.

Fig. 13 Fabrication accuracy of VCMRR filter.

than that in the longer wavelength range. This seems to be
caused by the absorption loss due to the N-H radical, and
this absoption is expected to be improved by annealing up
to 1160◦C [5], [6].

6.3 Fabrication Accuracy of Vertically Coupled Microring
Resonator Filter

The accuracy of center wavelength was measured using the
eight microring resonators of identical ring radius fabricated
on the same wafer. The result is shown in Fig. 13. The max-
imum center wavelength difference was 1.51 nm. This er-
ror seems to be caused by the fabrication error, particularly
the error of the waveguide width due to the accuracy limit
of the photolithography process. It was observed from this
measurement that a trimming range greater than 2 nm is re-
quired to compensate for the fabrication error.

7. Center Wavelength Trimming by UV Irradiation

We fabricated a number of microring resonators using SiON
as the core material using the process shown in Fig. 10, and
measured the change in filter response by UV irradiation.
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Fig. 14 Change in filter response of VCMRR with SiON core vs. UV
irradiation time.

Fig. 15 Shift of center wavelength of VCMRR with SiON core vs. UV
irradiation time.

Figure 14 shows the change in the filter response of the verti-
cally coupled microring resonator with a SiON core against
UV irradiation time. The center wavelength shift against the
UV irradiation time is shown in Fig. 15. For 8-h UV irradi-
ation, the maximum center wavelength shift was −10.5 nm.
Thus a wide trimming range was successfully demonstrated.

The FWHM bandwidth was increased by 0.38 nm from
1.52 nm to 1.9 nm, as shown in Fig. 14. This implied that the
propagation loss in the ring increases. However, the exact
number of propagation loss could not be obtained, because
a clear through port response was not obtained.

In our experiment, a clear TE mode response was not
obtained, and thus, the polarization dependence of UV sen-
sitivity was not observed. According to our previous exper-
iment, the polarization dependence of UV sensitivity was
about 4% [4].

8. Conclusion

In this study, we aimed at developing a vertically coupled
microring resonator using a high index contrast waveguide
with a relaxed single-mode condition suitable for photo-
lithography, and also a wide-range UV trimming technique.
To achieve this objective, we adopted SiON deposited by
a plasma-enhanced CVD method as the core material of
busline and microring waveguides, and measured the UV
sensitivity. First, the controllability of refractive index was
investigated and it was clarified that the refractive index of
SiON film is controlled by changing only the gas flow rate
of N2O. The numerical calculation showed that the use of
SiON film relaxes the single-mode condition by 20 % com-
pared with SiN.

Next, the UV sensitivity of SiON film was measured
using SiON films of different initial refractive indices, and
the maximum index change of 0.036 was obtained for the
SiON film with the refractive index of 1.86. The stability
of index change after UV irradiation was also measured and
the index change was confirmed to be stable for more than
250 h without any treatment.

Using this large UV sensitivity of SiON film, the UV
trimming of center wavelength of vertically coupled micror-
ing resonator with a SiON ring core was demonstrated, and
a wide trimming range of −10.5 nm was successfully ob-
tained.
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