Vol. 33, No. 10

Journal of Semiconductors

October 2012

Effects of manufacturing errors on the characteristics of a polymer vertical coupling
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Abstract: The effects of manufacturing errors on transmission characteristics are analyzed for a polymer vertical
coupling microring resonator. Calculated results show that the errors cause a shift and shape change of the trans-
mission spectrum compared to the designed case without errors. Furthermore, accumulation and compensation for
the errors is researched. In order to realize the normal filtering for the fabricated microring resonator device, some

allowed errors are discussed.

Key words: microring resonator; manufacturing error; polymer; transmission spectrum

DOI: 10.1088/1674-4926/33/10/104007

1. Introduction

Microring resonator (MRR) devices have many appli-
cations in optical communications including wavelength fil-
tering("> 2], lasing?® 4, multiplexing and demultilpexing[® 6],
modulating[” 8], and switching[® %I because of their excellent
features, such as low costs, compact conformation, high inte-
grated level, low insertion loss and low crosstalk.

The excellent performance of MRR devices depends on
accurate structural design and sophisticated production tech-
niques. Fortunately, the structural design can be done by the
computer. However, manufacturing errors are hard to avoid
in the preparation of these devices, which can result in a shift
and shape change of the transmission spectrum. Some previous
papers reported on the impact of manufacturing errors on the
characteristics of guided wave optical devices!!!> '), There-
fore, manufacturing error analysis is very important in the fab-
rication of MRR devices.

This paper is organized as follows. First, the parameter op-
timization is performed for a polymer vertical coupling MRR
around the central wavelength of 1.55 um. Then, the effects
of manufacturing errors on the transmission spectrum are an-
alyzed, and the accumulation and compensation of the manu-
facturing errors are investigated. In order to realize the normal
filtering, the allowed manufacturing errors are discussed for the
fabricated MRR device. Finally, some conclusions are reached
for this device.

2. Parameter optimization

Figure 1 shows the diagram of a vertical coupled single
MRR and the cross-sections and refractive index of the ring
and channel. In MRR, the ring is placed on the top of the par-
allel channels, which are buried in the same cladding. R is the
radius of the ring, 2L is the length of the left or right channel,
and L is the length between the channel port and the coupling
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point. The ring and channel have identical core widths @ and
different core thicknesses b1 and b5, and have identical core
refractive indices 7 and different cladding refractive indices
n3 and n,, respectively; 1, is also the refractive index of the
coupling layer between the ring and channel.

By using the coupled mode theory (CMT) and the transfer
matrix technique (TMT), without considering the existence of
the manufacturing errors, we obtain the optimization values of
some parameters (see Table 1). The optimized process of these
parameters is omitted to save space.

3. Manufacturing error analysis

For the above mentioned MRR device, due to the homoge-
neous medium around the buried channel, the channel is fab-
ricated easier than the ring. Therefore, the manufacturing er-
ror analysis in this paper relates to the production process of
the ring. Two kinds of errors are discussed: one is An; which
changes the core refractive index from ny to n; + Any, and
another is Ab; which changes the core thickness from b to by
+ Ab;.

3.1. Wavelength shift as a result of manufacturing errors

According to the microring resonant equation 2nRn, =
mA, we can derive the expression of the shift of the central
wavelength as

27 R n, one
Ao = T2 s (2 Ay + Lo apy ), )
m 8n1 Bbl

where 7. is the mode effective refractive index, which satisfies
the following equations for the EJ, model'3].
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Fig. 1. (a) Diagram of a vertical coupled single MRR. (b) Cross-
sections and refractive index of the ring and channel.
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Figure 2 presents a 3D graphic and a 2D graphic for a shift
of the central wavelength AA( caused by the errors An; and
Abj. It can be seen that when Anq, Ab; > 0, the wavelength
shift A4y > 0. In contrast, when Any, Ab; <0, the wavelength
shift Adg < 0. The larger the absolute values of Anj and Aby,
the larger the wavelength shift Ady. The wavelength shift is
within a range of —1.5 nm < Aly < 1.5 nm, which is much
less than that of the FSR, which is 17.5 nm. From Fig. 2(b) we
can measure the relative errors within the ranges of —1.54 x
1073 < Anqy < 1.54 x 1073 and —28.8 nm < Ab; < 28.8 nm,
respectively.

Table 1. Optimized values of parameters of a polymer vertical cou-
pling MRR.

Parameter Value

Central wavelength Ao = 1.55 um
Refractive index of cores of ring and channel n; = 1.6278
Refractive index of claddings of channel np = 1.465
Refractive index of air claddings of ring n3 =1

Core width of ring and channel a=20pum
Core thickness of ring b1 = 1.38 um
Core thickness of channel by = 1.0 um
Thickness of coupling layer d =0.68 um
Resonant order m = 81

Radius of ring R =13.0 um
Free spectral range FSR = 17.5 nm
Propagation loss coefficient 2ap = 0.5 dB/cm
Distance L =2000 um

Wavelength shift AA (nm)
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Fig. 2. (a) 3D and (b) 2D graphic for a shift of the central wavelength
A Mg caused by the errors Anq and Ab;.

3.2. Shape change of the transmission spectrum because of
manufacturing errors

After the signal light is input into the channel, it cou-
ples into the ring by a coupling layer, and then resonates if it
meets with the resonance conditions. By using the CMT and
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Fig. 3. Effects of the manufacturing errors (a) Anj and (b) Aby on
the transmission spectra.

the TMT, the transfer function, i.e., the transmission spectrum,
from the lower port of the left channel to the lower port of the
right channel 7p(A) can be expressed as

[ E———"

(1 —«?) exp (=j2¢)
)

where ¢ is the phase when the light travels an arc of 7R in the
microring, ¥ is the phase when the light travels a distance of
L in the channel. « is the amplitude coupling ratio between the
ring and the channel, which can be seen in Ref. [14].

To(4)(dB) = 101g | -—

Figure 3 shows the effects of the manufacturing errors An
and Ab; on the transmission spectrum. We select the follow-
ing two groups of values of the manufacturing errors which
produce a shift of —1.5 or 1.5 nm: (a) Ab; = 0, Any = —-1.54
x 1073, 1.54 x 1073, and (b), An; = 0, Ab; = —28.8 nm,
28.8 nm. For comparison, the relative curves of the theoretical
design of An; = Ab; = 0 are plotted.

From Fig. 3, we can see the manufacturing errors cause the
shift of the transmission spectrum. Compared with the relative
errors Ani = 0and Ab; = 0, if the relative errors Anq, Aby >
0, the transmission spectrum shifts to the right, on the contrary,
if the relative errors Any, Aby < 0, the transmission spectrum
shifts to the left. We can also see that the effect of An; on the
minimum intensity of the nonresonant light is minor compared
with that of Ab;.
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Fig. 4. Effects of the (a) accumulation and (b) compensation of man-
ufacturing errors on the transmission spectra.

3.3. Accumulation and compensation of manufacturing er-
rors

Figure 4 shows the effects of the accumulation and the
compensation of manufacturing errors on the transmission
spectra. In Fig. 4(a), we take one group of values to be An;
=—-1.54 x 1073 and Ab; = —28.8 nm, and another to be An,
= 1.54 x 1073 and Ab; = 28.8 nm. In Fig. 4(b), one group
of values is An; = —1.54 x 1073 and Ab; = 28.8 nm, and
another is An; = 1.54 x 1073 and Ab; = —28.8 nm. For com-
parison, the relative curves of the theoretical design of An; =
Aby = 0 are also plotted.

From Fig. 4(a), we can see when the values An; and Ab;
are both positive or both negative, i.e., Any, Ab; > 0 or Any,
Aby < 0, the accumulation of the manufacturing errors would
appear, which increases the shift and shape change of the trans-
mission spectrum. On the contrary, from Fig. 4(b), we can also
see when one is positive and another is negative between the
values Anq and Aby, that is, when Anq < 0 and Ab; > 0, or
when Any > 0 and Ab; < 0, the compensation of manufac-
turing errors would occur, which reduces the shift and shape
change of the transmission spectrum. In this case, the shift of
the transmission spectrum is very close to zero, and the shape
change of the transmission spectrum is very small compared to
the designed case without errors.

104007-3



J. Semicond. 2012, 33(10)

Wang Yuhai ef al.

4. Conclusion

Based on the preceding analysis and discussion of the pre-
sented MRR device, conclusions are reached as follows.

The manufacturing errors An; and Ab; cause the shift and
shape change of the transmission spectrum. For different val-
ues of Any and Abq, the transmission spectrum would be obvi-
ously different. Therefore, we must control the manufacturing
errors within a proper range to ensure the MRR device works
with normal filtering function. If manufacturing errors are al-
lowed within the ranges of —1.54 x 1073 < An; < 1.54 x
1073 (when Ab; = 0) and —28.8 nm < Ab; < 28.8 nm (when
An; = 0), the shift is controlled within the range of —1.5 nm
< Alp < 1.5nm.

The accumulation of manufacturing errors can increase the
shift and shape change of the transmission spectrum, while the
compensation of the manufacturing errors can reduce the shift
and shape change of the transmission spectrum. Therefore, we
should avoid the accumulation and utilize the compensation
of the manufacturing errors to improve the performance of the
MRR device. For example, when the manufacturing errors are
An; =-1.54 x 1073 and Ab; = 28.8 nm, or An; = 1.54 x
1073 and Ab; = —28.8 nm, the shift of the transmission spec-
trum is very close to zero, and the shape change of the trans-
mission spectrum is very small compared with the theoretical
design of Any = Ab; = 0.
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