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Improved Extinction Ratio in Ultra Short Directional Couplers
Using Asymmetric Structures

Boo-Gyoun Kim*, Ali SHAKOURI, Bin Liu and John E. BWERS
Department of Electrical and Computer Engineering, University of California, Santa Barbara, CA 93106, U.S.A.

(Received May 1, 1998; accepted for publication July 1, 1998)
Various means of increasing the extinction ratio in ultra short directional couplers using slight asymmetry in the coupled

waveguide structure are investigated. It is shown that couplers with 1Q#20fupling length and with high extinction ratios
larger than 30 dB can be achieved. Shorter asymmetric couplers have an extinction ratio that is more fabrication tolerant.
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Directional couplers are critical components in photonic
integrated circuits used in optical communication systems. b
The conventional directional couplers with laterally arranged
waveguides can not achieve very short coupling lengths due
to extreme sensitivity to fabrication variations and limitations
to produce uniformly very narrow gap laye?d/ertical direc-
tional couplers, however, can obtain a short coupling length
that is smaller than 10@m.? The difficulty of separating
the two vertically coupled waveguides into two distinct inputs
and outputs limits the application of these deviéeRecently, (@)
a novel fused vertical coupler (FVC) with a very short cou-
pling length of 62um was demonstrated, that can solve this
problem? To use FVC in large switching fabrics, it should
have a low crosstalk. Ultra short directional couplers have 2
an inherent limitation in their extinction ratio due to non- n d
orthogonality of individual waveguide mode&sdn this paper, a a
we analyze various means to improve the extinction ratio us-
ing slight asymmetry in the structure. We also study the fab- n..
rication tolerance needed to maintain these improved charac-
teriatics. Since vertical coupling through the ridge structure
defined by etch-stopping techniques is much less sensitive to n, db
the ridge waveguide width and sidewall smoothness than the A
planar waveguide couplefsit is expected that these slight '
asymmetric structures can be better realized in fused vertical n.,
coupler configuration.

(b)

2. Model Used in the Analysis
. . . ig. 1. (a) Fused vertical coupler with separated input and output waveg-
Figure 1(a) shows the FVC with separated input and OUE uides. (b) Schematic diagram of one dimension index profile in the straight

put waveguides. Since the two waveguides are brought to-nteraction region.

gether with an air gap except the interaction region, we could

minimize unwanted couplings for the separation of the outputverlap integral between modes of individual waveguit®s.

of the FVC. The two-dimensional index profile of the FVCAssuming that the power is incident into the waveguide A,

is reduced to one dimension using effective index methoeithout the loss of generality, the extinction ratio after a dis-

The schematic diagram of one dimension index profile in thiance equal to the coupling length is definedpasp, Where

straight coupling region is shown in Fig. 1(b). The structure ip, and p, are the guided mode powers in waveguides A and

composed of two waveguides A and B with effective indice® respectively. The wavelength used in the calculation is

n, andny, and thicknessed, andd,, separated by an inner 1.55,m.

cladding region, inder; and thickness. The outer cladding

regions have indicess, andng,. Since the two waveguides 3+ Results

are strongly coupled (= 0.2—-1um separation), an improved  Figures 2 and 3 show the extinction ratio and coupling

coupled mode theory (ICMT) is used to model accurately thiength of TE and TM modes as a function of the refractive in-

crosstalk. This theory takes into account explicitly the finitelex of waveguide A using ICMT and also 2D finite difference
beam propagation method (BPM). The parameter values used

*Present address: School of Electronic Engineering, Soongsil Universitg;,1 the calculation ar@, = 3.37, Nca = Nep = Nei = 3.17,
Seoul 156-743, Korea. E-mail address: bgkim@sunbee.soongsil.ac.kr 0y = dy = 0.5 um, andt = 0.6 um. We can see that the data
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Fig. 2. Extinction ratio for TE and TM modes as a function of the index OfFi 4. Index of waveguide A for maximum extinction ratio and tolerance
waveguide A calculated using ICMT and BPM. g % 9

to achieve larger than 30 dB extinction ratio as a function of waveguide

separation.
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) ) ) ) Fig. 5. Coupling length of the asymmetric coupler for the different values
Fig. 3. Coupling length for TE and TM modes as a function of the index f 1y, corresponding to Fig. 4 and its percent difference with respect to the
of waveguide A calculated using ICMT and BPM. symmetric case as a function of waveguide separation.

but the tolerance to obtain an extinction ratio larger than 30
calculated by ICMT agrees very well to that by BPM. The exéB increases to 0.24 % (0.27%). This means that the peak
tinction ratio larger than 50 dB for TE (TM) mode occurs ain extinction ratio in Fig. 2 becomes broader as the coupling
n, = 3.367 (h, = 3.366) and the coupling length in this casdength decreases. This facilitates the fabrication of passive ul-
is 51 um (47 um ). The extinction ratio and the coupling tra short asymmetric couplers or setting the voltage or current
length in the symmetric case for TE (TM) mode are 16.4 dBh active components.

(15.7 dB) and 52.:m (48 um) respectively. We can see that Figure 5 shows the coupling length of the optimum asym-
the extinction ratio is increased considerably at the expenserottric coupler for the different values pf corresponding to
having less than 100% power tranfer to the waveguide B liig. 4 and its percent difference with respect to the the sym-
slight detuning of the two waveguide eigenmodes as Chuanggtric case as a function of waveguide separation. The cou-
showed in ref. 10. The coupling length is not significantlypling length decreases and the percent difference increases
affected by making the waveguides asymmetric. as the separation decreases. One can see that, as expected,
Figure 4 shows the optimum asymmetry in the index athe coupling length of TM mode is shorter than that of TE
waveguide A ;) for TE and TM modes as a function of mode. By making the waveguides very close to each other
waveguide separation with the parameters used in Figs. 2 and 0.4 um) one can achieve ultra short coupling lengths less
3. Italso displays the percent tolerar(@en,/n,) to obtain an  than 30um and at the same time maintain the extinction ratio
extinction ratio larger than 30 dB. One can see that the optarger than 30 dB.
mum value oh, for TE mode is larger than that of TM mode, In the case of symmetric couplers, even though the cou-
while the percent tolerance of TM mode is larger than that qfling lengths are comparable to those of asymmetric ones (see
TE mode. When the waveguides are separated by@ghe Fig. 5), the extinction ratios are severely deteriorated to less
asymmetry defined by, — n, required to achieve the highestthan 15 dB when the separation between the two waveguides
extinction ratio for TE (TM) mode is 0.003 (0.004). Havingis less than 0.5&m (see Fig. 6).
index of waveguide A withint 0.019 % (& 0.021 %) of the To confirm that the effect of the asymmetry on the extinc-
optimum value for TE (TM) mode, one can achieve the exion ratio comes from the slight difference in the shapes of
tinction ratio larger than 30 dB. As the separation betweehe two waveguide eigenmodes, the extinction ratio and cou-
the two waveguides decreases, more asymmetry is neegsidg length of TE and TM modes as a function of the width
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. —— . ) Fig. 7. Extinction ratio for TE and TM modes for the asymmetric and sym-
Fig. 6. EXt'InCtIOFI ratio fqr TE and TM modes for the symmetric coupler metric structures as a function of refractive index of inner cladding layer.
as a function of waveguide separation.

. ] o taining a high extinction ratio larger than 30 dB with slight
of waveguide A rather than its refractive index are calculatezgisymmetry in the coupled waveguide structure. Shorter asym-
with the parameter valug® = np = 3.37,Nca=Ncb = Nci = metric couplers have an extinction ratio that is more fabrica-
3.17,dy = 0.5 um, andt = 0.6um. An extinction ratio  ton tolerant. Also, we confirmed that the high extinction ra-
larger than 42 dB for TE (TM) mode occursdat= 0.486m  ig of asymmetric stuctures comes from the slight difference
(0.484 um) while the extinction ratio in the symmetric casgp, tne shapes of the two waveguide eigenmodes by changing

was around 16 dB. The effect of inner cladding layer on thge refractive index of inner cladding layer and the width of
characteristics of the coupler is also studied. Figure 7 shoyse of the waveguides.
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