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High- Q ring resonators in thin silicon-on-insulator
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We have fabricated higp- microrings from thin silicon-on-insulater SOI layers and meas@ed
values of 45 000 in these rings, which were then improved to 57 000 by adding a PMMA cladding.
The optimal waveguide designs were calculated, and the waveguide losses were analyzed. These
high-Q resonators are expected to lead to interesting devices for telecommunication filters and
sources as well as optical refractive index sensin@2004 American Institute of Physics
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Over the past several years, there has been substantihle addition of a cladding, which tends to pull the mode
interest in the application of microring resonator structuresupwards. This notion is supported by the measured decrease
as laser sourcésand as optical filter elements for dense in waveguide loss upon the addition of a PMMA cladding. It
wavelength division multiplexing systerisHere we de- can be shown that the substrate leakage loss attenuation co-
scribe a silicon-on-insulatafSOI) structure that is particu- efficient is nearly proportional to
larly advantageous. In the first place, it has low waveguide -
loss; from the measure@ values of 45 000 and 57 000, we g2\ Mef koA
can extrapolate an uncouplédvalue of 94 000 and a wave-
guide loss of 7.1 dB/cm in the unclad case, and —6.6 dB/c
in the PMMA clad case. Although high€) values have been

if kg is the free space wave numbag; is the effective index
f the moden, is the effective index of the oxide layer, and

) . . " X A is the thickness of the oxide. In our case, the e-folding
obtained for optical microcavitiesyve believe that our ge- depth of the above-mentioned function turns out to be
ometry has the highesp for a resonator based on a single 1 g4y \yhich explains why the substrate leakage is so high.
mode silicon waveguide. But also noteworthy is the large SOI material with a top silicon layer of approximately
amount of power contained outside the core silicon wave, >4 nm and 1.4um bottom oxide was obtained in the form
guide, which may be important in some applications; thest 500 mm wafers, which were manually cleaved, and dehy-
modes that will be described have approximately 57% of thej,ated for 5 min at 180°C. The wafers were then cleaned
power outside the waveguide, as compared to 20% for &iih a spin/rinse process in acetone and isopropanol, and air
single-mode 200-nm-thick silicon waveguide, and 10% for ayried. HSQ electron beam resist from Dow Corning Corpo-
single-mode 300-nm-thick silicon waveguide. ration was spin coated at 1000 rpm and baked for 4 min at

We chose to study wafer geometries that minimize thejggec. The coated samples were exposed with a Leica
thickness of the SOI waveguiding layer as well as the buriegegpG-5000+ electron beam writer at 100 kV. The results
oxide, but still y|9|d low loss Waveguides and bends. A nUm'reported here are for devices exposed at a dose of
ber of different waveguide widths were compared by finite4000MC/sz, and the samples were developed in MIF-300
difference based mode solving. The geometry we chose corFMAH developer and rinsed with water and isopropanol.
sists of a 500-nm-wide waveguide formed in a 120-nm-thickThe patterned SOI devices were subsequently etched by us-
silicon layer, atop a 1.4um oxide layer, which rests on a ing an Oxford Plasmalab 100 ICP-RIE within 12 mTorr of
silicon handle. Such a configuration supports only a singlehlorine, with 800 W of ICP power and 50 W of forward
well-contained optical mode for near infrared wavelengthspower applied for 33 s. Microfabricated devices such as the
The dispersion characteristics are shown in Fig. 1 for botlbne shown in Fig. 2 were tested by mounting the dies onto an
unclad and PMMA-clad waveguides. Our interest in uncladoptical stage system with a single-mode optical fiber array. A
structures stems from the ease of fabrication, as detailed itunable laser was used first to align each device, and then
the following, as well as the flexibility an open air wave-

guide may provide for applications. 2 ,

These modes were determined by using a finite differ- 195 I Unclad Ex0
ence baseédHermitian eigensolver, the details of which are 1.9 | e Clad ExQ -~
beyond the scope of this letter. It is possible to calculate the 1.85 S
loss directly from the mode pattern with an analytic method 1.8 ¢
valid in the low-loss limit, which the authors intend to pub- 1.75 |
lish in a forthcoming paper. The waveguide loss at 1ub® 1.7 -
calculated in such a fashion is approximately —4.5 dB. This 1.65 | T
loss figure was in agreement with the extrapolated results of 1.6
FDTD simulation. 1.55 I

It should be noted that since -4 dB/cm loss is attributed 1.5 ; >
to substrate leakage, the waveguide loss can be improved by 1.3 135 1.4 1.45 1.5 1.55 1.6 1.65 1.7

FIG. 1. Dispersion plots for the fundamental modex polarized of the

¥Electronic mail: etcher@calteh.edu clad and unclad waveguides, shown as effective index vs wavelenginin
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FIG. 3. Normalized transmission of light through the syst@md past the
FIG. 2. SEM image of one of the ring resonators studied. ring) in dB, as a function of wavelength detuning in nm for both clad and
unclad waveguides, shifted to overlay resonance peaks.

swept in order to determine the frequency domain behavior
of each of the devices. Light was coupled into the From the mode-solving results for the unclad
waveguides from a fiber mode by the use of gratingwaveguides, we havén/d\) (1.512=-1.182um™, and
couplers. Subsequently the devices were spin-coated witm(A=1.512=1.688. Using this result and the earlier rela-
11% 950 K PMMA in Anisole, at 2000 rpm, baked for tions, the waveguide loss can be calculated from the mea-
20 min at 180°C, and retested. sured Q value. Specifically, an extinction that is at least
The theoretical development of the expected behavior of22 dB indicates that a critically couplé@lin this geometry
a ring resonator system has been detailed elsewheoey- s greater than 38 500, which then implies a waveguide loss
ever in this case the dispersion of the waveguide compels thef less than —=7.1 dB/cm. In similar fashion, the PMMA clad
addition of a dispersive term to the peak width. We takéo ~ waveguide resonator with @ of 57 000 but only —15.5 dB
be the free space wavelength of a resonance frequency of tlié extinction allows a worst case waveguide loss of
system,ng to be the index of refraction at this wavelength, —6.6 dB/cm. This also implies an instringg of 77 000 for
(anfdN)q, the derivative oh with respect to\ taken athg, L~ the unclad resonator, and an intrin€gc of 94 000 for the
to be the optical path length around the ringto be the PMMA clad resonator.
optical amplitude attenuation factor due to loss in a single It is worth noting that these devices have a slight tem-
trip around the ring, and finallyto be the optical amplitude perature dependence. Specifically, the resonance peak shifts
attenuation factor due to traveling past the coupling regioncorrespondingly with the change in the refractive index of
In the limit of a highQ, and thus(1-a)<1 and(1-t)<1, silicon with temperature, moving over 2 nm as temperature
we have shifts from 18 to 65°C. Th& rises with higher temperatures
an slightly, from 33 k at 18°C to 37 k on one device studied.
(no_ )\O(_) ) This shift can probably be explained entirely by the depen-
0= L IN/o dence ofQ on the effective index.
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