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Abstract: Ultra-compact silica-on-silicon micro-
resonators were achieved by etching deep trenches 
surrounding the waveguides to increase the lateral 
index contrast. Four types of structures: 1 micro-
ring, 2 microrings, 1 micro-disk and 2 microdisks, 
were fabricated and characterized. Micro-resonators 
with radius of as small as 25 �m show a free spectral 
range of 9.1nm. A two-disk optical drop filter was 
demonstrated. Such structures can be used as funda-
mental building blocks in more sophisticated optical 
signal process devices.    
 
Introduction 
Silica-on-silicon waveguide components are impor-
tant members in the family of integrated optics plat-
form, due to its low propagation loss and low cou-
pling loss with standard fibers [1]. Most commercial 
passive waveguide components, such as arrayed-
waveguide gratings (AWG), splitters et al, widely 
used in the optical telecommunication system, use 
this technique. However, components integration 
density in this technology is limited because the in-
dex contrast (index difference between core and the 
cladding) is small in this technology. The index dif-
ference is ~0.02 between Ge doped glass and pure 
glass, while it is 0.6 for high index contrast material 
like silicon rich silicon nitride (SRSN) [2]. This low 
index contrast results very large bending radius of 6 
mm to make the bending loss negligible, which seri-
ously limit the size of the components [3]. By etching 
deep trenches [4] along the waveguide, the lateral 
index contrast could be increased dramatically from 
~0.02 to 0.5. Travelling-wave micro-resonators in the 
form of disks and rings serve as versatile elements in 
lasers, narrow-band channel-dropping filters, and low 
capacitance modulators [5, 6]. In this paper, ultra-
compact side-coupled micro-resonators in the form 
of both rings and disks were fabricated by combining 
standard silica-on-silicon waveguide fabrication 
processing with deep glass etching. 
  
Fabrication 
The fabrication of the silica-on-silicon ultra-compact 
structures consists of two main steps. The first step is 
the deposition of three waveguide layers: buffer, the 
core and the top-cladding. The process starts with a 4 
inch silicon wafer. The buffer layer is a 6 �m thick 
layer of pure silicon dioxide, grown by thermal oxi-
dization of the silicon substrate. The core is a 3.5 �m 
thick Ge-doped glass (Ge:SiO2) layer, deposited by 
plasma enhanced chemical vapour deposition 
(PECVD). The refractive index of the core (nc) is 
1.465 at the wavelength of 1550nm. Since the refrac-

tive index of pure glass (nb) is 1.445 at 1550nm, the 
index contrast (nc-nb) between the core and buffer is 
0.02. The top–cladding is Boron and Phosphorus co-
doped glass (BPSG) deposited also by PECVD. The 
refractive index and thickness of the top-cladding, 
1.445 and 6 �m respectively, are matched to that of 
the buffer. 
The second major fabrication step is deep glass etch-
ing. The pattern was transferred from the mask to the 
wafer by using standard optical lithography. It is fast, 
cheap and avoids using e-beam lithography. The pre-
sent of micro-resonators (rings or disks) and the ‘bus’ 
straight waveguides on the same mask, simplifies the 
process. Placement of the micro-resonators with re-
spect to the waveguides is precisely controlled elimi-
nating an additional alignment step necessary with 
schemes using vertically coupled ring resonators and 
multiple masks [7]. The etching goes through three 
layers of the waveguide, and the total etching depth 
is 15.5 �m. Burned resist was used as the mask mate-
rial of deep glass etching instead of polysilicon [4].  
Using burned resist as a mask material is a standard 
waveguide fabrication technique in the cleanroom of 
Danchip, DTU. As a result, the sidewalls of the 
waveguide are angled (82o) instead of vertical. 
 

 
Fig. 1: A tilted cross-sectional SEM picture of one 
waveguide after the deep etching. The total etching depth is 
15.5µm, including three layers of the waveguide: top-
cladding, core and buffer layer.  A trapezoidal core layer is 
highlighted. The widths for the top and bottom of the core 
layer are 3.4 µm and 3.9 µm respectively. The thickness of 
the core layer is 3.5 µm. The inset is the fundamental mode 
field distribution in the core simulated by the commercial 
software Olympios. 
 
Fig.1 shows a tilted cross-sectional SEM picture of a 
waveguide. As seen from Fig.1, in the horizontal 
direction, the index contrast of the waveguide is in-
creased from 1.465:1.445 to 1.465:1 after the trench 
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etching. This contrast is comparable to the other high 
index contrast materials like Si3N4.  The relative re-
fractive index difference [8],  = (nc2 – nb2)/(2nc2), 
for Silicon rich Silicon Nitride (SRSN) with a silica 
cladding is 0.254, while it is 0.267 for the glass-air 
interface. The tight confinement of the horizontal 
optical mode enables low-loss small radii bends in 
the plane of the wafer.  The inset of Fig. 1 shows the 
fundamental propagating mode of the waveguide as 
calculated by the commercial software Olympios.  
The mode confinement is tighter in the horizontal 
direction because of the higher index contrast at the 
core-air interface as compared to the core cladding 
interface. Top-view scanning electron microscope 
(SEM) pictures of a single ring, 2 rings, a single disk, 
two disks are shown in Fig.2 (a), (b), (c) and (d) re-
spectively.  
 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 2: SEM pictures of (a) a top-view of a single 
ring and a straight ‘bus’ waveguide, (b) a tilted top-
view of two rings and two straight ‘bus’ waveguides, 
(c) a top view of a single disk and a straight ‘bus’ 
waveguide, and (d)  a tilted top-view of two disks and 
two straight ‘bus’ waveguides. 
 
As shown in Fig. 2 (a) and (c), the straight 
waveguide and the ring (or disk) are fused together in 
the coupling region.  In Fig.2 (b) and (d). the bus 
straight waveguides and the resonators are separated 
by the air trenches in the coupling regions. When 
these structures were designed, different distances 
between ring/disk and waveguide were chosen. Very 
thick photoresist mask made small gaps between 
ring/disk and waveguide unresolvable. At the mean 
time, the line-width reduction during the deep glass 
etching made the large gaps too large for coupling. 
Therefore, all the structures measured have a fused 
coupling area like (a) and (c). The coupling area be-
tween two rings that are separated is shown in Fig. 3. 
 

 
Fig. 3: A zoom in of the coupling region between two mi-
cro-rings in Fig. 2 (b). 
 
In Fig. 3, the three layers of the waveguide (top-
cladding, waveguide core and thermal oxide buffer) 
can be seen.  The buffer layer shows more sidewall 
roughness when compared to the top-cladding and 
core layers. 
 
Results and discussions 
Transmission of a straight waveguide, coupled to 1 
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ring, 1 disk, 2 rings and 2 disks were measured using 
an optical spectrum analyzer (OSA) synchronised 
with a tunable laser source (TLS). Before the wave-
length was scanned from 1520nm to 1620nm, the 
coupling of the bus waveguide to standard fibers was 
optimized at a fix wavelength of 1550nm. The po-
larization was adjusted to get maximum output power 
at the same wavelength as well. The transmission 
spectra of resonators with radius of 25 µm are shown 
in Fig.4.    
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Fig. 4: Transmission spectra of micro-resonators with a 
radius of 25 µm 
 
The free spectral range (FSR) of the collected trans-
mission spectra. is 9.1nm. A relationship between the 
radius of the ring R, the effective group index ng, and 

the FSR is given by the formula: gRn
FSR

π

λ

2

2

=

, 
where � is wavelength. Using the value of 

nmFSR 1.9=  the radius of the ring 
mR µ25= and a wavelength of nm1550=λ , the 

effective group index of the resonant mode was 

found to be 7.1=gn . This value is in good agree-
ment with the theoretically expected effective group 
index of  the waveguide structured used.  
 The spectra collected from double disk/ring resona-
tors show larger out-of-band signal rejection when 
compared to single ring/disk resonators, which agrees 
with the theoretically expected results of ref. [9] and 
the experimental results shown with silicon rich sili-
con nitride waveguide in reference [2].  
 

 
Fig. 5: A SEM picture of 2-ring resonators illustrates dif-
ferent ports for transmission and drop spectra collection.  
 
Double-ring and double-disk resonators are versatile 
structures that are capable of functioning as channel 
dropping filters, switches, or add-drop multiplexers.  
A SEM picture of a double ring resonator with three 
labelled ports is shown in Fig. 5.  The ‘through’ spec-
tra of the double resonator were obtained by measur-
ing the transmission between ports 1 and 2.  The 
‘drop’ spectra was obtained by measuring the trans-
mission between ports 1 and 3. One pair of such 
spectra from a 2-disk resonator are shown in Fig.6. 
As a proof of concept, the corresponding peaks and 
dips appear as expected.   
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Fig. 6: ‘Through’ and ‘across’ spectra of a 2-disk resonator 
with a radius of 25 �m. 
 
 
Conclusions 
Micro-resonators in the form of rings and disks with 
a radius as small as 25 �m were fabricated by com-
bining standard silica-on-silicon planar waveguide 
technology with deep glass etching technology. FSR 
as large as 9.1nm was achieved. A double disk opti-
cal channel dropping filter was demonstrated. This 
deep etching technology reduces the bend radius 
from 6mm to 25 �m. More sophisticated optical de-
vices and sub-system are emerging based on it. These 
novel deep etched micro-resonators add significant 
functionality to a mature silica-on-silicon waveguide 
platform. 
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