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Abstract - Disk type Ge-on-Si photodetector with an additional ring structure to enhance light absorption efficiency over C-
band is proposed. The proposed photodetector has the average increment of 7.1 % and maximum increment of 13.1 % 
compared to ordinary disk type Ge-on-Si photodetectors with the same radius of 2 μm. Structure design is analyzed by 
FDTD (Finite Difference Time Domain) method. 
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I. INTRODUCTION 
 
Germanium-on-Silicon (Ge-on-Si) structure has been 
a key structure for designing photodetectors in the 
area of Silicon photonics due to the characteristics of 
Germanium compatible to Silicon [1]. Basically, 
Germanium is a good light absorption material for 
communication bands, but it has relatively lower 
absorption coefficient over C-band than the shorter 
wavelength bands. In this reason, absorption length of 
the device must be longer than the other types of 
devices in light absorption efficiency. Earlier 
researches have been suffered by this limitation and 
the device size couldn’t be made smaller easily. In the 
past decade, some researches have been presented to 
earn higher light absorption efficiency with the same 
device size [2], [3]. Despites of those efforts, 
traditional rectangular structures are still set bounds 
of light absorption efficiency by its minimum 
absorption length. 
 
In contrast with the rectangular structure, optical disk 
or ring structures are feasible to confine light inside 
of them. The trammeled light is able to be absorbed 
by Germanium, traveling circularly inside the 
structure. In this regards, effective absorption length 
could be longer without actual enlargement. Also, 
disk or ring structures could be designed 
irrespectively of optical mode selection [4]. However, 
due to the insufficient coupling between the bus 
waveguide and the disk and wavelength-dependent 
resonance feature, the increase in the absorption 
efficiency is not so much in the operating wavelength 
range. 
 
In this paper, we introduce a design method to 
increase the light absorption efficiency based on the 
disk structure in Ge-on-Si photodetector. We add a 
ring to the disk in order to return the uncoupled light 
to the disk, considering resonance characteristics. 

 
II. STRUCTURE DESIGN 
 
2.1. Ge-on-Si Disk 
In conventional rectangular type photo- detector, the 
light guided along the waveguide is absorbed to the 
photodetector due to the strong electric field across 
the p-n junction. And, the remaining light is 
propagated to the other side of the photodetector as 
an optical loss. As an alternative to increase 
absorption efficiency, the disk-type photodetector on 
220 nm SOI (Silicon on Insulator) platform was 
reported with the thickness of BOX (Buried Oxide) 
layer of 2 μm. Fig. 1 shows a simple diagram of the 
photodetector structure used to improve light 
absorption characteristic. T and r represent thickness 
and radius of Ge. These two parameters decide a 
volume of light absorption material and the volume is 
directly related to absorption capacity. R and W are 
the radius of Silicon disk and the width of bus 
waveguide, respectively. G is the gap between Silicon 
disk and bus waveguide. R, W, and G are deeply 
related to coupling coefficient in disk resonator. For 
tiny micro disk resonator, G should become very 
small as tens of nm to increase coupling coefficient.  
 

 
Fig. 1.XZ (left) and XY (right) views of the Ge-on-Si structure. 
 
However, practically, the gap is designed to be 0 μm 
due to the difficulty in fabrication. Different types of 
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disk structures can be designed with the length of r 
and R. For comparison, two cases of the same length 
or different length are here considered. In both cases, 
the light coupled from the bus waveguide moves 
circularly inside the structure. In latter case, the 
circular propagation has different radius inside the 
Silicon and Germanium disks. This phenomenon 
causes shrink of wavelength range absorbed in 
Germanium. Therefore, r and R need to be selected as 
the same length for extending operation wavelength 
range. 
 
2.2. Ring design attached to the disk 
The aim of ring design is to reuse the light 
unabsorbed by the disk. Due to the wavelength-
dependent coupling and disk resonance characteristic, 
light is not fully absorbed to the disk. By coupling 
another ring to the disk and bus waveguide, 
respectively, we can increase absorption efficiency. 
In this case, it is necessary to give a slight difference 
to the resonant peak wavelengths of the disk and the 
ring in order to avoid a cascade effect of the two 
consecutive filters, i.e., increase in sharpness of 
resonant characteristic. Under the structure, light 
uncoupled to the disk is travelling along the ring and 
has another coupling chance to the disk. Furthermore, 
the light, not satisfying resonance characteristic of the 
disk, can be coupled to the ring again, contributing to 
coupling efficiency through bus waveguide. Fig. 2 
shows two types of ring structures. The left one has 
two coupling points between Silicon disk and the 
additional waveguide. The left hand side of bus 
waveguide corresponds to power leakage. The 
structure on the right hand side has one coupling 
point between Silicon disk and the waveguide to 
decrease light leakage. The light uncoupled is again 
travelling along the ring and could be coupled to the 
disk. 
 

 
Fig. 2.Diagrams of two different types of  

additional waveguide and light propagation directions. 
 
III. RESULTS AND DISCUSSION 
 
The simulation was performed by FDTD method over 
the C-band using linear spacing of 0.8 nm with three 
different types of Ge-on-Si structures illustrated in 
Fig.3. For the sake of convenience, structure types of 

Figure 3(a), (b), and (d) are named as type 1, 2, and 3 
respectively. Also, type 1, 2, and 3 represents 
conventional rectangular structure, conventional disk 
structure, and the proposed structure, respectively. 
Width and length of type 1 are shown in Fig. 3(c) for 
the comparison of the disk radius of type 2 and 3. Fig. 
4 shows simulation results of type 1 and 2 for two 
different R of 2 and 4 μm. As expected, type 2 shows 
better performance in absorption efficiency with 
similar tiny area. The average increment of light 
absorption was appeared to be about 23 % for two 
cases. However, due to the resonant characteristic of 
the disk, type 2 shows severe wavelength fluctuation 
over the wavelength range of our interest compared to 
type 1. Fig. 5 shows simulation results between type 
2 and 3 with the radius of 1.5, 2, 3, and 4 μm. For the 
radius of 1.5 μm, due to the small absorption area and 
bending loss of disk and ring, there was no any 
significant improvement in absorption efficiency 
except for slight reduction in wavelength fluctuation.  
In case of 4 μm, by the increase in absorption area of 
the disk, the absorption efficiency was largely 
improved and the peak wavelength was slightly 
shifted to the shorter wavelength side due to the 
resonant characteristic of the larger radius compared 
to that of 1.5 μm. By adding the ring to the disk, due 
to the coupling from the disk to ring before being 
absorbed inside the disk, the proposed one shows less 
absorption efficiency but the wavelength fluctuation 
was improved. In both cases of 2 and 3 μm, as shown 
in Fig. 5(b) and (c), the absorption efficiency is 
similar to that of type 1 but shows less wavelength 
dependency. The average increments in 3 and 4 μm 
are almost same as 1.5 % but that in 2 μm was 
increased to 7.1 % with the maximum peak of 13.1 
%. A noticeable feature of type 3 in 2 and 3-μm 
radius is the improved light absorption efficiency 
over broad wavelength range with less wavelength-
dependent fluctuation. It means that type 3 is less 
sensitive in resonance and coupling efficiency. 
 

  
Fig. 3.(a) type 1; (b) type 2; (c) size comparison diagram among 

type 1, 2, and 3; (d) type 3 
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Fig. 4.Comparison in absorption between type 1 and 2 with 2 and 4 μm. 

 

 
Fig. 5.Comparison in absorption between type 2 and 3 according to the radius of 

(a) 1.5 μm; (b) 2 μm; (c) 3 μm; (d) 4 μm. 
 

CONCLUSIONS 
 
In this paper, Ge-on-Si photodetector using a micro 
disk and a ring structure was proposed for the 
purpose of improving light absorption efficiency as 
well as wavelength-dependency performance over the 

C-band. The ring was used to return the unabsorbed 
light back to the disk structure. The simulation results 
showed better light absorption together with less 
wavelength-dependent fluctuation compared to 
conventional rectangular or disk types of 
photodetector, depending on the radius of the disk 
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and the ring, also proposing the necessity of 
optimization in the radius. 
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