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Abstract: We present a C-shaped nano-aperture-enhanced Ge photodetector that shows 
2~5 times photocurrent enhancement over that from a square aperture of the same area at 
1310 nm wavelength. We demonstrate the polarization dependence of C aperture 
photodetector. 
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Chip-scale optical interconnects requires high speed, low capacitance and Si-compatible photodetectors [1]. 
The speed of the photodiode is primarily limited by the transit time of photogenerated carriers to the 
electrodes and the depletion layer capacitance of the semiconductor. Therefore the photodiode can be made 
intrinsically faster by using a small active region. However, a subwavelength active region implies very 
low responsivity because of the diffraction limit. To overcome this trade-off between speed and 
responsivity, the incident light should be efficiently confined within a small active region. Light localized 
in the optical near-field around nanometallic structures has the potential of satisfying such a requirement 
for the photodiode because of the strong near field enhancement [2,3,4]. If we can use a localized 
interaction between the optical near-field and a small semiconductor element, a high-speed response and a 
sufficient responsivity can be both achieved at once. 
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Fig. 1: Schematic of device cross section (left) and top view (right). The apertures are formed in the Au film on top of Ge 
substrate. The device is reverse biased and it functions as a Schottky diode.  

In this approach, we use a C-shaped nano-aperture in a thin metal layer to enhance the photocurrent 
response of a subwavelength photodetector. The single C-shaped aperture, without any other supporting 
surface structures, provides a substantially higher resonant transmission than that of a conventional 

subwavelength square or circular  aperture in a thin metal layer. It has been shown numerically that the near 
field intensity in the C aperture is substantially higher than the incident field intensity [5]. For the square 
aperture most power incident is reflected back, while for the C aperture the light is actually collected from a 
larger area than the physical area of the aperture which results in the high field intensity inside the aperture. 
Here, single crystal germanium is chosen to be the active material of our photodetector because of its high 
responsivity at near infrared wavelengths and its compatibility with Si technology [6]. 



To demonstrate the idea of a nanometallic-structure-enhanced photodetector, we design a simple 
aperture experiment as described below. The aperture samples are fabricated using an FEI Strata DB 235 
FIB tool. First a clean Ge wafer is coated with Au of typically 100~200nm thickness by e-beam 
evaporation. The thickness is chosen to be much larger than the skin depth at the particular wavelength so 
that the metal is opaque; otherwise we could have large background photocurrents not associated with the 
light transmitted by the apertures.  The apertures are then formed in the Au film by ion milling with 30 keV 
focused Ga+ ions. The fabricated sample is reverse biased and it functions as a Schottky diode. Fig. 1 
shows a schematic of the apertures and device operation. The Au film itself acts as the top electrode. Light 
at wavelengths from 1310 – 1540 nm is incident on the aperture and photocurrent is collected from the top 
and bottom contacts.  

For comparison purposes the photocurrent from a C aperture and a square aperture of the same designed 
area are measured using a lock-in amplifier with modulation frequency up to 2 kHz. The laser spot is 
focused to about 3 µm in diameter. The photocurrent of the C aperture detector is measured to be 2~5 times 
that of a square aperture of the same area at 1310 nm wavelength (Fig. 2). We measure the polarization 
dependence of the photocurrent by rotating a half-wave plate in the optical path, as shown in Fig. 2. The C 
aperture photocurrent reaches maxima when the light polarization is parallel to the two “arms” of the 
aperture (x polarized) and falls to minima when it is perpendicular to them (y polarized), as expected 
theoretically. This polarization dependent signal of C aperture photodetector is direct evidence of an 
antenna effect in the near infrared. In contrast, there is no evident polarization dependence for the square 
aperture detector. The particular C aperture used in this measurement has a smallest feature size of 60 nm. 
Both the schematic and Scanning Electron Microscopy (SEM) image of the C aperture are also shown in 
Fig. 2.  

More information can be obtained by acquiring the detector’s spectral response. Fig. 3 shows the 
photocurrent response of a C aperture detector for two orthogonal polarizations with laser tuning from 1370 
nm to 1540 nm. The photocurrent of the C aperture detector is shown to increase slowly towards longer 
wavelength until 1500 nm. This increase for incident light at x-polarization is more significant than that at 
y-polarization. The big drop after 1500 nm is likely primarily due to the sharp decrease in that region of the 
absorption coefficient of pure germanium. The spectral response indicates that there may be a resonant 
peak in the antenna behavior at 1500 nm or longer wavelength.  

Fig. 2. Polarization dependence of C aperture photodetector at 1310 nm wavelength. The C aperture photocurrent reaches maxima 
when the light polarization is parallel to the two “arms” of the aperture (x polarized) and falls to minima when it is perpendicular to 
them (y polarized). 
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To compare with experimental results, the Finite Difference Time Domain (FDTD) method is used to 

calculate the near field distribution of the aperture in the Au film at steady state. The grid size is chosen to 
be one-tenth of the structure feature size. The electric field in the vicinity of C aperture is shown to be 
polarization dependent. When the incident light is polarized along the x direction, the electric field intensity 
in the aperture center can be over 5 times that of the incident intensity. In contrast, the electric field 
intensity for the square aperture is always lower than incident intensity. Therefore in the x polarization 



higher photocurrent can be collected from the C aperture detector than from the square aperture of the same 
area. A volume integration of electric field intensity is performed right below the aperture with 50 nm 
depth in order to estimate the relative photocurrent of different apertures. The volume integration value in 
the C aperture case is about twice that for the square aperture of the same area. This theoretical 
photocurrent enhancement agrees well with our experimental observation.   

The photocurrent enhancement can possibly be improved by over an order of magnitude by using only a 
small Ge element instead of a bulk substrate. The high dielectric constant of the substrate (n = 4.3) has a 
significant effect on the response of the aperture photodetector. For one thing, it shifts the resonance to 
longer wavelengths, which forces the resonant structure to be made smaller and thus more difficult to 
fabricate. For another, the overall resonant strength is theoretically weakened when there is a big index 
mismatch.  

In summary, a nanometallic-structure-enhanced photodetector is presented and a proof-of-principle 
experiment is demonstrated. The C-shaped nano-aperture shows 2~5 times photocurrent enhancement over 
a square aperture of the same area. Our FDTD simulation results agree well with the experimental 
observation. We also demonstrate the polarization dependence of C aperture photodetector over a wide 
wavelength range. In future work, we expect to improve the resonant enhancement through the use of only 
a small Ge element, and to optimize device structures for a high speed, low capacitance and Si compatible 
photodetector. 
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Fig. 3. Measured photocurrent spectrum of C aperture photodetector at two orthogonal light polarizations. C aperture photocurrent 
shows a significant change over the wavelength range when the light is polarized parallel to the two “arms” of the aperture (x 
polarized).  
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