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Supporting Information Figure S1: Materials Characterization of Cu/p-GaN Photodiodes. (a) Device 
schematic of the Cu/p-GaN photodiode with the continuous copper film used for establishing electrical 
contact along with the nanopatterned Cu antennas that support a surface plasmon resonance. (b) AFM 
image of the patterned Cu nanoantennas exhibiting a thickness of 20 – 30 nm. (c) Left, Absorption spectra 
of the Cu nanoantennas and the continuous Cu film used for electrical contact. We observe that both the 
film and the nanoantennas exhibit very similar absorption for wavelengths shorter than 600 nm (2 eV) 
due to the excitation of interband transitions. We note that the nanoantennas actually show slightly less 
absorption due to the reduced amount of Cu present. At longer wavelengths, the broad, plasmon-
enhanced absorption feature of the nanoantennas is absent in the Cu film. (c) Right, photocurrent maps 
recorded at 500 nm (top) and 750 nm (bottom) for polarization perpendicular to the Cu nanoantennas.  
In agreement with the absorption spectrum, at 500 nm both the Cu nanoantennas and the Cu film produce 
photocurrent while at 750 nm only the nanoantennas are active due to their surface plasmon resonance, 
which is lacking from the Cu film.  

 



 

Supporting Information Figure S2: Device Characterization of Cu/p-GaN Photodiodes. (a) Device 
responsivity of bare p-GaN (blue curve) with those from the Cu nanoantennas (red curve) and the Cu film 
(orange curve) on the p-GaN substrate. The inset shows a zoomed-in view of the p-GaN responsivity, 
which demonstrates that bare p-GaN does not produce any photocurrent across the studied energy range. 
(b) Following the analysis suggested by Sze,1 we have extracted the height of the Schottky barrier at the 
Cu/p-GaN interface by plotting the square root of the responsivity of the Cu/p-GaN device relative to the 
incident photon energy. In the intraband regime (non-shaded area), the responsivity of the Cu/p-GaN 
device exhibits two different slopes. The steeper slope has a zero-responsivity intercept at around ~1.6 
eV, in good agreement with the Schottky barrier height expected from the band alignment. The shallower 
slope at lower photon energies is attributed to tunneling across the Schottky barrier. From band alignment 
calculations, we find that the triangular tunneling barrier is less than 5 nm for hot-hole energies above 
~0.75 eV. (c) Spatial maps of the responsivity from Cu/p-GaN photodiodes acquired at different photon 
energies (indicated above each map). The blue, red and yellow dots represent the positions that were 
used to obtain the responsivity spectra shown in (a) for the bare p-GaN (blue curve), Cu nanoantennas 
(red curve), and the Cu film (orange curve), respectively. These responsivity maps clearly show that no 
photocurrent can be measured from the bare p-GaN substrate at all studied photon energies. 

 

 

 

 



 

 

Supporting Information Figure S3: Device Characterization of Cu/n-GaN Photodiodes. (a) Responsivity 
of bare n-GaN (blue curve) with that of Cu nanoantennas (red curve) on n-GaN substrate. The inset shows 
a zoomed in view of the n-GaN responsivity, which demonstrates that bare n-GaN does not produce any 
photocurrent across the entire measured range. (b) Following the analysis suggested by Sze,1 we have 
extracted the height of the Schottky barrier at the Cu/n-GaN interface by plotting the square root of the 
responsivity of the Cu/n-GaN device relative to the incident photon energy. In the intraband regime (non-
shaded area), the responsivity of the Cu/n-GaN device exhibits a single slope. The intercept of ~0.9 eV is 
in good agreement with the Schottky barrier height expected from the band alignment calculations. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Supporting Information Figure S4: Comparison of injection probability 𝑷𝑷𝒊𝒊𝒊𝒊𝒊𝒊(𝜺𝜺) function. A direct 
comparison of the injection probability 𝑃𝑃𝑖𝑖𝑖𝑖𝑖𝑖(𝜀𝜀) function of hot holes mathematically extracted from the 
experimental IQE spectrum (black curve) and that calculated from ab initio theory (red curve). There is 
near quantitative agreement between the highest level of theory and the function extracted from 
experiment until very high photon energies.  

 

 

 

 

 

 

Supporting Information Figure S5: Comparison of the IQE spectrum of Cu/p-GaN and Cu/n-GaN devices. 
A direct comparison of the IQE spectrum from the Cu/p-GaN and Cu/n-GaN devices on the same y-axis 
scaling. From these plots, it is clear that despite the larger Schottky barrier for Cu/p-GaN (~1.6 eV) relative 
to Cu/n-GaN (~0.9 eV), the Cu/p-GaN device outperforms the Cu/n-GaN device for incident photon 
energies beyond 2.7 eV. 
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