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Details on the Metal-Semiconductor Carrier Injection Model 

Upon the absorption of photons with energy Eph, an electron with energy E − Eph below the 

Fermi level is promoted to a higher energy state E. The hot-electron initial energy distribution 

is described by the product of the electron density of state (EDOS) and the respective Fermi 

functions at the initial and final states [S1, S2]. 

 𝐷(𝐸) =
𝜌(𝐸 − 𝐸ph)𝑓(𝐸 − 𝐸ph)𝜌(𝐸)[1 − 𝑓(𝐸)]

∫ 𝜌(𝐸 − 𝐸ph)𝑓(𝐸 − 𝐸ph)𝜌(𝐸)[1−𝑓(𝐸)]𝑑𝐸
∞

0

 (S1) 

where(Eh) [(E)] is the EDOS at the initial [final] energy level, and f(Eh) [f(E)] is the 

corresponding Fermi distribution function. Taking into account the resistive loss (ηres = 0.4 [S3]) 

of the absorbed energy without the generation of hot electrons, the spatial distribution of the 

hot-electron generation rate (G) can be obtained as [S4]: 

 𝐺(𝑧, 𝜔) = (1 − 𝜂
res

)𝜀𝑖|𝐸(𝑧, 𝜔)|2 (2ℏ)⁄  (S2) 

where ω is the angular frequency, εi is the imaginary part of the permittivity, ħ is the reduced 

Planck constant, E is the electric field. Based on the exponential attenuation model and the 

assumption of an isotropic momentum distribution, the probability of an electron with energy 

E arriving at Schottky interface under the diffusing angle θ is evaluated by [S5]: 

 𝑃𝑒𝑡𝑟(𝐸, 𝜃, 𝑧) = {
1

2
exp (−

𝑑(𝑧)

𝑙𝑀𝐹𝑃(𝐸)cos𝜃
) ,    𝑖𝑓 −

𝜋

2
< 𝜃 <

𝜋

2
              

0,                                            𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                   
 (S3) 

where d is the distance from the hot-electron initial positon to the Schottky interface and lMFP 

is the energy-dependent mean free path of hot electrons [S3]. The flux of electrons Nint (E, θ) 

to reach the interface under an angle θ is: 

 𝑁𝑖𝑛𝑡(𝐸, 𝜃) = ∫ 𝐺(𝑧) × 𝐷(𝐸) × 𝑃𝑒𝑡𝑟(𝐸, 𝜃, 𝑧)𝑑𝑧
𝑑Au

0
  (S4) 
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Then, the injection efficiency is obtained as: 

 𝜂𝑖𝑛𝑗(𝐸) =
∫ 2𝜋𝑠𝑖𝑛𝜃𝑑𝜃×𝑁𝑖𝑛𝑡(𝐸,𝜃)×𝑇

Ω
0

∫ 2𝜋𝑠𝑖𝑛𝜃𝑑𝜃×𝑁𝑖𝑛𝑡(𝐸,𝜃)
𝜋
2

0

  (S5) 

where T is the electron transfer propababliy under the diffusing angle θ across the interface 

considering the possible reflection at the Au/TiO2 interface arising from the momentum 

mismatch in both media [S6]. 

Finally, the photocurrent density can be expressed as: 

 𝐽 = 𝑒 ∫ ∫ 𝑁𝑖𝑛𝑡(𝐸, 𝜃)𝑑𝜃 ×
𝜋

2

−
𝜋

2

𝜂𝑖𝑛𝑗(𝐸)
∞

𝜑𝑆𝐵
𝑑𝐸  (S6) 

More Information on Hot Electron Energy Collection and Loss Contribution 

For clarity, we show how the data of the collection and loss contribution can be calculated 

with the optoelectronic model in detail [S7]. 

From the optical model, we get the optical absorption (A) in the metal, reflection (R) and 

transmission (T) of the hot-electron device.  

1) Considering the incident photon flux of Nph, the optical reflection loss (Nph_ref) and 

transmission loss (Nph_tra) are:  

 𝑁ph_ref = 𝑁ph × 𝑅 (S7) 

  𝑁ph_tra = 𝑁ph × 𝑇 (S8) 

2) The resistive dissipation loss (Nph_resis) is:  

 𝑁ph_resis = 𝑁ph × 𝐴 × 𝜂𝑟𝑒𝑠 (S9) 

where ηres is the efficiency of resistive loss of the absorbed energy.  

The hot-electron generation flux (Nph_excited) is:  

 𝑁ph_excited = 𝑁ph × 𝐴 × 𝜂𝑒ℎ (S10) 

where ηeh is the efficiency of plasmonic decay into hot electrons.  

3) The thermalization loss (Nph_therm) is the flux difference of hot electrons excited and 

reaching the interface: 

 𝑁ph_therm = 𝑁ph_excited − ∫ ∫ 𝑁𝑖𝑛𝑡(𝐸, 𝜃)𝑑𝜃𝑑𝐸
𝜋

2

−
𝜋

2

∞

0  (S11) 

where Nint is the flux of electrons with excess energy E to reach the interface under an angle θ. 

4) The barrier loss (Nph_barrier) is the flux of hot electrons reaching the interface with excess 

energy E < φSB: 

 𝑁ph_barrier = ∫ ∫ 𝑁𝑖𝑛𝑡(𝐸, 𝜃)𝑑𝜃𝑑𝐸
𝜋

2

−
𝜋

2

𝜑𝑆𝐵

0  (S12) 

5) The flux of collected hot electrons (Ntot_succ) can be obtained as: 



  

3 

 𝑁tot_succ = ∫ ∫ 𝑁𝑖𝑛𝑡(𝐸, 𝜃)𝑑𝜃 ×
𝜋

2

−
𝜋

2

𝜂𝑖𝑛𝑗(𝐸)
∞

𝜑𝑆𝐵
𝑑𝐸 (S13) 

6) The momentum loss (Nph_momen) is the flux difference of hot electrons reaching the interface 

with excess energy E > φSB and collected: 

 𝑁ph_momen = ∫ ∫ 𝑁𝑖𝑛𝑡(𝐸, 𝜃)𝑑𝜃𝑑𝐸
𝜋

2

−
𝜋

2

∞

𝜑𝑆𝐵
− ∫ ∫ 𝑁𝑖𝑛𝑡(𝐸, 𝜃)𝑑𝜃 ×

𝜋

2

−
𝜋

2

𝜂𝑖𝑛𝑗(𝐸)
∞

𝜑𝑆𝐵
𝑑𝐸 (S14) 

Then each hot-electron collection and loss contribution can be obtained by dividing by Nph. The 

above are the details on how to calculate the hot-electron collection and loss contribution in Fig. 

5a and Fig. 5b. 
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