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Production of polarized electrons
• There are three parameters that determine the performance of 

photocathodes 
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• Advances in photocathode fabrication
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• Advances in photocathode fabrication

QE ~ 10%
ESP ~ 40%

Bulk GaAs

Polarization limited by 
energy degeneracy

Strained GaAs

QE and ESP limited by 
optical absorption and 

crystal defects

QE ~ 0.1%
ESP ~ 80%

III-V GaAs SL with DBR

State-of-the-art
Unmatched result 

QE ~ 6%
ESP ~ 85%
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Negative electron affinity and 
lifetime
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Challenges
• Extreme vacuum sensitivity

• Deterioration of NEA layers

Ion back bombardment

Alkali desorption

Chemical poisoning

Cs-O or Cs-
N-F3

surface 
layers 
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Negative electron affinity and 
lifetime

22.8

58.6
71.9

80.7
84.5

Q
E 
𝜂𝜂

10!"

10!#

10!$

200
Time (hours)

40 60

0.6

0.2
0.0

0.4

0.8
1.0
1.2

0.0 0.05 0.10 0.15
Exposure (L)

85 layers!!!

GaAs 5 nm p = 5x1019 cm-3

GaAs0.62P0.38 4 nm p = 5x1017 cm-3

GaAs 4 nm p = 5x1017 cm-3

GaAs0.81P0.19 300 nm p = 5x1018 cm-3

AlAs0.78P0.22 65 nm p = 5x1018 cm-3

GaAs0.81P0.19 55 nm p = 5x1018 cm-3

GaAs0.81P0.19 2000 nm p = 5x1018 cm-3

GaAs->GaAs0.81P0.19 2750 nm p = 5x1018 cm-3

GaAs buffer 200 nm p = 5x1018 cm-3

GaAs substrate p > 1x1018 cm-3

Challenges
• Extreme vacuum sensitivity

• Deterioration of NEA layers
• Complex layered structure

Ion back bombardment

Alkali desorption

Chemical poisoning

Cs-O or Cs-
N-F3

surface 
layers 

reduces 
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SL pairs

DBR
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We want to screen new 
candidate materials quickly 

Framework that combines DFT and 
Monte Carlo simulation of photoemission

Alternative to GaAs?
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Method: DFT + Monte Carlo
• Monte Carlo simulation of polarized electron emission 

from bulk GaAs reproduces experimental results 

O. Chubenko, S. Karkare, D. A. Dimitrov, J. K. Bae, L. Cultrera, I. Bazarov, and A. Afanasev, Journal of Applied Physics, vol. 130, no. 6, p. 063101, 2021.
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Method: DFT + Monte Carlo

Electronic band structure

Complex dielectric properties 

Phonon dispersion energies
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DFT calculations result
Electronic band structure Absorption and reflectancePhonon dispersion
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Parameter Obtained
2 K

Obtained
77 K

Obtained
300 K

Reference
300 K

Electron effective 
mass (m*)

CB – X 0.295 0.282 0.283 0.58
CB – G 0.069 0.068 0.066 0.063
CB – L 0.13 0.13 0.129 0.22

HH 0.368 0.368 0.374 0.50
LH 0.08 0.08 0.079 0.088
SO 0.118 0.117 0.114 0.15

Energy gap (eV) Intrinsic 1.52 1.51 1.42 1.42
Split-off 0.362 0.361 0.36 0.332

Splitting energy (eV) G – L 0.008 0.024 0.034 0.284
G – X 0.315 0.33 0.381 0.476

Non-parabolicity 
factor (eV-1)

G 0.571 0.574 0.611 0.61
L 0.498 0.5 0.532 0.461
X 0.328 0.341 0.36 0.204

Optical parameters H.f. dielectric (𝜖𝜖&) 11.40 11.43 11.49 10.92
Static dielectric (𝜖𝜖&) 11.79 11.82 11.90 12.90

Polar optical phonon energy, meV 35.0 34.9 34.1 35.36

Intervalley scattering 
phonon energy 

(meV)

Γ → L 31.8 31.7 29.7 27.8
Γ → X 31.1 30.9 29.7 29.9
L → L 31.8 31.7 29.7 29
L → X 31.5 31.3 29.7 29.3
X → X 31.8 31.7 29.7 29.9

Crystal density, kg m−3 5640 5632 5605 5360
Sound velocity, m s−1 5127 5125 5240 5004

Deformation potential for 
scattering 
(eV ˚A-1)

Γ → L 10
Γ → X 10
L → L 10
L → X 5
X → X 7

Number of equivalent valleys to 
scatter

Γ 1
L 4
X 3

EY constants

scattering by acoustic phonons 32/27
scattering by polar optical 

phonons 
32/27

intervalley scatterings 32/27
scattering by ionized impurities 32/27

DP constants

scattering by acoustic phonons 1/6
scattering by polar optical 

phonons 
1/6

intervalley scatterings 1/6
scattering by ionized impurities 1/6

Exchange splitting of exciton ground state, µeV 47
Sommerfeld factor 1

Parameter Value

Result parameters

Acoustic deformation potential 
(eV)

L 9.2
X 9.0
𝛤𝛤 7.01

Monte Carlo Simulation 9



Simulation of photoemission
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• One free parameter 
fits polarization and 
QE simultaneously

• Increased in 
polarization with 
lowering temperature

Effective electron affinity  

W. Liu, M. Poelker, X. Peng, S. Zhang, and M. Stutzman, Journal of Applied Physics, vol. 122, p. 035703, 07 2017



Simulation of photoemission
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• One free parameter 
fits polarization and 
QE simultaneously

• Increased in 
polarization with 
lowering temperature

Predictions for new 
materials and structures

Effective electron affinity  Temperature dependence

W. Liu, M. Poelker, X. Peng, S. Zhang, and M. Stutzman, Journal of Applied Physics, vol. 122, p. 035703, 07 2017
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System for electron beam 
polarization detection

Mott
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System for electron beam 
polarization detection
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System for electron beam 
polarization detection
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System for electron beam 
polarization detection

Photoexcitation
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System for electron beam 
polarization detection

Electron  
transport

Mott
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System for electron beam 
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System for electron beam 
polarization detection

Detection 
Mott



Other III-Vs current works
Superlattice with Distributed Bragg Reflector 

photocathodesRobust Cs-O-Te NEA activation layer

GaAs

Vacuum
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Details to be presented by J. 
Biswas oral presentation TUYD2

Details can be found in J. Biswas 
poster presentation
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Question or comments?


