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Production of polarized electrons

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

« There are three parameters that determine the performance of
photocathodes
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Negative electron affinity and
lifetime

Chemical poisoning
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Negative electron affinity and
lifetime

Chemical poisoning
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Alternative to GaAs?
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Method: DFT + Monte Carlo

Symbol| Meaning, units [Value [Ref.]
Band model parameters

mi Electron effective mass in I valley. 0.063 [29]
my, Electron effective mass in L valle 0.22 [10]
M t I . I t I . I t . . m Electron effective mass in X valle 0.58 [10]
° C f p d ar Non-parabolicity factor for I' valley, eV~* 0.61 [10]
O n e a r O S I m u a IO n O O a rIZe e eC ron e m ISSIOn ar Non-parabolicity factor for L valley, eV~ 0.461 [[1(1]
fro m b u I k G aAS re rOd uces expe ri men ta I resu ItS ax Non-parabolicity factor for X valley, eV ™" 0.204 [10]
p p mi, hh effective mass, mo 0.50 [29]
mi, Ih effective ma 0.088 [29]
mi, ffective ma 0.15 [30]
A, nm A, nm Ego and gap energy, eV 1.423 [29]
Ao Split-off energy gap, eV 0.332 [30]
800 700 600 800 700 600 Arr | Energy splitting between minima of I and L valleys, eV | 0.284 [29]
40 20 Arx |Energy splitting between minima of I' and X valleys, eV| 0.476 [29]
-+ Chubenko et. al. 2014 - Chubenko et. al. 2014 Momentum relaxation parameters o
Ear Acoustic deformation potential for T' valley, eV 7.01 [10]
1.1 *Liu et. al. 2017 = |ju et. al. 2017 EaL Acoustic deformation potential for L valley, eV 9.2 [10]
. Zax Acoustic deformation potential for X valley, eV 9.0 [10]
p=1.0x10" cm™3 15 p=1.0x10" cm3 huo Polar optical phonon ene 35.36 [10]
Dri | Deformation potential for I' — L s 10 [10]
Drx | Deformation potential for I' = X scatterin 10 [10]
x S DL Deformation potential for L — L scattering, eV A" 10 [10]
) S Drx | Deformation potential for L — X scattering, eV A~ 5 [10]
o m 10+ Dxx | Deformation potential for X — X scattering, eV A~ 7 [10]
n Ie] hwrr | Intervalley phonon energy for I' — L scattering, meV 27.8 [10]
Ll hwrx | Intervalley phonon energy for I' — X scattering, meV | 29.9 [10]

BT hwrr | Intervalley phonon energy for L — L scattering, meV 29 [10]

s hwyx | Intervalley phonon energy for L — X scattering, meV | 29.3 [10]

5 hwxx | Intervalley phonon energy for X — X scattering, meV | 29.9 [10]

i _Q___Q_.-—Q"'* Zr Number of equivalent I' valleys to scatter into 1(31]

e S Zy Number of equivalent L valleys to scatter into 431]

e Zx Number of equivalent X valleys to scatter into 3[31]

i Spin relaxation parameters

0 : 0 . . . n " . . A5 EY constant for scattering by acoustic phonons 32/27 [21]
15 16 17 18 19 20 21 22 15 16 17 18 19 20 21 22 Apop | EY constant for scattering by polar optical phonons | 32/27 [21]
Aij EY constant for intervalley scatterings 32/27 [21]
hw, eV hw, eV Ay EY constant for scattering by ionized impurities | 32/27 [21]

Qs DP constant for scattering by acoustic phonons 1/6 [21)

. " Qpop | DP constant for scattering by polar optical phonons | 1/6 [21]

--=- Simulation (X =0.64 eV, Xeff = -0.054 eV) Qi DP constant for intervalley scatterings 1/6 [21]

) ) Qi DP constant for scattering by ionized impurities 1/6 [21]

Simulation (X =0.67 eV, xeff = —0.024 eV) Acxe | Exchange splitting of exciton ground state, eV’ 47 [22]

) ) [(0))? Sommerfeld factor 1[28)

= = Other material parameters

= Simulation (X =0.70 eV, Xeff = 0.006 eV) i High-frequency dielectric constant, eo 10.92 [10]
. . € Static dielectr 12.90 [10]

-—&r- Slmu|atI0n (X = 073 eV, Xeff = 0036 eV) p Crystal den: 5360 [10]

~ ve Sound velocity, m s~ 5240 [10]
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O. Chubenko, S. Karkare, D. A. Dimitrov, J. K. Bae, L. Cultrera, |. Bazarov, and A. Afanasev, Journal of Applied Physics, vol. 130, no. 6, p. 063101, 2021.




Method: DFT + Monte Carlo

O solt = 5x10"
DUANTUMESPRESSO Band model parameters o 1x10"
mp Electron effective mass in T" valley, mo 0.063 [29] . 110"
{ ) my, Electron effective mass in L valley, mg 0.22 [10] - 45
g mi Electron effective mass in X valley, mo 0.58 [10] X
ar Non-parabolicity factor for T valley, eV~ 0.61 [10] o 40
ar Non-parabolicity factor for L valley, eV~! 0.461 [10] a
; ax Non-parabolicity factor for X valley, eV ~* 0.204 [10] 35
mhn hh effective mass, mo 0.50 [29]
my, Lh effective mass, mo 0.088 [29] 30
Many-body DFT mi, so effective mass, mo 0.15 [30] —
problem Eqo Intrinsic band gap energy, eV 1.423 [29] 'wm'ﬂ
¥ : eledr,on Aso Split-off energy gap, eV 0.332 [30] \.:‘"
. hma CEh Arz | Energy splitting between minima of I' and L valleys, eV | 0.284 [29] =
‘*‘\ Arx |Energy splitting between minima of I and X valleys, eV | 0.476 [29] 2
> » Momentum relaxation parameters < —5x10”
oz Zar Acoustic deformation potential for I' valley, eV 7.01 [10] S
b =) Acoustic deformation potential for L valley, eV 9.2 [10] -]
R Zax Acoustic deformation potential for X valley, eV 9.0 [10] ]
hwo Polar optical phonon energy, meV 35.36 [10 ®
Drp Deformation potential for I' — L scattering, eV At 10 [10] £
‘ Drx Deformation potential for I' — X scattering, eV A1 10 [10] 8‘
Drr Deformation potential for L — L scattering, eV A~ 10 [10] Temperature (K)
) Dpx Deformation potential for L — X scattering, eV A~1 5 [10]
Electronic band structure Dxx | Deformation potential for X — X scattering, eV A~ 7 [10]
hwrr | Intervalley phonon energy for I' — L scattering, meV 27.8 [10] 000090
hwrx | Intervalley phonon energy for I' — X scattering, meV | 29.9 [10] 900000 0.0 0 0 0
Pho on dispe rsion energies hwrr Intervalley phonon energy for L — L scattering, meV 29 [10] 000000
hwrx | Intervalley phonon energy for L — X scattering, meV 29.3 [10] 000000 A 00000
hwxx | Intervalley phonon energy for X — X scattering, meV | 29.9 [10] g g g g g g ~ QD Q0 0 QO 0
i i i Other material parameters
Complex dielectric propertles €00 High-frequency dielectric constant, € 10.92 [10] seeees ©.0 000
€s ‘ Static dielectric constant, €o 12.90 [10] Q09 Q0 Q0 Q
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DFT calculations result
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Electronic band structure Phonon dispersion Absorption and reflectance
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Photon energy (eV)
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2 K 77 K 300 K 300 K arameter e

CB-X 0.295 0.282 0.283 0.58 r—»L 10
CB-G 0.069 0.068 0.066 0.063 Deformation potential for r—-Xx 10
Electron effective CB-L 0.13 0.13 0.129 0.22 scattering L—-L 10
mass (m*) HH 0.368 0.368 0.374 0.50 (eV "A) L X 5
LH 0.08 0.08 0.079 0.088 X — X 7
SO 0.118 0.117 0.114 0.15 Acoustic deformation potential L 9.2
Energy gap (V) Intrinsic 1.52 1.51 1.42 1.42 (eV) X 9.0
v Split-off 0.362 0.361 0.36 0.332 Fr 7-101
" G-L 0.008 0.024 0.034 0.284 ;
Splitting energy (eV) G-X 0.315 0.33 0.381 0.476 Number of e:g;f;fm At L 4
- G 0.571 0.574 0.611 0.61 X 3
Non-parabolicity L 0.498 05 0.532 0.461 scattering by acoustic phonons 32/27
factor (eV-) X 0.328 0.341 0.36 0.204 scattering by polar optical P
Optical parameters  H.f. dielectric (e,) 11.40 11.43 11.49 10.92 EY constants ‘ phonons
Static dielectric (6,) 1179 11.82  11.90 12.90 intervalley scatterings 32/27
Polar optical phonon energy, meV 35.0 34.9 34.1 35.36 scatter.lng by |on|zed. impurities S22l
oL 31.8 317 29.7 27.8 scattering by acoustic phonons 1/6
Intervalley scattering r—-Xx 311 30.9 297 299 scattering by polar optical 16
phonon energy LoL 31.8 31.7 29.7 29 DP constants phonons
(meV) L— X 315 31.3 29.7 29.3 intervalley scatterings 1/6
X - X 31.8 31.7 29.7 299 scattering by ionized impurities 1/6
Crystal density, kg m=3 5640 5632 5605 5360 Exchange splitting of exciton ground state, peV 47
Sound velocity, m s~1 5127 5125 5240 5004 Sommerfeld factor 1
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Simulation of photoemission

One free parameter
fits polarization and
QE simultaneously

Increased in
polarization with
lowering temperature
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Effective electron affinity
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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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Simulation of photoemission

One free parameter
fits polarization and
QE simultaneously
Increased in
polarization with
lowering temperature

Predictions for new
materials and structures
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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
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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

- kr"wd' m““m w o

k? Brookhaven

National Laboratory 1



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

Photoexcitdtion
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System for electron beam
polarization detection
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System for electron beam
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System for electron beam
polarization detection
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Other llI-Vs current works

Robust Cs-O-Te NEA activation layer

Cs Cs+0, | Te 0,
0] ———— @532 mm — '

s] | (b)
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[ Details to be presented by J. ]
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Superlattice with Distributed Bragg Reflector

photocathodes

ESP and QE for DBR SSL sample (2nd EB7358)

®
3

e ESP, 1st activation

~
S

m ESP, 2nd activation

+ ESP, 3rd activation
—e—QE, 1st activation
—=—QF, 2nd activation

——QF, 3rdactivation

Electron spin polarization ,ESP (%)
Quantum efficiency, QE (%)
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[ Details can be found in J. Biswas ]
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Question or comments?




