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« One of the remaining challenges for photocathodes
IS a robust, spin-polarized electron source
« GaAs is by far the most studied spin-polarized
electron source
« Charge lifetime: The amount of current extracted
before the QE degrades by 1/e
« 1000 C is state of the art—=>6 hours at 50 ma!
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* For high QE, GaAs is “activated” to Negative Electron
Affinity (NEA)

* NEA means the bulk conduction band minimum is

larger than the vacuum level
* NEA s typically achieved by depositing a monolayer of
Cs-Oxidant onto the GaAs surface can be done by:

» Co-deposition: Cs is deposited until QE peaks, at
which point an oxidant is leaked while Cs source
remains on

* Yo-yo method: the cathode is over cesiated at which
point the cesium source turns off. It is then exposed
to an oxidant until the QE peaks, the oxidant is then
turned off and cesium source back on. The cycle is
repeated numerous times.

* Either O, and NF; can be used for an oxidant
» Problem: A monolayer is a fragile thing!

« Chemical poisoning: Interaction with residual gas

 lon back bombardment: residual gas is ionized and
accelerated towards the cathode
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* Including O, in the activation improved QE of 15 >0 5’5 30
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.- . - Cultrera et al, “Long lifetime polarized electron
Cs-O-Sb CO-deOSItIOﬂ recipe was further refined beam production from negative electron affinity

through scanning the Sb layer thickness: GaAs activated with Sb-Cs-O: Trade-offs between
« QE and electron spin-polarization decrease efficiency, . .
with Sb Iayer thickness spin polarization, and lifetime (2020)
* 0.12 nm layer results in only a small QE
decrease while preserving max spin-

polarization!
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Use of Csl increases dark lifetime of GaAs!

"\ GaAs ; « 30 second 1% HCI chemical etch+6 hour anneal at

';;2' e ————————— 600 C

£ « ~1 nm of Csl deposited on GaAs surface.
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AFM performed at each step of
surface treatment process

As received After HCl etchin 600 C anneal 6 hours
. /’;"' T =

nm
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After Csl deposition After 2" 600 C, 6

hour anneal
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An electron beam can ionize residual gas

which will be positively charged L laser light IN 1

) O electron beam OUT “
lons will be accelerated towards the cathode \ e I
and cause damage B | /“s @ anode l

So far, results have been in growth chamber RN (i
* Low current (1-100 nA)
* Low voltage (-18 V)
« Main source of degradation comes
from vacuum poisoning
In a high voltage DC gun, induced damage
from ion back bombardment is more severe
« Lower energy ions can sputter off
activation layer
« High energy ions damage GaAs crystal
structure
Operation at high voltage and current is
critical to testing efficacy of alternative
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Gate valve

200 keV electron run
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Beamline and Diagnostics
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Drive Laser for high current GaAs

operation

* Ti:Sapphire oscillator: lasing
at GaAs bandgap energy

* Ti:Sapphire excited with
external 532 nm diode laser

* Easily switch between IR and

green operation

|

Flip mirror
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 Upgraded HERACLES to have an MBE
growth chamber

» 3 Effusion cells (Cs, Sb, Te)+oxygen
leak valve

* Reproduced Sb-based activation
lifetime improvements in growth
chamber

* Ready for high current runs!
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—INo"Sb :
No Sb Fit: 1/e = 14.29 C [ 0 . . t
2A Sb I N 20INg campalgn to
2A Sb Fit: 1/ =6.41 C ] g g Palg

—1ASb ' determine optimal Sb
1A Sb Fit: 1/e = 26.67 C |

B i thickness for operational
1A Sb Fit: 1/e = 26.07 C []

_2323 Fit: 1/e = 9.88 C lifetime improvement
_:g 22 Fit:1/e=29.79C: * Average beam
current of 1 mA
operated at 532 nm
:  10-15 C of charge
extracted per run

e More runs to come!

QE @ 532 nm [%]

. . . . 1-5
Charge Extracted [C]
Sb 0 0 0 1 1 2
Thickness

(Angstrom)

Lifetime 143 9.88 297 267 261 6.4
(C)
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Thank you for your attention!
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BACK UP SLIDES
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S e GaAs with alternative activation layers

* NEA GaAs can be generated by forming a

heterojunction at the surface with another Ee, |
semiconductor (activation layer) subject to two criteria: I o Dt
1. In the activation layer, the gap from the fermi level Eg, ~L4ev \’ "0.45 eV
to vacuum should be smaller than GaAs’s bandgap 2 g N
(~1.4ev). e 1 -------- .
2. So that photoemission does not occur from o \ [
activation layer, its bandgap should be larger than |
GaAs’s. p-type : intrinsic Ev,

 This criteria can be violated if the activation
layer is sufficiently thin
» The above suggest using p-doped GaAs with an

intrinsic semiconductor with a small electron affinity E

for the activation layer
» Cs,;Sbh and Cs,Te can form the NEA heterojunction  #4-fr--|C--- @y "o --------
« Known to be less sensitive to chemical poisoning '
« As a photoemitters they are robust at high currents | i o .
p-tvpe Intrin. n-type

¢ Thls Indlcates CS-Sb CS-Te may be a Very rObUSt Metal  Semimetal Semiconductor Insulator
activation layers!
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