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ABSTRACT

Photocathodes activated to negative electron affinity with a cesium-based activation layer, such as GaAs and GaN, can be used for generat-
ing spin-polarized electron beams, but their extreme sensitivity to chemical poisoning limits their operational lifetimes. This work demon-
strates that applying and subsequently heating a cesium iodide (CsI) coating can produce a more durable activation layer lacking iodine, but
rich in stable cesium suboxides (formal O oxidation state . !2), which significantly extend the dark lifetimes of both GaAs and GaN pho-
tocathodes. Through x-ray photoelectron spectroscopy, we examine the stability and formation of these Cs suboxides, which exhibit remark-
able resistance to chemical poisoning. Additionally, we investigate the subsequent surface quality using atomic force microscopy. Our
findings show that CsI-based surface treatments not only prolong photocathode lifetime but also maintain high spin polarization, position-
ing this method as a promising approach for enhancing photocathode durability in demanding applications.

© 2025 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution (CC BY) license
(https://creativecommons.org/licenses/by/4.0/). https://doi.org/10.1063/5.0271931

I. INTRODUCTION

Spin-polarized electron beams are essential in nuclear and
particle physics and electron microscopy. Currently, gallium arse-
nide (GaAs) is the only material utilized as a spin-polarized photo-
emission source. Facilities like the Continuous Electron Beam
Accelerator Facility (CEBAF)1 at Jefferson Laboratory and the
Mainz Microtron (MAMI)2 use GaAs photocathodes to study the
internal structure of nucleons and strong nuclear forces. As future
facilities like the International Linear Collider (ILC)3 and
Electron-Ion Collider (EIC)4 are developed, the demand for robust,
highly polarized electron sources will grow. Furthermore, the inte-
gration of GaAs photocathodes into spin-polarized electron micro-
scopes drives progress in understanding spin-related properties at

the microscopic level, enabling studies of magnetic properties and
spin-dependent phenomena at the nanoscale.5–7

Spin-polarized photoemission8,9 involves exciting electrons
from the top of the valence band using circularly polarized photons
with energy near the material bandgap. For efficient photoemission,
GaAs is operated in or near a negative electron affinity (NEA) state
where if an electron initially at the top of the valance band absorbs
a photon having an energy equivalent to the material’s bandgap
energy, it will be excited to the bottom of the conduction band and
be emitted if it reaches the GaAs surface.10 Bulk NEA GaAs is theo-
retically limited to a maximum electron spin polarization (ESP) of
50% while typical experiments measure around 35%–40% due to
various depolarization mechanisms that occur in transit through
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the material.11–14 Strained superlattice GaAs can overcome this lim-
itation by achieving spin polarizations exceeding 90%.15

To activate a GaAs photocathode to NEA, an electric dipole
moment is induced on the surface by depositing an electropositive
metal, cesium (Cs), with an oxidizing agent such as oxygen or NF3.
However, the chemical reactivity of Cs and its susceptibility to oxi-
dation significantly compromise the operational lifetime of NEA
GaAs, confining its application to ultrahigh vacuum environments
and only to direct current (DC) injectors,16,17 though a program to
develop a radio-frequency (RF) gun with a GaAs electron source
has made considerable progress.18 This limitation has spurred
interest in developing spin-polarized electron sources with longer
operational lifetimes. Photocathodes such as CsTe19,20 and
Cs3Sb

21,22 are known to have operational lifetimes greatly exceeding
that of GaAs. Interestingly, these materials have also been used to
generate a more chemically robust NEA activation layer for both
bulk and superlattice GaAs photocathodes.23 Other materials
capable of producing spin-polarized electrons have also been inves-
tigated.24 A recent result indicates that a durable alkali-antimonide
Na2KSb photocathode could produce spin-polarized beams.25

Additionally, spin-polarized photoemission from gallium nitride
(GaN), both in its zinc blende and wurtzite phases, has been dem-
onstrated.26 GaN may achieve NEA with only Cs and no oxidant
and has been shown to have a longer dark lifetime than NEA
GaAs.26,27

Another Cs-based material utilized as a robust photoemitter is
cesium iodide (CsI) which has remarkable durability and
stability.28–33 It exhibits little sensitivity to chemical poisoning from
most common residual gas molecules found in vacuum systems,
with the exception of water vapor. CsI has been particularly suc-
cessful as a photoemitter in Ring Imaging CHerenkov (RICH)
detectors,34 where it demonstrates outstanding resilience to air
exposure while achieving quantum efficiencies (QEs) exceeding
50% with incident far-ultraviolet light.35,36

Although its relatively high work function prohibits its use as
an emitter material in photo-injectors, CsI has been used to lower
the work function of metal photocathodes37 and enhance the per-
formance of carbon fibers for field emission beam production.38

CsI has also been investigated as a coating layer for
alkali-antimonide photocathode materials.30,39,40

In this work, we investigate the use of CsI as a component in
producing a more robust NEA layer for both GaAs and GaN pho-
tocathodes. The paper is structured as follows. In Sec. II, we detail
the preparation of samples used, followed by their activations with
Cs in Sec. III. In Sec. IV, we describe spin-polarization measure-
ments on GaAs samples activated to NEA. Section V deals with the
surface analysis performed on CsI-treated samples, including
atomic force microscopy (AFM) and x-ray photoelectron spectro-
scopy (XPS) data. This is followed by a discussion (Sec. VI) and a
conclusion (Sec. VII).

II. SAMPLE PREPARATION

For GaAs, single crystal (100, Zn-doped, carrier concentration
9" 1018 cm!3) wafers acquired from AXT-Tongmei, Inc. were cut
to 1" 1 cm2 samples with a diamond scroll. A chemical etch to
remove surface oxidation was performed on the samples, which

included ultrasonication in isopropanol, followed by a de-ionized
(DI) water rinse, a 30 s immersion in a 1% HCl solution, and a
final rinse with DI water. Samples were dried and sealed in bags
pressurized with dry nitrogen.

For GaN, samples were grown in a Veeco Gen10 molecular
beam epitaxy (MBE) system at Cornell University. A 1 μm
Mg-doped p-GaN layer with a doping concentration of
3" 1019 cm!3 was deposited epitaxially using step-flow growth
mode in metal-rich conditions. The GaN films possessed a
Ga-polar hexagonal wurtzite structure oriented along the (0001)
plane. A GaN template on sapphire was used as the substrate and
was prepared with ultrasonication for 10 min each in acetone,
methanol, and isopropanol, followed by degassing at 200 #C for 7 h
in vacuum. Photoemission properties of similarly prepared GaN
samples have been reported previously.41 After growth, each
sample was transferred under static vacuum to the Cornell
Photocathode Laboratory42 for subsequent analysis.

All samples were fixed to a stainless steel puck. For thermal
and electrical contact, indium foil was placed between the sample
and the puck. The assembly was then placed in a UHV growth
chamber (base pressure 5" 10!10 Torr as read by a cold cathode
gauge), featuring a quartz micro-balance (QMB), a SAES Cs dis-
penser filament source, an evaporative effusion cell containing
99.999% pure CsI metal beads (Sigma-Aldrich Chemical
Corporation), and an electrical feedthrough for biasing the photo-
cathode. Photoemission measurements used an NKT Photonics
SuperK Extreme monochromated supercontinuum visible light
source (10 nm bandwidth light tunable between 400 and 800 nm
wavelength) as the incident light, unless otherwise noted.

III. ACTIVATION WITH Cs AND CsI TREATMENT

Once in vacuum, the samples were heated at approximately
600 #C for 6 h. During activation, Cs was applied to the surface of
the samples while the photocathode QE was monitored with either
10 μW of 532 nm light for GaAs or a 10 μW 265 nm light emitting
diode (LED) for GaN. Cs deposition ended when a peak in the QE
was observed. After deposition, the QE was monitored to measure
the dark lifetime as shown in blue in Figs. 1 and 2.

After the lifetime measurement, the photocathode was again
heated at 600 #C for 6 h. Subsequently, a CsI layer was grown on
the photocathode surface. During the growth, the CsI effusion cell
was heated to 500 #C, while the photocathode was held at 150 #C.
The CsI deposition rate was monitored with the QMB until 1 nm
was deposited. The photocathode then underwent a second cesia-
tion and lifetime measurement, as shown in orange in Figs. 1 and
2. Following this lifetime measurement, two more cycles of heating
(600 #C for 6 h), cesiation and lifetime measurements were per-
formed without further CsI deposition (yellow and blue curves in
Figs. 1 and 2, respectively).

Since it was observed (shown in Fig. 3) that consecutive
heating cycles can increase the dark lifetime, another GaAs photo-
cathode, prepared the same way, was given four consecutive cycles
of cesiation, dark lifetime measurement and 6 h 600 #C heating
without CsI deposition between cycles 1 and 2. The obtained dark
lifetimes are shown in blue in Fig. 3. After four cycles, we see a
factor of 5 improvement in the dark lifetime. For comparison, the
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lifetimes from the activations in Fig. 1 are also plotted in Fig. 3,
demonstrating the factor of 18 improvement in lifetime, thus
decoupling the enhancement from consecutive heating cycles with
the enhancement seen from CsI deposition. During all lifetime

measurements, the base pressure in the chamber was maintained at
5" 10!10 Torr. The chamber was not vented between lifetime mea-
surements in order to compare the photocathode lifetimes in the
same vacuum conditions.

IV. GaAs STUDIES FOR SPIN POLARIZATION

Since GaAs photocathodes are primarily used as spin-
polarized electron sources, parameters relevant to spin-polarized
operation were investigated. For this, GaAs photocathodes were
activated with Cs and NF3 to fully achieve the NEA state. One
sample underwent the activation procedure detailed above (6 h
heating, cesiation, 6 h heating, 1 nm CsI layer deposition, 6 h
heating, cesiation, and 6 h heating) and another sample was heated
for 24 h at 600 #C for comparison. In order to incorporate NF3 into
the activation layer, the samples were transported in vacuum to a
separate chamber outfitted with both a Cs dispenser and a gas leak
valve where they could be activated to NEA with sequential deposi-
tion while the QE was monitored with 780 nm light. There, the
samples were activated to NEA with sequential deposition of Cs
and NF3, while the QE was monitored with 780 nm incident light.
The sequential activation procedure started with depositing Cs as
described above until the QE peaked. At this point, the Cs was
turned off and a partial pressure of around 1 nTorr of NF3 was
leaked in the chamber until the QE dropped by 1–2 orders of mag-
nitude. The NF3 leak valve would then be closed and the Cs turned
back on, bringing the QE to a higher peak than before. This
process was repeated several times until saturation. The NEA acti-
vations are shown in Fig. 4. Note the GaAs photocathode with no
CsI took about twice as long to achieve a peak QE as did the
CsI-treated one.

Upon activation to NEA, the photocurrent was monitored for
several hours, as shown in Fig. 5. The dark lifetime of the
CsI-treated photocathode was measured to be 13.3 times that of the

FIG. 2. Lifetime measurements of the wurtzite GaN photocathode at various stages
under identical vacuum conditions (5" 10!10 Torr). The lifetime after the initial
cesiation is shown in blue. An exponential fit yielded a 1=e lifetime of 4.6 h. The life-
time after deposition of 1 nm of CsI and subsequent cesiation is shown in red and
the 1=e lifetime from an exponential fit was found to be 2.9 h. After heating the CsI
layer and cesiating again, the lifetime is shown in yellow and the 1=e lifetime from
an exponential fit was found to be 13.6 h. The lifetime after another heating cycle
and cesiation is shown in purple, where the QE slightly increases over 6 h.

FIG. 1. Lifetime measurements of the GaAs photocathode at various stages
under identical vacuum conditions (5" 10!10 Torr). The lifetime after the initial
cesiation is shown in blue. An exponential fit produces a 1=e lifetime of 4.2 h. The
lifetime after deposition of 1 nm of CsI and subsequent cesiation is shown in red
and the 1=e lifetime from an exponential fit was found to be 0.6 h. After heating
the CsI layer and cesiating again, the lifetime is shown in yellow and the 1=e life-
time from an exponential fit was found to be 14.1 h. The lifetime after another
heating cycle and cesiation is shown in purple, where the 1=e fit is 77 h.

FIG. 3. A comparison between the dark lifetimes of a GaAs photocathode with
repeated cesiationþ heating cycles, and the photocathode described in Fig. 1.
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GaAs photocathode with no CsI, similar to the Cs-only activation
layer result from above.

After the lifetime measurement, the photocathodes were acti-
vated to NEA as before. A spectral response QE measurement was
performed, as shown in blue in Fig. 6. Next, the photocathodes
were transported in vacuum to the retarding-field Mott Polarimeter
so that the spin polarization of the photoemitted beam from each
photocathode could be measured. For details on the Mott
Polarimeter in the Cornell Photocathode Laboratory, see previous
studies.19,21,23,26 Measurements were done with incident light that

was circularly polarized with a linear polarizer and λ/4 waveplate.
Results from the spin-polarization measurements with the two
photocathodes are shown in red in Fig. 6. While both photocath-
odes possess reasonably high ESPs, the curve of the GaAs without
CsI is shifted slightly up in magnitude and down in wavelength as
a result of its likely higher electron affinity when measured.9

V. ANALYSIS

In this section, we investigate the nature of the sample surface
at various stages in the CsI activation process. This is done through
atomic force microscopy (AFM) scans on GaAs samples to charac-
terize the physical structure of the surfaces, as well as with x-ray
photoelectron spectroscopy (XPS) to analyze the chemical compo-
sition of the surfaces.

A. AFM

To explore the mechanisms behind the changes in photocath-
ode robustness, we performed AFM scans (in air) on GaAs
samples. These were done on samples at each step in the CsI
enhancement process, as shown in Fig. 7. Figure 7(a) shows the
polished GaAs sample as received from the manufacturer to be
very smooth with an RMS roughness of 197 pm, while the sample
after etching, shown in Fig. 7(b) has a slightly increased surface
roughness of 286 pm. In addition to increased roughness, HCl
etching has been shown to create an As-rich surface on GaAs.43 A
6 h 600 #C heating seems to only have marginal effects on the
surface, as shown in Fig. 7(c), where the roughness is 272 pm.
When a 1 nm average CsI layer is deposited, shown in Fig. 7(d), the
surface of the photocathode features domains of CsI, which are
several nm tall. The RMS roughness of this surface is 7.97 nm.
However, after another 600 #C heating for 6 h, the quality of the
surface is seemingly recovered, as the roughness is 191 pm, shown

FIG. 4. A comparison of the Cs-NF3 activations with 780 nm incident light
described in the text. In both cases, the Cs deposition started at time t ¼ 0 h.

FIG. 5. A lifetime comparison with 780 nm incident light of a GaAs photocath-
ode without CsI and a CsI-treated GaAs photocathode when activated to NEA
with a sequential deposition of Cs and NF3. The 1=e lifetime of the GaAs pho-
tocathode without CsI is 0.15 h and the 1=e lifetime of the CsI-treated photo-
cathode is 2 h, a 13.3 times improvement.

FIG. 6. The QE and ESP of both the GaAs without CsI and CsI-treated GaAs
when activated to NEA with Csþ NF3. The curves for the CsI-treated photo-
cathode are solid and the curves for the GaAs with no CsI are dashed. The
spin-polarization curve for the GaAs without CsI is shifted up in magnitude and
down in wavelength due to its higher electron affinity when measured.9
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FIG. 7. GaAs photocathode AFM scans of 2" 2 μm2 and 0:5" 0:5 μm2 at different steps in the CsI enhancement process. GaAs sample shown are (a) as received
after purchase, (b) after etching, (c) after a 6 h 600 #C heating, (d) after deposition of the 1 nm (as ready by the QMB) CsI layer, and (e) after another 6 h 600 #C heating.
All colorbars have units of nm.
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in Fig. 7(e). The observation of islands on the GaAs surface
between deposition of CsI and heating likely explains the poor per-
formance of the photocathode at this point. To better understand
the lifetime enhancement observed after heating, we performed
XPS to know the surface chemical composition.

B. XPS

After CsI deposition, XPS samples were exposed to air for
approximately 5 min during transport to the XPS chamber. A GaAs
sample coated with a 1 nm thick CsI film (no heating was done after
CsI deposition) was loaded in the analysis chamber, then XP spectra
were obtained using unmonochromated Al Kα radiation
(E photon ¼ 1486:7 eV) and two different detection angles (0# and
70#) which probed regions 3 and 1 nm below the surface, respec-
tively. After XP analysis, the sample was heated at 600 #C for 6 h,
then XP analysis was repeated on the room temperature sample.

After analysis of the as-prepared and heated CsI/GaAs sample,
the chemical stability of the heated sample was investigated. First,
O2 gas was introduced using a leak valve at 1" 10!6 Torr for 125
and 625 s, corresponding to 125 L (Langmuir) and 625 L exposures,
respectively. The sample was then exposed to 125 L and 625 L of
H2O (g). XPS analysis was performed after each exposure. To mini-
mize the x-ray induced degradation of Cs oxides,44 only O 1s, As
3d, and survey scans were obtained.

1. Chemical analysis of CsI/GaAs

Chemical analysis of the near-surface region of unheated,
CsI-coated GaAs samples confirmed the presence of CsI and
partially oxidized GaAs, as shown by the spectra in Fig. 8. The

near-surface region was dominated by transitions assigned to CsI.
This included the Cs 3d5=2 transition at 725.7 eV in Fig. 8(a), which
we attributed45 to Csþ, and the I 3d3=2 and 3d5=2 transitions at
631.5 and 620.0 eV in Fig. 8(b), which we attributed46 to I!.
Unoxidized GaAs was observed, as evidenced by Ga 3d photoelec-
trons at 19.5 eV and As 3d photoelectrons at 41.4 eV in Figs. 8(c)
and 8(d), respectively. In contrast to the CsI transitions, the unoxi-
dized GaAs transitions were more intense in normal detection than
glancing detection, suggesting that these species were somewhat
below the surface. Oxidized Ga and a tiny amount of oxidized As
were also observed, as shown by the Ga 3d photoelectrons at
20.5 eV and As 3d photoelectrons at 44.7 eV, respectively. All Ga
and As transitions were assigned in reference to Su et al.47 The
quoted photoelectron energies are only nominal energies, as band
bending often produces small energy shifts (&0.2 eV) that may also
be depth dependent. The nominal photoelectron energies are indi-
cated by labeled dashed lines in all XP spectra.

The presence of oxygen in the near-surface region of
unheated, CsI-coated GaAs was somewhat unexpected, as the HCl
etch was expected to remove any oxidized GaAs. The XP spectra
showed that the oxidized species were localized in the near-surface
region, as the O 1s transitions were more intense in glancing detec-
tion than normal detection. The XP spectra clearly indicated the
presence of Ga oxides and the absence of I oxides. The presence of
oxidized Cs compounds on the unheated substrates could not be
ruled out. The oxidation chemistry of Cs is complex, consisting of
peroxides, superoxides, and oxides. The vertical dotted lines in
Fig. 8(e) represented the O 1s binding energies reported by Jupille
et al. for CsO2 (superoxide, 531.6 eV), Cs2O2 (peroxide, 529.6 eV),
and Cs2O (oxide, 527.4 eV).48 Photoelectrons from oxidized
gallium and CsO2 have nearly identical energies and could not be
distinguished.

XP analysis suggested that activation of the heated CsI-coated
GaAs substrates was due to the formation of a cesium suboxide
(formal O oxidation state . !2) surface layer. The XP analysis in
Fig. 9 suggested that heating of CsI-coated GaAs led to desorption
of I (presumably as I2), (possibly partial) decomposition of Ga
oxides, and formation of cesium suboxides, primarily Cs2O2.
Heating removed all iodine species and oxidized As, as shown by
the I 3d spectra in Fig. 9(b) and the As 3d spectra in Fig. 9(d). The
intensity of the Ga oxide transition in the near-surface region,
Fig. 9(c), was significantly reduced by heating. The identity of the
Cs species after heating could only be inferred indirectly. The pres-
ence of metallic Cs could be definitively ruled out by the absence
of plasmonic features in the Cs 3d spectra,45 which implied that all
Cs was in the þ1 oxidation state and thus bound to oxygen. The
production of cesium oxide, Cs2O, can be definitively ruled out
from the O 1s spectrum in Fig. 9(e). We concluded that after
heating, cesium is primarily present as the superoxide, CsO2;
however, the presence of some cesium peroxide, Cs2O2, could not
be ruled out.

2. Chemical stability of Cs suboxides

The chemical stability of the cesium suboxide-coated GaAs
surface was investigated using increasingly large, sequential doses
of O2 and H2O gases with intervening XP analysis, as shown by the

FIG. 8. X-ray photoelectron spectra of as-loaded CsI/GaAs observed with
normal (0#, blue) and glancing (70#, red) detection, displaying the (a) Cs 3d5=2,
(b) I 3d, (c) Ga 3d, (d) As 3d, and (e) O 1s transitions. Vertical dotted lines rep-
resent the nominal binding energies of the labeled species.
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spectra in Fig. 10. These spectra were normalized to the maximum
intensity of the As 3d transition observed in normal detection. This
normalization corrected for small, run-to-run changes in alignment
and x-ray flux, enabling maximum sensitivity to subtle changes
induced by gas exposure.

No systematic changes in the cesium suboxide coating were
observed up to the largest exposure of 625 L of both O2 and H2O.
Subtle, non-systematic changes in the degree of oxidation in the

near-surface region were observed, as seen in Fig. 10(c). We attri-
bute these subtle changes to small spatial inhomogeneities in the
cesium suboxide coating.

The gas doses probed by this experiment are very large in
comparison to those experienced by most photocathodes. For
example, a photocathode operated at 10!9 Torr would only experi-
ence a total gas exposure of 1250 L after more than 14 days of
operation.

VI. DISCUSSION

Heated CsI-coated GaAs and GaN photocathodes activated
with Cs or Csþ NF3 have highly durable activation layers that
degrade at a slower rate than photocathodes activated only with Cs
or CsþNF3, as shown in Figs. 1, 2, and 5. This stability enhance-
ment also requires less cesiation time; about half of the usual
cesium dose is required for the activation of initially CsI-coated
photocathodes, shown in Fig. 4. Notably, as indicated in Fig. 6,
these Cs suboxide-based activation layers maintain high spin polar-
ization, overcoming a common limitation in alternative activation
methods.21,23 Further, the surface quality remains unaffected, as
seen in Fig. 7.

The superior performance of heated CsI-coated GaAs photo-
cathodes is not due to iodine. Heating CsI-coated GaAs at 600 #C
removes all iodine, leaving a stable surface of Cs suboxides (and
perhaps some Ga oxides) as shown in Fig. 9. This surface is chemi-
cally robust; both the cesium suboxide layer and the underlying
GaAs resist further oxidation during exposures to large O2 or H2O
doses at room temperature, as shown in Fig. 10. The chemical
stability of the cesium suboxide surface was surprising, as we found
that the cesium suboxide coating on a cesium antimonide photo-
cathode was sensitive to few L O2 exposures and completely
destroyed by a 100 L O2 exposure in a previous work.49

Previous researchers have used photoelectron spectroscopy
to study the activation of GaAs with Cs and O2, leading to wide
agreement that activation produces cesium suboxides. Cs coatings
accelerated GaAs oxidation by O2 by a factor of 106 compared to
uncoated surfaces in one study.50 Others showed that GaAs sur-
faces activated with Cs and O2 display surface Cs suboxides and
oxidized GaAs, indicating that Cs suboxides are a consistent
by-product in Csþ O2 activation layers.51 The evolution of the
Cs suboxide coating across varying activation conditions was
studied by others,52,53 supporting the conclusion that Cs2O, sub-
oxides and oxidized GaAs typically form on GaAs after Csþ O2
activation.

If all of these activation schemes lead to cesium suboxide pho-
tocathodes, why are the coatings produced from heated CsI/GaAs
more robust than others? We suggest that the difference lies in the
thermal history of the coating. Previous researchers used Cs metal
(Cs0) sources; however, Cs, which has a melting point of 28 #C, is
quite volatile at room temperature. A monolayer of Cs has a calcu-
lated lifetime of only 14 s at room temperature.49,54 Because of this,
activation with Cs metal is typically accomplished with multiple
sequential Cs and O2 or NF3 doses at room temperature. In con-
trast, CsI is stable at room temperature and does not melt until
632 #C. As a result, our cesium suboxides were produced at signifi-
cantly higher temperatures. In other words, CsI is a higher

FIG. 10. X-ray photoelectron spectra of heated CsI/GaAs before and after O2
and H2O exposure observed with [(a) and (b)] normal (0#) and [(c) and (d)]
glancing (70#) detection. The [(a) and (c)] O 1s and [(b) and (d)] As 3d transi-
tions are shown. Vertical dotted lines represent the nominal binding energies of
the labeled species.

FIG. 9. X-ray photoelectron spectra of CsI/GaAs after heating at 600 #C for 6 h
observed with normal (0#, blue) and glancing (70#, red) detection, displaying
the (a) Cs 3d5=2, (b) I 3d, (c) Ga 3d, (d) As 3d, and (e) O 1s transitions.
Vertical dotted lines represent the nominal binding energies of the labeled
species.
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temperature Cs source that leads to films of improved chemical
resistance. Additionally, CsI-treated GaAs requiring much less Cs
to activate to NEA could be indicative of a work-functioning lower-
ing effect already in place via the Cs-suboxide rich surface.

While these findings are promising, further optimization of
CsI layer thickness may enhance performance. While 600 #C has
been shown to be an optimal temperature for GaAs photocathode
heating,55 examining variations in heating time and temperature on
CsI-based activations may be of value. Performing chemical analy-
sis on samples that have been activated and transported under con-
tinuous vacuum could provide additional insight while removing
the possibility of contamination during air exposure. The different
QEs observed in Fig. 4 may also highlight the need to perform all
activations and analysis in the same vacuum chamber, as transport
may have created less than ideal NEA conditions. Additional
in-situ chemical analysis during activation might provide additional
insights into the mechanisms behind these lifetime improvements.
Further, a residual gas composition analysis of the activation
chamber after a lifetime measurement could be used to understand
the effects of chemical poisoning as well. Testing the photocathodes
in high-current environments is also essential to assess real-world
behavior to deleterious effects, such as ion backbombardment. This
type of analysis is crucial for the determination of long-term stabil-
ity and performance under operational conditions.

VII. CONCLUSION

Photocathodes used for the generation of spin-polarized elec-
tron beams, such as GaAs and GaN, require a Cs-based activation
layer for efficient operation, which typically renders these materials
highly susceptible to chemical contamination, significantly limiting
their operational lifetimes. In this study, we present a method for
extending the dark lifetime of cesium-activated GaN and GaAs
photocathodes by applying a cesium iodide (CsI) layer. We show
an order-of-magnitude dark lifetime improvement in a GaAs pho-
tocathode with the inclusion of a heated CsI layer in the activation
process. The underlying mechanisms for this enhancement are
examined through XPS and AFM analysis. We found that the
heating process removes all the iodine from the surface, leaving
only Cs suboxides, which may enhance the chemical robustness of
the photocathodes.
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