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Abstract

GaAs-based photocathodes can provide electron beams

with high spin-polarization. In order to be used in a photo-
gun for high-current applications such as energy-recovery
linacs and colliders, the quantum efficiency as well as the
lifetime of the photocathode need to be as high as possible.
Both parameters depend on the quality of the thin layer that
is applied to the photocathode surface during the so-called
activation process in order to create negative electron-affinity
conditions for optimal photoemission. Hence, it is of great
interest to optimize and standardize this procedure in order
to provide the best possible photocathode performance for
accelerator applications.
For an automatization of the activation process it is neces-
sary to model the photocurrent as a function of time during
the process. To this end, activations of bulk-GaAs using Cs
and O,, conducted at the Photo-CATCH test stand, were
analysed using an empirical model function. This contribu-
tion presents the results of the analysis and its implications
regarding the influence of the activation process on the per-
formance of the activated photocathode.

INTRODUCTION

The superconducting Darmstadt linear accelerator

S-DALINAC [1] is operated at the Institut fiir Kernphysik
(IKP) at TU Darmstadt [2]. Its thrice-recirculating lattice de-
sign is capable of single- and multi-turn energy recovery op-
eration [3,4] and features two electron sources: a thermionic
gun for unpolarized beam and a DC photo-electron gun with
negative electron-affinity (NEA) GaAs-based photocathodes,
situated at the S-DALINAC polarized injector SPIn, [5] for
spin-polarized beam.
Future applications of spin-polarized electron beams at the
S-DALINAGC, such as polarization transfer and correlation
studies [6], require photocathodes with optimized opera-
tional parameters, most importantly quantum efficiency n
and lifetime 7. A separate test stand for photo-cathode activa-
tion, test and cleaning using atomic hydrogen Photo-CATCH
is available [7], enabling studies on photocathode parame-
ters [8—11] as well as research on photogun development [12]
independent of beam time at the S-DALINAC. The test stand
features a dedicated activation chamber, a gun chamber with
a —60kV inverted-insulator geometry DC photo-gun, and
an adjacent beamline for beam parameter analysis.
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Previous studies at Photo-CATCH on the automatization
of the activation process have shown that a precise con-
trol of the procedure is necessary to improve the reliability
of the automated scheme [10]. For this purpose, an anal-
ysis of the photocurrent time dependence was conducted
for the co-deposition (Co-De) procedure commonly used
at Photo-CATCH. The resulting empirical model and pre-
liminary implications derived from it are presented in this
contribution.

ACTIVATION PROCEDURE

NEA activations of GaAs photocathodes at
Photo-CATCH are carried out in the activation chamber
using the Co-De method: after heat-cleaning the sample
at temperatures between 610 °C and 650 °C for about 1 h,
the sample is illuminated with a white light LED array and
Cs is introduced via applying a current /. to a dispenser.
An increase in photocurrent up to a saturation peak, the
so-called Cs peak, is observed. Once the current has
receded to about 75 % of the peak value, O, is introduced
via applying a voltage Uy to a piezo-electric leak valve.
Again, an increase in photocurrent is observed up to a
saturation peak, at which point both Cs and O, exposure
is stopped. For measurement of 77 and 7, the LED array is
switched off and the laser shutter is opened, introducing
laser light with a wavelength of (785 + 2) nm and power
between 40 pW and 60 pW.

Two variants of the Co-De method are conducted at
Photo-CATCH:

a) Upon O, introduction, Uy is set such that the pressure
within the chamber is rapidly increased to a pre-defined
value and then kept approximately constant over time
by carefully adjusting Uy. This is done to keep the rate
of O, exposure approximately constant. An example
for the observed trend in photocurrent and pressure is
shown in Fig. 1. This variant is referred to as scheme
la.

b) During O, exposure, Uy is kept at a constant setting.
This leads to a pressure rise, corresponding to an in-
crease in the amount of O, introduced into the chamber
during activation. An example for the observed trend
in photocurrent and pressure is shown in Fig. 2. This
variant is referred to as scheme 1b.

While scheme 1la was previously optimized at
Photo-CATCH [9], scheme 1b has only been intro-
duced recently for further development of an automated
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Figure 1: Anode current and pressure trend during a

scheme la Co-De activation procedure at Photo-CATCH.
The step in the current at about 100 min was caused by
switching off the Cs dispencer and hence removing the back-
ground current. The activation yielded a final quantum effi-
ciency of (9.74 £ 0.03) %.
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Figure 2: Anode current and pressure trend during a
scheme 1b Co-De activation procedure at Photo-CATCH.
The step in the current at about 110 min was caused by
switching off the Cs dispencer and hence removing the back-
ground current. The activation yielded a final quantum effi-
ciency of (5.30 £ 0.03) %.

activation scheme [10] and has not been optimized yet.
Therefore, at 785 nm this scheme so far only achieved
between 4 % and 7 %, compared to 7 % to 10 % previously
achieved with scheme 1a [9]. The digital multimeter used
previously to measure the anode current (see [9]) has
recently been replaced by a new currentmeter, yielding a
much smoother photocurrent curve, as can be seen when
comparing the photocurrent trends in Fig. 1 and Fig. 2.

EMPIRICAL MODEL

First attempts to fit the photocurrent curve of a scheme
la activation process with a continuous function were made
in order to replicate activation data for test purposes. While
such a function can be used to approximately reproduce the
photocurrent trend during activation, it proved to be lim-
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ited when attempting to fit activation data. Further analysis
revealed that the photocurrent trend can be spearated into
three distinct parts:

1) Background from Cs dispenser

Upon applying a current to the Cs dispenser, a short,
steep rise in the current measured at the anode is ob-
served, followed by a small but steady linear increase
in current over time. Since this current occurs irrespec-
tive of cathode illumination, it is strictly speaking not
part of the photocurrent trend, but instead background
current, most likely caused by the emission of Cs ions
from the dispenser or leak currents between dispenser
and anode. Excluding the initial steep rise commonly
observed within the first few minutes, this background
current can be fitted with a linear approximation:

Ibg(t) =Mpg -t + Ioff,bg . (D

2) Cs peak
The first photocurrent saturation peak caused by adsop-
tion of Cs on the photocathode surface can be described
using a Gaussian function:

_ (t—llcs>2

Ip(t) =dcs - € 20%, 5 2)

with the peak amplitude a.s, temporal position p.s and
width os. Taking into account the offset caused by the
background current yields the function

_ (T*llcs)z

V)
Ip([) =dacs-e s +mpgct+lofpg - (3)

3) Co-De peak
The photocurrent trend during Co-De of Cs and O, can
be fitted using a Gaussian function:

_ (t_/‘c()-de)z

2 Teo-de

Ip (t) = dco-de * € + Ioﬁ,co—de s @
with the peak amplitude aco-ge, temporal position pco-de
width 0¢o-ge and offset Iof co-de. While adjusting O; to
the intended level directly after introduction, a deviation
from the Gaussian shape of the Co-De peak can be
observed. This can be described by adding a second
Gaussian function:

_ =Heodel 2
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The resulting combined function allows a smooth fit
of the Co-De peak. Here, the first Gaussian function
describes the deviation after O, introduction and the
second Gaussian function describes the general shape
of the Co-De peak.
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Upon introducing O;, the photocurrent trend instantly
changes course. This point proved to be problematic when
trying to apply a uniform fit function to the entire activation
curve. Hence, the activation curve needs to be separated
into two sections that are then fitted separately:

i) Cs deposition, consisting of parts 1) and 2)
ii) Co-De of Cs and Oy, i.e. part 3)

Using this model, an accurate fit of scheme 1a activation
curves was obtained, as shown exemplary in Fig. 3. Fitting
the model to scheme 1b activation data also yielded good
results, as shown exemplary in Fig. 4.
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Figure 3: Anode current trend and fitted functions for sec-
tions i) (red) and ii) (green) of a scheme 1a activation process.
The dashed vertical line marks the border between section i)
(left) and section ii) (right) of the activation process.
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Figure 4: Anode current trend and fitted functions for sec-
tions i) (red) and ii) (green) of a scheme 1b activation process.
The dashed vertical line marks the border between section i)
(left) and section ii) (right) of the activation process.

PRELIMINARY ANALYSIS OF
ACTIVATION DATA

Fitting the empirical model to the scheme 1a activation
data presented in [9] yielded overall good agreements with
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the photocurrent trend. For section i), an increase in both
mpg and Lo pg Over the course of several activations was ob-
served. The slope increased from approximately O to about
1.7nAmin~!, while the offset current increased from ap-
proximately 24 nA to about 71 nA. In reverse, a.s decreased
from approximately 50 nA to about 20nA, comparable to
the drop of Cs partial pressure that has been observed in [9].
The temporal position p. increased over time, from about
20 min to nearly 35 min. This delay of the Cs saturation peak
coincides with the decrease of Cs partial pressure. Hence,
the assumption that the introduced amount of Cs greatly in-
fluences the timing of the activation process was confirmed.
It was observed that the shape of the photocurrent trend
in section ii) was not uniform due to different manual ad-
justment of the O, exposure during each activation process,
limiting the comparability of the resulting fit parameters
and hence impeding further analysis. The low quality of the
anode current signal also had a negative impact.
Preliminary evaluation of scheme 1b activations showed
good agreement of the model for both sections of the acti-
vation process so far. For section i), the model yielded a
background function with my, ranging from 0.7 nA min~! to
1.1 nA min~! and Lot pg in the range of 45 nA to 66 nA. The
parameters for the Cs saturation peak showed little variation,
with acs = (98 = 1) nA, ucs between 30 min and 34 min and
Ocs = (4.1 £0.1) min.

The fit to section ii) yielded high variations for the first
Gaussian peak describing the initial decline in photocurrent
directly after the start of O, exposure, with dco-ge,1 ranging
from 2 nA to 23 nA, pco-de,1 between 36 min and 48 min and
Oco-de,1 between 2.3 min and 3.7 min. The second Gaussian
function describing the rise in photocurrent from Co-De of
Cs and O, yielded an increase in pi¢o-de.2 from about 90 min
to 110 min over the course of several activations, with a
steady 0co-de2 = (15.5 = 0.5) min. The spread of aco-de2
between 380 nA and 470 nA appears to correlate to the ob-
served variation in quantum efficiency, with a corresponding
spread between 5.3 % and 6.9 %.

CONCLUSION AND OUTLOOK

An empirical model for the photocurrent trend during the
Co-De activation process for GaAs photocathodes, consiting
of two parts, has been found. Preliminary evaluation of two
different variations of the activation procedure shows good
agreement of the model with the data. Further analysis is
required to determine if the resulting fit parameters can be
used to predict the final photocathode performance.
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