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Abstract 
In the framework of the Tesla Test Facility (TTF) collaboration for the Injector II, we present a study on the formation 

and characterization of photoemissive films of Cs,Te grown on MO substrata. The measured Quantum Efficiency (QE) 
has been analyzed in terms of the preparation procedures followed to obtain the photoemissive films. Using AES and 
XPS techniques we have monitored the evaporated materials (Te and Cs) growth into a film using a “step-by-step” 
analysis. We observed the formation of different compounds before the formation of a stoichiometric Cs,Te. The spectral 
response of the emissive layers has been measured in the wavelength range 254-514 nm, produced from a high-pressure 
mercury lamp and CW lasers. 

In view of the applications of this photoemitter, it is important to know the effect of gas pollution on a film prepared 
with a standard procedure. Since oxygen is one of the most reactive gases, oxygen contamination on Cs,Te films has been 
chosen as a criterion for the investigation of QE degradation. An exposure to 5 x lo- ’ mbar s of oxygen has been found 
to be enough to reduce the QE by one order of magnitude. The XPS technique has been used to study the effects of the 
oxidation. 

We also investigated the “rejuvenation” effect (i.e., the recovery of QE after the degradation induced by the oxygen 
exposure) produced by the contemporary action of heating and illumination with 254 nm radiation from a mercury lamp. 

The results reported in this paper allowed us to produce reproducible and reliable photocathodes (QE = 13% at 
254 nm) and to understand the cathode formation steps. Moreover, we reached an initial understanding of the pollution 
and rejuvenation mechanisms. 

1. Introduction 

Photocathodes illuminated by pulsed light sources are 
nowadays employed as electron sources in RF guns [l]. 
RF guns provide high brightness electron beams, as re- 
quired by the future linac-based Free Electron Laser in 
the X-UV domain and electron-positron TeV collider. 
The main requirements for the photoemitter are: high 
current density, good time stability of the Quantum Effi- 
ciency (QE), long operative lifetime and fast response 
time (picosecond or subpicosecond range). Several 
photoemissive materials are available nowadays with 
different characteristics [2]. The most promising is 
cesium telluride (CszTe), a semiconductive material used 
as solar blind detector [3] and as reference standard for 
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ultraviolet (UV) light intensity measurement [4]. Taft 

and Apker [S] and Powell [6] performed a detailed study 
of the photoemissive properties of CS,Te. They meas- 
ured the spectral responses of this photoemitter, the 
energy distribution of the photoelectrons, and gave some 
information about its band structure. Unfortunately, few 
investigation on the formation process and pollution are 
available. The knowledge of these characteristics is im- 
portant in order to guarantee the required photocathode 
performance 

In this paper, we discuss the influence of the substra- 
tum material and of the temperature on the cathode 
properties. We report an analysis of the cathode forma- 
tion process by XPS (X-ray Photoelectron Spectroscopy) 
and AES (Auger Electron Spectroscopy), coupled with 
Ar+ depth profiling. We also investigated the pollution 
produced by different gases (carbon monoxide, carbon 
dioxide and oxygen) and the “rejuvenation” effect [7], 
i.e. the recovery of the photoemissive properties after 
pollution. 
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2. Experimental setup 

Cs,Te film are produced in UHV condition, with pres- 

sures in the low 10-l’ mbar range. A gas inlet system 
allows the cathode pollution. The gas composition is 
measured by an RGA, QMG 112 Balzers. 

The photocathode grows on a MO substrate constantly 
kept at 12o’C. The standard recipe asks for a preliminary 
deposition of a 10 nm tellurium film with a rate of 
1 nm/min, followed by Cs deposition at the same rate. 

During the cesium evaporation, the cathode is illumin- 
ated by 254 nm radiation until the photocurrent reaches 
its maximum value. At this point, the cathode is com- 
pletely formed, cesium evaporation is stopped and sub- 
strate cooling is started. The photocathode thickness is 
about 25 nm. 

The light sources used to illuminate the cathode are 
a high-pressure mercury lamp and low power CW lasers 
(HeeNe and a multilines Ar+). 

The Auger emission is excited by an electron beam 
operating at 3 keV, with a current of 1 pA over a spot 

area of 30 pm x 30 pm. Auger spectra are obtained by 
using a single-pass Cylindrical Mirror Analyzer (CMA) 
operating at 0.6% relative resolution and in the first 
derivative mode (modulation voltage of 15 V peak to 
peak). An Ar+ ion gun allows the Auger depth-profiles, 
operating at 1 keV, current density 30 PA/cm’, rastered 
over 2 mm x 2 mm area. 

XPS spectra have been collected by a Leybold LHS-12 
subsystem, equipped with a Concentric Hemispherical 
Analyser (CHA) and a non-monochromatized, Mg 
X-ray source, tilted by 45- with respect to the CHA 

axis. 

3. Results 

3.1. Cathode formation 

The first step towards an understanding of the photo- 
cathode formation process is the attainment of a reliable 
recipe that guarantees a reproducible cathode with 
a good Quantum Efficiency (QE) stable in time. 

Preliminary work has been done to evaluate the influ- 
ence of the substrate temperature, during the cathode 
growth, on the photocathode QE. Fig. 1 shows the QE 
behavior of cathodes grown, respectively, on a substrate 
kept at room temperature (23°C) and at 120°C. The 
“cold” procedure allows to have higher values of QE at 
the end of the formation procedure, but characterized by 
a worse temporal stability. On the contrary, the “warm” 
recipe produces cathodes with a lower QE value, but 
with a better temporal stability. The QE value of the 
“cold” recipe after a few hours is nearly the same as the 
one obtained with the “warm” procedure. The photo- 
cathode QE stability obtained with the “warm” recipe 

Fig. 1. QE behavior during Cs,Te formation versus substratum 
temperature. 
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Fig. 2. QE versus cesium thickness during the CszTe formatlon. 
The letters indicate the XPS analysis step. 

has been observed also in operative condition inside 
a linac [S]. 

Following the “warm” recipe we obtained cathodes 
with a QE of 13% (at 254 nm). In Fig. 2 we show the QE 
evolution during the cesium deposition. The deposition 
starts at the point indicated with (a), then the QE evolves 
through (bHd) and finally the cathode is formed when 
the photocurrent reaches saturation (e). XPS step-by-step 
analysis showed that the changes in the photocurrent 
slope are due to the formation of different compounds 
[9]. In particular, Fig. 3 shows the results obtained fol- 
lowing the Te 3d XPS line features at each deposition 
step. Before cesium deposition (a), we find only pure 
Te(572.9 eV). After the evaporation of 20 nm of Cs (b), 
a second component in the spectrum appears at 572.2 eV. 
The peak ratio is about 1: 1, indicating that about half of 
tellurium reacted with cesium. The BE energy shift of 
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Fig. 3. Evolution of Te3d line at different cathode formation 

step. The letter corresponds to a formation process phase as 

shown in Fig. 2. 

- 0.6 to - 0.7 eV indicates a charge transfer from Cs to 

Te valence shells. The two lines in the spectrum indicate 
tellurium and a Cs-Te compound with a Cs to Te ratio of 
1.2. Additional Cs deposition (c) produces an increase of 

the Cs,,,Te compound, a decrease of pure Te and the 
growth of a new compound at + 0.8 eV with respect to 
the covalent Te. In correspondence to the evaporation of 
60 nm of Cs (d), we observe the presence of three spectral 
components, corresponding to pure Te, Cs,,,Te and 
a new line at 571.0 f 0.1 eV. This last compound is 
characterized by a Cs to Te ratio x, higher than 1.2. The 
cathode formation is complete with the evaporation of 
about 70 nm of Cs (e). Now the center of mass of the full 
3d Te line (571.5eV) is between the Cs,,,Te and the 
Cs,Te compound. If we assume that the (e) phase is the 
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Fig. 4. Ar+ Auger depth profile of Cs,Te photocathode 
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Fig. 5. Spectral response of CszTe photocathode compared 

with the Powell one. 

Cs,Te compound, then we can identify the Cs,Te com- 
ponent with a compound with a Cs to Te ratio higher 
than 2. 

Fig. 4 reports a depth profile of the completed cathode 
showing the good uniformity of the Cs-Te compound 
and the presence of MO 20 nm under the surface. The 
presence of confined oxygen at the interface between the 
cathode and the substratum is probably due to an oxi- 

dized layer not removed by our cleaning procedure. 
The analysis of the cathode spectral response is impor- 

tant to estimate the photoelectric threshold. As shown in 
Fig. 5, our cathode shows the typical “shoulder” a low 
energy as previously observed both by Taft and Apker 
[S] and by Powell [6] in their studies on Cs,Te. This 
feature lowers the threshold in the 2 eV range, while the 
work function of the Cs,Te is about 3.5 eV [6]. The 
Powell explanation for this shoulder is that more than 
one phase of Cs,Te may exist, as we have shown with the 
XPS analysis. 



P. Michelato et al. /Nucl. Instr. and Meth. in Ph_vs. Res. A 3Y3 (IYY7) 4646468 461 

O.O’ I- 1.51 

0.001 / 
() A,.+______ .-., ~~__ 

1 E-3 1 E-l lE+l lEi3 1 E+5 0 100 200 ZOO 400 

Oxygen exposition (Langmuir) Tetrpxdure (“C) 

Fig. 6. Pollution of the cathode with oxygen at 253.7 and 334 nm. Fig. 7. Rejuvenation effect after pollution. The QE versus tem- 
perature during the heating and cooling phases is reported. 

3.2. Pollution 

An important parameter for the use of photocathodes 

in a RF gun is the operational lifetime, that is primarily 
affected by the vacuum conditions inside the acceleration 
system. To investigate the pollution effect, we exposed 
the photocathode to carbon monoxide, carbon dioxide 
and oxygen, keeping the partial pressure of the gas in the 
low IO-” mbar range. While carbon monoxide does not 
affect the photoemissive properties. carbon dioxide and 

oxygen produce a deterioration of the QE characteristic 
of the cathode. This effect is higher with oxygen pollu- 
tion. Therefore. to estimate the robustness of the cath- 
odes, we exposed them to a few hundred Langmuir (1 L 
= lo-’ mbar s) of oxygen. Fig. 6 shows that the QE 

behavior, measured at two different wavelengths (253.7 
and 334 nm) is the same. A 1000 L exposure produces 
a decrease in the QE of one order of magnitude. This 
value must be compared with 1 L necessary to reduce the 
QE of alkaly-antimonied of the same magnitude [lo]. 

Poisoning the cathode with oxygen at higher partial 
pressure produces a different effect. If the oxygen pressure 
is in the lo-’ mbar range; the QE has, initially, a fast drop 
to a I/u value with 15 L. followed by a slow decay towards 
a saturation. This behavior could be interpreted as a pas- 
sivation of the surface instead of a diffusion (exponential 
decay) and has been observed also in operative condition 
inside a RF gun [ll]. The XPS analysis after a 100 L 
oxygen exposure shows that a thick layer of cesium oxide 
is formed at the photocathode surface, lowering the QE. 

found that the heating process alone does not allow to 
reach a full rejuvenation. The rejuvenation effect is at- 

tained if, and only if, the polluted photocathode is com- 
pletely formed and UV radiation (1, = 253.7 nm) is used 
to illuminate the cathode during the heating process. No 
rejuvenation is achieved using a radiation wavelength of 
334 nm (hc = 3.7 eV), or longer. 

We studied by XPS the changes induced in the photo- 
cathode by the rejuvenation process. The effect of the 

heating and irradiating with UV light is a recovery of the 
complete photocathode Te3d XPS line shape [9]. The 
rejuvenation process is effective also after the exposure of 
the photocathode to low vacuum condition (lo-’ mbar 

for about 8 h). 

4. Conclusion 

A reliable recipe for the formation of reproducible 
Cs,Te photocathodes has been developed and photo- 
cathodes grown on warm substrates have stable QE. 
Different compounds are produced before the produc- 
tion of the right Cs to Te stoichiometric ratio. 

As expected. Cs,Te photocathodes are less sensitive to 
oxygen exposure than the alkaly-antimonied. Moreover, 
the poisoning effect depends not only on the exposure 
time but also on the partial pressure of the gas. 

Finally, the cathode can be rejuvenated only with the 
combined effect of heating and UV irradiation. 

3.3. Rejurenution 
Acknowledgements 

An interesting property of the cesium telluride photo- 
cathode is its rejuvenation, i.e. the recovery of its photo- 
emissive properties after pollution, as shown in Fig. 7. 

As reported by Kong [7]. a heating process after 
pollution allows the rejuvenation of the cathode. We 
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