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EXPERIMENTAL BEHAVIOUR OF CESIUM-ANTIMONY PHOTOCATHODES
UNDER LASER IRRADIATION
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Abstract

The behaviour of (SzSb photocathodes was observed

when illuminated by a CW Ar™ laser. The density of cesfum on
the surface and the thermal gradient induced by the
laser are clearly bound. The maximum of the current
intensity  corresponding  to  the  limit  of linear
photoelectric response of such photocathodes was estimated

to < 100 mAZcm?2 at 500 nm, in complete disagreement with
previous optimistic data.

1 - uction

Photocathodes are traditionally wused in radiation
detectors and imaging tubes for the detection of Jow-light

levels with photocurrent densities below | uA/ch. During
the last decade, photocathodes have emerged as a means of
generating high—current—density, bunched-electron beams
with low—emittance, required for efficient operation of rf-
Linac—driven free-electron lasers [1-3]. Laser-driven
photoemitters appear to meet these specifications [4].
various metals [S] and semi-conducting materials have been
tested, these last presenting for visible light an higher
photoelectric yield. A comparison between the optical
performances of typical photoemissive materials used in
photo-injectors was reported in ref. [6]. Among semi-
conducting photocathodes, cesium-antimony received a
special attention [7-10], because efficiency up to 20 ¥ can be
observed for ~ 350 nm radiation. This very high efficiency is
attributed to their cubic structure [11]. Such a structure is
supposed stable when the temperature {s less than 650°C, but
the melting temperature of cesium is only 28°C. The rather
tricky methods of preparation are described in ref. [r1].
However, it has been previously observed that high levels of
radiative exposure of such a material results in fatigue of the
photocathodes, so that they c¢an only be operated for a short
period of time. In order to estimate their effective
performance and their limit of linear behaviour, we have
performed a series of experiments. Although we used a CW
laser source, these results can be related to the action of
bunches with a very high repetition laser—pulse-rate [12].

2 — Apparatus Design

Figure 1 shows a schematic diagram of our testing
apparatus. The major components are : a vacuum diode
containing the photocathode, the radiation source, the optical
beam transport components and an ammeter for the
photocurrent-intensity measurement. We used three different
professional photodiodes referenced as AVHC 40 (DARIO), AVHC
41 (RTO) and F 4000 (RTC) with typical responses 54 and S5.
The cesium antimony was deposited as polycristalline thin
shells on a plane metallic substrate and enclosed in a clean,
free of oxygen, vacuum electronic tube. At room
temperature Cs vapor is developed in the diode with a

pressure ~ 1076 torr. For each one we verified that they had
photoelectric performances very close to the best data

reported in ti.e literature, proving the initial high quality of
the active surfaces. The plane anode constituted by a mesh of
very thin wires is parallel to the cathode just behind a plane
glass window of 0.5 mm thickness.
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Fugure 1 — D1agram of the testing apparatus

These diodes support up to 5 kY but we limited the
applied voltage to 3 kY because the saturation working regime
is effective from 300 V.,

s 0)
The radiation source was a CW Art laser with Pu =5SW

the maximum output power at S00 t 14 nm. However, the
incident laser power was limited to 3 W to prevent a too much
rapid destruction of photocathodes. Because the spot-
diameter of the laser-beam changes with the emitted power,
the illuminated area on the photocathodes varied from 2 to 6
cm?. The same laser was used to measure the photoelectric
sensitivity of CszSb, but in this case, we reduced the laser

intensity on the photocathodes by a factor 109, with neutra)
density filters. All measurements were done with the laser
beam arriving at right angle on the photocathodes. The
photocurrent intensity was measured with a pico-ammeter

Keithley 414 S (10710 t0 1 A) directly connected to the cathode
electrical circuitry.

— Expe e t

For each wvacuum diode, effective photoelectric
sensitivity of the active layer was preliminary performed.
The current intensity i was detected for an applied voltage V,

varying between 300 V and 3 kV. As shown on Figure 2, 1
appeared to vary linearly with V,'/2 and because the very
small slope of the curves, we can assert that the diodes were
working in Schottky regime.

0
The values of the sensibilities given below : S; ),

correspond to an applied voltage Y, = 0.

&
The absorbed laser intensity Iw can be calculated from
the simplified expression
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where T ~ 1071-1075 is the transmitivity of the neutral filter
and d the beam diameter on the cathode.
0)

So, we observe the change of Su with IZ even at very

low laser Intensity. We think that is due to the variation of the

Muminated photocathode area S. The lowering of SE)O) when IZ

is increased corresponds to the inhomogeneity of the active
layer surface. This point was observed with the three tested
cathodes and constitites a further difficulty for a practical
application in photo-injectors.,
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Now we consider the photocurrent variations versus the
time and the absorbed laser intensity. Typical responses are
reported on Figure 3, the characteristics of target
iltumnination being given Table I.
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Frgure 3 ~ Current itensity versus time of AW 41 RIC diode
for two aiterent polnts or the photocathode surface
and various absorbed laser mtensity

The currert. i, was measured every 10 seconds while
(0)
Pw was kept constant. Figure 3 shows that for a relatively

2 2 X )
small value of Iw < 0.2 W/cm#, iy varies monotonously, while

for higher laser intensity, i presents a targe modulation. We

think that it is typical of the following situation : during the
first minutes of the irradiation, the growth of the surface
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PLO) w " Hmm) S (em?) £ (W/em?)
1.0 20 3.14 0.24
1.5 21 3.46 0.33
2.0 23 4.15 0.36
2.5 25 4.9 0.38
3.0 26 5.3 0.42

(=) The relative precision on d is S %, so that the precision on
Pis=102 .
w

. (0) a , .

7able [ ~ Values of Pw and lm related to the Figure 3

temperature induced by the laser beam leads to a

progressive cesium desorption at the surface.

The vapor pressure in the tube increases up to ~ 1o
torr [11]. The principal consequence of the Cs degeneration is
the net reduction of the active surface sensibility. Some four
minutes later, the temperature gradient in the bulk of active
material is then sufficient to cause the migration of Cs up to
the surface, and to reform the cesium surface monolayer.
As a consequence, the sensibility increases again. But
correlatively the Cs at the surface being rapidly desorbed,
because of the high temperature induced by the laser beam,
when all the atoms of Cs present in the inner shells, have
been desorbed, we observe the definitive reduction of the
photoelectric sensitivity, so that less than 15 mn after the
beginning of the photocathode illumination, the sensibility is
<1 mA/MW.

(0)
while at very low laser flux, Sw was ~ 18.5 mA/W,

the maximum of sensibility corresponding to the peak of
current on Figure 3 s only ~2.9 mA/W. The photocathode
with AYHC 40 DARIO tube shows an higher resistance which can
be certainly connected to the know-how for its realization.
But, the same evolution was observed, for a comparable
iNumination duration to that of the former tube. To be sure
that the reduction of sensibility depends effectively on the
heating of the cathode, we measured the duration needed to
find again a given photoelectric sensitivity after absorption of
a calibrated laser fluences. So, we realized four successive
illuminations of the AVHC 40 photocathode during 1, 2, 3 and
4 minutes, corresponding to absorption of 57, 114, 172 and

229 J/em? respectively. The photoelectric sensitivity could
be measured only during the periods between two consecutive

(0}
irradiations. During each irradiation, S«» is supposed to

varylinearly. Figure 4 illustrates our observations. We note
a rapid reduction by a factor ~ 2 of the currert intensity i

after the two first consecutive illuminations. Following each

Jdrradiation, we observe a small growth of i, which can be

assigned to the partial reformation of the Cs-upper-
monolayer. This is only possible because the presence of the
low pressure Cs vapor in the diode. When i is again
~ 0.6 uA, 120 s after the end of the second irradiation, we
proceed to the third llumination during 3 mn. Then, we

(0)
observe a new reduction of i, and S(.l , but now the duration

needed to partially reform the Cs-layer is in order to 390 s.
After a forth fllumination during 4 mn, the duration needed to
find again iy ~ 0.6 pA , is about 1200 s. Similar behaviour

was observed for the RTC F 4000 tube.
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All the experiments confirm the fragility of the CszSb and our
results are in good agreement with the previous data reported
by Garbuny et al [13], on the change of sensibility with 7
from 10.4°C to 45°C.

(0)
Ta verify how S =~ is effectively correlated to the

thermal gradient of the active layer, we can make a relatively
simple evaluation of the cooling duration between two
successive illuminations of a material. We know that heating
gradient of a surface is proportional to the heating duration t :

AT=T-T < /1 @
while the natural cooling gradiert is :

AT =T =Ty St - Sty - /U -ty 3
where T, and Ty, are the initial (room) and maximum
temperatures of the surface, and t' Is greater than ty
corresponding to Ty. Considering our heating conditions, the
cooling of the surface to a given temperature, deduced from
eqs (2) and (3 corresponds to 120, 300 and 600 s
respectively, These values are to be compared with the
experimental durations from Figure 5 ; 120, 390 and 1200 s.
These two sets of data show a comparable progression and
are in relative agreement. The observed differences can be
connected to the chemical reactions of the surface with its
surrounding vapor, which are not taken into account in egs.
(2) and (3).

At last, the sensibility of these tubes a week after the

[{s}]
end of these series of irradiations shows that Sw was

definitively reduced for each one by a factor > 4, proving the
irreversibility of the Cs3Sb chemical transformation at the

surface.
4 - Conclustion

Our experimental data are in complete disagreement
with the previous one of Lee and al [3]. According to them,
an uncooled Cs3Sb photocathode in a vacuum chamber would

operate at 2.9 A/cmZ and the cathode life would exceed
30 h. Their conclusions are wrong because they experimented

CsaSb photocathodes with a much lower power ArY laser,
typically 25 mW and they irradiated a surface much smaller
than 1 ¢cm?2, Any extrapolation in this way, it not possible.
The deposited laser energy in their experiments is much
smalier than the quantities used in our work, so that the
behaviours of Cs28b cathodes are completely different. Then,
our first conclusion is that to preserve the photoemissive
properties of CssSb illuminated area » 1 cm?, the irradiation

intensity must not exceed 100 mW/cm?. With a typical
quantum efficiency pg ~ 5 % at 500 nm observed only for a

low energy radiating source, the peak current is no more than

5 mA/Zem?. It is always possible to produce an higher
current density in increasing the incident laser intensity. But

(0)
in this case, Sw will be reduced and for instance, with 1

W/(cm?) radiating density after some minutes, pg < 1 %, so

that i, ~ 10 mA/cm?. The gain is only 2, while the

absorbed laser energy was tmproved by 10. A surface
Muminated by a high-frequency-laser—train, will be partially
cooling between two consecutive laser pulses and the linear
limit will be certainly higher that the one indicated above,
However, pulse-laser-train induces mechanical stresses, so
that the upper limit of the mean current density is closed to

100 mA/cm? for Cs3Sb.
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