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EXPERIENCE AT FERMILAB WITH HIGH QUANTUM EFFICIENCY
PHOTO-CATHODES FOR RF ELECTRON GUNS

A. Fry,* E. Hahn, W. Hartund,M. Kuchnir
Fermi National Accelerator Laboratory?. O. Box 500, Batavia, lllinois 60510 USA
P. Michelato, D. Sertore
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“Somebody leave the light on.” Table 1. Selected TeSLA Test Facility beam parameters.
T. Amos Charge per bunch 8nC
Bunch spacing lps
1 INTRODUCTION Bunches per RF pulse 800
As part of the AO Photo-injector collaboration at Fermi- Repetition rate 10 Hz
lab [1, 2] and the TeSLA collaboration [3], a high bright- Bunche in gun 4.3 mm

ness, low emittance electron source has been developed. In
the process, a system was constructed for coating molybde-
num cathodes with a layer of caesium telluride{(&, a Wirramem—t: 4
_IIJ_Eoto-emlsswe material of high quantum efficiency (QE) e - _
e use of Cgle was first investigated at CERN [4] and [ T L
LANL [5]. The development of the systems for the TeSLA i
Test Facility Linac and the Fermilab Photo-injector was
done in Milano [6]. The system at Fermilab incorporate
manipulator arms to transfer a cathode from the preparatigs®
chamber into a 1.3 GHz photo-electron RF gun while it re|
mains in an ultra-high vacuum (UHV) environment, in or-
der to avoid the deleterious effects of residual gases on ti==
QE. Afirst prototype electron gun has been operated with"_ }“f . i
photo-cathode for several months [1]. This paper describe - QF \
preliminary results obtained with the first 2 photo-cathode. : \ :
and the first gun. Figure 1. Cathode preparation chamber.
Some of the desired parameters for the TeSLA Test Fa-
cility beam are given in Table 1. The desired characteristidgrn without the need to bleed up the chamber. A cathode
for the photo-cathodes include (i) high QE, (ii) high currenis moved from the coating chamber to the RF gun via one
density 500 A/cn?), (iii) long lifetime, and (iv) low field mechanical actuator and 2 magnetically-coupled actuators.
emission. The choice of G$e is a compromise between The electrical contact between the cathode and the wall of
long lifetime, rugged metal cathodes with low QE (typi-the gun is made with a toroidal Be/Cu spring.

cally between 106 and 10 %) and semiconductor cathodes
with high QE ¢-10%), which generally have a short life- 3 COATING OF THE CATHODES

e e e

time because of their sensitivity to contamination. Prior to coating, the sources are degassed by flowing a
small amount of current through them. In the mean time,
2 PREPARATION CHAMBER the molybdenum cathode is heated with a halogen lamp

To minimise the poisoning by residual gases, the cattio encourage the evaporation of surface contaminants: the
odes must be coated under UHV conditions and remain temperature is ramped up to 3%Dand held at 35TC for
UHV throughout their useful lives. Thus, all components$30 to 60 minutes. The cathode is then allowed to cool
of the cathode preparation chamber (Figure 1) are compatp 120 C and held at that temperature for the duration of
ble with UHV. The chamber is baked at 150 to 2Q0after the coating. A quartz crystal thickness monitor is inserted
exposure to ambient air. The vacuum is maintained by momentarily to calibrate the evaporation rates for the Cs
ion-getter pumps and a titanium sublimation pump. loniand Te sources. Ultra-violet (UV) light from a mercury
sation gauges and a residual gas analyser (RGA) are usathp ¢ = 254 nm) is focussed onto the cathode and the
to monitor the pressure. The chamber can accommodaRBoto-currentis monitored during the deposition, as shown

up to 5 cathodes, which could in principle all be used ifin Figure 2. Te is deposited for 10 minutes at a rate of 1

nm/minute, and then Cs is deposited at the same rate for

*Department of Physics, University of Rochester. Present address: Positgg) to 120 minutes. The pressure typically increases to be-
Light, Inc, Los Gatos, California. —9 . .

t : tween 1 and 4 10"~ torr during evaporation of Cs or Te.
Corresponding author. e .

tOperated by the Universities Research Associatioder contract with 1 N€ colour of the photo-emissive film was orange for the

the U. S. Department of Energy. first cathode (Cs deposited for 63 minutes) and blue for the




second cathode (Cs deposited for 110 minutes).

4 QE MEASUREMENTS o ]
The UV beam from the mercury lamp is used to measur o

c&ht]

P | |
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the QE while the cathode is in the preparation chamberz& o L ]
The QE is defined as o T
o I 7
QE= Number of Emitted Photo-electrons r ]
~ Number of Incident UV photons’ o
) i ) ] 0 2 4 6 8 10
The UV power is measured with a photo-diode. A bias of UV on cathode [W]]

200 V is applied between cathode and its surroundings to
capture the photo-electrons. The photo-currentis measurEigure 3. Dependence of the QE on the energy per laser
with a picoammeter; the background current (obtained bjulse.

blocking the UV light) is subtracted. The DC QE is de-
duced from the ratio of the photo-current to the UV power. o

The UV spot size is typically about 5 mm during the DC f | ir‘l_gur‘l | nguH | - §
measurements. — [coa A s DC 1=
While the cathode is in the RF gun, the UV pulses from g %AA . Coati * Pulsed i
the laser A = 263 nm, 1 to 10 ps pulse length) are usedg S+ E J 1%
to measure the QE. The UV energy per pulse is measured | A :%
with a photo-diode. The photo-electron bunch produceoo’ F UV e A Arejuv{(:l
by a laser pulse is accelerated by then. The charge per ; reju\? 5'

bunch is measured with an integrating charge transformer © -t pibopn @ pbs o b
100 200 300 400 500 600

at the exit of gun. The pulsed QE is deduced from the ratio
of the charge per bunch to the UV energy per pulse. As
can be seen in Figure 3, there is a decrease in the measured Figure 4. Time dependence in the QE.
pulsed QE at high charge per bunch. This might be due to
space charge or an actual dependence of the photo-electftie in the preparation chamber was of ordet& ' torr
yield on UV intensity. or lower; RGA measurements indicated that the dominant
The QE measurements on the 2 cathodes are summari§&s$ was H, with other species typically down by at least a
in Figure 4. The initial QE of both cathodesameds 10%, factor of 4. The pressure in the gun without RF was about
but the QE after removal from the RF gun is less than 192 - 10~ torr when the first cathode was inserted; it had
The maximum charge extracted from the cathode was J8llen to< 5. 10~ torr by the time the second cathode
nC for a single bunch and 15 nC per bunch for trains of @as removed. The pressure with RF on was significantly
bunches. worse; it got as high as 5107 torr initially, but did im-
prove with time. Actuator motion inside the vacuum sys-
5 GAS EXPOSURE tem also produced some short-term increase in pressure.
Exposure to residual gases;, @0,, and H O in partic-
ular, causes the QE to decrease with time. The base pres- 6 REJUVENATION
The decrease in QE due to gas exposure can be partially
reversed with a combination of heat and UV light [5, 7].
UV light from the mercury lamp is focussed onto the cath-
ode with a spot diameter of about 10 mm; the UV power
is between 6 and 46W. The cathode is heated to 28D
The combination of heat and light causes improvement of
the QE. The exact process is not yet clear; it may be des-
orption of residual gas from the surface or diffusion from
e AV the surface further into the photo-emissive layer.
150 200 250 300 350 Figure 5 shows the increase in photo-current during the
Time [minutes] rejuvenation of the first cathode. From time 30 min-
utes tat = 90 minutes, the cathode temperature was ramped
Figure 2. Photo-current as a function of time during theyp to 230C; the temperature was held at 280until ¢ =
coating of the second photo-cathode. The times durintho minutes, at which time the temperature was ramped
which Te and Cs were being evaporated are indicated fyack to room temperature. As can be seen in Figure 5, the
the bars along the top. The downward spikes correspomghoto-current increases the most rapidly as the tempera-
to the UV light being blocked momentarily to check thetyre is ramped up; it still increases by almost a factor of 2
background current. as the temperature is ramped down (the latter increase was
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Visible light was used to determine the location of the cath-

ode in the coordinate system of the graph paper. A QE map
taken after the coating of the second cathode is shown in
Figure 7. As can be seen, the QE is not uniform over the
entire photo-emissive layer (15 mm diameter).
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Figure 5. QE as a function of time during the rejuvena-
tion of the first cathode. As before, the downward spikes
correspond to the UV light being blocked momentarily. s
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not observed during the rejuvenation of the second cath- 10 20 30
ode, however). The pressure was highest (between 1 and x[mm] 140
2.10? torr) while the temperature was ramped up.

As indicated in Figure 4, the QE of the first cathode inFigure 7. Map of the QE as a function of position on the
creased from 0.65% to 10% during rejuvenation. The QBurface of the second cathode the day after coating. Each
of the second cathode increased from 0.6% to 5% in 2 itepixel represents one QE measurement; the legend on the
ations. right indicates the QE values in percent.

7 MUTABILITY 9 CONCLUSION

Af ing th n h we observed an in- .
ter coating the second cathode, we We have coated and used two,Ts photo-cathodes in

crease in the QE with time in the presence of UV light a] ) . o
-The first prototype RF gun of the Fermilab photo-injector.
I h h ;
room temperature, presumably due to the same mec am%@_e have extracted 30 nC from a single bunch and 15 nC

as the rejuvenation at elevated temperatures. The QE i . .

creased from 7% to 15.5% in about 150 minutes Mucﬁer bunch from trains of 9 bunches. Under operating con-
. . o 0 0

less mutability in the QE was seen after rejuvenation: th itions, the QE falls front>8% to<1./° over one or more

QE remained between 2.9 and 3.3% over 130 minutes. T onths. Our QE measurements with DC and pulsed light

: . e - " " are reasonably consistent, although we see a reduction in

he QE i mpared in Figure 6. . " . . .

time dependence in the QE is compared gure 6 the pulsed QE at high UV intensity. Rejuvenation allows

8 QE SCANS us to restore the QE t®5%, although we have not yet used

a rejuvenated cathode in the gun. It would be desirable to

Maps of the QE as a function of position on the cathodﬁ.n h ial uniformi d lifeti fthe cathod
were obtained by focussing the UV light from the lamp to a prove the spatial uniformity and lifetime of the cathodes.

small spot (about 1.25 mm diameter) and scanning the spot ACKNOWLEDGEMENTS
over the photo-emissive sade. A mirror on a kinematic  \ye thank our colleagues, especially E. R. Colby, M.
mount (allowing us to translate and rotate the mirror reproy rjich, and C. Gesmundo for their help with this work,

ducibly) was used to divert the UV spot onto a piece Ofyhich would not have been possible without the support of
graph paper in order to determine the location of the spoty T Eqwards and C. Pagani.
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