Development of an electron gun for the ERL light sourcein Japan
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Abstract develop an ERL SASE FEL at extreme ultraviolet wave-
length, which may be a promising candidate for future gen-

. Ped &ation semiconductor lithography [5]. Many other differ-
Japan Atomic Energy Agency (JAEA) for the ERL IIghtent applications will be inspired by gun development for

source project jointly launched by JAEA, KEK, and the In'ERLs
stitute for Solid Stat.e Physics of the University of Tokyo. In the present paper, we describe our current status of
The e_Iectrt_)n b_unch IS g_enerated from a NE.A photocatho%o kV 50 mA gun development and planned diagnostics.
;ggnkgl\gng;nfgéoggfﬁgﬁ\(’i:?:; zgls;iae%ns(;\::gﬁﬁ:?:;:gur photocathode test bench to find a cathode material hav-
ode and anode. A load lock and a photocathode preparatim owr?her quantum efficiency (QE) and longer life is also
chambers are under assembly. We have measured life time™
and quantum efficiency (QE) of bulk AlGaAs to find a pho-
tocathode having longer life time and higher QE than bulk GUN DEVELOPMENT
GaAs. In our preliminary test, AlGaAs has shown twice

We h I 250 keV AD i
higher QE and 10 times longer life time than GaAs. e have developed a 250 keV'50 mA DC gun equipped

with an NEA photocahode shown in Fig. 1 as the first phase
of our development toward 500 kV 100 mA gun [6]. A
INTRODUCTION Cockcroft Walton power supply is used to apply high volt-
age to a ceramic tube. A high voltage test has been success-
Next generation ERL light sources (LS) require an elecylly done [7] and the photocathode preparation chambers

tron gun capable of producing a high average current gfre under assembly [8], as shown in Fig. 2.
100 mA with extremely low emittance of 1 mm mrad. The

Jefferson Lab (JLab) 10 kW IR Upgrade FEL DC GaAs
photocathode gun provides a high average current electr SF6 gas tank
beam of 9.1 mA CW with normalized emittance lower thar
8 mm mrad [1]. Generation of 1 nC bunch charge with lon
emittance approaching 1 mm mrad has been demonstrai _
in many X-ray FEL facilities at low average current [3, 4]. Cathode
However, there still remains a huge gap between the d Anode
mand of ERL LS and existing gun technologies, makin(Electron bea
the gun development one of the top issues in ERL commlDri\:%ﬁ =
nities. p e -~
Recently, a Japanese ERL light source project has be! N \ ‘\'
jointly launched by JAEA, KEK and the Institute for Solid lord Iump‘é 1 ¢
State Physics of the University of Tokyo [2]. As the first! P ,
step of the collaboration, we started to develop key tech-
nologies for the ERL, and are planning to construct to-
gether an ERL test facility at KEK site. The tentative pa-
rameters for the test facility are the beam current 100 mA, .
the injection energy 5 MeV, normalized emittance 1 mm 1€ DC gun consists of a load lock chamber where a
mrad, beam energy at main linac 60 MeV, and the bundphotocathode sar_nple is introduced ar_1d heat clear_1ed. The
length 100 fs. We JAEA group are in charge of the gun deqathode_sample is then transfe_rred via load lock into the
velopment and chose a DC NEA photocathode gun amofmgepParation chamber where cesium and oxygen are applied
the existing technologies, since an extension of the JLAN the cthode. The activated cat_hode is finally t(ansferred
Upgrade FEL gun seems to be most straightforward arlg the main chamber for acceleration of photo-emitted eleg-
promising for us to reach our final goal of producing 1od_rons. There are two reasons vyhy the Ioaql lock chamber is
mA beam at extremely low emittance. !nstalled between the preparathn and main chambers. One
We have also proposed to use this gun technology 8 that t_he load lock chamber is resp_on5|ble for roughly
evacuating both the load lock and main chambers, when-
* nishimori.nobuyuki@jaea.go.jp ever they are exposed to air for modifications which we
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Figure 1: JAEA photocathode electron gun.




-

™M™ RS T g
o R0.5 e-beam
cathode { ‘3 e i)
| 98 T
laser

== et / .
= 73 .2 .

preparation load-lock [ . 5 anode
cathode holder

Sk

Figure 2: Load lock, preparation, and main chambers. Figure 3: Configuration of gun electrode.

) sure the beam emittance with the slit scan technique, the
have to perform in the early stage of the development. Thgsam passing through the slit has to be emittance domi-

other is that the transfer rod always needs to be evacualggdn The beam envelope equation for a relativistic beam
for its poor vacuum conductance. in drift space is given by [12]

All the gun chambers are made of Titanium, because it
has three orders of magnitude lower outgassing rate than 0o g2 I 1
stainless steel [9]. A 300 I/s turbo pump and a 1,700 l/s Tz = V23203 * V@ Io(os + 0y)’ (1)
cryopump are installed in the load lock chamber for rough
evacuation, a 500 I/s ion pump and a 2,000 I/'s NEG pumwherey = 1/4/1 — 32 is Lorentz factor,/ peak current,
are used in the preparation chamber, and two pairs of 509 = ec/r. = 17,000 A the characteristic current ang
I/s ion pump and 2,000 I/'s NEG pump are installed uprormalized rms emittance. The first term in the right hand
stream and downstream the cathode holder. The ultimas&le represents emittance dominant beam and the second
vacuum is calculated to bex310~ 10 Pa at the main cham- term shows space charge dominant beam. The beam is
ber from the pump parameters, chamber configuration arenittance dominant when the first term is greater than the

the outgassing rate of ceramic tube. second term. The ratio of the two terms is given by [13]
The gun electrode is shown in Fig. 3. The cathode sit )

1 mm back from the cathode holder surface. The cathode Ry = \/ZL 2)

area is 8 mmin diameter defined by the cathode holder. The 31 yBloe?’

gap distance between the cathode and anode is 40 mm aqg

the anode hole is 40 mm in diameter. The configuration V¥ ered is the slit width. Substituting beam energy &

. P . % 49 G = 0.74), peak current (I = 3 A), and transverse
this electrode assures that the .electrlc.fleld is umform OV& L ittance €, = 0.3 mm mrad) into the equation, the ratio
the transverse beam size. This configuration is however

imilar to that of earl ; f CEBAF h i5 smaller than unity when the slit width is as narrow as
Very simriar to that of early version o gun where, pm. Such a narrow slit will be in reach using the ex-

significant beam loss and accompanying x-ray generati%. . o . .
. ) X isting technology, since 2bm slit is available at SPring8
due to transverse kick at the junction between the catho bmpact SASE Source [4].

and the electrode were observed [10]. We may switch the We plan to measure electron bunch length using a kicker

cathode configuration to the current version of CEBAF gur&avity The)/2 type cavity was originally designed and
where the cathodg area Is large enough_to a_lvou_j the tranrﬁéde for measurement of longitudinal phase space distri-
verse kick at the junction and the anodization is used tﬂution of 2 MeV electron beam. The shunt impedance is
SUppress th'e beam halo [11]'_ . . 2.5MQ and transit time factor is 0.93 for 250 keV beam. In

. A solenoid magnet for emittance compensation will b%rder to apply transverse energy-620 keV to the 100 ps
installed 25 cm downstream of the anode. The solen0|gngth electron bunch, 3.7 kW RF power will be required.

has a bucking coil to compensate the field at the cathoggfe -an afford this power using our 6 KW RF power supply.
surface. We have performed PARMELA simulations as

a function of the solenoid field and found that minimum

emittance is 0.6 mm mrad for 77 pC bunch charge and that PHOTOCATHODE DEVELOPMENT

the bunch length is 60 ps rms. The initial bunch shape usedThe drive laser energy should be close to the band gap

in the simulation is Gaussian in longitudinal and uniformenergy for generation of low emittance beam [14, 15]. We

in transverse. have developed a photocathode test bench to find a cathode
The transverse emittance will be measured with a slihaterial having higher QE and longer life at wavelength as

placed at 1.1 m downstream of the anode. In order to mealose as band gap energy [6]. The test bench consists of a
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Figure 4: Vacuum potential of GaAs cathode without cesiugft)(land with cesium (right). The electron affinity)( of
bulk GaAs is 4.1 eV and that of bulkly .sGag.72As = 3.8 eV. The effective electron affinity{s) of Al,Ga;_xAs is
lower than that of GaAs.

cathode holder equipped with a heater and Cs evaporati
tool, ultra high vacuum chamber and Ti:sapphire laser. T *1 a u,,,ca, ® O EO it S bl
main chamber keeps high vacuum®f 109 Pa. The |5 "% Ty S
surface of samples is cleaned by radiation heating using E: N\, 2
. . = 4 |1 N -

tungsten heater. The NEA surface is activated by alterni = Ny :
. . . 2 =
tive adsorption of cesium and oxygen (yo-yo method). A £ : . 2 = Al 250 2As

. . & N H GaAs
Ti:Sapphire laser (720-870 nm), a He-Ne laser (633 nn| ~ | ...= a
and a laser diode (690 nm and 670 nm) are usedasan¢ g 5 " " Y Dmetow
citation laser. Bulk-AlGaAs shows Bulk-AlGaAs shows longer

The vacuum potential of a semiconductor cathode is d¢ {‘;%';?Lgf;;‘pa;‘nﬁ’ﬁ{;g‘jﬁgs lfe than DUk Garts
termined by conduction band minus band bending poter = D ClilElin OEEE GaAs = 4.1 eV
X . i of electrons Aly3Ga, 7,As = 3.8 eV
tial o plus electron affinityy (see the left of Fig. 4). The

electron affinity minus band bending yields the effective_ . i

electron affinityy., which is positive when the cesium is F19ure 5: Quantum efficiency as a function of laser en-
not applied on the cathode surface as shown in the left §f9Y Minus band-gap energy (left) and clock hours life time
Fig. 4. Application of cesium on the GaAs cathode creatdd!dnt) of bulk GaAs (blue squares) and bulk AlGaAs (red
a fragile surface consisting of thin layer of cesium-atom§auares)-

attached to gallium-atoms, which forms electric dipolefiel
to pull down the vacuum potential barrier (see the right of
Fig. 4). This yields the negative effective electron affinit
Damage on the cesium layer due to ion back bombardmeg
causes a rise of the vacuum potential. The cathode ma}
rial with smaller electron affinity is therefore preferalide
keeping the NEA state for a longer time.

Iy of state lead to more efficient excitation of electrons
R AlGaAs. The right of Fig. 5 shows cathode life time
where the laser photon energy is tuned to the band gap en-
ergy plus 0.2 eV. AlGaAs shows longer life time than GaAs
In order to confirm the effect of band-gap energy angs predicted by semiconductor theory. One possible rea-
electron affinity on the photocathode performance, we havg@n why the life time of GaAs is too short is the ion back-
measured QE and lifetime of different materials: bulkhombardment. This is because the applied voltage during
GaAs and bulk AlGaAs which has larger band-gap energe life time measurement was as low as 200 V while the
and smaller electron affinity than bulk GaAs [16]. Thejonization cross section of hydrogen molecule is maximum
cathode samples with various aluminium fractions (=0.0Qyround 50 V. We should perform the same measurement at
0.10, 0.17, 0.28) have been fabricated with molecular beafjuch higher voltage to reduce the ion back-bombardment

epitaxy by a team lead by Profs. Tabuchi and Takeda affect. The photo-current during the measurement was 100
Nagoya university. These samples have the same activga

layer thickness for the photo-electron generation.

The left of Fig. 5 shows the quantum efficiency of the Since the band gap energy of AlGaAs is larger than that
GaAs and AlGaAs cathodes as a function of the laser exaf GaAs, the drive laser energy for AlGaAs cathode should
tation energy minus band-gap energy. The AlGaAs cathode greater than 1.7 eV. We need to use an optical parametric
shows twice higher QE than that of GaAs. This is becausamplifier pumped by the second harmonic frequency of Yb
the larger band gap energy and higher joint electron defiber laser instead of the fundamental of Ti:sapphire laser.



SUMMARY

We have initiated R & D studies for a photocathode DC
gun and developed a 250 keV 50 mA DC gun. This gun
is anticipated to produce electron beam with normalized
emittance of 0.6 mm mrad for 77 pC bunch charge. We
hope to have the first beam summer in 2007. We have
measured life time and QE of bulk AIGaAs and bulk GaAs
and found that AIGaAs have twice higher QE and 10 times
longer life time than GaAs.
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