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Motivation
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- Requirements of large current, small emittance and long life-time

Average current 100mA (77pC X 1.3GHz), Normalized eatittance ~Imm-mrad
— < 0.1lmm-mrad (Coherent X-ray)

- NEA-GaAs photocathode has the advantage of small initial emittance beam.

s\ EASSUifacellifestime]problemy

* Preparation of an uniformly/Clean surface
- Residual gas in a vacuum chamber
* lon back bombardment

YSiretegies
o XY DC-Cum wiiih MBEE

(XHV: extreme high vacuum, MBE: molecular beam epitaxy)

o phetecatheode
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When electron escapes to vacuum, the
energy is as low as thermal energy.

High OE <
QE of bulk structure GaAs photocathode
IS several % by exciting photon energy

around band-gap

—NEA-GaAs-s-advantages—
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Reguiremenyoifalcleantsuiface]

A surface before NEA-activation should be clean
and uniform without any contaminations.

EragilefSuiface]
Destructive factors to NEA-surface

- Absorption of residual gas to NEA-surface
 lon back bombardment between the electrodes



STAEGYIES ealizationfefihighiperformance
photecathode

JAER] DC-gun

higlh vacuum DC-gun with MBE ier iElorcaing
& [PNOIoCEIN0NE, (VEE; Melseulr Beam Epfiesy)

= XHV gun chamber —Preservation of NEA-surface
- Fabrication of photocathode in XHV ~ —Quality NEA-surface activation

- Load-lock system
. Small field emission electrodes material 2~ NOt to damage NEA-surface

Highperfeomeance photocalineee

Superietiice photocaiitode

— Realization of higher QE and smaller
emittance than an existing NEA-GaAs
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Superlattice
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o By sellecling appropriaies semiconcucior, beneHgeD o
& superiefiice largier off bulk=GaAs.

*Larger band-gap photocathode is more suitable for higher QE photocathode.
(T. Nakanishi, et al., AIP Conference Proceedings 421 (1998) p. 300-310)

oJolnt censity o in & supsrletiics fullills
regquirements for Migh QE ane smelll emiiEnce.



Jeftit Denstiiy 0F Skt (TDOS)

JDOS is the density of electrons excited to the
conduction band by certain photon energy.

JDOS of superlattice is derived by Kronig-Penny-
Bastard model, JDOS corresponds to QE*.
(*T. Nishitani, et al. to be published in J. Appl. Phys.)
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Excitation photon energy }

- Large JODS causes large QE.

- Narrow excitation photon energy width
causes small emittance.

iheselconditionsjhavelto h’e simultaneously/satisfied
forsthelgenerationloftalhighlbrightnessielectron beam.

BUlksGaAs

A
=>QE(sow,

Wihen exclitiion energy is
ftuned to high QE,
=> emiifiance s large.

Selectivelexeita

C om ffor igh QE
end smelll emiiencs is possiale.




Development SRERBEn
S h d I BE0UNENambe
cheudic Extreme high Fabrication of gun
vacuulm test chamber and electrodes
|
NEA-surface Extreme hiah
—mmﬂiﬂ 10tocatl activation test SRR tegst
- Preparations of crystal growth Photoclathode |
controller and surface analyzer. e High voltage test
(RHEED. Thin Film Deposition Cor?;roller etc. ) fabrication test : :
~

- Simulation of a band structure
(Kronig-Bastard-Penny model)

Photocathode transporting test

» Optimization of crystal
structural parameters ~

(material, well and barrier thickness, Generation of a high energy electron beam
superlattice thickness, fraction ratio,

dopant...) ¢

Life-time measurement under large current (100mA)
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MIBE [prejperaiion | A e ) Photi)cat,hode

Vacuum test of MBE chamber
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SUMMER]

We began to
high brig

JANERY DGO (Extreme high vacuum DC-gun MBE a

We designed a photocathode DC-gun to sati
of long life-time performance.

The DC-gun can carry out NEA-activatio
and transportation under XHV.

Superlattice]photocathode

We aimed at the superlattice

We found out that





