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Electron beam is widely used in scientific and industrial
applications, such as an electron microscope, electron
beam lithography exposure, and driving high-power x-ray.
Recently, high-speed operation has become a common is-
sue in electron beam applications, for instance, in electron
microscopy and X-ray non-destructive inspection, high-
speed imaging is required. To realize such high-speed
operation, it is necessary to develop an electron source
capable of efficiently generating an electron beam with
higher brightness and higher current. As a candidate for a
new electron source, we have focused on iridium-cerium
(Ir-Ce) alloys, which have low work function, and have
been studying their potential use as an electron source.
The Ir-Ce alloy with few internal defects was successfully
produced by a two-step process of plasma arc melting and
discharge plasma sintering. Experimental photoemission
results (hv = 4.66 eV) of Ir-Ce alloys indicated a quantum
efficiency of up to 0.05 %. Maintenance-free operation for
more one year was achieved in a high energy electron ac-
celerator, leading its practical use as a photoemitter in the
scientific application. The Ir-Ce alloys have been found to
have excellent emission properties as a thermionic cath-
ode, which encourage us to develop thermionic electron
guns using the Ir-Ce alloys for applications, for instance,

to high intensity X-ray sources.
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Table 1.

tion rates of LaBs (100) and CeB¢ (100) are reference values quoted from the AP Tech catalog

Main properties of single crystalline LaB (100), CeBg (100), and Ir-Ce alloy ®®. Evapora-

10)

LaB¢ (100) CeBg (100) Ir-Ce alloy
Work function (eV) 2.7 2.62 2.57
Melting point (K) 2483 2463 2173-2523

Evapolation rate (g/(cm2 -8))

2.3x 107 at 1800 K

1.7x 1072 at 1800 K 1.6 x 107 at 2100 K
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Figure 1. Schematic diagram of plasma arc

melting of Ir-Ce alloy. Photograph of plasma arc
melting furnace during melting of Ir-Ce alloy.
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Figure 2. Schematic diagram of spark plasma

sintering (SPS) of Ir-Ce alloy.

Figure 3. Photographs of Ir-Ce alloy ingot sin-
tered by SPS (left) and machined into a thin
plate shape (right).

B35, 28V ZEE M E 1T )

&, A vy b s R
% Fig. 319, ARELEEA I
Wiz 71,

%111 5 (2021)

ZEThERE R T o 7.
Z DFER, WIBR I 70 v BB 7% Ir-Ce &4 O 8L
WL 720 RELERIC k> TEEL A vy b
WP T2 U 7 Ir-Ce &
B U TR LS I

4 HKEBETROMNMEIEERGH
41 Ir-Ce BEXEFIR

KB FHIE, BRI —F—X2RE L, M8
BRICE>TEFE—L24ERT 2., ZOBEFH
i, V=¥ —NoMBEEEEEHET S 2 LT, P
INWARELREDBTE—LOHHINT X —% % BLEIC
T, IEFICEVE =7 EROE T £ — L % G5l
JETERTEDL Lo RZHT 5, 2070,
FBPHEIE, FICEAVABTE—L2HT 28T %
U X — BN AR O A RN 2 & o SediE
BEICHRAINTV S

—f%i, HETHRICE T, ASHETBUCRT 3
I E T OHEA TER I NS BRG]

B i), RO AR ME (B4 4 v O
) WEETH L, REMZEETHZ WL OHIR
T 5L, CsyTe & £EDHEBOEETIHIZ 107 Pa LA T D
R EZRRETIZ10% L EoETRIEEL2AELTVS
23, T OEWWEFEIERIZA 100 R T 173 DU iEs
LCL 0, FEHAORIEGHEH & v i
DB 5. —H CEBEEN L EOMSEO R TR
0.01 % FPE & JEF AR A3, 5000 IR DL L oo {524
DEINTED, RINHGHEH L WIHTIIRE R
M3 %, Ir-Ce A2 BT, PR 266 nm D%
SIS B 5 B TAIEEINRAT0.05% DL EY ¢, BT
DT ARV FICTI YDA Y TF A7) —
TOMEGEHEMES D 519,

IRV X — B IESR T, BIZE IR I
BRI N, EE I IZERERSBS (RSN
TWB D [rCe A41E, 1 4 DL E o MG ] 92 ik
WMZ TIBFEHOK S b DRTIEZHL TV
22800, RMLZEREZHFFLOObEVWE—2E
MEOETE—LZMHETE 2 &0 ) RITEMELH
%L, 2D, @IV —EHFIHEEZ 7 EKTE
RoZRri{omtzHINE LEER 7y 27 b
(SuperKEKB) DJGEEFIfICERH S 7,

42 BIXIF—IIERFEAEFHRORFAE

T OV X — BN 2 H o 2 BRI T
1, FRTHROFEAEMEDE — LB BT 5 7
&, RIHEOE %ﬁ@&bﬂ%%ﬁ B ET 5.
Z I T, IrCe DR TR ZHICRANLT 2 EHE
THROMFAKEIT>TET.

KBTI, BEEMODLDOTHREGRD D
lﬁﬁfﬁ%ig%ﬁ$#ﬁ9bfbi7.it,%

43



PN

ﬁiﬁ?%ifﬁbhf“ﬂﬂi_ﬁﬁfﬁ D% < 1%, EFEE
# (ERKERIC K> CTETE—2 25 SHTETH)
Thb, %ﬁ%@&ﬁb%%uﬁﬁf%%.uhi%
BROBFHICIE R OEEEERIC X 2 8 6W A 4
YDAy F i EORTRIFEE T2 BRFEAET
27-:0ThHhs. INFTOEBEETHTIZ, BT
HMBHZESETE2HEELT, L= =) ==
B A F Y 2y ZES BHGSENT VR, T
HolfE T O RGO F LR % OB it %z
Y IC REPEE T 2 2 L D & o o B Y 2 3
DB, ERME, WEORMENREE I ND D, —
B IRZ 22 AEEFHRICE O ORE AR
ZEINET 2120k, 1) BFEOENZMNE, 2) &
TIROWIEY, 3) ERNRROM LB ETH ), ZD
BHEI D> INFEFTRAINT I o,

ZITHEHFIE, () BFHEFE—LMEATE V)
MBS X 2 RIAVEREERE, 2) Fa—7fdEL v
I R POE RS 2 S L B BTS2 L

7219, $@?ﬁ®%$%ﬁ%ﬁg4*?? ZOE
Tk, WHETE—2METRE o TOLE TR

u%mévgoﬁmﬁﬁ%%%W% R L, BE
TE—LZAER - MEL, BEFHCHEATZZ LT
HETIRDO AR ZERICMEAT 22 L3 TEL,. 20D
PR 12 J:O"C[E&Smm@flf B TR BT ERICEE L
72E %, 121000 °C BLEICINENT 2 2 & 23AfE &
o9, "aé?r/}?km)}]{ﬂi X WA D 7= b 12 JERE
fik e L2 du e 622053, Z DBRIC Z DR & &
PP T 2 i d 5. 2 OREE Rk 2 <
u,@?ﬁm% F 2 — 7RG &) AL I
2 R B D 1/4 PRI T 2 7 2 7 ILHRER
%%Ht COMEEZRET S 2 LT, 2D SR
TEREAEDH b, HEERT 25 (Fig. 4 4
DIREKH) & 7P TNERRZ B L TS L T T
Sl FE A (Fig 4 FoERA) OMHIE & 9 EK
L, KRBT 2 2 & CRAEORMEZIET 2 2
EVTESL, ZD2HDTATTICE > OLETIRZ
BTHANICHERL 72 £ $ARNICREZMET 5 2 &
MHBEE 72D, ZORMMUIDOZIRIC X > THERDE
TS AT L DK 2 (58, LB TEER T O ER A ] #E
Loz,

5 RABFROFMBE X HRIRISHA

BE IR & E, @il g 5 2 L cHEZEICE
%mﬁ?% HrHTH Y, EAAE S X M)
W7 EPEFEEAR RO PN SN T2 ETHTH 5.

44

Ir-Ce G4 DENVE IR & L COFIHIZETIZ, Table 1
RS & 9 IERAE R IN 2 T, ZRFEHEEDIIEH I
INEWZ EHRERFETH S, Table | 123 T K7
W ICB L CH T % &, 1800 K T LaBg, CeBg I
B B ARFHEEDS, 2100K TD Ir-Ce &I BT 5%
FEHME L IZITRPLEDME & 22> T 2, ZRFEHE 130
FEAZERA U CHREBIBIIC KR E { B 72, FEIUIRE
THIKT % & Ir-Ce &4 D 2SR I MRS/ S v &
EZoNb, 2Dk, BFREARTHZ L REME
%% Z &%, LaBg £ W SR TR % 2 & TRERE
JETOETE—LZ2ERLTE LR H Y, BAET
RELTHOEHTHD EEZ NS, BITE, E—%—

Choke structure
(Radial transmission line)

Laser pulse

Electron beam
(annealing)

W thermionic

cathode

Figure 4. Conceptual illustration of new elec-
tron gun system using Ir-Ce alloy as a pho-
tocathode. This electron gun can efficiently
and selectively heat the photocathode by the
back electron beam heating structure, which in-
creases the quantum efficiency. The choke struc-
ture provides a virtual termination near the gap
and prevents leakage of microwave. Photograph
of the tungsten thermionic cathode for anneal-
ing the photocathode (left) and the Ir-Ce alloy
photocathode mounted on copper cathode plug

(right).
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Figure 5. Thermionic electron gun for high-

intensity short pulse X-ray source equipped with
Ir-Ce alloy.
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