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Photocathodes using I1I-V semiconductors with a negative
electron affinity surface (semiconductor photocathodes)
have played important roles as highly spin-polarized
electron sources in several fields of fundamental science.
Semiconductor photocathodes have become technologi-
cally advanced in the field of high-energy accelerators.
Semiconductor photocathodes have versatile beam per-
formance in that the beam current and emission area
are tunable by adjusting the laser power and size, the
beam structure is given a pulse profile by using pulsed
laser irradiation, and a spin-polarized electron beam is
generated by circularly polarized laser irradiation. Thus,
semiconductor photocathodes provide a quality electron
source for not only high-energy accelerators but also
applications such as electron microscopy, processing,

inspection and 3D printing.
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Figure 1. The potential structure around a sur-
face of a p-type III-V semiconductor with an

NEA surface.
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Figure 2. Time evolution of quantum yield of
a GaAs semiconductor during surface treatment
by alternatively depositing cesium and oxygen
in ultra high vacuum.

Figure 3. The NEA-surface diagram on a

GaAs semiconductor that assumes electric
dipole formed by cesium and gallium atoms.
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Figure 4. Decrease in quantum yield of photo-
cathodes using GaAs, InGaN and GaN in base
pressure of 3 x 107® Pa. Lifetimes of GaAs,

InGaN and GaN are 6.0 hours, 42 hours and

101 hours respectively. %17
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Figure 5. Decrease in quantum yield of photo-
cathodes using GaAs, InGaN and GaN in base
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R d e ¥ — T O M (HAE
R SHEE 1200EX) 0 BEAF o PR 13 & i L
THEE7 4 M AY — FETFHEZBE L 7-061% Fig. 7
WY,

¥ 72, Photo electron Soul Inc. 7> 5 & T-BEMERD X 9
BB 2 ICE 69, BFAREREES 3D 7
Vv 8 EOMTEMINT 2 b SRR E L /N
BR7 2 b AY—FETHENY Y —AINDI0o
TWw5,

5 BFE—LRDEHEL

FEFME 7 — o Bl B i =, & SLik b Ay
IIvIPELLTBXZ 40 EES. SHICBT
2 Rl o e TR | 3D 7Y v ¥ R EOHE
LWHREIZ, SRR MiE% o LB v — o 8l
DFEBREZDOZELRBELZRLCVE, Z2hzEH
&, BHERFEORAMDEE LT, BTE—LHD
FHEMICEF L.
CITIEEEPERT P AY - FEHWE
E—aRoFEEEHIEL, B¥ET 2 FTIcHEs
PR E B S,

51 MARRARBXY—KT7 v TOiEE

FHZ, WAREMEK (4 (E%), Photo electron
Soul Inc. CEO) tHICEFE—LROFEHEE L TH
HEKRFAHR Y F v — 13 TH % Photo electron Soul
Inc. %L (2015 4F 7 HEr) 1c#ib o> TE 7, A
3, “HETFE—LTRHNDMFZARL - D57 %2R
u—Are LT, EFHEET - ETHOVE - XL

%103 5 (2017)

50keViRhotocathodel{is .
electron/gun

— Differential f‘

pumping

Figure 7. Transmission electron microscope
(JEM1200EX) with the compact photocathode

electron gun.

B - R EREEL L, BUEL W) B CARET
W% - B DOA Y — b7y 7R HELTw5, &
Flix, ZoEITWE S ETo 3ERMT, BIELAEH
R KPR I TR L T\ 22 SRR & 3
DIy AZBL T, BT E—LRDOEREM~D
BHZ D Tz, Zolficika 3, FEERANE
E— L2720 IATICH o T, Bfi B H
%ﬁﬂifiximném&m:a:%dwf ZzD
JE R % 2R D 3 5 72 & ITZ 1 L 72 NEDO Technology
Commercialization Program (TCP) T, HffinFi¥(L
DHGESCEE PG o NIRRT TR, BEDZ > UT
Lot TCP X, BffiztLicll¥( L CTH¥ELZKE
CIERE V720 EEZ T BRER, EERTMEE
WEEBRO D 2MAEE 2 BT /70 THE, K
777 L%, BICEERERO-OTIERL, HE
bECcO—HDOAGNE SN, WEZFNAL DD
TLE Vi EoMEb & END, 20k, BE
Rz EEPVN DT H3EAi OWEFE - BT D BRS ( Bilk 2
FoTbo 2 a8ibBAETEIHAIC R LD
ns,
Brlxzo7a s azml <, EifioFEHkE» &
WIEE, R¥ENTA v R LS, TEREPERE
M, Fiafihth e & o, FEETIVRE, RIE - 25
LRI 22 £ D% DAEHEZ ] &2 21U
SHRVERMBTE Ik o, FRCETHRO X ) %
AREART 1L, BRA BEEDORB L o TwE T D
5, REFEMWHENTEZZTIUERST, FHilw
i DBANES TIEWET TR, W% - B%D
BRI KRG S S N5 EIERS v, 22 TEH

25



e BiE

i, W% - FAFEOE ORI L LT, SRR E i
WEZEIRL 72, 20MMIZ, RV F v —0XENHS
DEEDOH L WEMiZEAT 2BOAHZHS 21T
%, HoRETEZLICLk>TINETOWNE - B
FOMRZRANBICH EHE L LEZ PS5 TH S,

52 MWMERBBKERRNYFvr—ICKDEEETIL

EHIZ, Fig. 8ITRT XIH%, 7AhH7T 7 LWYH
FHRR v F v —ZE, WRoEEZHES) 777 B
D3HETHERINLHHOERZHFEL WS, 2D
L, FRHCBERERZ O 72 Biffo X 9 R a2 R
P B HFEIIH L THEL TS, 7T S T
B/ o220 F v —@% (VB) ~I94 VA
L, VBiE~—r 747 DORLEIES LELE RN
5aTEMBLD A 87 b oRGIEHEE B L,
HSANERLC AT 2077y Ry tdicay
Bt/ U 725l - #2479, 7A 737138
AX VT4 & L THAERFEDIEEI~NETI NS 72T
724, VB AL CHithh & a 7Moot & 4,
R %P R & MU HT 7 2 U & AR w72
TILELHMELER D, —/iT, VBR 777V FVIC
EOTHHBOARELE R EBIEVBHEE LGS, Th
T2 TUIERA 22 B O WS E L R A o BT B AN - B
RO, HMOWEE %N L S AN e Rk %
FRATLHT LR CTH 5. 2 DFIDERE
57201218, THTFI7 VB 777 FUD3EHED
BB TH 5 2 EDARIRTH 5. Pl ZIXTREDW

$i7c A

BENfRE Change The World

Market

Academia: k. wigern
ZLDRGEZHFICESSPIMFEELITD Y —R
- BB SO
- BRI - R
- Proof of concept

Manufacturer
Distributor

Challenges and Splutions I

Licence
Venture Business: start-up ~ small company
EE - Wb, EXERAOER, BE - 9T
-BEETIVERE
SR—IFA VT
- FIBTERE

Foundry company
BRI £ B BB

- WERUWE R

-FILE @A) B

Venture Capital
HeMEs BRR AR
FEOME AR
VBAERL: hands-on

Figure 8. Organizational interactions in-
volving universities, venture companies and
foundries that result in successful commercial-
ization of research and technology for survival

in competitive markets.

26

REI =T 47 REICHVBR 777y FUBESI

L, arffiiof@ehgosmoty, #ihkosk
Btk Eoifine HEOWGE & L TfT) S LRV E
Bbih s,

EFE, MERKRENDT LY IL, HfioFEic
B ADBES, W - BFEOBRZ KRG &1L
TR EUE ERERBFEDBERINDE D, £12Z2D
RP G726 THERANDBMEPNETCH L EELD,
—J7C, BHAICED AR R L & 2 DR
DHFEERITIZYI D DT ENT V ADBKRETH 5,

6 ¥bbhic

PR 4 b A Y — FOWIZE - BFIE, BEAROR
AT, MBI REARE, $-Z20f0%2% 2 5
L—¥—LETH, HEERORMEER L, 2 x
M2 EAG I TH D, oMo EPBER M
I, BOWMOEESBRERTRTH 2. FEE
7% AV —FEHAOEETE— LJROEERMT~D
JERE, BEREM O FEMD—DDRVE T IVITZR
2 EHRHFL RS,

€=

FEE 7 4 b AY — FETE— LREA L, Sl
WHEEZZ L E L7V — 793, DUl -, g -
BAFSICHLD i, Zowz8 DAl Tth 2, K
FHTHN L7 AlGaAs PER7 + F A Y —FiX, o
Ly zaka it vy —oNHENE &4
HERYY v 78 bu vt v & — O AR
B DMK ORIETH 5. GaN RPEAE 7 + b
AV —FlE, AERARRMEL - > 27 L0H5ERT D
REPIEBEZ & AHERUEZEZ & OILFERRFTEIC X 2
BRTH S, PEAERT7 + A Y — FEFHREE 2 5
1, MSZATBOE NBAL ARSI ORI £ v & —
DILELF Nt v ¥ —EDWm 1o Lz 7n + ¥
A 7ETHou—Fay 72 PEER7 + AV —FE
TFHOBEDIEDLPINT VWD, £/, av 3y FfE
7 b A Y — FEFREE IZSGHR A <Hilg 1/
R— a VIIEE 7w 77 5 OB E, av oy
N7 bAY = FETFHZERL -8l
FMHRILEERE (JST) @ “Jadiis il AT E i - BREREE 7
7778 DMK EZIHFELZLDTH .

(& & X W0

1) SLD Collaboration, Phys. Rev. Lett., 70 (1993) 2515.

m & AR L ZF



FEET A MOV - ROEERNANDORMZBE L CMFARECEEL

2) G. R. Neil, C. L. Bohn, S. V. Benson, G. Biallas, D.
Douglas, H. F. Dylla, R. Evans, J. Fugitt, A. Grippo,
J. Gubeli, R. Hill, K. Jordan, R. Li, L. Merminga, P.
Piot, J. Preble, M. Shinn, T. Siggins, R. Walker, B.
Yunn, Phys. Rev. Lett., 84 (2000) 662.

3) JST Jediat T HrHeily - BEarBaFE 7'm 77 &, F
J% 17 4SBT BAFEPRINGVE © 2 © v Rk 1
W, F—2uY =& —rhph i, PR 22 AR
FERRIRGRE © FEH = RO0A E v ARG 1 E —
LIE DTS, F— 20 — & — 1| i,
http://www.jst.go.jp/sentan/saitaku/

4) JST Jetiat o sty - BearbiFe 7' m 77 &, F
J 26 AR B BAFE PR o 1 > a v ML
MEFEBT2 7% bAhY— FETFHROBKE, F—
L) — & — PEES B,
http://www.jst.go.jp/sentan/saitaku/H26y.html

5) D. A. Orlov, U. Weigel, D. Schwalm, A. S. Terekhov,
A. Wolf, Nucl. Instrum. Methods Phys. Res. Sect.
A-Accel. Spectrom. Dect. Assoc. Equip., 532 (2004)
418.

6) W. E. Spicer, A. Herrera-Gomez, Modern theory
and applications of photocathodes, SLAC-PUB-6306
(1993).

7) W. E. Spicer, Phys. Rev., 112 (1958) 114.

8) W. E. Spicer, Appl. Phys., 12 (1977) 115.

9) N. Takahashi, S. Tanaka, M. Ichikawa, Y. Q. Cai, M.
Kamada, J. Phys. Soc. Jpn., 66 (1997) 2798.

10) C. Y. Su, W. E. Spicer, I. Lindau, J. Appl. Phys., 54
(1983) 1413.

11) A. H. Sommer, H. H. Whitaker, B. F. Williams, Appl.
Phys. Lett., 17 (1970) 273.

12) A. Era, M. Tabuchi, T. Nishitani, Y. Takeda, J. Phys.

%103 5 (2017)

Conf. Ser. 298 (2011) 012012.

13) H. Iijima, M. Kuriki, Y. Masumoto, Proceedings of
International Particle Accelerator Conference (2011)
3158.

14) N. Chanlek, J. D. Herbert, R. M. Jones, L. B. Jones, K.
J. Middleman, B. L. Militsyn, J. Phys. D: Appl. Phys.,
47 (2014) 055110.

15) T. Nishitani, R. Hajima, H. lijima, R. Nagai, M. Sawa-
mura, N. Kikuzawa, N. Nishimori, E. Minehara, M.
Tabuchi, Y. Noritake, H. Hayashitani, Y. Takeda, Pro-
ceedings of International Free Electron Laser Confer-
ence (2006) 319.

16) T. Nishitani, M. Tabuchi, H. Amano, T. Maekawa,
M. Kuwabhara, T. Meguro, J. Vac. Sci. Technol. B, 32
(2014) 06F901.

17) EB £Afi 2 MM L 7 A4 RLAIEL &G BE, R TT
—, HIIEERR (Eds.), > —I A3 — (2016).

& & KB

A EE 2015 4 Al ERY: Fro AL L = v
F 2=v kY —4—, 3, Photo electron Soul Inc. A
BBty (& HICBURK), 2011 4 AERES V7
o kv oigE R v 8 — KGR, 2009 4 HSZATIEL
B NBACAAWEFET GRS O ST o 28 JERE L 2R B
28, W, WOIFZEE, 2007 4 ST T Bk AN B LA
W E— L7 7 — a v F— b FEEERER BIE
e, 2006 4 MAZITEGE AN HA 7 0190 B FE b
T — A 0PRSS LRI E, 2004 45 H
R JInkgerr BvEZeiT &Rt v ¥ —
MR,

27



