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Study on the saturation mechanism of multi-alkali photocathode

XIE Yuntao, SUN Xiaoquan, WANG Xi, ZHANG Yujun
(State Key Laboratory of Pulsed Power Laser Technology, National University of Defense Technology, Hefei 230037, China)

Abstract: The study of the saturation mechanism of multi-alkali photocathode is of great significance for improving its electron emission

performance. According to the three-step electron emission model, the electron emission process of a multi-alkali photocathode was studied by

Monte-Carlo method. Simulation results were compared with the experimental data in the related literatures, which shows that when the photon

energy is near the photoemission threshold of the photocathode, the obtained quantum efficiency curves and electron energy distribution curves were

in good agreement with experimental data. Based on the above model, the photo-voltage effect and the space charge effect on the electron emission

characteristics of multi-alkali photocathode were studied. Results show that the threshold laser energy density of the photocathode is about 8 wJ/cm?

under the photo-voltage effect, and 2.23 pJ/cm? under the space charge effect. An experimental investigation of the saturation effect of multi-alkali

photocathode irradiated with 266 nm laser is conducted, and the saturation threshold laser energy density is about 2 pJ/cm?, which indicates that

the space charge effect is the main factor limiting its photoelectron emission capability.
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Fig. 1  Structure model of a multi-alkali photocathode
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Fig.2 Three steps photoemission model of

a photocathode

e, 2 S AR 6 1 MR W e - REATY 45 F AH
Koo 2PRUARG A R B AN L B A2 1 mT
FZ ) TR
" g(E)
J‘E‘Jr/ng,h,, 1 E - E‘ + BB(Z) dE
+ eXp[ ka ]

a(z) _

(&%)

E,
j g(E)dE
Ev+lfg—h11

(2)
H BB (2) Sl T 5 2 K R 9% 2 25 Bl 1) 137
BB ap WBFEWIRE, ap =20k/c,0 H
ASHEEBR ¢ NOGE, b 2 FAA TR
HE 5 Na, KSh 19 417 5 5% g 38 ] 2 2% SCik [ 11],
g(E) s v 1IR3 1 R B, 7T SR Sk
JrRERIEHE TR AR
e G G SR B T I 30T, 495 1) b 25 g A
MRELLES T 20K B, LI e T4 7 P AR 0% 380l
B S AR TR AR AR AR L TR
A5, DRI 30 R TR BFFUE AR 2060 17 R A
1.3 REFHIEREH
BUMHU R TR S EERN K,
S AR P9 B LAG  EA v TRR E T
5, e G TR, HUCR A RO, T
Na,KSh(Cs) , B F-EUH Y B (L AE By 3.0 eV (X
IS G A 413 nm) | % AT LG s 21 A
o, AT R B S . ST RER R T
4.5 eV I, B T UM B9S2 0 Ak W12, Ghosh &



30 e AN o 4

55 40 &

T SR T 2 A0 L AR L BN 2 B
R, JE V- A AR AL T A T O X T s
{5 R

XEF R HUN , i T 2006 L B 14 35 i
WS EIARTE , ¥ I i RE LT, W 5 JEREAT (1 AR
WIAANE XS HIUSS R A B2 WL, 22 F B A 7 -
FAHAG)

#1/2

em™ o 1 _ 1\ 1+42a€e’
A= 10(N +7$7) aEF(e/,e)
4«/§7Th808p 202 71/2< €) ’

(3)
Ao FRORBREE W — 5 m
T ZE 3k i F i, % T Na,KSb,m " =~0.23m,'"
m, HEZHFliE; €' = € +he, N FHUZ
A HE &, X T Na,KSb, A ¥ 1 B # ho,, N
0.022 eV U F,(e',e)N:

Fy(e',e) :[Aln%+B]/C

N, y(e), A, B, C, u v 5p5al jianF 25
PEATIHR
N, =

exp

1
hwln]_l,’y(e)—e(l+ae),

kT

A:{(1+ae) x(l+ae’) +%['y( e) +vy( e’)]} ,
B= —a’yl/z( e)'ym( e ) x{4(l+ae)(l+ae’) +
aly(e)+y(eN]},C=2(1+ae)(l +ac’)(1+
2ae)(1+2ae’),u=[y"(e) +y"(e)]*v=
[y (e) -y ()]’ BT EIAPIME 5C
S, B DI AR S

(B =11 = (E/E)?] (4)
Uy TR £ NTF TR E, 0T
AR ILT . Hb TR KT £, 0,
i A BRI 0.5,
2 BRESHBBRET R
4 1 B T ICHUBI = RbPRHI S S A
LA

x1 EKEBRBRMBEETEERBTFRNE
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the photocathode materials
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along longitudinal coordinate
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Fig.6 Influence of photo-voltage on

the photocathode electronic affinity

LA HL PN 5 B s A — Y n R S A
FEAE— N IEHLAaf X, BRR TG R RS, BRAR 0417 A 4L
Mg E, 50 W& mEIEd A S fEAEWF
SR

Se
EB:ZeNdUp (5)
K, N, WIB AR . TOOGIRET, S, NIEME. 3%
HHZ )G, B TRmA2EM, RS
FAERTH Y BBV HCI — 56 20 1E fL AT, (75 B AR
FMANERA SR TR, B S, TS E, 748
FRACH :
PV=E) -E,
rp, By R TCEIRI BB, PV 6 T3
MYREH S . H e Al A, DG RE S DG L BA AR A 2%
IR
E,=E, +PV (6)
FH DA B a3 A Rl BFAR B 56 R 3000 4 = 't
FL ARG 174 P~ RT3, 4 T 52 Wikl Y R - 99 368 114 48R
o T 2 WHOGHR B A R i i
A (5) 3 (6) T30 B il B iy B A H 2
PR H R (4) TR TR BRI
JEOGH U, O L B H S H ey 1 Bl G Tk i g
W RS, s T R
R LU H PR IR K 10 B0 4801 43 Sl 78 D Bk o
RER A 8 wl/em® F15 wl/em® 247 R 4R B
TRLAIT, 1 B ' R IS0 A0 4 R i e F fr 55 BE 43 S A
180 nC/cm’ 1 100 nC/em®, [ &l 4 Al 1, A% &
BN B, T e e 4 BP0 016 1) i - R B A A
4 MR RE RN T 1.8 W/ em® Y,
BTN 532 nm FRESGRDEFRERAR, BRI AH
[ Bk P BE B B IS L L 532 nm (4 BRI 1Y
TR TE 2,532 nm L4075 3 1 B AR S e



32 e AN o 4

55 40 &

e T = U,
£ o o
E o o |
F o
~ 150F . 3
= o
I : ° 0
< 100F o ©° o B
i E o 2
¥ o
&
3 50F @ E
@ 266 nm
' 1 1 1 1 l°5§2m1
0 2 4 6 8 10 12 14
BOGHREEE/ (1] /om?)

BT IR A v i BEA SO RE B 922 Ak

Fig.7 Variation of charges versus laser energy
A B 2R T 266 nm BLESG, HBOLRE R
e I, B K o BE % 2 AH ) B9 &0 K, 266 nm HL
LI BRI ARt A HR A B S TR T 532 nm
BEOL, JEINTET 266 nm B4 SRR 4L T
AE B e, AHIRI DG IR, HEL 70 D' i B AR e
PFRHMRE R,
3.2 ZiEmEBEFHK

7 [ B RO S A O L S AR K A3 ) Pl S i
RN DR, 2 8] A A R 25 6 B AR 2 1 £
R 3 AT 7 HE S L, BRI T P 37 5 1 D/ B %7
s E 5 A R AR (A AR A S I A
REAS B3, e LA S ik FHAR OB R o AT R LA
TRRAE AR BITSE S 1] F A R T B AR R A S
PERISZ 0, A&l 8 Fir 7 o

T vy, M

d

®(0)=0
l — PR

_/

2r

E 8 Ha —AELEHIE
Fig.8 Structure of vacuum diode

1£ COMSOL Multiphysics % {4 A gt 37 an 18] 8
JIE 7S 0 G H B AR 25 A A8 — 4R bt RS AL
PR IR SR AR AR ] Sy i fin 3 v 37 D) e 28
[i] FL 7 FL 37, FRE 38 R A R SR L - 138 Bl
Bk, P B, BOE AR WS L s Dy V, =200 V),
WA A B d =0. 2 mm, SGH AR r =9 mm, %
HL B 5 P W I e e S 1 R 5 2 AR
R E,

BASOGHAL S 266 nm, B A 5 L i K
70 AR, THEAG S0 AR AR P s ) HL 37 00 A an s 9 i

No ATRAE H BRSNS r>9. 1 mm Xk $5
b 1 229 I3, AR AR MR < 8.9 mm X I H B
HHBE T AR A A P DX ] 1 H 3y
AAFAEAR B WL A 0 R 2k

1T RER/ eV
0.18 J 200
0.16f 180
0.14 160
g 140
E o12t
120
B ool
% : 100
= .08}
= 80
0.06 - 60
0.04 40
0.02 20
o 0
0 5 10
21 B /mm

B9 s [ i o PR T A A ] R 350 A
Fig.9 Potential distribution between plates under

space charge effect

P10 kg B Hos X3 r = 0 A7 85 Ak ) L 32
e ) A2 A 2, 3 AR B 0 A
40 A 50 A 60 A F170 A BHAYTENL . FTLAE H
A [ FL 777 A 114 25 [ B A F 3 2 R AT AR AR 1) 1) P
3 BRI R ST H O A R ik P S 44 AR &
HLEAE T 70 A B, 78 IR B B AR 2% i B 25 /N T
0.012 mm [y DX I, H A PH B RG24 T F
R I e 3, 3 2 B A I DX 3R BH A & 5 1) | 7 iR 2%
PO AN R A F S Ik, R /My
Ab AR - 10 V, BPIEGERE RN T 10 eV [ H 4k

PLEN K FHAR
200
180}
160}
140}
120}
&
& 100
2 g
60} ]
* 0A
40t - 40A |
- 50A
20r - 60A |]
0 - T0A |
0 0.05 0.1 0.15

4l B / mm

P10 AN[a] S S 00T 07 PR A ) P, 32 A
Fig. 10 Variation of potential distribution between

plates with different currents

B L1 N BAMR AL 70 A RGBS, AT
VA i, r <8.9 mm N, B4R A S 1 BT 7E B2 o
18 3l — B S e SR m] 2] A% T, ME LS 34 B



54 1)

Wha i, % Z 0t AR RL AT TS - 33

Weo THAE 8.9 mm <r<9 mm [X[8], i Tz X H
Y3223 6] FL AT R 52 RV 50553 , P T RE RS 3k B AR o

02f | : — {re/ev
0.18 A
180
0.161
0.14 0
Iy 140
< 0.12f
g 120
g ) 100
I 0.08 a5
0.06
60
0.04 40
0.02 B 20
o n—s——— | |
0 5 10
017 B/ mm
P LT ] A A BR )T AR A ) FR 5L
Fig. 11  Electron trajectory between plates under

space charge effect

12 FORBAB AL (r =0 mm) &I L1
S B B R AR b . AT LA BIAR HL O R
40 A50 A 1 60 A I, HLF 285 — Be it [A] 1Y iz
Bl R ARENS B IR B . B HL IR 700 A B,
HL - JG TR B0 IR B AR , 2200 3 B R BH AR G i i
A, CRAM B & S RE k3 BRR . H R 4 AT
L B AE 266 nm KA B 1T RCR A
H20% o AR PN 266 nm JKFEH 5 ns 12
MK RO R 22 B0 L B AR, DY H B AR A A
PAER 0.9 em FEATIHEL, MOH FIAR GG Hh FL O R
70 A BF, RO BT OE OIK vhoAE % RN
2.23 pl/em’ o ZAEIZE /N T O R BR i Bt A
EYGRE L, X 2 B AR 6 RN & FE AR FH T, BIAR 1
HL T & 5 8 2652 3] () W A R0 1Y) PR Ao

0.2F

0.18F

006  0.08
B 1] /ns

0 0.02  0.04

P12 AN]SR F A X 07 ) B AW A 5 P 3 8P 2 o7
Fig. 12 Variation of average electron position between

plates with different currents

4 ERWIE

Y EIRESIE, TFRE T K eh Ot B AR
SRERIVS . SCHRCE AN 13 Pk, T E AR K
MEOGIR HOLRER T BT R B RO TR
i JCIARTT LR AR i AR A E . OB S 1R
WSR2 M RFE RN 10 m, UE BRI E 5o R
Or A FEH AT, At Ie , —ROG IR #
REHLTT, Hh B T XHROLAR (19 i b AE R 2EAT ST
S 5 55 — R TEN T AUA B B GO R h
IR AR S A OB . BOBEHIR
N 266 nm, fKTEA 5 ns, UK IRRER D 20 ), R
WEN1 Hz, {GHmasHIS 4 LPZ - 18SUVC -2T1,
RZHOEH A, HERES 8T ik B b 24
—.

\L E= =
e At

o | 1
Iﬁ:ﬂ]]]]]]—%@ s mma] 15

I

e e i)

K13 ko e BRI SR a8 s 1A

Fig. 13 Schematic of image intensifier

irradiated with pulsed laser

MOG BE i N 0.02 pl/em® MK %
312 p/em’ B, UASAGUE S8R 250 5 14 25 fL G
Bl 14 Fros. Wl LLFE H, #0068 %% N
2 pJ/em® ZEATIE ARG R 2 i A BB R (X
SO O FE RSO X 7 4 B (LA IO L RE B/ — 4>
R G, W/ N T 2 T LAy 250 L 4 0 Fi I AR A
IR o 32 2 B 2 18] Hi A 280 2 R Al 22 801 FEL
LT A RE S RN R

0.165 T T T T T T

0.16F 3

0.155F 3

0.15F

o
1

R/ au.
9%

0.145 3
0.14

0.135

O e TdveTT T g 15T

0.13C I I 1 I I I 1
0.5 1 1.5 2 2.5 3 3.5

WO R % E/(1T/ om?)
14 B sindndan OGS FEA ST
eI Z AR E R

Fig. 14 Variation of output light intensity of

image intensifier versus laser energy



.34 .

e AN o 4

55 40 &

IR Monte-Carlo 3581 5E T 2 6t L B
W A S AR, 5 I8 T A 5 UM A TR
XL FAE AR o (5 B RS SRR X
e BT T, 05 04 2 A 0l ri [ AR B 5 A it 2
5 SEERARG RAF, JU R AR R 6 L B A Y
(EARINBASRRAT , 05 HLES RS AT i AR L A
o O HER P 5 07 AT 209 H 55 vl 1 RE 48 o Al 46
ARG R, S ASDE T RE R,
TRE LA 2R S B e 0 XU, HOBUE A
FIARA G o BT 0N A S 25 1]
FEL AT 53000 22 B ' FEL SF AR 0 RS P8 1 52 i 2 T
Il FEL AR 52 ' s A0 0 R s, A S DI RE R 8
8 pJ/em” Bk B4 AN 1 S H B AR 32 45 ) H o BRE
A, A ERE BN 2. 23 p/em” B B B
PRI 33 i IH 25 ] L iy 20 S PR A 22 B e v B A3
P AT RE I BRI R A B R AR T4
SYRETT , T2 R A vy A A H T o i/ I A ]
MR

2 % 3Lk ( References )

(1] ZEmeig, Bliam, 2530, & 8 - AROGGHE RS 20t
I A% )88 I e 5T [0 ). St 2 4k, 2012, 41 (11):
1377 - 1382.
LI Xiaofeng, LU Qiang, LI Li, et al. Thickness measurement
of multi-alkali photocathode [ J ].
2012, 41(11): 1377 - 1382. (in Chinese)

(2] ZEmgld, W), gk, % ZW % XPS o HrrsE ()]
LIHNS G T AR, 2014, 43(6) ; 1857 - 1862.
LI Xiaofeng, FENG Liu, SHI Feng, et al. XPS analysis on
multi alkali photocathode[ J]. Infrared and Laser Engineering,
2014, 43(6) : 1857 —1862. (in Chinese)

[3] Uesaka M, Muroya Y, Ueda T. Upgrade of cartridge-type
exchangeable Na, KSb cathode RF gun[ C]//Proceedings of
the International Particle Accelerator Conference, 2010.

[4]  Miyoshi K, Kambe K, Sakumi A, et al. Commissioning of
Na, KSb photocathode RF gun in S-band linac at the university

Acta Photonica Science,

of Tokoyo [ C]// Proceedings of the International Particle
Accelerator Conference, 2009.

[5] Wendelen W, Mueller B Y, Autrique D, et al. Space charge
corrected electron emission from an aluminum surface under
non-equilibrium conditions[ J]. Journal of Applied Physics,
2012, 111(11) ; 41 -49.

[6] Mulhollan G A, Subashiev A V, Clendenin J] E, et al.
Photovoltage effects in GaAs

layers[ J]. Physics Letters A, 2001, 282(4/5) ; 309 -318.

photoemission  from  thin

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Woods M, Clendenin J, Frisch J, et al. Observation of a
charge limit for semiconductor photocathode [ J]. Journal of
Applied Physics, 1993, 73(12) . 8531 —8535.
Herrera-Gomez A, Vergara G, Spicer W E. Physics of high-
intensity  nanosecond  electron  source: charge limit
phenomenon in GaAs photocathodes[ J]. Journal of Applied
Physics, 1996, 79(9) . 7318 -7323.
P, R, PN, SF. ZU0GHL IR R AR RG
BB [J]. Stfasdi, 2014, 34(3) : 333 -338.
AN Yingbo, XU Xiangyan, SUN Qiaoxia, et al. Simulation of
multi-alkali photocathode sensitivity [ J]. Acta Optica Sinic,
2014, 34(3): 333 —-338. (in Chinese)
Gupta P, Cultrera L, Bazarov I. Monte Carlo simulations of
electron photoemission from cesium antimonide[ J]. Journal of
Applied Physics, 2017, 121(21) ; 215702.
Ghosh C. Photoemission and optical processes in multialkali
photocathodes[ J ]. Physical Review B, 1980, 22 (4):
1972 - 1979.
Murtaza G, Ullah M, Ullah N, et al. Structural, elastic,
electronic and optical properties of bi-alkali antimonides[ J].
Bulletin of Materials Science, 2016, 39(6) : 1581 —1591.
Ghosh C. Physics of Thin
Films, 1982, 12 53 —166.
TV, e, I, . SiC R T RS R Monte
Carlo U fEAEL[T]. AR, 2005(3) ; 245 -250.
WANG Ping, YANG Yintang, QU Hanzhang, et al. Monte
Carlo simulations of electron transport in silicon carbide[ J].
Chinese Journal of Computational Physics, 2005 (3) : 245 -
250. (in Chinese)
Kalarasse L., Bennecer B, Kalarasse F. Pressure effect on the
alkali
Cs2KShCs2KSb,

Journal of Physics and

Photoemissive materials [ J |.

electronic properties  of the antimonide
semiconductors Cs3SbCs3Shb,
CsK2SbCsK2Sb and K3SbK3Sh[ J].
Chemistry of Solids, 2010, 71(3) . 314 -322.

Lee H, Bazarov I V, Cultrera L. Intrinsic emittance reduction

optical

in transmission mode photocathodes [ J ]. Applied Physics
Letters, 2016, 108(12) : 124105.

A H. materials ,
properties, and uses[ M ]. New York: John Wiley & Sons
Inc, 1968 125 - 140.

WA Z WOt PR M. db gt 58 Tl R
#t, 2011.

CHANG Benkang. Multialkali photocathode [ M ]. Beijing:
Weapons Industry Press, 2011. (in Chinese)

Sommer Photoemissive preparation ,

Yang B. Electron transport in (Cs) Na,KSb photocathodes[ J].
Applied Physics Letters, 1989, 54(25) ; 2548 —2549.
SRR, WARE. Sy R FN G AR 1 G e NS AL
EHFFELT]. MR TR, 1998(3) : 228 -231.
ZONG Zhiyuan, CHANG Benkang. A study on computer
simulation of S,5 series photocathodes spectral responses| J].
Journal of Nanjing University of Science and Technology,
1998(3) ; 228 —231. (in Chinese)

Cohen S S, Gildenblat G S. Metal-semiconductor contacts and
devices| M. New York: Academic Press, Inc, 1986.



