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Numerical Studies of Electric Field and Electron Trajectories of

a Schottky Cathode Electron Gun
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Abstract Electric field and electron trajectories of a Schottky emission gun have been studied

with the surface charge method, based on the integral form of Laplace equation. The numerical

model of the gun consists of four electrodes; the Schottky cathode with the facetted tip, the Schottky

shield (suppressor), the 1st anode (extractor) and the 2nd anode. The field distribution on the

cathode surface was obtained from the surface charge density. An expression of the field factor g

was derived, which gives the field strength (F=4V) on the cathode tip with the radius of curvature of

0.2 - 2 pm. Electron trajectories from the cathode tip were traced by solving an equation of motion

directly. The position and size of the virtual source were estimated and the influence of the spherical

aberration was discussed.
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Fig. 1. Schottky cathode electron gun.
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Fig. 2. Cone part (left) of the ZrO/W cathode and an
enlarged view of the facetted tip part (right).
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Fig. 3. Enlarged view near the cathode. The cathode
tip position h from the Schottky shield. The spacing
between the Schottky shield and the 1st anode Lgp.
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Fig. 4. Normalized field distribution along the cathode
surface. The surface position is given by the angle 6
from the z-axis.
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Fig. 5. Cathode tip and the surface position 6 and s from
the optical axis.
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Fig. 6. Normalized field distribution as a function of the
surface length s from the center of the facet. The value
of F(s = 0.3 ryp) / F(0) increases with the tip radius.

3:2:-2 BRAEHOM

Rt e OB RIRE F L5l &t LELE V ORIZIZK O
HBIRGRN H 5,

F=p8V [V/m] 1)
T TAMINITEAMREK L MEN BB TH B, B

35 R—



T LR SEME, 5 42 75 B, TR 19 4K, Vol.42-B,Mar,2007

U OO FE ST 2B D S Ml =R R Ze & Y LERREIC L - T
EbbrEThHsbd, o, Ya vy hx—v— L REHE 1B
e DFBIZbIERGFET 2 TH D, Lichi-T, EIRER
Ba 2 NOBIR AT A =2 —OB%E LCEH L TR
W, BH LR CTEREHETE 50 THEFITH 5,

Swanson” 51T X H LEBEVEZE 1 BRETFEV, & &
WL RO KD 7 B 7 B AR U A SRR B & B AR
PR 6 H N T 5,

Loy — (Lya — 0.0068)[1 —VSJ
! Var) fem™] (2)

~0.366r, """ L,

tip

T Z Cloaldfatmseis & 58 1 B o Tco 2, 20K
VB RS i S B, 720 TR < BRMR D 22 X 1 LB
h, =L NEBEE 1 BBOMELaEZ EATNDEDT,
BROBLE N LR 5 EFHICHEMA TE 28 TILHED
HHRTHD, LnL, ZOXTHELZERMET
SCMTHEHT L2 L 0 b 18%IEVMEIC/AR D Z L3 h
>7,

PUF Tk, Bt = By, SElimD 22 & U B
h, =V FEMBEE 1 GBOBRLAEZE XL EDE
A& REERETHRITLC, BERREL 2~k R
DNTIHER5B,

A) F1HWBEV,OREE

1 BB IEVA D23, h=025mm, Lg=0.8 mm
—EDFEMTIMAT, RSl g, = 02 — 2
umDFEH TE % 7o, FiERIREF L 1 BIRETVa
E ORI BB KL T 5, ERREF = 0%
5225281 BWELEVap s E< &, BEVLD B
WA THXDHZENTED,

F- a[l —Vi\‘/“FO ]vm 3)
Al
Lo, SRR
= a(l Vaeo J @)
VAl

L7285, Varro IBRRITK LT Y — RERICAD A T
ABEVsEZFHIIIL TS OIZAE L DEETH D, Varro
e R, A B A THED B RVETH D,

(B) ¥—/V RBEVsDEE
V=)V REMEIEVsE E 2 VDB L AT, £
DFER, WOWFIBIENRH B Z LB bh o1z,
Vore =—1.584V (5)
ZOMRE WD & ERRE@GRIIRAUT R D,

ﬂ:a(l+l.584vsj ©)
VAl
C) Y—NVFEBLE 1BBROBBLADEE

VIV REMREF 1 BBOMMRELaDE T H L
FREEN=0.25 mm—E DM TRz, LaaZ 8T 2 L2
50 i D FE R 13K T35 O TVarpo P IX < 72 5,
M EVape & ¥ — /b REEVsDMIZIZS)R T L 72
BIERH D DT, LepaZ M LT & O E

O=AVeo Nu ™
BN T LaDE B AV DL TER T 2 HiEE L -
7o FENTOFER. OB EST,

& =-3146.7Ly, +0.9123 (®)
ZOREMHND & Vagro * FilfLss - & — /v REEV D
RIFKATHZ D Z LN TE D,

Veo = —(3146.7L, —0.9123)V,
= —0.9123( =

)
2.8992 %10 —1jvs
B3)HX L 9HD2 5 h=0.25mm —E DG DOERMEES &
L TR &&=,

L v
B=a|1+09123| —H2— |- (10)
2.8992x10" V,

(D) Seum il B D

RAOVDOF D a ZFHR< TRTOHEILEMOE E & EE
WCHERT2ETHD, LIEBo T, SimthRERORE
IR aTER LT, REAT@) XL H D &
B F

VAI_VAIFO
THZOLND, AUOSRHIIFEENRFIEHLEBEETH
%, ZOXREFRALToEmIEERELEXIZLEEDE
AL EEN RIS UEBEDLE LY | [Rikalk diF
PREOBMREMR T, ZOFEE. h=025mm, Lsp=0.8

(11)

a

mmDGE, ROBRBEILT 52 L RbnrosT,
log & = —0.787 log r,,, +0.4082 (12)
ZOANE
_ 2560 1 (13)
r'ip0.787 0‘3906rtip0.787
DEFEIF LT,

La 2 B2 - H/AIT OV T R ICHR e & dh %
DBEFRIC OV TRz, TF rgpDFFH 0.787 1FLsa
ZATHIREAEEDLRVWMETH D Z & 2N, D
TNZ(12) D EHIE 0.4082 OEALE TN, EHCEEZA
LB L ALLaIZITROBEZREH 5 2 &b o oz,

36 R—T



g v bR —RIBETFHEOBRE L OE T HOERRT

-3
A:40g£L9045x10

SA

+O.1140]

3
1oA = 19045107 a0 (14)

SA

ZOXERAND & BRIRLLS (rp » Lsa )1

1 (1.9045x107°
ﬂ(rtip’ LSA): [ 078 [

tip

+OJ140]
(15)

SA

x 1+419123(L$*1l—1 Vs
2.8992x10 Vv,

LD, BRREASXZHWTHEA L-ERME L
[ BB A VE CRIA L7l & Fhi U7 fE 2R rgp = 0.2—2.0 pm,
Lsa=0.4-2.0mm, Vs=-500—-200V, Va=2—10kVD
FHICH T 22T 6 % Th o 70, BEIXERBEF <
lem@ﬁlﬁﬁmféﬁﬁ%%bto@7L%=Q&
1.0, 2.0 umDHE DI EZRT, 5 1 BGiE T3 2

BRREZ I LR TH D,

F [V/m]
1.5E+09

1.0E+09

5.0E+08 |

0.0E+00

1000 3000 5000 7000 9000
A [V

Fig. 7. Comparison of the field strengths calculated by
SCM (solid line) and by using the field factor, eq.(15),
(dotted line), at Va3 =2 - 10 kV, h = 0.25 mm, Lsp = 0.5
mm, Vs =-200 V. Tip radlus lip = 0.6, 1 and 2 pm.
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Fig. 8. Comparison of the field strengths calculated by
SCM (solid line) and by using the field factor, eq.(17),
(dotted line). (a) h=0.2 - 0.4 mm, Lsp = 1.0 mm. (b) h =
0.25 mm, Lgp = 0.4 - 2.0 mm. Tip radius I, = 1 and 2
um. Vg =-300 V and V4, =5 kV.
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Fig. 9. Calculated trajectories. (a) Vicinity of the
cathode tip; z < 10 um. (b) z < 30 mm. rj, = 0.4 pm, h
=0.25 mm, Lgp = 0.8 mm, Vs =-300 V, Vo, =3 kV and
VAZ =50kV.
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Fig. 10. Asymptotes in the vicinity of the virtual source.
Two red lines correspond to the asymptotic trajectories
from the facet edges. Initial energy Eq = 0 eV, Vs = -300
V and VAl = VAZ =3 kV. Zp = -35.584 Hwm and ZM =
-36.311 um.
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Fig. 11. Relation between the diameter d of the minimum
cross section (virtual source) and the beam half-angle .

Table 2. Relation between the 1st anode voltage Vai,
the beam half-angle «, the position Z¢q of the virtual
source and the spherical aberration Cs.

Va1 [kV]  a[mrad] Zco[mm] Cgs[mm)]
1.0 87.9 -59.1 0.115
2.0 104.6 -40.7 0.064
3.0 109.3 -36.1 0.054
4.0 111.6 -34.1 0.048
6.0 113.7 -32.1 0.046
8.0 114.7 -31.2 0.043
10.0 115.3 -30.6 0.043
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Fig. 12. The trajectories from the edge of the facet at
the 2nd anode voltage Va, =3 — 50 kV.
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Fig. 13. Emittance diagram at different values of the
2nd anode voltage Va,.

Table 3. Spherical aberration coefficient Cs and virtual
source diameter ds at different values of the angle « as a

function of the 2nd anode voltage V,.

ds(a¢=1mrad) ds(a=20 mrad)

3,6,10,25,50kVDO E X DT v & v AR % RT,

Va2 [kV]  Cs [mm]
[pm] [nm]

3 0.054 0.03 0.216
6 1.12 0.56 4.5
10 3.25 1.63 13.0
20 9.70 4.85 38.8
30 18.5 9.25 74.0
40 30.9 15.5 123.6
50 49.1 24.6 196.4
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