5% w4 % 23;5: 2% ;J{-*‘J Vol. 5, No. 4
1985 4F. 4 H ACTA OPTICA SINICA April, 1985

e BB RS TR P R R
BRE B

GEELE e

#® £

AR — R R BT U EIHE T BIG SHS05 E SHEENRERRC,. C &
TRARNBEDE DT RERBCATER SN ANIRE. R0 RN 5L 2 # % SoC
B w4 B A AR B Tl MBS, S, MR R B RGS, R TRSE
AR BRI ARGERRN O, WML, LEHGHENTHEMRLEGERXA), ERGHERREN
Smm B, BN VRS R Cp HHE 9 LU, DRSNS/ REHAAR, (ER T T AR
B (AZE B) I, Cp Mk WEEBBIRAMRAL (RS O), Cr Bk, FAMRIHISIR, BIATIREOME, HrD
BB RIZE], LR KSR AT, ST RERK S SIS BRANER, IR LIRS ER
BRG AL CH RS, DSBERL A WO, i/, XM’ AL AERERRLE
MAEZHEIMREN - EE R RRE/ MG S, WA, 5% SO A R SET, X
PRI A ST W T IR R S B BE B TR0 B ek 200 mm, B AESRFE BB R A A th 2 ia i iR
N S IRERGIR P B2 0.6 um, K ST N 1004 /m? if, W LIZEG ud BN BTFR

XL IR R G EBEEOR B R — AR PT E A R 45 /N H R R T RS R BT TR
DAL, IR A A R R 2N, LUAE LR 4 Flos BEIEIE A0 AT R, I 3T
TR 2 BB Xt R4 6 A B X BE AN A, 75— B B 49 1 Bl T R A (Y
R, TR T R R A AR T S ) B0 AR B W —g 4l 10~ 10 mm, Pai i ks B
B O FTAFEEE R W RSB R TR . S W 5 16 mm # % 30mm & 40w 7, O,
7 82mm 23 NE] 448 mra % 980 mum, WFREVLRE T MR O MRIK T Wk Do b
VG, o SR/ R R G B2, Cleaver™ 4y T —Fh B MAR M RE B AL 00 35 K50 LT 4,
R RY, XWHERRAWRERY, WEBTIRE - Rl iasME, &6k
FT LR RIB R R E R RER BT IR, ShTERESIZ 397 5 5 v T4 A R 0l R 2 22 0 W1 it
NT RN EE SRR BT,

—, Mg a0

1. Bif

ATEFHHE, B E5HEH 3 44 % F Dyke Fil Dolan™, L] §; Wiesner™  B5k 1t
AT AR SO0 BIRY, [ AHBA SRS SRH ES, BIRAAE —A 8 510 N %
B EROALT MR T AN (S HE 9o FIRABHRIZREETF 2/0 B g,

Wl HER: 1984 4E6 H 12 H; WFMBHAHE N 1984411 A 29 5
* AZCHE/E 1982 4E 9 4 14 B ~18 H7E 7k E Les Hoches 26471058 2 i vk iR 20 58 112 b 5718,




4 8 BB KA TR R G 349

n i n LS TR P, (cos 80) =0 Bk, Go RIIRERMERISN Lo HlL LA CRIALF Y
O WS E RN

p(2) =ps(a/2)"[(2/a)"~ (a/2)"**] — @y, oy

SR @0 AR X T N AL @ S IARRAZ AR, B0y ABHR JE A 2 =05 @0 Dy BRAR B AR
X FPIAER AL 20 B 2o S BRI L E S 2 Bif038 o kb, mOTEEM
BEEET ¢ SR8, 20T AL R SO H5 R, PER S8 T. Bk R
a=1000 &, PR ro=2=—30008; BIRLE R ELL o(e) =0 Vi Pl MATRE B =
4x10°V/m; $REM\F n=0.1; HBN T 2,=10mm b, HEELE 2>>10mm LA RE R
{ﬁgﬂmo

2. 85

HET &M SOC Hhln FAy BRI A,

D) BRI, B(2) =Bo{l/[1+ (2/a)]}%, Hp ar RBEMERNAR, Bo KRk Hi I
R 5% B, B(2) il LRGSR 4 A1

(2) ARG, B(2) =Boexp(—#/ay), Hivh av=d/In2, d JyREEHMEMH T K E —
B B RS TR, RN R B (TR

3) B ASAHD, B()=Boexp[- (z/as)"], aa=1.2d;

(4 I EEIH™, B(2) =By/cosh(z/ws), as=d/1.315,

(B) ZEkEGHLE G, B(2) =B/ L+ (2/a;)*]1%*, a;=1.3074d;

(6) HpFH, B(z) =Bo/[1+4 (2/ae)*], as=d,

B T REMEAE Bo R T35 S 5148 2 =0 b (B 1, RE A b, B THERBHN T
WO BRI IR, SRR T S B RE i (E e B 1 AR Y R 48 B (1 2) fR 3 f R AL
MAZ O(K3),

EMFE.&;MM:‘ S L w3 i f

z—~\<\\\\\4m&
Tozsher I
L g MER )

Bk, REA

Fig. 1 Magnetic field peak Is

superimposed at gun cathode
apex, system A

/
\\\\J Mitg
e

I~
BRI 2 T 7 "

kRS

E 2 ERpEEs TR
BRI, B4 B
Fig. 2 Magnetic fleld peak is
superimposed  between  the
cathode and ancde, system B

N

PR !
[ BT
PHIRAL, F2E C
Fie. 3 Magunetic field peak is
Iccated at the anode, system C

B T RBA BV T LIRS T, FORM T RIA0EE 2 o 155 ALy

e,

- Lq"—{—
¢

]
o 4
q “E“-‘—

4\ ¢ 2m 7

~

(e B, @



(7]
G

350 Jt 2 = #

Hi Picht 288t B = WP”*. ¥ R TTRAL NP A-— W 34> T R IR TT AR A

, e R =8,
Btz ’ 8 /o N, e B( }(3)
A tm N Ss_[lfi(gv) T Bm @ ]R"

Nq O\ wRassi e B TSI AT SR AR
v oy et T B AL O, e B BT Ry K3, B
B BoRAEAE) TR, LIPS 2 s, RITR
B4 T RS e T Bl T 240 F Cleaver 1973 4| 1978™ 4E fif
Fig. 4 Starting conditions of the R mERIE, REBRFHE O RE EP i
electron trajectory (=0, r=0Y b W &, WIH KHF, fEIEHTFFHE

WIS 2 BR 40° ff i L RB 3 B A BIRRTE — A BISCE BE A B — Mo I AR B 8
ERMES, mE 4, XFER, SEER B ARSIy BR RSB M 2 R — B
HRR, B4 AN R R B MR E R H AR,

BRI TR
8= 32\/§0 JW1/3{94’3<16 ¢ )+0‘37"2(8‘p 492024 0 )+7‘37"(4%—4_¢%)
) g8 ]

Hifrr PR B MER: « NRBREK; ¢, o, ¢, ¢ HRINBA o —. . = WH S
¥ Q=B(2) Ne/2m, e/m Bl THi R 45 B4 WM E S RIS H, %
ARBRR AR RARERY 1 MR ETHE (BN ES) .,

HEBEENE-ANEENE, B THERRAER RS ERE, Eflssy
MR BEEAR /M LT 5840, Tﬁ’f?d}ﬁﬁiﬁ’ﬂﬁ%iﬁ K. RITRA T HK B/MEI K ZE Wi
PRI 77, 3610 Figbic, BPSH€ iy 1000 A 3 #5463 0.1 mm, REZM T NE R 425
KM, FRBEEARFEITHE . RIS 5 SR Ik RSB, W K8 2% R 28
FHEAMEBDERR, MANHEREES, AR EPERLSHEZ%E 200 44
=

YUl H A DI FRARZE 5 BT DL 22w i H

= R SR

POBMRRAIE 4, YREH IR, BRAE c=—0.389mm, SHREEY O, =
319 pm, 3B PR T BRI v 1L @ —=6393 V, BRSNS 4% Loty Bz Sy 2298V,
RSN, e RAIMBEBBSE NI/ Vo B, VI/ Voo #5574
§=f%%=:%;-ﬁ;j B(:)ds, 5)
Horp po EELZS P IIRE S K po=4m X 10-TN/A2
THYAAHEGEEE d=bnm i, MERHERE A WRTHRGER, 65

B, BB e, R A, WA RS R — 0, RS BB, ARG R S



4 1 BBERSE N BT B RGE 351

1002

mm B, o
B~ 5
(3] i
50t ) 7
! a=d [
ob—% 8 1z]1620 24 NINGg, br
4
Wi R HE
d=5mm ak
—50f 2
1
[1] . 1, " ) ) . L M/A.[ﬁ
~100+ 2 4 6 8 1012 14 16 18 20
B5 BARaEL, R A B 6 AFELSH MR R RS A KA
(BZAHE d=~5mm) AMEERHLLE, d=5mm

Fig. 5 Image positions for bell-shaped ficld Fig. 6 Comparison of relative spherical aberration
superimposition. Plotted for system A(5 mm  coefficients €, for six theoretical magnetic field
magnetic field width) models superimposition. Plotted for system A, d=5mm

T3 M IE TG 25 AL 1 BB T 10305 0 LR A AT G S S5 26 A
KT BB G R E R PR WREE, B L — NS R O,
0.~ Geley ©
KREALERGBRN N Y RERE S VTR HRERRE S, B RO)
S URFHEERSBER R ARG O, O BT U5
O, = [Cu(€)/04(0)1/ [te* 0. (0) /tg* as (€)1, )
o 9% S AL B RO AT
BATHE T LRAMBY (FE L FR) BE T d=5bmm B C, MBS NI/~ o
A5 bl 4% (P 6), /1 6 K, AL A A UL T, HREA R S d—Bmm B, O, (HH4R7E 9 Ll
W, BT O, [/,

*x 1

\\3

a: B (2= ) Bp, a=19.24mm, d=5mm

( 1
1+z/a;
b: B{(z) =By %, qy=4/ln2
e B(z) = Boet~#/a, a3=1.2d

_da
d: B(2)=By/cosh(z/as), aé—'m
e B(2) =Bs/[1+ (2/a5) 22, az=1.307d

fs B(2) =Bo/[1+ (2/ap)?], ag=4d

WEEG I T E & RFR, HXTRE BB AR, LREE M O WENRRE, B
0 SR, A ERE ROk, BT AN THESERSE A BRTREYREN O, i
W% NI/~ o o



B®@ =~—-ﬁ%—
N Cr 1+(_03—) d=5mm
r d=10 mm Cr

i

4t

2

0 . .4

10 10% 10° mm

0 4 § 12 16 20 24

B8 #im (R4 A) B ETFH AR
S5RRERBRA
B7 SWHBRE F% AW, FAERSLERE, 8 Fig. 8 Dependence of relative spherical
MRZERYHEH A SEEAFR(@=5mm, 10mm) aberration coefficient on the realimage
Tig. 7 Relative spherical aberration coefficients C,  position Z,(distance from the cathode center
in functions of excitation parameter NI/v/g;  to the image). Plotted for bell-shaped field
Plotted for bell shaped field superimposition, system  superimposition, system A, 5mm magnetic
A (56 mm and 10 mm magnetic field widths) field width

B@) =
sol Cr 1'."(7{)’

8 Cs/ 28 /am® B —2

X ('a)
4R d=5mm

2

Z1 . — . e i
010 70 0 mm 0 "2 4 6 8 10 12 14 16 lgwf%:
E10 A, B, CZHEALMEEISHRE N

HIth R B (33, d=10 mm)

E9 MEHEGESRS A) Fig. 10 Relative spherical aberration
Fig. 9 Dependence of the image-side spherical coefficients C, in functions of excitation
aberration cocfficient on the position of real parameter NI/+/p,. Plotted for bell-
image. Plotted for bell-shaped field superimpo- shaped field superimposition, system A,
sition, system A, 5 mm magnetic field width. B and C, 10 mm magnetic field width
B8 THEGRE A, LREI=bmm HMWRERE O, FHELGRENE « &
S ARV

& 8 R, REAINR SRR, M RERBIL AL,

J9TIERREREMARR R QI E R R, DEMA TR E SR R R
B, BRIAHO00/Z) 5 2, 525, A 9 Bim,

YHAZALHEBRE BN, 5RE A QWEREL, H ﬂﬂ?&&l‘%‘&ﬂﬁéﬁ/b I, B
B 28R, M ERE R BOm K,

MARLEBIEINARLC, XNERENFLSRE A BARAKER. RE CHEM
A I W RE S B L R T, A2 T MR i 5528 . FHGE 2T, SR R A I AT R BR 22
AR FI0GH THIBSRET, BEIEE d =10 mm i ZFh R 5 M AHX R



4 5 BRI RS B TR AL 353

%= R Y B S B,
B 11 Gl THRFRESGYEE d=10mm KRS A MRS O™ HEEER IR,
(@) TBAE « SWBHES B NI/ Vo WRE;
() MMRERY O, 5WIH B H NI/Vo HER;
(0) BHRERYETBMLBRER,

40
Z.mm_ 30
200; 20
150f " 10
1o  wm
4 8 12 16 N
5ot
oLt 8 @
FCoif Z3(mm=)
50}
~100t T 4
~150F bf .
=200+ ! 3
200 cl i )
| v 4
19 e . Zmm
@ 0 235 10 238 65 10
@)

Bl FESSRSE AN CRIERERGEEE d=10mm)
Fig. 11 Optical properties of exponential field superimposition. Plotted
for gystem A and C, (10 mm magnetic fleld width)

(a) Tmage positions Z; as funetions of excitation parameter NI/~@;
(&) Relative spherical abarration coefficiont as functions of excitation parameter NI/ Vo,
(¢) Dependenceof the image-side spherical aberration coefficients on the position of the real image

B 12 4 THTE 5% B d=bmm B, R4 A FIRE 0% MGEHR,
R BT BNOE, RINBEB/NRERME L5 4r, K 0.5 um B, RE A MRLECHA
FHRER,
WM 13, RITBLBATHD U, RERHEREN
drs= (0O tg®a}) /4, (8)
Mo o REREHEFEFE WRTILBR A, YALE O RIAE dr, 1f, BIARH tgal, A
VA te ob 1 obo B RETICBINATE 7, 33000 A 31, REHHRBAE § 1 10° A/m® 3,
W AAETUR A ob P St LA TERTE LIBT3 T =aor2ej (o) St BURE A, $0FB
iR siEe, Bk i d=10mm, 24z =201mm B, O0x=6.12x10°mm, g 95 v 15
tg op =1, tga;=—0.0281; % Ar,=0.5 um [, 15 tgaf =1.48x1078 l# @A U’ (| 13) 7
[*] &% A: B(2) =Boexp(—3z/a);
E% G B(g)=DBpexp{(2—0.01)/a;], (0<2<C0.01m)
B(2) =By(0.014—2)/0.004, (0.01<2<<0.014 m)
[*#] FE&EA: B(a)=5Bo[1+ (¢/ag)17%

R C: B() =Bo/{1+[(e—0.01)/as]?}, (0<2<0.010m)
B(s) =B, (0.012—2)/0.002, (0,010 m<<z<0.012 m)




854 % e # icd 5 %

7 mm 80
200} 60
1501 40
100+ . 20 A
Eof 4 \¢ NN
4 18 1? ) NI/I\/}Z 0 4 8 12 16
0 16 20 ®
B
-109 ®10-2 Cei/ Z}{mm—)
5
3
(@ 2

AR . . Limm
10 23 6 10° 23 5 108

(@)
B 12 5 RE A fn C Bt (B R d=5 mm)
Fig. 12 Optical properties of bell-shaped field superimposition Plotted for
system A and C, 5 mm magnetic field width

(@) Tmage positions Z, as functions of excitation parameter NI/~/p;
(&) Relative spherical aberration coefficients as functions of excitation parameter NI/~@;
(¢) Dependence of the image-side spherical aberration coefficients on the position of the real image

#wa v HwaU 8 0, =52,9%10 3 rad, MR 3G =
7.9 A W,
P WAL C, fiplRsihsl, 4k Rl
® WL AR
B 13 fER B(z) =Bo/ {1+ [(2—0.01)/d]"},

Fig. 13 Electron trajectories U and U’, leaving (0<2<0.01m, d=10mm)
the cathode at angles ay, a; to the axis, limited by B(z) = B,(0.014—2)/0.004,
apertures, and its corresponding angles a, and o} (0.01 m=<z<<0.014 m)

H 2 =154mm, Cy=9.70X10°mm, tgay=1.0, tga; =—0.0331, 74 tga; =1.27xX1073,
dh=38 4% 10~ rad, MGFE 5] T=4.2 WA MM,
HEMIHHEBBIRMUB LR,

o i

X ERZE R O, W T BTG 00 S0 B MRESF 96 B LR FE TR 75 Pl 4 B %
i SRR R EREE D, FILFHRBERRBE R T (200mm £4), REFRK
REfe 0.5 wA, JRat RSB R 10°A/m® i, 3R HHHK SO0 #AT, A LIHEIL
AB R T ELZERE SR B A LR R, BT R TR T S — A B i B
FHiro



4 # MR T 2 B TR RERT 355

8 % x W

[1] Cleaver, J. R. A.; Optik, 1978/79, 52, No. 4, 293.

[2] Dyke, W. P. and Dolan, W. W.; «4dvances in Electronics and Electron Physlis»,(ed.L. Marton, Academic
Press, 1956) 8, 89.

[8] Wiesner, J. C.; Report E. B. L-70-6, University of California, Berkeley 1970.

[4] Alshwaikh, A. and Mulvey, T.; in «Developments in Electron Microscopy and dnalysis», ed. D. L. Misell,
Institute of Physies, London, 1977, Conference Series, No. 36.

[5] Glaser, W.; «Grundlagen der Elektronenoptik», Springer Verlag, Wien. 1952.

Magnetic field superimposed field emission
electron gun system

Yao JUN'EN aND Yavua Kar
(Scientific Instrument Factory, Academia Sinica)

(Received 12 June 1984; revised 29 November 1984)

Abstract

By using a simplified electrostatic sphere on core diode model (SOQ) the relative
spherical aberration coefficients U, of the magnetic field superimposed field emission
gun (MFFEQG) were numerically calculated. HHere O, is the objective side spherical
aberration coefficient nomalized with respect fo the spherical aberration coefficient in
the absence of magnetic field, it provides a measure of the additional factor by which
the electron source size is degraded as a result of the superimposition of the magnetic
focusing field. The position of the real image (the electron probe) could be adjusted
eagsily by changing the exciting strength of the magnetic field. The O, of bell shaped
magnetic field has the least value among these 6 theoretical fields. Calculation
suggested that the spherical aberration of this MFFEG system could be less than a pure
field emission gun followed by a separate magnetie condenser lens. Ag an illustration,
the MFFEG system with 10 mm magnetic field width could produce a beam crossover
of 1um diameter (limited by spherical abberation) at 200 mm from the cathode,
leaving a large free space around the specimen, for surface current density of 1.0 X
10" A/m?, the current into the crossover would be approximately 8 wA.





