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(Nano-scale pattern delineation by fabrication of
electron-optical lens for micro E-beam system)
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Abstract

We have fabricated electron-optical lens for micro E-~beam system that can overcome the
limitation of current E-beam lithography. Our electron-optical lens consists of multiple silicon
electrodes which were fabricated by micromachining technology and assembled by anodic bonding.
The assembled system was installed in UHV chamber to observe the emission characteristics of
focused electrons by the electro-optical lens. We used STM(Scanning Tunneling Microscope) tip for
electron source. By performing lithography with the focused electrons with PMMA(poly-

FHE

methylmethacrylate) as E-beam resist, We could draw 0.13tm nano-scale lines.

I.ME

&) VLSIY Alzke $isled Beliz2le(optical
lithography)7} AH&=le] gtont siazie] AR o]
= dAT $ sde 71l di’t dart Bds] Al

* R, AP ER TSR, S ERLRAT N
(Inter-university ~ Semiconductor Research  Center
(ISRC) and School of Electrical Engineering, Seoul
National University)

**IEER, AR YRR

(Dept. of Physics, Seoul National University)

BT AF1974E12H15H, 4420199847 H28H

(862)

3 ik 2 Felxx Axpdel el (electron beam

lithography)& & A, =23 9e 33, 28
T X-rayell vls] AAPLL A 4& 5 e B5

o AFE AT 9ol ol iy B A7t A
AR 3 giek 2ehy, o}E sk A A4A717) 4
sloirs IRl & ¥ R FAFe] itk A,
wshedl A7le] VY 2o e A9 Ao
olet. o]F sAslr] i8] cell projection £ A
fo] Azsx alwr“] vlaz AlEte] olEe SO
2 9lsle] ofHe AF while] WERL glE AAelth
B4, 2HENE Qlale] dRle] =d F 9ok ol E
sl 3R Mol azegele) Wzt g 230

A Amskan AR ZEX WAL HA) R}



19984 QR EFTREHIE £ B8 DE HOW

L=Nf =}
= e

3 9ok Axpge)jaaete)e) o3 EAllE #As}t
7] $13k] AR Alagle e vlo|ZR2AYH(mi-
crocolumn)o] gla=g) 31 14118116 “o1e g3 ax
4 ey 2AdZ 233AA 1 keVY Aol
2 @HelA A Al E eegsle Aolch vt
o= 224G arrayE wix|shd FHY] ol ulz} A
Ao FAT TR 7S ¢ sl AddyAE A
4slu g AHz1E9] FukilElbackscattering)o] §#]
3] ZolBe] ZAAIHproximity effect)”} FHAsl=
2 A ried AxlEaaeile] 93 sdg
= glt} slolmazARLe w3 Axve 4AFsi <l
3lo] 27 ARl & WHEE AL 5 Sk
mlo|mZ2AYe] A Ala"le 2 14 el gle
23} 7ol STM AA ¥E ®(STM field emission
tip), source lens, micro-deflector, Einzel lensZ.
TFA=e] glel. STM tipoll+ x, v, z piezo scanner
7} AAEe] 3L feedback HElE o438l source
lens® 5um = HHEA 71A] Fct Source lens=
5um 742 extractor®} 100um 749 accelerator®
TA=E itk APEE oM A wEE RSl
WS ¥ micro-deflector® F3}3le} HIEAHo®
100pm 7o) A= Sl /1Y AFo2 74
Einzel lensoll# F&o] o]Foizlch A Alxwle 1
cm °fFke} =712 FAE

Source lens

} Micro-deflector

Einzel lens

a8l 1. wlelzE2AY Axy] 13}t AAH
Fig. 1. Microcolumn E-beam lithography system.
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Fig. 2. Process flow for the fabrication of silicon
electrode.
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Fig. 3. The edge picture of diaphragm.

tE ATz ue|azd=g FAs] ds A
2] H32 Pyrex glass #7740% =2 Ag®l oz
Ajslgltt Pyrex glassole  EDM(Electrical
Discharge Machim'ng)[g] o o3l Az} EAF
T ole THE gAssch 28 5ol B wle) 3
o] & A= —'F-.;_i A5 source lenst T W] <
= Age] FA=ENy, Al AF F22 74 Einzel
lens= vl We] oF5 Aol A=) T A

AxdE 48 Az Azt 93 v Ao 4

(864)

FHRE S

Hlsleibgels] dEel] ole) Aol 1 the HY
34 o ol¥d e WA Wkt o] o 77
o e P Fako] ol Folon HY &
A 10im oRE 2 ek

(b)
aa 4. ARR cololz He) WA AA ()

100im +9, (b) 5um 79
Fig. 4. Backside picture of fabricated diaphragm. (a)
100gm hole, (b) 5im hole

2 TIMES OF L.‘

ANODIC ——_mm

BONDING " "

(a)

359

mlo]=z 2 #ll = £] (a) source lens, (b) Einzel
lens

Microlens assembly.
Einzel lens

——

\7

4 TIMES OF
ANODIC
BONDING

a3 5.

Fig. b. (b)

(a) source lens,



1998% 9 EFIEeH

I %= dF S43 glaaety)
AR vlolazAd=g a7 6ol Reixle wie}
Zro] 23AF(UHV) chamberel] #3 sle] 232 v}

.

% 5A-& extraction current(lex @ source lens?]
extractorellA] ZA=E current)$} sample current
(Isampie © focal planed] £497 TEM gridollA] &34
HE current)E &0z Uo} Bk} Tip gt
o] Wslel] ME 7 AFo HIE RFE a¥o] o
d 79 (a)oll e} glck. Sample currents A&7}
g de & EEHS BolAR o= A o)A} o)
HH A3k okl me} Alds) skl Etsla
extraction current®} W58t AL 7lA|HA Z7)3t
< & 7 Sk o] aFelA FlF 5 glRe] e
AtollA transmission (extraction currentel]l gk
sample current?] Ble] <F 10-34L & 4 ek 1
AZE Bt ARE sl AR A (stability)
= okg?] FAslsdEdl o A9t a3 79 (b)ol) Y}
et ik & AFE AL ol Axe EFEIS
Holelr} oF 1% F¥ele AFs] kg9 e 2y
ok 10417 B9t Z4%F A%} current fluctuation

5%°IHZ A=k

32| 6. Microcolumn A|&H AF3
Fig. 6. The picture of microcolumn system.

10080
1000
100
10

1

0.1
0.01

0.001
300

I(nA)

320

350
Ve (V)

(a)

380 400 420

==
>

(865)

¥35% DiF 9% 45
1
1
g g
F1 -l
2 g
3 §
50 450 950 1450 1950 2450 2050
time(s)
(b)
12 7. mlelazAYe wE AF 54 (a) extraction

current & sample current, (b) SFRA
Emitted current characteristic of micro-
column. (a) extraction current & sample
current, (b) stability

Fig. 7.

rlola 2y AxRE o83l A3 w3 Aye
stk o] W chamber®] base pressure= 5x107°
torr%l 3L extraction current:® ¢} 60nAslAd Ags}
9o o] A% sample current 10pA¢] e 7}
Zrk Sample 2™ FHY) piezo tubed @R
A3l TAB)5L o] E raster scanning oE FAls}
stk Resist+ positive type®] E-beam-% resistl
PMMAS AR83lgichk Zz1e) 3 Zole 1 keVA
73§ organic polymerelA60nm AxEo]7] wjio) (10
! resist® 9k 8 & "asl gltk gl 2 a7
4= PMMA ¢ MCB(Monochloro-benzene)s
1:1.58] B[&2 &3l olE 7000rpme] EXolA]
4027 3% 2A(spin)sled 50nme] FAE Lich
234 160T e 2%l 437 soft baked 4
g3}7 chamber WolA A RIS FPsigion
MIBK:IPA=1:39] &4} 90x7r HAKdevelop)®t
¥ 2% IPAR rinsed AABIATE o)el] Qoix] 5
& SEM22 #A3]F ARxle] 23 8ol veht gick
264 line®) AZL 0.13mz 4=} '

AR RS AA 2l HEAFE A B 4
Tl AMER resist®] FAE Z1W AlAF step
coverage 52| FAZ} o7 el AR i}
T A7) e S(single layer) ZFgsto] o}
J oR(multi-layer) 7321 (PMMA-Ge-AZ
PR)E ARGl o)l EAIES A 5 glegls)
At vl e jmaging layer(PMMA)S}
conducting layer(Ge), 8|3 planarizing layer
(AZ PR)IZ TA5Ieh ole FA/L 2K imaging
layerel AHapH4 =33tw AAXZFC A con-

=
=2




46 stolZ 2 AAY A2RE % AAReA =z Aol o e HH FA

ducting layer$} planarizing layerel] H&l& Fo]A]
7= FAolcl T planarizing layerZ} 7]%9]
AZA viaz Q&S A =l s AR step
coverage®] ¥#AlE AWEE 4 Ak

N. &2 E

B g e vlelag A Alxrle] ARjgstaat
E ARl o) & o83l slaaeiE saEslth
AP eate] Azt Al wlo|mEHAYFA
7 CMOS 9% 34 5% o83l o 4= A
e olgsld =k |z o]E o83t
E-beamn resist Aol 8laels]E 38k A3 0.13

me] AES Ze= Ade YA 5 sk

#8838 26KV K4S5,808 108am D17 .

2 8. 0.13im line®] SEM A}A
Fig. 8. SEM image of 0.13um line.

2 =7 ZHR vpelazagAades Hiraa)
E AR 5 e 7ol AAERHE Bt AA
22k Az #435k7] S18ledrMEs arrayed litho-
graphy7} Hasta A7re] ¢ Aol Al
Aol AL 87T JeuE ¥ Eiels B
& nie} o] vlelmEwAgr]ge] olF THI]
g a3 Arige] Hejzlz et

INEE

-—

¥ £ ATE FYhet =58 FA A2UEa v
A 3% A7 ALEEA e =dok £
AT AA kA s e dge
2 (PAAALe A1e el = gn)

xl-_—lL_E_

et

[1] T. Fujino, S. Takeuchi, H. Morimoto, Y.

[2]

(31

(4]

[5]

(6]

[7]

[8]

(9]

FHE 5t

Watakabe, H. Abe, M. Koshiba, M.
Murata, and S. Kawamura, “The surface
silylating process using chemical am-
plification resist for electron beam
lithography” J. Vac. Sci. Technol. B 8(6),
pp. 1808-1813, Nov/Dec 1990.

S. Y. Lee, J. C. Jacob, C. M. Chen, ]J. A.
Mcmillan, and N. C. MacDonald, “Proxi-
mity effect correction in electron—-beam
lithography : A hierarchical rule~based
scheme-PYRAMID” J. Vac. Sci. Technol.
B 9(6), pp. 3048-3053, Nov/Dec 1991.

L. P. Muray, U. Staufer, E. Bassous, D.
P. Kern and T. H. P. Chang, “Ex-
perimental evaluation of a scan ning
tunneling microscope-microlens system”
J. Vac Sci. Technol B 9(6), pp.
2955-2961, Nov/Dec 1991.

T. H. P. Chang, D. P. Kern, L. P. Muray,
“Arrayed miniature electron beam
columns for high throughput sub 100nm
lithography” J. Vac. Sci. Technol. B
10(6), pp. 2743-2748, Nov/Dec 1992.

E. Kratschmer, H. S. Kim, M. G. R.
Tomson, K. Y. Lee, S. A. Rishton, M. L.
Yu and T. H. P. Chang, “Sub 40nm
resolution 1 keV scanning tunneling mi-
croscope field-emission microcolumn” J.
Vac. Sci. Technol. B 12(6), pp. 3503-3507,
Nov/Dec 1994.

T. H. P. Chang, L. P. Muray, U. Staufer
and D. P. Kern, “A scanning tunneling
microscope based microcolumn system”
Jon. J. Appl Phys. vol. 31, pp. 4232-
4240, December 1992.

H. Seidel, “The mechanism of anisotropic
silicon etching and its relevance for
micromachining” Transducers 87, Rec. of
the 4™ Int. Conf. On Solid-State Sensors
and Actuators, pp. 120-125, 1987.

G. Wallis et.al, “Field assisted glass-
sealing” Electrochem. Sci. and Technol.
2, pp. 45-53, 1975.

Shuichi Snon and Masayoshi Esashi,
“Photoetching and electrochemical dis-
charge drilling of Pyrex glass” Technical



1998 97 ‘BFILBEHLHE

Digest of the 9™ Sensor Symposium,
1990.

P.A. Peterson, Z.J. Radzimski, S.A.
Schwalm, and P.E.Russell, “Low-voltage
electron beam lithography” J. Vac Sci.

{10]

ZF fE SHIE®R)

1970 59 2394, 1994 AJ&-)
g At AL 19961 A1
et Axlgatat Hak 19966 ~
Al Aisha 27]1gsh- vl
A A} FHEARoRs ARl wlo)
A2 AN, AP s}

& B IROEER) % 20% AW % 58 2R

19554 39 2494 1977d Al goigta Axjgeta) &
AL 19814 University of Michigan A4} 19864
University of Michigan ¥} 19861 ~ 1989d $4)
& FRidisl 234 1980 ~ A AediEw A2
- Fae Aol Al E rlolagn AW, AA}L

)53}

(867)

X A4 )

53 % DR FoO%R 47

Technol. B 10(6), pp. 3088-3093, Nov/Dec
1992.

w8 Mefdd, AR At ge]
431 wlAlsRe] Ay w3y HxlFepsler
Al 31A(10), pp. 1358~1364, 1994

[11]

A E E(EgEH)

1970 84 284, 19931 A-&vista E=lsts} L
1995 Agoigka E=)aka Ak 19959 ~ A A&
fgte Eelstal uialagly At Faliols ¥ &
2]

B EER

19534 24 5948, 19759 AMEoiEtn Ee]gs) AL
19973 A2oistw Eelghst Al 1981 Pennsyl-
vania State University 2|8 ¥k} 19813 ~ 1991
d AT&T Bell Lab. Researcher. 1991'd ~ 3z} A]
Sty B9 w S Rolke ¥ B2



