19 8 Vol.19,No.8
2007 8 HIGH POWER LASER AND PARTICLE BEAMS Aug. ,2007

1001-4322(2007) 08-1377-04

1,2 1 3 1
(1. , 250061; 2. , 266510;
3. , 257091)
PMMA , ,
20 354 C/cm? , ,
TN305. 7 A
, 3 3
LI1GA IH 3 LIGA
2114 3
i) X y i)
[45]
y 1 3 1

electron beam

’ oy

) T 5N ig l-~ .-".
\ 3 —
[6] ¢ I ?

1 [71
, Fg.1 Schematic of changing dose etching
1
1
* :2007-03-15; :2007-07-10
863
(19819, , , , 3 MEMS ;wguanzi @126.com

© 1994-2007 China Academic Journal Electronic Publishing House. All rightsreserved.  http://www.cnki.net



1378 19
H |0 -Kv-‘.
@ \ calculational
J g 08 | \  line
Y 2 PMMA z : ;
D: ( 1.0) § :
EY! | ,
, Do ( 0) g 04 : \
' . 02 \ \
D 1 \
y =- (g )™ (6D | -
° 10° 10 D Do S0
) , D1 Do exposure dose / (uC * cm”) sensitivity
, , Fg.2 Senstivity curve of PMMA
0.9 2.0 . 2 PMMA
, PMMA 2
€ z ( eV/cm®) z
e 9]
_ Q Eo
€ = N RG)\ (f) (2)
'Q ( Clem?) ;B ( keV) ;e (C) ;Re  Grun
(cm) A(f) =0.74+4.7f - 8.9f* +3.5f°, Grun f =2 Re
(2
Q =€ eRd/ B (f) (3)
(3 (G .
_ Do, -1 _ €A (f) 1
y = (g Dl) - [Igsl)\o(f)] (4
€1fo 1.0 0 A (f) Ao (f)
1.0 O
, Monte Carlo
6 1
[10]
2
f(r,2) =€ (r,2) = k(2 [ P10 +n (9 BH e ri) 5
B b(Z)
r k(2) Br (2 Bo(2) n(2 z Br Bo
“ "o z z
o
1 BGI
z, r
at Lt , , ,
€4(r,2) :J'O (ﬂJ'O rds (r ,2exp(-| r- r |%B %) (6)
<) e T (5) r
(5 6 . 20 kV
, 200 nm 400 nm PMMA Monte Carlo , , (4)

2.028,2.093, [11] 2 3 , (4)



8 1379
3 PMMA
[12]
80 ) € =€0 ] (3)
, S, 2 PMMA
21 6.8x10™ eV/iecm®, (3) 20 keV 15 keV 200nm PMMA Q
58u C/cm®> 47U Clem’, [11] ,(3)
4
2 , \ Do( 50 C/cm’) ,
DO ]
y 1 1 y
S 3 2 1
H(D) =-ylgD + b (7)
D=S ,H=0, b=ylgs, (7)
H(D) =Y (IgsS- IgD) (8
H=1 D1, 2 , D:
0, D < D:
H (D) ={1-Y(lgS- IgD), D <D<S (9)
1, D>S
5
SDS3 , 570 nm  PMMA ) 20 kV , 7 %o
NaOH , 50 s , 5u C/cm®,
5,10,15,20,25,30,35 ,400 C/cm®, 49 ,127 ,236 ,344 ,450 ,513 ,520 ,
528 nm 3 PMMA AFM
PMMA D1 (9 ,
4
600
500
g
£ 400
g
8 300
oh
£ 200
2
[V
100
0 " A " B~ v
10 15 20 25 30 35 40
exposure dose / (uC * cm™)
Fg.3 AFM image by the changing-dose method Fig.4 Exposure dose vsetching depth
3 AFM 4
6

2% © 1994-2007 China Academic Journal Electronic Publishing House. All rights reserved.

D: ,

http: //mww.cnki.net



1380 19

1, ; s 0, 20

354 C/ ey’ , ,

[1] Men Z W, MohrJ, Paul O. [M]. : , 2003: 197-354. (Men Z W, Mohr J, Paul O. Microsystem Techno-
logy. Beijing: Chemical Industry Press, 2003: 197-354)

[2] ) ) . LIGA [J1. , 2004, (1) :1822. (Kong XD, Zhang YL, We S S.

Study of L 1GA based on electron beams. Microf abrication Technology , 2004, (1) : 18-22)

[3] Ikuta K, Maruo S, Kojima S. New micro stereo lithography for freely movable 3D micro structure-super |H process with submicron resol u-
tion[ C]// Proc of IEEE. 1998: 290-295.

[4] Brunger W, Kley EB, Schnabel B, et a. Low energy lithography : energy control and variable energy exposure[J]. Microelectronic Engi-
neering, 1995, 27: 135-138.

[5] , , .. [J1. , 2007, 19(3) :503-506. (Kong X D, FengSY,Lu W
J, et a. Electron beam lithography based on overlapped increment scanning. High Power Laser and Particle Beams, 2007, 19(3) : 503
506)

[6] . [31. , 2001, 13(1) : 113-116. (Xi D X. A new current generating method for

electron beam scan. High Power Laser and Particle Beams, 2001, 13(1) :113-116)

[7] Stemmer A, Zarschizky H, Knapek E, et a. Eficiency enhancement of diff ractive optical elements by variable relief profiling[J]. Microelec-
tronic Engineering , 1995, 27(1-4) : 171-174.

[8] Bogdanov A L, Holmqvist T, Jedrask P, et a. Dual pass electron beam writing of bit arrays with sub-100 nm bits on imprint lithography
mastersfor patterned media production[J]. Microelectronic Engineering, 2003, 67-68: 381-389.

[9] , , . [J3]. , 2005, (4) : 7711 ,64. (LuWJ, Zhang YL, Kong
X D. Sudy of effect of electron beam energy and dose on curing depth of liquid resists. Microf abrication Technology , 2005, (4) : 7-11, 64)

[10] Chang T H P. Proximity efect in electron-beam lithography[J]. J Vac Sci Technol , 1975, 12(6) : 1271-1275.

[11] . [M]. : , 1990: 46-57. (Jiang X R. Microfabrication technology. Beijing: Electronics Industry

Press, 1990: 46-57)
[12] GreeneichJ S, Van Duzer T. An exposure model for electron-senstive resists[J]. | EEE Trans Electron Devices, 1974, 21(5) : 286-299.

Deter mining relationship bet ween eectr on-beam dose
and etching depth by empirical formula of contrast

LU Werrjuan'?, ZHANG Yulint, KONG Xiang-dong®, HAO Hui-juan
(1. Electrombeam L aboratory, School of Control Science and Engineering, Shandong University, Jinan 250061, China;
2. Collegeof Information and Electrical Engineering, Shandong University of
Science and Technology, Qingdao 266510, China;
3. Department of Scientific Research, Dongying Vocational College, Dongying 257091, China)

Abstract :  According to the sendtivity curvesof resists, the empirical formulaof contrast was adopted to determine the rela
tionship between exposure dose and etching depth accurately. Exposure experiments were carried out with postive resst PMMA.
With curve fitting of the calculated results, the depth-dose curveisobtained and keeps consistent with the experimental results ba-
scally. When the doses are in the range of 20 35u C/cm? , the difference between the experimental results and the calculated
onesisleast. Usng the contrast method in the etching can save experimental time and raise the etching efficiency.

Key words: Electron beam lithography; Exposure dose; Etching depth; Contrast; Absorbing energy densty



