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Abstract: In order to simulate and optimize the Electron Beam Lithography (EBL) process, and to improve the
manufacturing quality of EBL layout, our team in Hunan University (HNU) developed a set of Electronic Design Au-
tomation (EDA) software toolkit named “HNU-EBL”. In this software, the following functionalities have been imple-
mented: 1) Calculation of the scattering process and trajectory of the electron beam in the resist and substrate based
on Monte Carlo method; 2) Calculation and fitting of the point spread function of electron beam scattering based on

the multi—-Gaussian plus exponential function models ;3) Correction of the proximity and fogging effects and optimiza-
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tion of the incident electron dose distribution based on the GDSII lithography layout ; 4) Calculation of the energy de-
position density under a given incident electron dose distribution based on convolution, and evaluation of the key li-
thography pattern fidelity metrics such as edge placement error. Using an Exclusive OR(XOR) integrated circuit lay-
out as the lithography target pattern, the EBL process of a 10 kV electron beam in Polymethyl Methacrylate (PMMA )
resist and silicon substrate layers is calculated. The functionalities and validity of the HNU-EBL is demonstrated by
comparing the developed layout patterns with and without the proximity effect correction. Using exactly the same com-
puting hardware and calculation settings, it is shown that the proposed HNU-EBL EDA software s efficiency is bet-

ter than some of the imported mainstream EBL EDA software. The website http://www.ebeam.com.cn has been estab-

lished, and the HNU-EBL software is licensed to EBL users for free.

Key words: electron beam lithography ; computational lithography ; Monte Carlo method ; proximity effect correc-

tion ; EDA software
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Fig.1 Schematic diagram of electron beam scattering
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Fig.2 Schematic diagram of lithography process simulation
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Fig.3 Schematic diagram of the contours of the positive and

negative photoresists after development
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Fig.5 Spatial error model of electron beam exposure
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Fig.6 E-beam lithography simulation and optimization of EDA software architecture
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Tab.1 Four point spread function coefficients
of 10 kV electron beam on 100 nm
PMMA photoresist and Si substrate

o a/nm  B/mm n y/mm ' y,;im g’

2G 11.194 472.462 1.156 — — — —
2G+exp  5.849 484.728 1.473 — — 20.116 0.376
3G 5.562 479.502 1.852 30.608 0.375 — —

3G+exp  4.961 487339 1.464 12974 0.288 33.265 0.301

3.2 WERA BRI IE

FEL A 408 3T 2807 A% 1E FE Ak 2l i AR Ak GDSII R
P e 7 e, AR ARG LU 480 1) 32
R A2 IE B9 GDSITRR A 5 2) iR A RS =4k 3) BT
HEAB TN R AL IE 5 4) 7E AR IE S5 A GDSIT AR ]
SO BT S IR 22 25 [ R e, BEE N 1074, W 5E
5 7 152 B R fc KM RE & 11 50% , X1 XOR Hi i
A R VBT R s N S B 5 I S S S = A - S e
RFR 5 nm, 4 F HNU=EBL 43 51 7] 904k 45 305 %5007
M IE H A 6 1E 7 i

FH 1T (a) FTEL 11 () AT, o FH &R 2800 A% GE
AL S5 A W] 3 25 W 5 391 i v T i R O R )
F 11 (o) FTE 11(d) Rl AT i i A R i DR
A LIS 2R RS AORER T HL, W AT LA ), R 2
T BT RN AL IF B AR F T AR AR R OB Sl
PRIT A R E] 2% 8 1 OB 2% B /N1 Wi I o B 1T
TR i 20 3 408 30T 5500 ¢ I i B o DO 2% A A
AN i P BB P B i AT s 11 (e) R 11 (F) B
N HREBE BB E | Be et S AR B fE rh g 2R
ity HiOF 2 2

S T A H T AR T R AR I 2 SR A R
£ HNU-EBL ¥4 1E 717 S5 09 R 1L 4300 47 300 %
BRI GO E R 25 0 F R Al it T AR AR
M IE B 8 I8 B, 30 25008 R 25 /N R OGS 1
&I F T K 323 HNU-EBL #0458 1o 32 ALK
W25 1 TR OGS W R 48 56 5 BEARL IR P 22 8] 1
25 TR Z N B KE 8 5 B SL X s
2 o g A1 T RN A I Y R R SR B R 22
23.8 nm, IMif 284 41530 %500 A8 1 A9 it e 3 5%l i % 22
1.6 nm. K ., HNU-EBL H, 53 418 37 2% A% 1 4
O AR T R S R 2 R iR 22

() AL &I AT 0N 1) 52 T A B DI 70 R 4]

(b) 223 &R I AU AR A LE A Bl T4k i ]

(o) AL &I AT RO 1) 82 TE I B4 L - RO 2 RE Bk DA

e

() ZR 3 &I AT A e A L 4 P, RO 22 B e TR T2

(&) ARZEIE AR IR0 ) He K AT ) St S 6

189



190 W K4 (A SRR E D 2022 4
4
HNU-EBL
NanoPECS
3
E
&
1
(£) e 3b @I I R0W 7 A 1E S ) il 5 0 B 0
A 11 HNU-EBL# 445 Eit H A 100 150 200 250 300
Fig.11 HNU-EBL software simulation calculation diagram WEm

3.3 iHEMEITLE

M T PEC 1L 70 /& 35> HNU-EBL B35
1) S B FEIREES 20, DRI He 3 R0 R S 1 A0 A 1 G
PEREFEFR . ¥ HNU-EBL 5 Raith 2 & JF & 19 7 HH HL
T AR TR W K TE B AF NanoPECS #E47 PEC P4k it
BRCEXT EE LA B 24 Intel (R) Core (TM) i5
CPU (2.40 GHz) ,iz47N4F 16 GB. W& 12 (a) F7R,
7E 100 nm PMMA SEZI I Sifel JiE 09475 H AT, %5
Fb i e et 5 1 B %) 280 3% Ay, 2R 235 A 1 K R L
R 1 pm, T 5 EIEE A 328 50 nm  ARECH MA>.

IR 12 (b) Tz, A5 45 A4 %) 4R 5t 31 1if i)
AR SRR AR AL ZE NanoPECS /411
HNU-EBL 8 115504 B2 (G S0 52 22 ) AH S 1)
A4 B AT R EE, A 12 (o) Bz 4R, HNU-EBL
AT RCRIE 5 T NanoPECS, H. [l 25 Ji 1R i AR $ic ks
% 300 #2 , NanoPECS 191153 #E i J& HNU-EBL X
(9223 45 . Y M AL 25 A AR R — 2D 3 i, HNU-EBL
A st — 2Pk

M

(a) WIS 45 g /s T

(b)HNU-EBL 5 NanoPECS 3 {138 1 7ot
A3 58 1 TEAT AR AT I

ALtk

12 NanoPECS
z 10 HNU-EBL
=
i
® 8
i
= 6
*
Ry

2

0

100 150 200 250 300

WM

(¢)HNU-EBL 5 NanoPECS 4k {55 f1 T3
SIS IT I T P A JEE X EE

B 12 HNU-EBLA7 A Sk ab stk

Fig.12  HNU-EBL simulation calculation

performance comparison chart
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