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RESEARCH ON DMD DIGITAL LITHOGRAPHY
OPTIMIZATION METHOD BASED ON DYNAMIC BLUR
EFFECT

ABSTRACT

Maskless lithography technology based on Digital Micromirror
Devices (DMD) has shown great potential in micro-nano fabrication due
to its flexibility and cost-effectiveness. However, the inherent rectangular
array optical structure of DMD causes jagged edges in lithographic patterns,
which affects the quality of the lithographic images. To address this issue,
this paper proposes a DMD digital lithography optimization method based
on dynamic blur effect, combined with the mechanism of sub-pixel
overlapping technology, and systematically conducts research on edge
jaggedness optimization and line width control technology in DMD digital
lithography. The main research contents are summarized as follows:

(1) The functions and principles of key optical components in the
digital lithography system were studied, and a DMD digital lithography

system based on dynamic blur effect was designed, with a focus on the
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secondary development of the piezoelectric ceramic platform, thereby
laying the foundation for subsequent experimental verification of digital
lithography technology.

(2) Coherent imaging theory, incoherent imaging theory, and partially
coherent imaging theory were deeply analyzed, with a focus on the Abbe
imaging algorithm and the Hopkins imaging algorithm. Through
comparison, the Hopkins imaging algorithm was selected as the exposure
imaging simulation algorithm in this paper, and experimental comparative
verification was conducted.

(3) The sub-pixel overlapping technology was studied, a dynamic blur
effect kernel function was created, and a dynamic blur matching sub-pixel
overlapping method was proposed. Through Hopkins lithography
simulation experiments and digital lithography experiments, the feasibility
of optimizing the edge jaggedness of lithographic patterns by dynamic blur
effect matching sub-pixel overlapping was verified. The experiments
showed that the edge roughness of the optimized exposure pattern was
reduced from 1.67pum to 0.27pum.

(4) Based on the dynamic blur expansion effect, multi-subgraph
exposure and curvature blur dynamic exposure technology were studied to
complete complex pattern processing, including: curvature segmentation
subgraph, subgraph edge pixel elimination preprocessing. The feasibility

of curvature blur dynamic exposure technology was verified through
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Hopkins lithography simulation experiments and digital lithography
experiments. The experiments showed that the edge jaggedness of the
selected love ring was reduced from 1.5um to 0.21um, and the line width
error rate was also reduced to £0.27%.

Through the combination of theory, simulation, and experiment, this
paper confirms the effectiveness and feasibility of the DMD digital
lithography optimization method based on dynamic blur effect, providing

new ideas for the field of micro-nano structure manufacturing.

KEY WORDS: digital lithography technology, edge optimization,

dynamic blur effect, sub-pixel overlap, line width modulation
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R L, G P TS BN A EL 5 f
(1,01, = QL0 I, AL EEIE BT B IR AS I AT 1 F LS MME RS,
ST, ST, 24 AR B LA SR BT, B T AT AT,
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12{}2%0
2 ﬂ% >

(a) HAHL (b) A sl

3-1 FROLP R E E
B ARG R, GREEREAT BB, BRI, AT
T, B EIRIE 2 AU 6 Y) 55T B IRNE 73 A Uo (X, y) 5 K i i b5 £
O(x,y) KB

U0 y) = [ U (x4 y )00 Xy - y ey (3-1)
Xf b AT ST AR 45
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G, (f,, f,) =H(f,, 1,)G (1. f)) (3-2)

G, (f,, f,) =H(f, f)G.(f. f,) . H(f,. f)) FG(f,.f) 572U, (x ).
O (X, y) FU o (x, ) [ L AR i

FOEW AR ERMH (T, 1) =1, RG] SEIL AR AR . (HSEBREDG S
BARGHEZIRTATH, JCBE R RN R R A LR AT ISR,
AT 328 bR B S [R] 1 R G IR D' e o 5

H(f,, f,) = A(Adf,, Adf) (3-3)
0 1FHHE4~b
A(Adf, Adf )= A= )
(Adf. Adf,) {1 75 it Py 3-4)
15 G2 KRG IR AR A
fCX:L
dx (3-5)
(Y
cy
dx

AL R BR R R, 24 d ARG KRB UTE . WS T
A, AR IR 2R G b R It 0 5 R PR R P HL A% R KA = 1a)
HIFE PR I EOERFE, 22 B PRAR TR AR SR Y, R GERPL 4l
Rtk 0222 (R R L N, AR A il pR SR S . X PR e R T 5
e A TR R (S B 5%, AR SR BN 06 21 e B 193 25 8 1) A% 3 o 230 B
FLAR S O B AN B 8 R 1) 5 58 FAIG, T R R ER AR (19 5 EDIRZS IR A 09 T
R I RBERS AL o

3.2 EETF R IKIER

AR T e BB AR R, HAR BRI T3 G #5500 /i A 1 10
YIZ [MAFFAERE AN R &R, S EOL BN T2 WO AR . S5 AHT- I
RGAALL, ARMT RIS T EENUEAL RG], (56 gt R BLE A E
RIAT AR, IR R IR PEAE A5 1% St 1) SR IR Mt R R R R

BT AT B RGN SR, bl i ek Bl oy HiiR R G PERER
%O WIELRIERGHEL, BRIEDGHRD A AT RIRA:
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L) =[] 100y fo0-xty - yf dy’ (3-6)

R, Leoy) NEREAA, Lo REEEA A, o(x-x,y—y)f

DMkt S PR A, DA 1 6 5 A 5% AR R B AT (ST AR il 45 )«

G,(f,, f,)=H(f, f,)G,(f, f) (3-7)

X, HOG ) NAEM T RB R ERDs s m s, G(f, f) .

G, (., 1) 7wl W AE m s A, H( f) A

H(f,, )= F {ox,y)|2) (3-8)

CIREEoSF

H(f,, f,)=F[O(x y)]® F[O(x, y)] = A(Adf,) ® A(Adf) (3-9)

i B A K TR, AT DGIEARA T B R G i s R R K
tH B HSCAE ST A P2 B4 L AR 0 R R . BT I —BUER N, S S 4E
N-EHCE R, AT DS AR T RUR R GRS i R B AT R IE T R
H,  FRGER R TS S A AR R e, PRI RIA U8

22X
ox_d_x
_%y
oy_&

(3-10)

3.3 BB T Ak IEIR

FERPOCERBE RS, T RGBT e T HBEA BRIt e &
T, AR T EAEA T Mt git B imE, ok
S Y ROCIR I W 22 A AR T SRR PR BN, TG A R A RO X AN
RO E TR XMIR S TVER IR 0 M T OCIR, AR K
BRGNS T # AR T R A A

DMD $r 7 56% 2 G AR R I 5 B 0 A T B R B = — Bk A8
SRS, FB 0 AT AR 2 R A A S R B AR MEZE . B T 0 AL R 1Y
Hopkins 5 R1: T 1 35 0 fif ) Abbe #5271 . Hopkins 45 R H DU 4E A& 4 52 AR %K
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R Rk, T Abbe AR EE T 4E S BOR B AL B SRR AL R L AR .
X PR Dy 22 4 (1 KU 07 O SR B8 J0IE B8 1 B LA

3.3.1 Abbe R E X

Nl 3-2 fzn, Abbe ZE iAo BRI BB RBRIATHARER . 2R
RPRZ QBN mOGHT R e BT I e Y m AT e, EYIEDE £R I
TR IR AR BT, 128 BRI AT S SR AE S0 T SR AR AT S . B
BT BEAF N IRGB,  HR W A ER I A BRI R B AT B, SEBlAS AR
DGR

S|

P& 3-2 Abbe 5 H i JE HE 0]

Abbe R IAUE SCIUR] 70 i 9 UL R IO P)BEE AR . e EE, 9™
JEGIR I IR NG ALK RS S, i Van Cittert-Zernike j2 B fTH AR,
BEAS R AT T e A R ], TR 2 AT I A e A 2 TR
T e BB A IRALAR, SCOUUEIE S R &, & R vtk i
Jesm A AR T B R By, RIS BRICm A . X — BEARHESL Yl
I AT AR AR GE BB AU SR AL 17 7% B W Ll

Horb, mOGIR S ERUET TSR AT, KRN

2

M N
I (x,y) = ZZ P(f,g,)M(f,—f,g,-g)e """ (3-11)

W e IR 228 B WU R ARAR TG IAE (8T T B R e 9 0 A -
PIRANCHRY

I(xy)==——— (3-12)

2.

30



RT3

Horp, 1L (x y) REEZ SOGIE SIS G, HREDEAEAR T IR a1 .

Abbe it 5% 5 Hopkins HIRAETHE I EAFEABIX . Abbe J7i%iEd
PR B4 B T RGBSR s AR S FEAR T kR AN, e T A
(AR AE SCRBUE BT . BRI T R R 5 YRR A 2 M R
BOGIRBS UL KA S0 Q, WIFREHET Q UOMSLHH BBz s, sk, &
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AT ELE A o X P BRI S 30 Abbe BV 7E 1 % 200 4 45 7 A5 B o it
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3.3.2 Hopkins i 1& B %

MRHE Hopkins R 51k, Jer ik R4 n] lln T # ARIE:

1(f.9)=[[[ Tcc(t'g, f,.9")M(f',9)M (f",g")df 'dg'df "dg” (3-13)

L(x,y)=F*{I(f,9)} (3-14)
b, fog RoRMUIEARR, 7 NEILHE, x, y RORTEMLR, 1Y)
L(f,9) 43 i R 2 18] e i Al 25 (D B 1) 4B 2 AR 4, M(F,9) &R M (X, y)
(4 5L AR e, TCC(f'g 17,9") g &8 X A% 4 & %L (Transmission Cross
Coefficient, TCC) , 1ENN¥ B RGEHIZLRIESE, EXT N 5HEEE
LTCR M) VY HESAL 326 bR B R BoE I BB, EEER T
R G UE RGP T 1 A B AR B R . DR R AN KBS H (BFRHUEILE
NA. MR M A 5% (REFIEER, TCC M RAALYERE, I
DMD fin#k it B AR (AN S 5400 TCC HIUE, HAHRIERN:
TCC(f',g, f,9") =[[P(f+f,g+g)P*(f+f",g+g")I(f,g)dfdg (3-15)

£ B, I(F, o) RALEIRI A o A s B, FA 7 OCIRAEAS FAL R 7 1)
EReam ARk . X T EAR MR B ] R G, AR GRS T OL U R 2L

A2 z+gz<GN_
n(oNA)? A

[ NA
0 f2+gz>(57

J(f,9)= (3-16)
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FEAENEA, RS Python AG NA ST HIREILT B, it 2SI, L
VAR AT SRR, NS B HLSR IR 0 IR B E BE A

34



RT3

% 43 HEEHLE TR EEBORT RS =TS

4.1 SR LE FEREBIHRIR

DMD {E N eI SR B iz Lo, EEBEEARZ HHP R E T
BRIV R . I BT A B A SO RS N BT A et A, BRI B AR R %
MSTHIERIRE YT, RER R PR B R R DG 2 B SR T ), PSRN 6%
B Rs i SR, IR R A RetE, ARz T 5k T —
Sea R, ERROLIATY, XeskiEid DMD L e E A e B % e R,
TRBLETTE, HULBBU T s 2t AT SO, (873 B8 6 B 4 1
AGTFIE B BB R THOIRE, M2 2T R RgELR, i 4-1 R

MBI
F&

F 4-1 DMD Y6 ZI EIFE AR Ttk R 3R = K
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AL, W2 FEASCREARN, WP EBEOCE IR . KL, ACIIAT

36



RT3

motion blur J#% K%L, PR motion blur filter ¢ motion blur matrix. & &—4
TR, TR R s SRR .
R K 7 1) RN B R IR ( X, y ), SRR R/ length R
B, BRSO
length = sqrt(x* +y”*) (4-1)

IRJG, M — kernel_size x kernel_size %5 /%, 4 R Hh O JB] R BE S [

NHERBEN oo PR A TR ML 1], st )

AL FHRER L, HHEFOMEEE/NT ST length, $5 AR N:
MIi, 1= : 42
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B e, XPHREHRATIH—f, R A RSN 1, 15,

=M 4-4
N sum(M) (4-4)
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