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Abstract A linewidth stabilizing method for defocusing laser direct writing is proposed for further improvement of

line quality of diffractive optical elements. The writing power and defocusing amount are synchronously adjusted to

1

set photoresist threshold at the position where the linewidth variation rate is small, thereby the linewidth sensitivity

out on CCD with laser wavelength of 632. 8 nm and objects of numerical aperture 0. 1, and it shows that the
for fabrication of high-stability diffractive optical elements.
optical element

—

to variation of actual exposure dose and photoresist threshold is weakened, and then the linewidth stability during

defocusing laser direct writing is guaranteed. Both the power control model and linewidth model of the proposed
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method are established with defocusing amount as the unique variable. The verification of linewidth model was carried

experimental result is in good agreement with that by theoretical model. The proposed method is of great significance

TE R BOG S T R oy st b OE A

VRIS

integrated optics; linewidth stability; light power control; defocusing laser direct writing; diffractive

B ARGUM T IO MR 0 TR R v S5O0 A 2 A
PERTSHOGE: A0 1F L o0 e 2 o0 45 ROG 22 & 1R 19 5%

Bz EEROLES d T HOEBER /T
P BB 2 B T A Aot o P B  EH S

David K. Poon %" | FI ot B 1
B EEOART R T A5 I TN AL Bi/In

i B 2007-10-26; W& B HI: 2008-02-18
EE®AN

HETH: BRHRP IS (50675052) ¥ Bhif i,
B

MECE% ;Y. Cheng 4538 b 25 £8 H AR Al )5 1 ok %1
HR I T H R 11 R SR S T BE 5 2R KUA SE S B
E-mail: jinzhanlei@ hit. edu. cn
5 Ui 8

B IEAE VU 2B R T 6B R A% s SR B
S B AR A R HIE TR TE 3pm Y ¥y A 1B
E-mail: jbtan@ hit. edu. cn

Bl H (1980 =), 5 o 1 WA B SR 8 0K 3l 45 o SO B 6 2 R A5 7 I E T

WAME (1955 =) I B 1 e A 3 DT o 32 8 DA S0 G 2 0 R A5 0t T AR 45 5 TR A F 7S



9 4 ki A

EEBOLHE ML TERE ik 1731

. T EEROCES SR AL ST H AR D5
ATz N — g2 B 5T T R AR MO HE A
FEPEN . B A% Onda Hajime™™ F it 3 23
A Sr 1 FR L 4R T A R R 2R XU
AU B SR R IR T AT T SRR BT R A
TE A ' 2B Y BRI 3 A 3 8 S8 20 A 1A i R A
WL AL TR TE S A TR . DL R RS
B IR M5 8BS 2R 58 RS JE . 72 A L8 3 & X
2t N BESROIE AN R UG 2 BE A0 AR E BE E A AR
T SR ] 2 g £ A A R — > B A
FEMAE I T7 1m0 R AE 53 A B R 5 e A 5 £
5 D4t — il RS 2R T 1 2o W O s o O R AR 4
Mo PRAIE T H S 4R T AR E R I W T B R
EAEEEMNO . WIS R RIEEEROLES
2R TEREE k19 T U5 X T R AT N A U R A R A
AR H H B E X

AR SCAE A 7 £ THT AR DI A i A DA 15 39 20 A 1) i
NP — MR E W BB H S LTk %07
P [ B 9 L O ) AR OR R D 2 K
(1 g e B (EL AL T2k T A2 AL BN i . S TR
ARG RE 2 T8 J7 1% 9 D't By 2545 TR R 2 A 2k A
B Y TAR G U o fH s H28 58 19T 8 BE 1 5E I L 1%
2L W 5 R MOl T A 4 i LB AT oy e AR R O MfE —
TE WG T P ) S 2R

2 FeUE AR L AT MG T AR i
PRIk 58 B
B80S 90 0 SR 2o B U 01 A 4
SIS AR B S T 28

Up:6)= Aoexp[—pz/wg, [@D)
o w, AR B AL A B R BE KN
w0, — wg[1+ (niz)'}/z, 2)

XA N AR BB 0 FUR B A B B AR
S TH1 B 6 220 J5e L 2 TR B R o, B AR ) B
WO AR 420 o o WA B AT BB 58 O
AR . Ao A BOLIR IR .

P T BRI 1) D' 5 3 A1 3 A2

2 2
I1(p:0) = Aéexp[—%%}: 2P7exp[—%)‘07] (3)

X POy s 5 =%
R BECHENT « fhJ7 [ 1F 2] Has g, aniEl 1 R,
) 't 20 J52 PN A 5 B O B 03 A hy

Ay

1 BEALREOLES
Fig. 1 Laser direct writing principle in Cartesian coordinate
+o

) -
D= [ 1o =2 [ 10/7F 37 e

0 0

4
GACIENIWNEOE

D(y,® :nle}ig exp<7 272%1 )Jrfexp( Zzzg )dT =

N/%ﬁ(iyexp(* iig) (5)

HT T R 20 b T L AR B R SR
KB DAL B RO 2 gk D . st

D' (y,8) :—LZ”Ljexp(—Qg)y, (6)
T WU Wy
D'(y,8) = %i&% — 1>eXp<— 2y2‘ >: 0,
T WHV \ Ws Wy
7
H (D RXREH EALE R
y = ws/2. (8)
15 05 40 s J /N
wy, \_ [2 P 1y
D( > ,a)—ﬁwavexp( 2) 0. 606D(0,3).
9
1.0
0.8
o 06 7 D,
Curve 1
0.4 D, \ u -
0 W o660, |
\
0 . N
-10 -5 0 5
um

B2 BB T30 S A I R R 15
Fig. 2 Exposure dose variation rate at writing point

versus writing power



1732 B %

o 1 28 %

SR Hy (6) 20T 21, B O o 19 208 fb 3 32 5 i 1y
Ui P A &, N 2 tha] LA ML 245 22 P 3SR
B WO B 43 A IR ARANAE L B OG EE B KME T D,
BTN 2 D, 1620 0 B E D A AE X L
ki Bk, AT LLE S BOAROGZI I BEAFEMZ 2 1993
MAL T ER 2 EES A ENARDR L 1 KO8
20 o W ' 18 L7 65 1% B O A1 oy 2 30 246 X (1
K s 2k B i B s o 72 A Ak RN L R R E D .
PR B A P A S LB E S B E &
T 18 BE IR e
HH (5) =] 75 40 I (1 48 98 -
L =2y =+2w, v/Ing, (10)
Kb AR KA D (0.6) SHEEEIME D. 1k
{H :
B = D(0,®/D.., an

D.o) = |2 P (12)
T WHU

T (10D T f5h 155 2 B 1 28 Al %€

r W2 1
L= 5 Ws v [3 (13)

M3 AT LA LB B Y 3§ R G2k 4% 5 1L
FE X T 52 P B D' kA2 2 A ARUE PR W N . T

60

@ i L=1 1,=20 pm
/
ol %
g
: w():10 pm

20
w,=5 pum

0 10 20 R 30 40 50

3 AE w, T pAEXS L B .

O i 9 e X K ) oy 3 2 [ 1 s LR Ol A o 1 9
YA B L 2 B R R R A b G o 7 ' 9 1
f B L DR G B S B B AL R D AE AR 4k BE IR
B AN 2o 2 b 18 0 75 ' R ) 25 98 Y 4 H &L 3Ca) H
HLAE LT = 1 2B 2k TE B M O AR Ak 1 Uk Bl 8
KsMEAMEIE L' = 1 mf B2 s A B
S o AEL I XoF 7 ' TR ) 4 00 9 T S LA AR e Y
RKOHBEA ST #f L = 1 MR AR MR ve ks e
5 L& BE AT DA IE R4 i 2k e fee v, T L
et AV 75 D R ) 4 1 R Y

(20X ~A2) X AT LIS R % %
HEAT OGBS B A £k 0 150 R R Y ) 38 4 il A5 78

L =2y :ﬂwg[wr (@Z)z}” VIn g, (14)

P i (2

A B2 (13) 3Rk - % BEAT g A gt ) B D7
LT3 3) B A BOE A% o I IS A9 D i 73 A 1 B Ol

A i 2
20
I = / ﬁD 'vexp 5 ) (16)
ua

D:ﬁDcexp<— ZJS ). an

D.fv. (15)

(®)

0 10 20 30 40 50

(W LEBXRA. () L'58%%&
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