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Study on Imaging Characteristics of Multilayer Micropatterns
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Abstract In this paper, the imaging characteristics of multilayer micropatterns are studied. Micropatterns at
micron scale with high light transmittance prepared via photolithography are attached to transparent glass
substrates. The patterned glass substrates are in turn stacked together to around 50 layers and imaged by an optical
microscope. The final image is clear on the upper layers and fuzzy on the lower layers. Through a light field
analysis, the influences of crosstalk caused by adjacent layers and illumination on the imaging results are eliminated.
The influence of aberrations is examined through thickness and number variations of the glass substrates. In
addition, the object field distribution of interlayer reflection, the main noise in this imaging system, is quantitatively
analyzed. Finally, an optimization solution is proposed, namely, to improve the signal-to-noise ratio and thus
restore the unclear patterns of the lower layers by reducing interface reflection, enhancing noise absorption, and
optimizing image processing. This research can facilitate the backup, imaging, and observation of the growing
number of documents and thereby effectively enhance space utilization.
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1: lithography objective;
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3: light spot;

4: pixel of information;

5: laser scanning path;
6: AIST film;
T: glass substrate.
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Fig. 1 Schematic diagram of the micropattern preparation. (a) Process flow diagram; (b) schematic diagram

of the laser writing system
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Fig. 2 Characteristics of single-layer micropattern. (a) Transmittances of glass substrate

and micro pattern; (b) principle of multilayer imaging
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Fig. 3 SEM image of the micropattern
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Fig. 4 Imaging results of the optical microscope. (a) Multilayer micropatterns; (b) resolution plate images under

glass substrates with different layers
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Fig. 5 Simulation results of the light field. (a) Influence of crosstalk on the model; (b) field distribution after

plane wave incident; (c) field distribution after random light field incident
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(c) D=6.8 mm (single layer); (d) D=6.8 mm (multilayer)

2011001-5



%41 % %20 H1/2021 £ 10 B/}FFIR

B 6 () i, 5B 6 (o) Hh R JE A ], H ) 2 3 38
JEEER 0. 17 mm . St 40 J2 (0 3% 38 6 i 2 R 45
A2 A 6 (D prs ., Hr, iy iig o 2h %R
QB P28 5K 6 1) MTF AR 2 % %
IR BURIEEE RG] AR AL (805 FLAY T AR I
BRI SR B TR B, AR T
A3 ERMR R AR (228 1p/mm) . &l 6 H 4 &l
M A G A R RT L B B R G R 22
B 5 B2 B B P B 1 1 OR W 3 K, FLAE e — o 7
R, thTOEE RS MTF o iR 4 £
R AR » FEAR 22 30 K AR5 5 BT 28, it
Aof XL v {5 5 e 0 A S B i S, PRI, A ER R 6
() FIE 6(b), & 6 o) AL 6 (d) A RS AE o & S iR b
[, BeAh AR 6 (o) FIEL 6 (d) AT A& BIL, 76 55 )i
FATRI AT DU T 400 2 2506F BLAZ 5 B 1) RE M AN K 5 3
SR SR AT . SE PR O 1SR &R G
b, 4% 22 0] LLAS 200 4k . 4k 22 0 52 00 )2 R N
6. 8 mm 25 IR T 1Y 43 HE AR, 4TI RE I 0 7 B B
INR R AR SRS R 40 J2 0. 17 mm JE S5 A
IF AR R4 2, X KW Zemax BB AEGLR 8 0
kR 2 AR 0 S T B 20 T e % 2 5 2%
OGRS,
1) Z4HOGRY R
25 2 Z (B AH F RS L P B HCE B B S IR ) 43
A AR A 2 v AR WO BR LE T . Zng £
JZESF-H ) 8 ) 2 VRS S RIS AR M 5 AN % ST A i)
{14 A T Jsz S o AT R 4 R o R 2 301 R i 360 1%
@ ®)

—

Gray scale

Gray scale

—

Gray scale

AU RBOR R BN T, WSS R
R R, BIEFR N
To=1—R,,

(6
st A Ry — () R B b

ASIESRA T, PSS 220 TR i g
58 T TR
I =1, T, Ty +1,ToRR, Ty +
I, ToRRRR T+ =1,T;/(1 =R,

D)

R PR FAR Y PRI R T, Ry

_17"[‘ o 1 _RO
Tl_IO_1+ROO (8)
X T m JEBIE AR L EGE LR T, IFRRHN
T T m—T,(m—1’ )
D] PSR A 1 W LU P s hy
TZm

Rsszm jTgmo (10

HIEEOE T— DA WL 59 e
B AR A HOE ™ A R MR, S R MR 51 L
TR BRSBTS PR LR A
PG AT LA A B BEE m B8R, 2 BOGAT W 0
e 1B 7Ca) S BT E— 2 BRI = AR 58
H2.19 pm 5 6. 2 pm BIEEH . B 7(b) HAF)Z
O IO R A5 S0 B T LA I, BEE TR
B T A5 SR S R 2 A o B

- 1 : 1 :

O YT T T
BRI
m=1 ? m=6 ? m=12

0 500 1000 © 0 500 1000 © 0 500 1000
Pixel No. 1 Pixel No. 1 Pixel No.

(] ]
W] § ] § ]
m=18 |®| m=24¢ |B| m=30
0 500 1000 © 0 500 1000° 0 500 1000
Pixel No. 1 Pixel No. 1 Pixel No.

|2 bt F Lo

S U S promspratatasy

n n
m=36 | % | m=42 |F| m=48

0 500 1000 © 0 500 1000° 0 500 1000
Pixel No. Pixel No. Pixel No.

K7 ARZEETRETE L. (@GR E SR EIALE ; (D) A FJEECE E S K

Fig. 7 Signal diagram under different layers. (a) Interception position of the light intensity signal;

(b) signal diagrams at different layers
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Fig. 9 Simulation diagram of the reflected field light intensity. (a) Distribution of the reflected field on the

object surface; (b) distribution of the light field after passing through all the interfaces
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