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Differential Confocal Microscopy for Edge Contour
Detection and Location

Liu Dali Wang Yun Qiu Lirong Zhao Weigian
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Abstract In order to realize high-efficiency and high-accuracy edge contours detection and location for micro
structures such as photolithographic mask, a differential confocal microscopy (DCM) for edge contour detection and
location is proposed and verified by simulation analysis and experiments. The proposed method has an axial response
characteristic of zero-cross step trigger at focal point. Utilizing the step trigger characteristic, the proposed method
can realize the real-time sample edge contour imaging in the form of binary image. and greatly improve the efficiency
of edge contour detection. Theoretical analysis and computer simulations show that the proposed method can precisely
detect and locate the edge contour without being affected by edge shape and direction, and has the ability of
suppressing the interference caused by multiplicative and additive noise. Experimental results indicate that period
measurement difference of 5 pm-period atomic force microscope standard step between the proposed method and
atomic force microscope is only 2 nm. So the proposed method can be used for the real time, precise and rapid
industrial edge contour inspection for microstructures.
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Fig. 1 Differential confocal edge contour microscopy system
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Fig. 2 Differential confocal axial response curves

(ll(1:5. 21)

Iy SEBrttim fh 2ok 0 B B 2 fros i Fr e (H A 52
Wi bR S AN s S Ty — Ty AR T, B
S SR 3k 2 fioh R RR AR R ) 41 ) M S R T R T
THErERE .

FI I, %y 45 46 1 1T 1 Bt 6 %) B BK ik &
SR N A DO R S IR A S U S ity R el E i aE
A7 o 7% T — 3 A L R A I U R R,
¥ s A il e B R R AR A it ) AR AR R 21z o
PATHE R A D e B IS ) B R AETE = =
(2 + 220 /2, BIRE a0 rh B 2 A 2 A 1) U — £k
AARIEH wo SR IG -y KB BT L R B AT A
i AERESS (oay) DLE ., KRS N 2 R
A ARIC A o

Hy AR AR AR A

I\ (x,y) =
R (zoy) | h(xayszy — 2 v2) @ olx,y, 2|7,
4
Ipy(x,y) =
R (xsy) | h(xsyszy — 2/ —2) @ o(xay,2') |7,
(5)

AP QREBEFUSHA T, o(a.y.2) BT < (L E
P BRE A, Covys =g — = oz) SRR S BLAT Jil o)
B AR L AR R A R R R — fe A AR R k5
%:,[18]

1
h,(vsu,u,) = exp(— ZiSOu)J P(osu)]o (o) pdp X
0

1
J P(o,wexpiugp’/2)], (yp)pdos (6)

Ao PO i B B £ G I pR AL T S B DL ZEIR Rk,
o A3 B T — b P AR AR AR s 2 Bl 1) 2 [R) 0 38 1) 6 B
W v = krsin ao G IH— LR LR .
FIEFE R & S R
Ip(x,y) — I, (xyy)
[ Iy(xsy) — Iy (xsy) H—A] :

I/,(.Tsy) — 1nt|:

D)

BRI, Y [ (r,y) << [y (x,y) BT, (2,

y) == 1, U A > i Y BE AR T B Y £
Y Ig(asy) > 1 (s y) B, 1, (2, y) = 1, I
R it 2 AL R R T B R AR T Y L (e
) = Li(x,y) B 1,(esy) = 0, BUBTAE S 2 FT A7 B
F18y e T A5 T B ) - T g B o T SR R ) B Y
LA —E R IGH I,(x.y) = 0, HTRILALH, Y
I, (s y) == 0 B o AH A7 B8 807 30 2 AR Y K B (B i
SR 2555 I, (ayy) << O B, HH A AT h 4
B K FEEIC % 0, T2 19 3 RAEAE S i —

1008001-3



i &

# ot

AR . b T 5 9 R A AR i P AL S
I B AR R v P15 28 S % s RIVAE ot A o 7
IIEFESUE 9

NG R K BEAE R 5 S8 T ()
Ly G ) A K ELBCHE A 34 75 0k 7 54 3 B I [ A
S, DRI 7 50 BRAG AT LS A ) B 3RS S
R b 320 G5 ) SR ARSI o 3 T S B M 2 80 R AT
DA B A g A ) RS

PLE B ARE o B 1 S i E A A B 1 T RS
H L8RI5 K B W g o 9 A A a2 R
LIy W&k BRI LA K15 1 — L ik
PE X IR 7 8 B iz BT Ty — Ly = 0 1%
] AL bR AR E] 2 B 2 AR B 2 FEMZ S SR B
WEE RAEAE = ALE R HA 7 36 R I A5 %118 /Y
B NGRIE  WEENIRE AR T RGN 20 1Y
D2 22 A0 PZT WY BK 2l 43 B2 H 3 i 459 3 %
g AR 1 2 5 B AR ) i 5 O A/ tan 0, 3X B tan 0
B W RN RE A 22 g 3R ARl 4y BE ) T Gk
2 nm" PZT WA R 50 3 10T 3K 1 nm, R S BE 10
E AR ZEAR /N L OR300 25 5 6 K BE 1 5% e W] LA 2200

3 Hignt 50 H
3.1 BRFEINE

SEAE 2R G0 A7 A T G 7 SR A M A Rl A
ZNELE Sk e B A s b2 b L S I K S
i BRI 5 A R R A R EOLE IR D AR
By AR A SO R RAL . R B R SR e
M 7 G E IR T R P S R Y Bh i ) EA
BB 901+ A T ARG AN n,
PRI R, ff ) e P P R ) o P 3% T P 0 310 2 s
ng I'a=pla+ny+nI's=gly +np +n.. TR

ro Li=Ii I, +An/| Al
=T TL+an/ AL’

K an=npg—ny Al = Iy — Ly ST AR S IX SR
A AL an | FRL =1, A0 K3 FRAE
] PE 2l 00 RS A R A AR &R, A
AL [a| An | IR BN ORI RS AT fE £
SRR, WP 5 R S R AR Xk 300 % A I AE 1
JEEFY 52 1 /N
3.2 B ENMLL

N RE R M A I 1 Ty — Lo AE R RRER
RGBSR | L — L | i ZRRAEA R 4T £L 4
T e % e 19 M 7 U0 o R 2 oy 1] 3 T AL L BB B AL Al
16 i A% f g BRSBEHTIE R e = O BRI 3 0L 19 300 25 X

€))

B RREE LR Y wg > 2.5 B G
Sl AR R D W AN B S e R D s L e s B8
I ARG  FER R G 1 20 HER B L
Ly (AR JBCRE L NI R2 0 T, B MERA P . R G0 1
£ S NIDE RS

1.0

Normalized intensity
s o o
S o ®

=
o

3 MRS 0 A i 2k
Fig. 3 Simulation noise suppression characteristic curves

LEAG 75 TEE ) S P A 0 M R R BE g, R
wy =2, SAE N B A I A% A ORI DX e [ 1 — L |
iy 2R W (A B e B we [—2.6,2.6],
3.3 BMEWNHFESH

I — AT R B B RE A B B TR IR 0 S
R ol A AR = B B IS AR S AR
B AR N =00 H o2 D 2 FEA B INIX R P S &
M B G AE = 0 B, SR R B R

o(xsy,z) = rnH@)0(z) +rH(—2)6(=,) »
(9

Xf H(o) 2B A = = (20 +22)/2.6(9)
HACA G L (6) APl 15 & B slAgR 1 Lo 2R )5 8
Ly Iy RRACT) CRIAT A5 20 5 B 64 301 2% 48 B 1R D
HB RO B LR (NA) g = 0,80, P K A =
0.6328 pm, i EI B 10 nm, GBS EH r = 1,
r, = 0.7071,2, =— 75 nm,2, = 75 nm,

PSR 4 fros . BIh AL s R 6 B
NGALE . M4 Al W, & B g 23 %008 & B

TR A TTE DX B T AR AR X . T,
2 T
1.0F ! — 1
I T eenaee ]
0.8 ! e
& : g
‘7 0.6~ I 3 o= I E
1 IO I A 0o 8
L] I I A I |
o | B =]
A= N 7 £
0.2 h3Y :/," ' o
0 i 1~
Il ‘ 1
-1.0 -0.5 0 0.5 1.0
X /pm

B4 BB AR5 F 2k

Fig. 4 Simulation step imaging curves

1008001-4



R RALAE -

2= I A SRR A I 5 5 T ¥

(s ) UG R 1 B R 30 300 B0 2 e 77 R il 119 30 5% %6 A
AL EAE R . ZEHCREZm, (DX P o HEH
A, & (DOREBAFE] 0 {6, WAl LIS 0 fH r Bt
AEBRRE B ML A B . YA RER B 0 {E R, AT
NGAE— 1 F 1 BB BRI A 1 A4 8] B N A Ot
WG B KGE AL 25 1 AR [ 451 41 1) B . Oy A7 4 Ak
PR PR i AL B O 4 e TR ALE

15 LW L AR 5 9 R 8 S I AT R R A 8
SB35 A7 i R A
22 VAR ) B . /N B T ) B AR T 4
N2 EANLKTFE
3.4 BERMAEEMBREAFERE

[ AL EA & A T7 B 2 o Ok [ LA 22 s 3t £
G R BOT E. B SE N &=3.0 pm,
n=1,r,=0.7071,2,=—75 nm,z, =75 nm, I
E]Ff 10 nm,

B 5Ca) Ty I g2 Hy 22 3l 3 £ iR T 15 1906
SRR 1 B BT BR . e ot i AR R P A Y
AR R M EMR . B 5 b 1, 2 i Z SOk

SEECHE 1 F (7)) 545 20 0 13 i % R T 2 5t £
Jem A Sobel 515 2 R & EMR . i B
22 20 3 £ % 0 B0 15 B0 A A DU | AL AR N
2.96 pm, H {5 B AL EE 45 5 Sobel B 7 ik
R 255k 3. 24 pm. W] WL, AR 7 9 B A5 R I AF: fr]
J5 1) 1 i 2 . B S fE 45 G Sobel 587 31 Z s I J5
B A A HER

B 5 (b)\ Ced T 7R S 417 O 9 85 48 19 15 8 L

v =30 dBFIM FEEAL 45 1 T Rev =13 dB i & fL
fﬁﬁﬂﬁ@%%ﬂﬂ%iﬁﬁ@f% A TH] Rex T
Sobel 5 EIGAL B 7 125 A% 19 10 2k KR 1 7T WL,
FE LA AREE Ron ™ FH OB AL B Sobel 5 E {5 ik
UL TGRS A A . AR A Rex T B A U7
PR ER 1, 7T W 72 3L R Rey ™ H %
FEBE I, R 2385 R 28 25 fH J& i 2 X S AT fig
e WAR A7 HER L BE 08 T T Rk I . fh 05 AT
U3 A% 77 vk B G 1 MR A AR L A O R R 1Y
R " B BAL RS OLT o AT) RE 85 52 B0 XS A it 30 2% A
I A

Lym

K5 BB L IER . () EMEA 5 (b) Rew=30 dB; () Rnv=13 dB
Fig. 5 Simulation circular hole images with noise. (a) No noise; (b) Rsw=230 dB; (¢) Rew=13 dB

R A5 A B L P 52 5 vk R A A TN A E £
B a2 ) B A5 1 T B A T T 1) B 3 Gk S B A
R GRS AT PO H B A O T L TSR RS AR A
AR GRG0 5 SRS T 232 1 1) 4
il 6] B R W, 7E AN R AT B0 T e Kl &
SEAL N 220 1A 1A 310 B

4 IS 5 2E R

Foy s 22 2l 3L AR 10 G 8 T S IRUBE A D S 6 e L X

B $2 J7 ¥k BE AT 5Ok
0.6328 pm. Y% NA 24 0. 80,

A OGO e R PR
AL Al 1 2 AR A

us H 2.5, WIHER P1 P725-CD ¥ Bi 4 K R 45 &
GEUKE) . 1% RGN BT 40 I A R R R

HORCGR I O L I WA B R VA
1.25 nm., F G050 M R 4 ] 4 il 2R A 6 s
TESEIN A AT/ L AL JEARAS [ 72 A I ol AN
XK AH B A AR BRI B [y =1L L 1Y
18P SURS e EPO NV AU Sl AR Wb SV
GRS ARV 1 e, UNIEL 6 R AB TR,

1008001-5



# ot

S o of B
B »® o
b
k)
—

Normalized intensity
(=)
o

0= 1-1

-20 -15-1.0 -06 0 05 1.0 15 20

X /pm
P 6 F 4 S 0 MR 40 R b R
Fig. 6 Measured noise suppression characteristic curves
4.1 EMREHERUEXE
) 45 7 #E 5 Budget Sensors HS-500MG [
Tk 2k AL B B R R B SR T XA R B
Wiy 11 s A I 5 0HG 2 R S PR BE . B B AR R
500 nm, SN G By A B N T s . Al
B fE A~ 10 nm, & By & E % B i DI Dimension
3100 B 1) B AT  FHAEXT HE . &l 8 Fra .
S WA AR B & B RS 5. 0054 pm,

........... I ..._‘._.I 71
0.6¢ A B cD EF® G'H
1

0.5

0.4}
£ 0.3}
g 0.2

|

0.1}

0 L I

-0.1 1 1 1 1

1 1 1 1 1
-10 -8 -6 4 -2 0 2 4 6 8 10
X /um

S
Normalized value

L L] L 1l-1

& 7 DCM sz h £k
Fig. 7 Measurement curves obtained by DCM

K8 IR T MBI i A

Fig. 8 Measurement results obtained by atomic

force microscope
HY &L 7 AT DA T vk X 1 % 8 AR T R 52 8 B 4%
F 40 A S B A A ) R L BE A8 HE IR & B 09 R T
TEY BT i g, IR 7 I & B R

A AL E AR AR ANER 1 Frs o A I R
37 5 2% 120 2 » L0 A 22 o 300 5 6 i 25 TR E .
21 R gk 2% AT 0L L AT ik P A S T A K
22 0.0192 porm LA [ 4 40 [ B 1) 2 A% AT b X 3
GHEN M ZLY 1 AR R b . hR LIRS
BUATT LA G B A 6 5. 0033 pm, 377
WRIRZEH 0. 013 pm. 55T 7 B 3BT 3145 45 SR A
EG AR 2500 0..0021 pum, %0 L SE B 45 R,
ATTEREB MR PR G i % . A2 6 5 Rk
B B LR R R T 0 G RS R RE S S B
A BE AR i) 0
1 GH A RS R (AN pm)

Table 1 Measurement results of step period (unit: pm)

Measurement site  Measuring result  Residual error

AC 5.0138 0.0084
BD 4.9862 —0.0192
CE 5.0138 0.0084
DF 5.0138 0.0084
EG 4.9862 —0.0192
GH 5.0138 0.0084
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