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In general, one of the methods used to measure distortion is to use the full image of the regular pattern. However, because
of low accuracy, this method is mainly used for an optical system such as a camera.. In order to measure distortion with high
accuracy less than lum, one can use the method of measuring the exact position of a mask image. In this case, a high accuracy
stage with a laser encoder is required. In this paper, we investigate measurement of the distortion of high accuracy with a simple
manual stage. The main idea is that we split and measure the mask image with the overlapping area by using CCD or CMOS,
and then we get an exact position of the mask image by integrating the adjacent split images. We use the Canny Edge Detection
method to get the position information of the mask image and we researched the process to exactly calculate distortion by using

coordinate transformations and a least square method.

Keywords: Optical metrology, Distortion measurement, Lithography optical system, Aberration measurement of optical system
OCIS codes: (080.0080)Geometric optics; (120.0120)Instrumentation, measurement, and metrology
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FIG. 1. Nomalized Pupil Coordinate
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FIG. 2. Distortion (a) Object (b) Barrel distortion (c) Pincushion
distortion.
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FIG. 3. Distortion type according to stop position (a) Barrel
distortion — Stop located at right side of lens (b) Pincushion
distortion - Stop located at left side of lens.
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FIG. 4. Mask pattern with rectangular cells (reference pattern to
measure distortion).
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FIG. 5. The process of detection with overlap area.
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FIG. 7. The process of overlap to coincide with adjacent patterns.
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FIG. 8. Linear transformation of measurement data.

TS o, Vo) X V) TSR i)+ Wy ) 2 LF
SRuil=

éJ%mnwﬂ%%éHﬂﬂ%@lHQHRMWPEA}
= AS, AS, 92 gholl &Jste] a olm]X] 3 Aol of
@bOWVBJﬁZZPW}QG

AG7HA] olm]z] 9] F3 e Wt st o oA BE
Z} olu|x] 9] i EF0] &%A FRAZ FAYNOZ 3|
Plolx, Y& 7]&81 HEIIE Ph (v, )2 W73

HHA FE5S 7R 0R AXEER SR F4
o] (0,07} H=F HAHoR g olFAl7|A} gt 4
(6)2> 71 g Aoz At Aolth Plwer= Pt EE
% Ao] He HxE ou|gict

m=1,23,....
n=1,2,3, K ©)

mn =

P, P mn*P (enter{

SIA P A olulx|2] FAE UHOE Stol ZHH )
S5 AEghe Ve, Jo K whaa shee] & B
Aol 5 LhepdIcy.

e 5] glote] vpaa B4 UHOR @ wpam
ele) s Ref 5%

Refu®) HEESS FAZ Abuld whend S Ex

Fawln BAL At GoA o) eS s & 4 gl
the glolu] B3k 2R olu]AY HEE 4 (6] Puel

Refn™H] AHiZ o2 3R] ek Zlolt: o2l Al
A7F 27100 Refumoll Wl 213 420 & ? 7] HZel
oh @A AR 2 FeAle] Al Hlee Molet shal

nhaz #sel S ofn|He] AriHel HHAES o
o s mhazie] #me] whe ME Fakn 4] (3)9] B3
HY ()2 A3 HEE M,ol2} shel 92o] gl of
el A9 £ A AXs 2 Zolch AARE 9
o Qlstel £ H;A Apolo] A7k A HaL o5 3
o RUSPF 3127} S 06 08 72 4 310, ozt
shAlo] whgal TS 7o 4 ek e S
Pat A2E URAT HE Mews 4 ()T 2ol ﬁ?ﬁ;?‘?}i}-

M, (0L.0) = Rla) 3+ Ref, {7

RS 23 Mkt 57 OIU|A] F3E P ] AR H

3 RMS= 4] ()3 o] Aareich,
RMS(M, o) = \/ M, ( -P,,)’
y 0
m= ln J*K (8)
{m:1,273, ...... S
n_13273 ....... 7K
9 T4 Fo) ALE P2t M, S o] 83t] ofTsA
(Distortion) 2] o] 4] (9)0 R XE IS A 4= Q)



(e = WA TA S4e] B AT — FAUE
th olF 7 2 ARIKE vEd 3] ARlE AT
+ZMax Distortion)2} 3} ©]F FHA | fHpAt
Upepc,
Pvrm _Refvrm m 1,2,3 ]
. . _ V Lo 94393 eennan )
Distortion(%) = = 100{ =123,k O

A7 Fagt AR AL wile ME 5340 ol Hf
0] oY1l YPF5AE 2| A5l vll-8(Calibrated Magnifi-
cation) 21 =8} T,

05 nm_J J,} Jﬂr zuﬂzﬂ ]./\3 AH|o] A,
2], wafer 280 X2} CMOSAIA &2 T4 Hojgicy BE A
o|A= HlFERE FgEo] AH oA A= R
Yo 2% gjolck ARl AFgSE A= A ujg 2435
TRAY AZ2H w3 TestS Soll ZHH HF Sk
1.8 ymolm, 717 102> £4 gl o]u]zjolct.

CMOS7H[2t= 13] Y Al 21x218] ARztglo] doj]
o AA om A& 7] Y 2HOJAE  5x53] o]F5toq
Zgatolct. 4ol ALEE RS 21by2 S ARG
% 97x97 R AT 3} Ak AYsITE 24 A
e a9 113} 2k

a2al 3 1ol nka=o] el F3E(Refn) @t S8 3
doizl e HEP)] 97x97 F 3x39] AEREE W5}
prg=4 xL/Hz‘;].odq.

o] A5 B3l Al (N 4] ®)o4] &M S HZHE (a)
E oy 5 gick AXFAT Hi&e 2436, 12T A7
& -0.255degree = AALEQIEE THA], o] & AEE 0]
of A (7)ol A

A= A

= 2=

i)

&9«

jus)
==

of 051).

s

o

=
=

AFMA MKHES 22 4 9k

FIG. 9. The instrument for measurement of distortion.
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FIG. 10. The image of mask pattern through the optical system
with magnification 2.435.

FIG. 11. Grid distortion (Field 30.547 mm by 30.547 mm,

Maximum distortion 1.853 pm, Scale :

0.405 pm).

2000.000X, Wavelength :

TABLE 1. the coordinate values of mask pattern(Refx, Refy) and

image pattern(Py, Py) (3 by 3) (unit : mm)
# Ref Refy Py Py

1 -6.363957 -6.363957 15.432350 15.570036

2 -6.363957 0.000000 15.502030 0.068679

3 -6.363957 6.363957 15.571335 -15.434338

4 0.000000 -6.363957 -0.069147 15.501660

5 0.000000 0.000000 0.000000 0.000000

6 0.000000 6.363957 0.068832 -15.503332

7 6.363957 -6.363957 -15.571551 15.432557

8 6.363957 0.000000 -15.502847 -0.069315

9 6.363957 6.363957 -15.434545 -15.572938
A 2742 B3 Qofdl WAZE P} Mk v B3] 9
THAE ANSHA Brh E 25 wjg U4ES 489
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TABLE 2. Distortion measurement data (3 by 3) (Mky, Mky : the coordinate values of mask pattern considering magnification (M) and

rotation (), Py, Py : the coordinate values of image pattern)

(unit : mm)

# Mkx Mky Px Py Distortion
1 15.433451 15.571442 15.432350 15.570036 0.001786
2 15.502446 0.068995 15.502030 0.068679 0.000523
3 15.571442 -15.433451 15.571335 -15.434338 0.000893
4 -0.068995 15.502446 -0.069147 15.501660 0.000801
5 0.000000 0.000000 0.000000 0.000000 0.000000
6 0.068995 -15.502446 0.068832 -15.503332 0.000900
7 -15.571442 15.433451 -15.571551 15.432557 0.000900
8 -15.502446 -0.068995 -15.502847 -0.069315 0.000512
9 -15.433451 -15.571442 -15.434545 -15.572938 0.001853

TABLE 3. Average distortion by repeat measurement (unit : mm)

Measurements Max  Distortion (um)
1 1.81
2 1.79
3 1.78
4 1.83
5 1.81
6 1.81
7 1.82
8 1.77
9 1.78
10 1.83

Average (um) 1.8
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