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Displacement measurement analysis in distortion
detection of lithography projection objective
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State Key Laboratory of Optical Technologies on Nano-Fabrication and Micro-Engineering, Institute of Optics and

Electronics, Chinese Academy of Sciences, Chengdu, Sichuan 610209, China

Abstract: In the distortion detection of the lithography projection objective, the displacement measurement error is
one of the important error sources. Depth analysis of the error sources and reduction of the error terms can improve
the distortion detection accuracy. Combining the positioning and measurement technology of the moving stage, this
paper analyzes the displacement measurement error of the image quality detection stage when the Shack-
Hartmann wavefront sensor is used to detect the distortion of the projection objective. In this paper, a set of image
quality detection platform is taken as an example to analyze the displacement measurement error in the distortion
detection of the projection objective, and the image quality detection platform is used to measure the distortion of a
projection objective. The distortion detection result is about 80 nm, in which the displacement measurement error of
the image quality detection platform will bring about an uncertainty of about 22 nm to the distortion detection result.
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Fig. 1 Schematic diagram of the projection objective distortion measurement
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Fig. 2 Structural schematic diagram of the projection objective image quality detection platform

Bl EEEiiihe)

B =
2L

B, G JERIIN G | HEZRAT IR R G
e Hrpilz s G B R &AL R, RATBUR
HOCT WA R 58, SEBN A o R ks %
B, PASE IS TR 2 A R X SO M B AT AR 5 #E
15 T SE BRI A [# 2 B ARG T A O B A 5
JEAAH G 3 I EOCIR A RO, ST IR
At g), KDL IR SRR LA /NL; HESR
gebgtL B . B MRS HMERZEAS D)

R M OME R G . Hoh B . iR, Milizsh
. G LRGSR B T SR

AR S, R R GAL TRASETRR I & A9 S
b, I NERA AR R G S BRI E rBREE
R

W & AL AR AN BUR W) B AT IR AL RN, 35
IR IRz 3 & 5 RO IR RO DL
M A BRI A R EE), i TR RO e
TR, IR S O Y SRR E A B T ER BN R G
K3 RIE G R SEPIE, RATEHES & HUGIE
X, B ERMTFSH T, BLEIIRsE, s
BRMFNEECEE T m, TR RIS, (E R
R RO WAL A RS I AL RS, i

=%

CezEa

BHRHNERReN G 4T ER

220226-3


https://doi.org/10.12086/oee.2023.220226

FLA, 4. S TR, 2023, 50(2): 220226

https://doi.org/10.12086/0ee.2023.220226

BEAHSREREMRT 10 nm; SCHREAR S M#E
TR B AR/ ML EARAROG, AR/ ML
TR, WDCHA £ BRI SRR A B T 2K 3
WK 5] 4 BOCHF B R SPIE, RRS) S

PURRERZAT RN LMIE S, (AR AL ks, —4E
JCHIME R LR A s, 20T & A AR
REEALT 200 nme 5] 5 B2 W BAR TR £
SRR

A3 X&)

EELCES)C]
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Fig. 11 Schematic diagram of objective reference mirror
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Table 4 Environmental errors summary of the dual-frequency laser interferometer
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Fig. 12 Schematic diagram of the horizontal abbe error in distortion measurement
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Table 5 Positon measurement reproducibility of the image quality detection platform

5 XHAZ BiAE/nm YIS BitE/nm RFS XA Bk /m Yl BiE/nm
1 12.29 2.63 14 274 7.06
2 12.69 0.93 15 2.76 8.30
3 14.26 0.17 16 373 9.56
4 17.42 0.59 17 7.73 7.09
5 13.70 0.40 18 6.55 10.43
6 8.81 1.82 19 3.36 8.46
7 6.12 3.79 20 2.93 7.35
8 8.86 279 21 3.70 10.74
9 9.65 0.87 22 1.40 9.4
10 7.97 0.77 23 0.56 8.01
11 1.57 4.23 24 0.11 6.57
12 217 9.51 25 0.74 11.96
13 0.46 6.19

5 LWHTSER

MRYERZE SR AT R IR, K BOE W) BR ks
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Horb s Aw iy B W B8 SR I 5 B 00 7% I iR 2%
Acoh ARSI AR R E , Ac i AL
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ARy W AR RGN P B KB DL R 2%, ACHAZR SRS
o7 EEI R A A2 PR 2

MRAE (12) W] LA SO 28 Y BU Y 15
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TRIEEBUING o TTPRTE P 20X 57 R 0 HHE 2 F) 5 i)
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Table 6 Positon measurement reproducibility of the image quality detection platform (micro-environment control system off)

HIPS X Bitkinm Vil B E/nm HIPS X Bt inm Y B Enm
1 90.38 62.10 14 204.77 185.13
2 130.90 50.33 15 228.85 74.61
3 104.52 145.49 16 236.94 103.03
4 128.89 27.5 17 270.60 159.11
5 141.70 92.99 18 243.22 177.69
6 170.90 153.34 19 252.73 171.02
7 154.09 156.13 20 235.13 174.26
8 190.73 152.25 21 218.89 173.47
9 181.26 160.74 22 207.70 170.62
10 189.27 165.97 23 210.58 147.87
11 210.64 187.02 24 219.43 169.11
12 218.64 185.13 25 235.15 186.93
13 186.24 167.52
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Fig. 13 Distortion distribution map
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Displacement measurement analysis in distortion
detection of lithography projection objective

Du Jing, Liu Junbo, Quan Haiyang, Hu Song*
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Structural schematic diagram of projection objective image quality detection platform

Overview: Lithography accuracy is one of the key parameters to measure the lithography process. Lithography
projection objective is the core component of a lithography machine. The distortion of the lithography projection
objective is one of the most important factors that affect the overlay accuracy. It causes the position offset exposed on the
silicon wafer from the ideal position to the actual position. At present, the detection techniques for the distortion of the
projection objective are exposure measurement, aerial image measurement, and wavefront measurement. The exposure
measurement that is suitable for lithography manufacturers depends on the exposure process and equipment, thus its
detection process is complex. The repeatability of exposure measurement is better than 1 nm. Both the aerial image
measurement and the wavefront measurement without exposure are based on the photoelectric sensors. Its detection
speed is fast, and the measurement accuracy can be better than 0.4 nm. The image quality detection platform of the
projection objective is a device for detecting the optical performance of the projection objective. The wavefront sensor is
a device for measuring wavefront aberrations and can also be used for distortion measurement. According to the
principle of distortion measurement, when the Hartmann sensor is used to detect the distortion of the projection
objective, the measurement accuracy of the mask's actual imaging position through the objective directly affects the
accuracy of the distortion detection. So this paper focuses on the analysis of the displacement measurement errors of the
image quality detection platform when using the Shack-Hartmann sensor to detect the distortion of the projection
objective. The factors that affect the displacement measurement accuracy of the image quality detection stage mainly
include the following aspects: the measurement error of the dual-frequency laser interferometer, the horizontal Abbe
error of the distortion measurement, and the reproducibility error of the Hartmann position measurement. The
measurement errors of the dual-frequency laser interferometer include the instrument error, the geometric error, and
the environmental error. These errors are related to the performance of the interferometer, the layout of the
interferometer, the performance of the image quality detection stage, and the environmental conditions. The horizontal
Abbe error in distortion measurement is due to the fact that the dual-frequency laser interferometer cannot accurately
measure the position coordinates of other points outside the central field in distortion detection. The reproducibility
error of the Hartmann position measurement means the reproducibility of the Hartman sensor position information
measured aiming at a same objective in a period of time. The factors that affect the reproducibility error of the
Hartmann position measurement include the fluctuation of the interferometer value, the position control accuracy of
the motion stage, the long-term drift of the interferometer, the long-term stability of the Hartmann sensor, the long-
term stability of the test light source, the optical properties stability of the objective, etc. In this paper, a set of projection
objective image quality detection platform is taken as an example to analyze the errors of its displacement measurement.
Its displacement measurement error is about 22 nm within the measurement range of 40 mm x 40 mm. At the same
time, the distortion of a projection objective is detected by this image quality detection platform, and the measurement
result is about 80 nm. The displacement measurement error in the distortion detection of the lithographic projection
objective is one of the important error sources of distortion detection. Depth analysis of the error sources and reduction
of the error terms can improve the distortion detection accuracy.

Du J, Liu J B, Quan H Y, et al. Displacement measurement analysis in distortion detection of lithography projection
objective[J]. Opto-Electron Eng, 2023, 50(2): 220226; DOI: 10.12086/0ee.2023.220226
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