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Ultraviolet scanning linewidth measuring system
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Abstract: An ultraviolet imaging system was designed for quantitative characterization of micro-and nano -
structures. A beam splitter inserted in the detection path reflected the signal from sample to a pinhole on the
imaging plane. The sample was scanned to obtain the sample profile. The DUV light from apparatus was
utilized to reduce the diffraction limit size and enhance resolution; and laser interferometer was used to
trace the line width to international SI unit. CCD image was used to auto-focus the sample. Sequence
images were captured along axial direction and the focus sharpness was determined by focus evaluation
function. Algorithms were compared and wavelet algorithm for critical dimension auto -focused in used
the ultraviolet measurement system. For wavelet, decomposition level, wavelet vanishing moments and
other parameters for UV imaging system was determined.
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Fig.1 Figure of scanning measurement system
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Ultraviclet microscape
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Fig.4 Wavelet decomposition figure
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Fig.9 Focus results in different evaluation function

T I TC VA i o i T AT R SR AR AR 0 A L i IR
JE K LR 7 AR B X SR B SR B T b M
X TR EE AT A2 SRR B i | SR AR DR bR
BN 45 T M B B KRB A R HURR E B R
TEOLT B BN A5 0 2 T R P A B /D | (i
e I 0 S T DL 2t ITC A R AR I I
2.2.1 Dk RegikF

1% A Daubechies (DB) . Symlets (SYM) FI Coiflets
(COIF) =A™ /N SEAROT L S s M(an &1 10 frow),
DRI G 3 b GO e SR AR /NI R Sl TR L, =
AN ) /N R AR TR 0 2R 36 3,73 i )2 50k 4, R

=in8
- —— -
Hi23 'III It
K lile .llll |I||
N=5F | | %
.-"HI [ | \'x‘
_— G T

Q& et | |

075 [

QTS measures

= 0.TOF

0G5 _r)‘\_w_f-rr-\_,_-l

Image sequence index

Pl 10 /N 1y 32 B
Fig.10 Wavelet selected

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com


http://www.pdffactory.com

630 b Lok A2

% 44 %

P& 035 BT B VEAN RSO RS R AN i AT B . I
FRRT DLBH B Y COIFS /Nl 3R 45 1Y 7 P SR I -
I 2E B COIF /N3
2.2.2 HELEM kB

NI PR B N BT R R R E /N TN IR

LN B | X000 — B

PRI F(t) A E ] 22 30 X ke s M /NI 1Y) T 2 B 4R
i T R N R I U R T T R
FEPE T iz/NE G G BN BE ) . AR TE R
R I A T R R R o G S K R AR
To BRI, W 11 TR RN 3, B s
SR A 0 A P FERE I SR A B BB, 43 R
RN

|y
- CI3F2
—— {OIFl
111} ety

09 I

— =

|

Focus mensures

—
ff
H
N
P
4
{

i

Image sequence index

11 /NPT 2 S A R X
Fig.11 Wavelet vanishing moments
2.2.3 p i ERH MR F
WO = %0 3,4,5 BEAT 0 M . BEAE 02 B0
I, VA R SR A B T R T MR B R
PEm, AT 50 U2 305 2 R AR T i
Ko LREHIERENRE LT YA BRI ZECN 5,

i 4 ES 12 I
Image sequence index

P 12 /N o ik J2 K B4 3ok B

Fig.12 Wavelet decomposition level

2.2.4 FRMEAE

It CCD A &35 5w , IF B, 1 ke 5 g £k
B o ZHFE N T AR B A RR R | X BRI U
XL R T #E CCD LT iR s s R K 1558
YK BE 225375 . BB BT S AR MERR IR ZE LR TE AL 1 K
FEARAE, B A X R AR Z K EE BTN JCIE i IA
TR R ATEW AP RE S I 20 DL R A
R0, T L8 0 190 i PR = B R I ARRAIE . 9 K 2k 5
AR B B A A, T RS A L R e T
FES A B A BT L, £ BRI At
X—IG, EFRIT X EMG AT — L Ak B T
Bt Canny 53X GEE AT IO G AR B, BEREE Y
A4 R, AT KT 5 S5 MR 7S R AT R 3l 0 2
MEE R 0.5 B, U8 R B i, sk B Canny 51
{E & 0.5, %F Canny 514 B AT 5 1) G R A AT
TXFH, WA 13 s, ATRAE Sk, i Canny T2
T, /N R AR DT R BSO8R B0 T R
ShEALR A — IR EUR W RV R BB I K (R
W, T Canny BT 25, 1 SR B ERR , IEH
b H L PEA R B SR R (R AR RIE M), XA &
SR B A 2

1ary g —— Canny
|I II | e Without Canmy
| |
- |

II |I Iﬁ I'I

.-"'IJ':\'*-u——— —-"J |I II l\.'\- et —
, | II

" |
Y I

0.4 II\\\‘_J: I\‘_T_../-_._‘f

-

Focus mensures

] 4 ¥ 2 I

Image sequence mndex

&1 13 0 W P E oA

Fig.13 Compared with anti-noise performance
3 & it

IZSCHRH T — R SR R 5, i %t
I SRR 34T, Bt T AR A PRI R GTAHE . 0 RS
MxHETEIEATOTTE, IR Tr L2 CCD A 3t
5 NPT EAERS L AR TT AR 3271 78 A Sxd £
AR R B, TR AR 2 B AT B A | ik e
R AT T RE 2 R AT R B ) E 45 21 H
S/ NIRRT TR RS E P AT T S AR B

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com


http://www.pdffactory.com

% 2 4 KANE  E AR R ENTFRAAOTR 631
Measurement Science and Technology, 2007, 18(2): 430.
%%Iﬁi}[ [71 Groen F C A, Young | T, Ligthart G. A comparison of
different focus functions for use in autofocus algorithms[J].
[1] Gao Sitian. Research for metrological atomic force microscope Cytometry, 1985, 6(2): 81-91.
[D]. Tianjin: Tianjin University, 2007. [8] Zheng Yuanyuan, Jiang Wei. Research on a new auto-focusing
UL R R R WS B BF ST [D]. R KR EER K algorithm[J]. Optical Technique, 2011, 37(4): 471-474. (in
2, 2007. Chinese)
[2] Hignette O, Woch J, Gotti L. Large -bandwidth deep-UV HE I, W — PR A S RAER R RI]. b
microscope for CD metrology[C]//Microlithography*90, Intern- A, 2011,37(4): 471-474.
atonal national Society for Optics and Photonics, 1990: 79 - [9] Ligi. Research for digital auto -focus technology and
90. implementation method [D]. Hangzhou: Zhejiang University,
[3] Bodermann B, Buhr E, Ehret G, et al. Optical metrology of 2004. (in Chinese)
micro -and nanostructures at PTB: status and future ZEAT. BT B B R ER (Y BIS J SE B R FSE [D). B
developments [C]//Ninth International Symposium on Laser WiiT K2, 2004,
Metrology, International Society for Optics and Photonics, [10] Pu Li, Jin Weiqi, Liu Yushu. Super -resolution algorithm
2008: 71550V -71550V-12. based on post wavelet treatment [J]. Infrared and Laser
[4] Ehret G, Pilarski F, Bergmann D, et al. A new high-aperture Engineering, 2008, 37(1): 173-176. (in Chinese)
193 nm microscope for the traceable dimensional TR, A AR 0 R T 5 /il b 350 8 4 F R 2 R
characterization of micro-and nanostructures [J]. Measurement B[], as 5 H0oE TR, 2008, 37(1): 173-176.
Science and Technology, 2009, 20(8): 084010. [11] Wang Yiwen, Liu Xianli, Xie Hui. A wavelet -based focus
[5] Attota R, Silver R. Nanometrology using a through -focus measure and 3 -D autofocusing for microscope images [J].
scanning optical microscopy method [J]. Measurement Science Optics and Precision Engineering, 2006, 14 (6): 1063-1069.
and Technology, 2011, 22(2): 024002. (in Chinese)
[6] Ehret G, Bodermann B, Mirandé W. Quantitative linewidth T SCSC, RURRAL , . e /0N i AR J Y S R PR 3 A R T

measurement down to 100 nm by means of optical dark -

field microscopy and rigorous model -based evaluation [J].

M%K% 3-D A shE AR R[] b2 K% T, 2006, 14
(6): 1063-1069.

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com



http://www.pdffactory.com

