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Abstract As the technology of lithography extending to 10 nm and below process nodes in advanced semiconductor
manufacturing, lithography has put forward high requirements for the precision of overlay, and the corresponding
alignment accuracy has reached sub-nanometer level. In this paper, a new alignment technique using Moire fringes
based on self-coherence in lithographic tools is presented. The principle is that the same diffraction order beams
from the alignment mark of the phase grating are split and image-rotated by using optical structure of alignment
system. Two groups of interference fringes with different periods are formed on the image plane of the alignment
system. The two group of interference fringes are further interfered and superimposed to form self-coherence Moire
fringes. The two interference fringes move toward opposite direction when the alignment mark position is displaced,
and this displacement of the alignment mark can be enlarged. The position measurement accuracy of the alignment
mark is improved. The Fourier transform and phase extraction are carried out by self-coherence Moire fringe image,
and the position of alignment mark is got by the analysis of its phase information. Simulation results show that the
alignment accuracy and the alignment repetition accuracy can reach 0.07 nm and 0.11 nm respectively.
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Fig. 2 (a) Moire fringes simulation image; (b) spatial {requency distribution

3 HRAHr A 5

WA (1) AT LA X R B B T B A 2% SORH A0 0 2 4 8 A 2% SORH Ao 0 4 B 2 B2 G 2L T
VPR 52 % 20 RO A 5 W s 1 520
3.1 REED

BT Sl A0 FE 0T o R GE A I B A R S U8k 2l o R i 2 hy A ke v e R R AR T DE SRR S OGS TRL Y
TR RN R R 25, PB4 51 AT SO A K A itk 2y, 2 1 S0 AT G O TR RD A AR L3 8l L s T A
SR A S o A S SRR 1 057 A 2 i T R 35 0k 3 R iR R R U S B AR AR A B Ag L A

Ap, —2n(d /A —d/A) (15)
Ag, =2r(d /X —d/A,), (16)
oA, R A3 5 D e R B SR AR A S R N AR S d R REE AR TE 5 X T R G ] R R
Ac=2A/n.s an
A, =A/n,s (18)

b B, G 500 A T RE R 5 Ry 3 A8 A JS G I 8 S AT 8 IR I OB 2L T IR A AT R
Ak AN EACR AR 4L A4l Barrell & Sears KA R H AKX,
n'?” =1+ (n, — D p/[101325(1 +at) ], (19
K a=1/273.16,p Fl t 350 3R AR EE B0 0 Pa il °Con, HARHER ST 3, K 2 =632.8 nm.,
n, =1.00300231,
Fr (15, A6) A A2 A, AT g

I"=4Icos[4nnx (P —P)/(PP") + A¢, + Ag, 1, 20)
2 R E A I PNGSE=3 ¥ S G VAR L8 TS A S|
Az, =PP'(A¢, + A¢,)/[4nn(P" — P)], 2D

X U ZR GE AN B R 8 R I Bl 5 X RS B R 25 4 i ] 3 FNIEL A4 BT A AR v A A RO O YR Dk
K A=632.8 nm, XERRIC ST ERZZ B E N 4 mm,

I3 A 4 ronl LLA R, X RS B A2 X R G A IR T VR B IR BE R Uk B s i 2 oy
0.1 nm/(m « °C), 32X R LA e i JRy 5B U 21 1 52 i 24k 0.025 nm/Pa, 3 H WG & X5 X5 R BE 1Y) 52 i
BV DG FR DRI ™A 2 0T A R 8 A ) BB R R R B v R A R Y OB
32 MEFESRE

Xof HEAR 5 MR 2 SRR T E AR G2 N AN B9 6 2 MR RS R CCD R BOAH I L A5 55 v P A i H R P, I 3
GEAR A RTUEAR 5 M O iR 5 M 7S B 0 B S M 5 8005 5 v, S e B a2k SOML 8 AL L 2 T 52 0 % v

1204006-4



H | i ot

0.5 0.30 F
£ 0.4f g 025
5 020
£ 03t s
et 2015¢
£02 g
E éO.lO r
o0
= 0.1 p L
50 5 005
0.0 ¢ t f . . . 0.00 e : ! i . .
0 1 2 3 4 5 0.0 0.2 0.4 0.6 0.8 1.0
Temperature shift /(mC) Press shift /Pa
3 X UERS 50 e B 2l B G &R [ 4 X AERS L 5 T 0 Jay B 0 2l 1) G B
Fig. 3 Relationship between local drift of temperature Fig. 4 Relationship between local drift of pressure
and alignment accuracy and alignment accuracy

. A MATLAB S0 B0 A5 5 0 5 X Xof v G 2 114 52 1

W RE D LR A A X E RGN 16 pm (525 HOR 1 TEIMIAEME . R SER 72 pm X276 pom, X E AR
01 HATA R A I R E R G S I R AL T A SR B R 8 pm 8.8 pm. 7 AT R H 2t
R X R G S T L B AL A BRI 430 8/7 pm R 8.8/ 7y, X HE A W b WA A L R N R
Wt SR SO Y 106,

TR B L R A5 ECR 8 £, CCD MR R K/NA 2 pm W UEAS 5 B 5 [ 40 dB,

W AR X A 5 M e o ) AR e M S B R P B RN 5 TR L SRR S i TR L AR A DB U
AR A AR BUH BB AL LRy PP/ (2| P—P D JINAE 6 Fis 8 it B S M R S A E B K
I B M 55 ORI 2 5 BEARE 5 B M 2% SOM 2 3847 X5 BL o AT LA 3] 6 U A 5 W 7 %o XoF VARG B 118 R )

300

10000
9000

8000
7000
6000
5000
4000
3000
2000
1000

0 11 il
0 100 200 300 400 500 600 700 800 900 1000 1100
X /pixel

@
250

200

150

Y /pixel

100

50

12000 (1)
10000
8000
6000
4000
2000

0

Power /arb. units

0 100 200 300 400 500 600 700 800 900 1000 1100
X /pixel

5 AN IS Y S M A BOR A T B ()R (b) o
Fig. 5 Simulation of intensity distribution of Moire fringes with noise. (a) Plane graph; (b) cross-section graph
Zead 21 s BT AE B B M SR BUFE S b &N 1060 0 B R S L X HEARIC 1 ORI 7 AT G RE
B 1) 7 M 25 SO0 HE R 22 43 S an 1 7 FTEL 8 s AL 7 AR 8 rfrml LA X AR e 1 SR 7 G AT O IR
I 114 2B A 2% S X ARG BE 43 314 0.04 nm A1 0.0050 nm ., A BT HERRTC 85 G U AT B 6 SR I 1 B Ml 4% Stk
A8 v AT AR AT B e A RS

1204006-5



H # ot

300 (@ 2000

5 -

250

1500

= 200
£,150 1000
[

100 500

5
| : 0

0 100 200 300 400 500 600 700 800 900 10001100
X /pixel

A A
S VAR A

o O

2000

Power /arb. units
— —
[ =] (w1l
(=] (=1
(=] S

0 200 400 600 800 1000 1200
X /pixel
2000
2 ( . signal
£ 1500 - fitting
S
21000
o}
£ 500
Ay
% 200 400 600 800 1000 1200
X /pixel

Pel 6 {0 F v A e 8 9B Rk L o 9 A e S Y S M SR SO ELIEL . () S TR s (o) AT I 5 (o 1806 ]
Fig. 6 Simulation of Moire fringes by Fourier transform, filtering, inverse Fourier transformation.

(a) Plane graph; (b) cross-section graph; (c¢) fitting graph

0.04F 0.0050F
g 0.03} :
£ 002t £ 0.0025
£ 001t £
= of he of
g =
-0.01} £
gﬂ ~0.02} & ~0.0025¢
< _0.03} <
00iL | | | | -0.0050}
0 5 10 15 20 0 5 10 15 20
Simulation number Simulation number
71 GG R 25 5 B 8 T RATHNCH T HE IR T E

Fig. 7 Alignment error simulation of the 1st diffraction beam  Fig. 8 Alignment error simulation of the 7th diffraction beam
i 5 6T A 5 M s 8 0 Ko oA R 2 R O e R I X o 5 I R S X A S S A 19005 %0 R 10 Y01
TR X HER 2 AN A 9 R . DAL 9 H AT LU 2 X A S M S 0 X oA S SR BE ) 1000 B, 1 2K
F 7 AT B C AT TE 1B M 2% S0 % R B 4390 R 0.25 nm A1 0.05 nm,
X HEBR T A8 X T A B BEARLT B AE AR R 22 B LR ONF X AR IE By 1 A &, WO RS B2, CCD R
Al R A2 B4 S S SCEE L anE 10 i s Zead O BUTHR X HE R 22 /8T 1077 nm, AT 20K .
XoF HER 0 T o i@ A I 2 ol e A 2% 80 R VP 2L T 5 4% 0 ) AF I T TR L Gl 11 i s SR o HE B 0 e
1°J5 8 Wi S i 2k se G el 5 BLTHAEL X ER 25/ T 1077 nm, i) 28,
33 WMAEBEMMEEERE
XoF Y SR B — W 22 OO MG B 7 EL AT TR B AR HE T A AT 3 AR e o R B R o A
KB 2 eerron ¢

M
Toor = D) Tewrorsi /M s (22)
i=1

1204006-6



0.25} o CCD Moire fringes
—e— 1st e
Eo20 = Tth L
- //
£ 0.150 ”
: ¥
g 0.10¢ ea?
= 0.05/ T
0L :
0 2 4 6 8 10
Noise level /%
PO AN]R8 T A 3 o iR 2 015 L B 10 CCD 5 bl 4 5018 14 4 8% 7 32 18
Fig. 9 Alignment error simulation with different noise levels Fig. 10 Image offset between CCD and Moire {ringes

10000
, ‘ 9000
8000
|| 7000
6000
| ' L' 5000
4000
3000

1v 2000
IIIH A | lH ]

1000
% 100 200 300 400 500 600 700 800 900 1000 1100
X /pixel

BT X AERRIC IR S% 1°)5 BT TE i Al 4% 80y EL 1R

Fig. 11 Simulation of Moire fringes after 1° rotation of alignment mark

2 (x error ‘r El’l‘Dl‘ 2
L reerror = O o 23

M —1

WL 21 YA BT TE X E R AR (X HERT RN T 0.5 ) X E FR 48 AR IR BE L 5 Jas B8 % 3 (300 43
5124 0.5 m°CHl 0.2 Pa, 2% ML T W 75 Oy B A AR SO B WA 120 0SB0 T xRS IE 1 AT SO BT IE il &
U % 80 4 % K BE R 0.09 nm, XFHETE ERSBER 0.14 nm. XFUEFRIC 7 AT 56 3R BT T 1 B M 4% 80 09 %) YK
JER 0.07 nm, X HEFEZ KGR 0.11 nm; 55 W5 8 S AR SOEME R 10 Y0 F 00T, X HERRIE 1 A7 3% AR
T 1l M 2% 80 00 %ot RS BE R 0.3 o, X ETE B AE N 0.5 nm, XHEARIE 7 GAT 6 A AT B A B A 5% S0 X
WEREE M 0.12 nm, X HEEEFEE H 0.18 nm,

3R e M 2R N Y T A X MR B RN o R O R T UOE B AR R TR HEAT I O L MR AR i L et
AR S SR SR P B A RGO R AR R B T NI CCD A5 25, 385 1 8 4l 4% 4o 2 Jo 300 D 1900 SR R 0, 0% R 1
B RORUST B X AR L 3800 A M £ S0 S BN L B b AT DL — A 4 v G MR B A o R R L X ER
[f) i A B A S Ab B AR N2 B B B AL R .

44 i

ASCHR T — PP LT AR T B A S0 6 2R T L I R T SR MUASE SDLT X R N X o R
HEAT T 05 BHAF 5. Y R SR AN IR R 3R 5 S 0 8 (36) 43 5124 0.5 m°C #1 0.2 Pa B, FEXFHE(S 55 1
BN 1YY T M A AR O A E R 0.07 nm, X E EE SRS M 0.11 nm ., %7 ¥ 7R 6 R A S I R S i #
FIRTEAT 5 3R 10 20 B B0 X ERG BE X MEEE RORE B 0.3 nm Al 0.5 nm., £ — 5 0 B P, % oA B O
AR 32 06 WERRIC ) 4R 07 B A% FIE 55 1 B i)

2 £ x M

[1] Oyama K, Yamauchi S, Hara A, et al. Sustainability and applicability of spacer-related patterning towards 7nm node

1204006-7



(2]

(3]

(4]

(5]

(6]

[7]
(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[J]. SPIE, 2015, 9425: 942514.

Gao W, Ciofi I, Saad Y, et al. Rigorous assessment of patterning solution of metal layer in 7nm technology node[]].
Journal Micro/Nanolithography Mems & Moems, 2016, 15(1): 013505.

Graaf R D, Weichselbaum S, Droste R, ez al. NXT: 1980Di immersion scanner for 7nm and 5nm production nodes[J].
SPIE, 2016, 9780: 978011.

Verstappen L., Mos E, Wardenier P, et a/. Holistic overlay control for multi-patterning process layers at the 10 nm and
7 nm nodes[]J]. SPIE, 2016, 9778: 97781Y.

Gorhad K, Sharoni O, Dmitriev V, et al. Co-optimization of RegC® and TWINSCAN™ corrections to improve the
intra-field on-product overlay performance[]J]. SPIE, 2016, 9778: 97783D.

Mulkens J, Hinnen P C, Kubis M, er al. Holistic optimization architecture enabling sub-14-nm projection lithography
[J]. Journal Micro/Nanolithography Mems & Moems, 2014, 13(1): 011006.

Den Boef A J, Hoogerland M, Gajdeczko B. Alignment system and method: US7564534B2[P]. 2009-7-21.
Nagayama T, Nakajima S, Sugaya A, et al. New method to reduce alignment error caused by optical system[]J].
SPIE, 2003, 5038: 849-860.

Castenmiller T, Van de Mast F, de Kort T, et al. Towards ultimate optical lithography with NXT: 1950i dual stage
immersion platform[J]. SPIE, 2010, 7640(3): 76401N.

Charley A L, Leray P, Pypen W, et al. High speed optical metrology solution for after etch process monitoring and
control[J]. SPIE, 2014, 9050(1): 90501H.

Miyasaka M, Saito H, Tamura T, et al. The application of SMASH alignment system for 65-55-nm logic devices[]J] .
SPIE, 2007, 6518: 65180H.

Si Xinchun, Tong Junmin, Tang Yan, et al. Lithography alignment technology based on two-dimensional Ronchi
grating[J]. Chinese J Lasers, 2015, 42(9): 0910001.

AH R, SRR, e, 4. BT 4R Ronchi S ARG R HERR BT FL ] . EBOG, 2015, 42(9): 0910001,
Si Xinchun, Tang Yan, Hu Song, et al/. High-precision alignment technique with large measurement range based on
composite gratings[J]. Acta Optica Sinica, 2016, 36(1): 0105003.

LB, R, WIS, S R T AE SRRy O B R B T i (] DB R, 2016, 36(1): 0105003,

Lei M, Yao B L, Rupp R A. Structuring by multi-beam interference using symmetric pyramids[J]. Optics Express,
2006, 14(12): 5803-5811.

Barrell H, Sears ] E. The refraction and dispersion of air for the visible spectrum[M]. Philosophical Transactions of
the Royal Society of London, 1939, 238(786): 1-64.

1204006-8



