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gratings of slightly different periods.

Key words

In lithographic alignment, alignment labels located on the mask and wafer are generally made by two
characteristics of moiré fringes, effects of geometric positions of the template, wafer and CCD on alignment precision
OCIS codes

The relative position between the mask and wafer is detected by phase
information of moiré fringes. In practical application, the direction of moiré fringes is not only related to geometric
are emphatically analyzed.

—

position of alignment labels, but also position of CCD. To propel the method of lithographic alignment into practice,

phase distribution law of general gratings is analyzed from rectangle gratings to moiré fringes. Based on phase
=

0.002 pixel without an angular displacement when the displacement is less than 0.4 pixel.
1

Mathematical-relation models between the alignment deviation and theoretical
displacement are also established. Research results show that the maximal alignment error is theoretically less than
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measurement; lithographic alignment; angular displacement; fringes analysis; phase analysis
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Fig.1 Line-grating alignment marks. (a) Mask label; (b) Si wafer label
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Fig. 2 Rectangle grating
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Fig. 3 Phase direction. (a) Fringes; (b) unwrapped phase

a) £80; (b) M

0912002-3



2 i

4 A bR o IE 520 M 2 3k S [) L] A 48 75 2]
AN T) ' 5 R AH 067 43 A0 1 6 LS. L B 4(b) ~
(o) 2 H I 4 Ca) 28 5 a7 B 1Y) e 2 708 4 15 3] 1 AR} 2R B0 TE
SE G s S B0 SR A3 A LA AT BRL AN A A AL Y
J7 A B 4Ol T—E MM, B 4(d~(e)
H [ 4 (o) 2ot A8 4 s B50RI ] L S LT R & A= T

i B A8 A+ A A B8 AR A T 1) AN AR [ AR X T
B 4 B AR AL A R 22 5 il R X
B A (1 — D P M AR S .y T A
LA e AN AT AT 19 o R 3] A 52 P 19 016 20 % ofiE v
B0 05 ) R AR TR S R ARG B K 2 32 B —
R

4 REJUTE B e . () Gla.y) = y; (b) G(a,y) = asin 0+ ycos 0,0 = =/10; (¢) G(x,y) = xsin -+ ycos 0,
0 =—n/10; () G(x,y) =—2*/4+5"/9; (&) G(x.y) = 2*/4+ y*/9; () G(x.y) =— 2" + y*/100
Fig. 4 Gratings with different geometry structures. (a) G(x,y) = y; (b) G(x.y) = zsin 0+ ycos 0,0 = 7/10; (¢) G(x,y) =
xsin 0+ ycos 0,0 =— 7/10; (d) G(a,y) =— 22 /44 y*/9; () G(x,y) = 2°/4+¥*/9; (D) G(x.y) =— 2* + »* /100

3.2 EEXMEMBLSTH

5 AR WL R 2 5 A Y R A A Ok
SRR TR AR AR THE AR 52 OGN, e 0E G R pR Bk ik
K

Fi (2,3) = 0.5 4-0. 5cos[ 2nf1Gi (xsy) ],

Fry, (xsy) = 0.5+ 0. 5cos 2n /> G, (2530 ], (15)
P G ()G (2 y) MEXE D ~ (12) 2
() o BRI J30) e 5 9 16 Bl 1 JLART T2 AR A R[] AH A7
S L B, o) = 2 16 (203D o, () =
2nfy Gy (xsy) s

) AP WO R S S DL R Y P T
P e AR HCE S 1 DGR 0 A
[(x,y) = 1 X Frg (x.y) X Frg, (2,y) =

%{1 4+ cos[ 2nf1Gi (xsy) |+ cos[ 2nfo Gy (s y) ]+

%cosZn[flGl (223) - £,Gy (xay) ]+

L oos2al £1G) (20 y) — £,Go (za) ] (16)

2
AR (16) 3 B S 7 Ml A% S0 TE]AH 8270 A )

em(x,y) = 2x[G(x,y) ] = ¢'1‘1<1 (x,y) — 95'11{2 (xs3)
7
qrp
G(x,y) = f1G,(x,y) — [,G,(x.y).  (18)
A DL B A A% S0 AR 43 AT AN AL 5 TR A4Sl
Wb i) 2 PR AR AT G, T HL I8 5 A S i JLART T AR
L LROEVACREPSE S
FR A 1 3 e N7 A8 AL AR O AR Al L T D Al R A7
TEeFE e .
G, (x,y) = xsin 0, + ycos 0, ,
G,(x,y) = xsin 0, + ycos 6, , (19)
D) Xof 7 14 285 A 25 80 11 5 i) SR A
To = [f1+ f3—2f1 focos(8, —6,) ]V, (20D
23 [B) AH AL 43 A Ky
wm (xsy) =2x[ (fisin § — f,sin 0,)x +
(ficos 0 — focos )y ]. 21
o1 O LA L Sl S AL A th 2 5 8
B WA S A R 0.0, LRI f1 L f, RGE
S EA AR AR CAE L 3 M A S0 AR A T T L s

0912002-4



R

T WU A% SORE AR 20 A1 o Xof YRS JEE 4 5 10 43 A7

RAARE . AU MR I R AR R T Ol 20 %
i 26 10 PRI A H 22 1Y) 52 i
3.3 AU EHBMELBLIN

D) SFHELRM 1 (0, 70,#40)

TEG 200 i, Sl A AL S A B Ry A 22
R ICTE Y B Mt A5 S0 52 X HERY . SR, 24
RS R B A ADE IR IC AR A TR e B (BTRD 1Y)
RSB AE » ()~ (O RS

¢ =2nf1Aycos s b =— 2xAycos O, (22)

Apy =dr — . = 2xAy(ficos 6 + frcos 6,).(23)
SR 0T T B i R E T AR A X 7 i 2 8 =X
HIBHMLERH
Ay, = A¢‘M/[2ﬂ(f1 JFfz)] =
[(ficos O, + focos 60,)/Cf1 + f2) Ay, (24)

(24) AR WX e 22 5 MR R RLRE B 1 09 Bt AR i
AR AA . K5 s Bl ROl bR ic 5 e R OB
PR iC A7 TEA [F) 6 A} £ i) S i 4580, B 5(d) J2
FRARE B0 T B ZI HE S 80, B S(a) ~ (D [
0 SR Sk 2R B M 2% B AH AL T 1) 2k i Sk R
71~ 78 W A BU R 1) Ay ) R ] L DO 28 Fl T D«
SR JCHI AR IC R AR A ) 2 i A SO AR T 1) B
AR S A Y 2247 WA 5 80 AH A 05 11 °F
FTF A REREHRARIN v 710 B RS . ML 5(a) ~
(o)A DL B SR AR R b A b3 B9 B/ fi A
FEEM AN R AL, B XRIEARE S
A G 2R

B 5 S, () 6=—1°0.=1° (b) 6, =

—2°,6,=2" (o) 6, =—3%,0,=3"; (d) 6,=0°,0,=0°
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Fig. 6 Alignment condition 2. (a) ), =0, = 0=1°3(b) 0, =0, =0=5"; (c) O =0, = 0= 10
d) o =06, =0=0°
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Fig. 7 Alignment condition 2 (8, =@, =¢0)
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Fig. 8 Alignment condition 3. (a) ¢, =1°; (b) 6,=5"; (¢) §,=10"; (d) §,=0°
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Fig. 9 Alignment condition 3, error analysis (Ay=0. 1 pixel, §,=0,0,7%0). (a) Comparison between theoretical

displacement and real displacement; (b) displacement data obtained by calculation without considering angular displacement
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Fig. 10 Alignment deviation of actual lithography
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