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'WHAT IS CLAIMED IS:

1. An alignment method for determining a
position where a second pattern in respect to a first
pattern is to be formed on the basis of measurement of
positions of alignment marks of the number of N
associated with the first pattern formed on a substrate
compr@sing the steps of:

(a) measuring the positions of the alignment
marks of the number of N associated with the first
pattern and calculating the coordinates of each of the
alignment marks in reference to a result of such
measuremént;

(b) calculating each of the errors in the
directions X and Y of the alignment marks, errors in
rotational directions of the alignment marks, errors of
an orthoéonal degree of alignment marks, and errors of
magnification in the directions X and Y of the alignment
marks; |

(c) calculating an initial value for getting
an alignment correction coefficient under application of
a method of least squares in reference to the
coordinates of each of the alignment marks and the

coordinates of the rational grid corresponding to each



75

of said alignment marks on the basis of each of said
errors; |

(d) calculating correction coordinates of the
alignment marks under application of said initial
values; |

(e) caléulating a difference between each of
the alignment coordinates and said corrected
coordinates, setting a residual to 0 when the_alignﬁent
is within a reference region and calculating a residual
with said difference from the alignment tolerance value
other than 0;

(£) caléulating a sum of squares from said
residual; and

(g) calculating corrected coordinates with a
value of said sum of squares being within a reference
valuey, and

Zr—ii—-alignment—method—aceerding—to—ciaim T
imr—wiriclr the cdrrection coefficients of said corrected
coordinates are calculated by repeating said steps (e)
to (g) by a plurality of timesg} and

B—AR-aligameat-nethed—aeceerding—to—clain—1-
+n—wirich the correction coefficients of said corrected

coordinates are calculated under application of random

number elements.
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9 4. An alignment method according to claim 1
in which said residuals are calculated in reference to a
shape of an actual lower layer patterny, qDoL

: 14 hod 34 P
din—whiel the residuals are calculated with said actual
lowe: layer pattern being a substantial circular shape.

4 -6~ An alignment method for determining a
position where "a second pattern in respect to a first
pattern is to be formed on the basis of measurement of
positions of alignmenE marks of the number of N
aséociated with the first pattern formed on a substrate
comprising the steps of:

(a) measuring the positions of the alignment
marks of tﬁe number of N associated with the first
pattern and calculating the coordinates (Xy;, Yyu;)

(where, i =0, 1, 2, ... N~-1. Subsequent is also
similar) of each of the alignment marks in reference to
a result of such measurement;

(b) under an assumption that offsets of errors
in the directions X and Y of the alignment marks are
defined as dx, dy, a rotation angle of an error in a
rotating direction of the alignment marks is defined as
6, an orthogonal degree of layout which is an error of

orthogonal degree of layout in each of the alignment
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marks is defined as «, and scalings which are variation

in magnification of the alignment marks in their

directions X and Y are defined as Sy, Sy, calculating

initial values dx, dy, 8, a, Sg, Sy for getting the

alignment correction coefficients by a method of least

“squares in reference to the following equation (1) and

the equation (2) on the basis of the coordinates (Xy;.,

Yy;) of each of the alignment marks and the coordinates

(Xpir ¥Yp;) of the rational grid point corresponding to

each of the alignment marks,
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Equation (2)
(c) calculating the corrected coordinates
(Xpj1r Ypiy) of the alignment mark under application of

said initial values;
X114 14, « 8 ') (XU)
Yoy = -8 148, | Yu
dx
+ dy .
Equation (3)
(d) calculating
AXjy = Xy ~ Xpyy
A¥yp = ¥y — Yoy |
and determining the residuals Ey;;, Ey;; in each of the
alignment marks in accordance with the following rule on

the basis of each of the set alignment displacement

tolerance values toly, toly in the directions X and ¥
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which are alignment displacement values allowable in
design of the device
. (A) In the case that |AX;;| = toly and |AYy| = toly
Exi3 = 0
Eyjp = 0
(B) In the case that |AX,,| > toly and |AY;,;| > toly:
Byiy = |AXy| - toly
Eyq1 = |AY,| - toly
(C) In the case that [IX;,] = toly and |AY;,| > toly:
Eyjy = 0
Eysy = JAYy| - toly _
(D) In the case that |AX;,| > toly and |[AY | = toly:
Eyiy = [A%;,[ - toly
Eysj = 0

(e) calculating a residual sum of squares R,
in reference to the following equation (4) on the basis

of these residuals Ey;; and Eyi1

N~} 2 K-l 2
Ry = )2 Enn'+ r By
10 I1=0 .
Equation (4), and
(£) calculating'the correction coordinate with

said residual sum of squares being within a reference

value.
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Y-A4. Aan alignment method according to claim,éi‘3
in which a reference value of said residual sum of
squares is either a minimum value or a local minimum
value.

5-8. An alignment method according to claim .63
in which said residuals are calculated in reference to a
shape of the actual lower layer pattern.

 €9Q 'An'alignment method according to claim .& g
in which residuals are calculated with said lower layef
pattern being of a substantial circular shape.

?ie. An alignment method for determining a
position where a second pattern in respect to a first
pattern is to be formed on the basis of measurement of
positions of alignment marks of the number of N
associated with the first pattern formed on a substrate
comprising the steps of:

(a) measuring the positions of the alignment
marks of the number of N associated with the first
pattern and calculating the coordinates (Xy;, Y¥y;)
(where, i = 0, 1, 2, ... N-1. Subsequent is also
similar) of each of the alignment marks in reference to
a result of such measurement;

(b) under an assumption that offsets of errors

in the directions X and Y of the alignment marks are
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defined as dx, dy, a rotation angle of an error in a
rotating direction of the alignment marks is défined-as
8, an orthogonal degree of layout which is an error of
orthogonal degree of layout in each of the alignment
marks is defined as «, and scalings which ére variation
in magnification of the alignment marks in their
directions X and Y are defined as Sy, Sy, calculating
initial values dx, dy, 8, ar Sgs Sy for getting the
alignment correction coefficients by a method of least
squares in reference to the following equation (1) and
the equation (2) on the basis of the coordinates (Xy;,
Yy;) of each of the alignment marks and the coordinates
(Xp3r ¥p3) of the rational grid point corresponding to

each of the alignment marks,
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Equation (2)
(c) calculating the corrected coordinates
(Xpi1r Yp3y1) Oof the alignment mark under application of

said initial wvalues;
X111 148, a @ ot
Yo/ -8 148, Yy

Equation (3)
(d) calculating

AXiy = Xyy — Xy

AYy, Ymi — Ypiy
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and determining the residuals Eg;,, Ey;; in each of the
alignment marks in accordance with the following rule on
the basis of each of the set alignment displacement
tolerance values toly, toly in the directions X and Y
wvhich are alignment displacement values allowable in
design of the de§ice |

(R) In the case that |AX,;| = toly and |AY;,| = tol,
Egin = 0

Eyjp = 0

(B) In the case that |AX;,| > toly and |AY | > toly:
Exiy = |AXyy) - toly

Byiy = |AYy,] - tol,

(C) In the case that |AX;,| = tol, and [AY;;] > toly:
Egiyp = 0

Byiy = |AYyy] - toly

(D) In the case that |AX;;| > toly and [1¥;,| = toly:
Egq; = JAX;,| - toly

Eyjp = 0

calculating a residual sum of squares R, in reference to
the following equation (4) on the basis of these
residuals Ey;; and Ey;,

-1 .“'1 2
Ry, = z E:” + I Eyp
=0 1=0

Equation (4), and
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(e) repeating the step (c) for a plurality of

‘times with the alignment correction coefficients dx, dy,

6, a, Sy, Sy added by random number elements Adx, Ady,

Af, Aa, ASy, ASy being applied as new alignment
correction coefficients dx, dy, 6, a, Sy, Sy; and

(£) calculating the corrected coordinates
(Xpspr Ypyp) Of each of the alignment marks associated
with the first pattern for optically exposing the second
pattern with the following equation (5) in reference to
the alignment correction coefficients dx, dy, 8, a, Sy
Sy and each of the random number elements Adx, Ady, AH}
Ae, ASy, Sy when the minimum residual sum R; of squares

is attained
X1ie 145, +8S,  otsaté+ad) [ Xy
Yop) |\ —(e+88) 148, #ASy [\ Yy

dx+Adx
+ (dy+Ady)
Equation (5)

li? An alignment method according to claim
18, wherein the residuals Ey;; and Ey;; in each of the
alignment marks in said step (d) are changed and
determined in accordance with the following rule
(A') In the case that AX;;? + AY ;2 < toly? + toly?

Egipy = 0
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Eyijp = 0
(B') In the case that AX, 2 + AY;;? > tolg? + tol?
Eyip? + Eygyy? = AX,2 + AY;,2 - (tolg? + toly?)

q X2. An'alignment method for determining a
position where a third pattern in respect to a first
pattern and a second pattern is to be formed on the
basis of measurement of positions of alignment marks of
the number of N associated with the first pattern formed
on a substrate comprising the steps of:

(a) measuring the positions of the alignment
marks of the number of N associated with the first
pattern and calculating the coordinates of each of the
alignment marks in reference to a result of such
measurement;

(b) measuring positions of the alignment marks
of the number of N associated with the second pattern
and calculating the coordinates of each of the alignment
marks in reference to a result of such measurement;

(c) calculating an alignment displacement
amount in each of the alignment marks;

(d) calculating an initial value for getting
an alignment correction coefficient under application of
a method of least squares in reference to errors in the

directions X and Y of the alignment marks associated
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with the first pattern, errors in rotational directions
of the alignment marks associated with the first
pattern, errors of an orthogonal degree of alignment
marks associated with the first pattern, errors of
magnification in the directions X and ¥ of the alignment
marks associated with the first péttern, the coordinates
of each of the alignment marks associated with the first
pattern, and the coordinates of the rational.grid
corresponding to each of said alignment marks;

(e) calculating the corrected coordinates
" under application of said correction coefficients;

(£) calculating a difference between said
corrected coordinates and said alignment mark
coordinates; |

(g) calculating the second alignment tolerance
values in the directions X and Y in reference to the
first alignment displacement tolerance value and the
alignment displacement amount in each of the directions
X and Y calculated at said step (£f):

(h) setting the residual of each of the
alignment marks associated with said first pattern 0
when it is within said second tolerance value and.making
a sum of squares and making a sum of squares of

residuals other than said second tolerance value on the
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basis of the second tolerance value calculated at said
step (f£); and

(i) calculating the alignment correction
coordinates in which said value of sum of squares is
within a reference valuey, ond

13 2 14 , rhod 14 l o132
ia-wirich a reference value of'said sum of squares is
either a minimum value or a local.minimum valuey; and.

14 i' thod 1i , laim13
in;whéeh each of the alignment mark residuals associated
~with said first pattern of said step (h) is calculated
in response to a shape of the actual lower layer
pattern{ > and

5 —Aratigmentmethod—acecording-to claim—14-
ia—whielr a residual is calculated with a shape of said
actual lower layer pattern being of a substantial
circular shape.

10 6. An alignment method for determining a
position where a third pattern in respect to a first
pattern and a second pattern is to be formed on tﬁe
basis of measurement of positions of alignment marks of
the number of N associated with the first'pattern formed

on a substrate comprising the steps of:
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(a) measuring the positions of the alignment
marks of the number of N associated with the first
pattern and calculating the coordinates (Xy;, Yy;)
(where, i =-0,'1; 2, eeer N-1. Sﬁbsequent is also
similar) of each of the alignment marks in reference to
a result of such measurement;

(b) measuring positions of the alignment marks
of the number of N associateé with the'second pattern
and getting the coordinates (Xy;nr Yy;p) Of each of the
alignment marks in reference to a result of such
measurement;

(c¢) calculating alignment displacement amounts
Aey;r Aey; at each of theralignment marks in reference
to the following equations (6-1) and (6-2)

Aey; = Xyja — Xy Equation (6-~1)
Aey; = Yyio = Yy Equation (6-2)

(d) under an assumption that offsets of errors
in the directions X and Y of the alignment marks
associated with the first pattern are defined as dx, dy,
a rotation angle of an error in a rotating direcﬁion.of
the alignment marks associated with the first pattern is
defined as #, an orthogonal degree of layout which is an
error of orthogonal degree of layout in each of the

alignment marks associated with the first pattern is



89

defined as «, and scalings which are variation in

magnification of the alignment marks in their directions

X and Y associated with the first pattern are defined as

Syr Syr calculating the alignment correction

coefficients dx, dy, 6, «, Sy, Sy by a method of least

squares in reference to the following equation (1) and

the equation (2) on the basis of the coordinates (Xy;.

¥y;) of each of the alignment marks and the coordinates

(Xp;r ¥4 ) of the rational grid point corresponding to

" each of said alignment marks,

-1

i=0
X=~1

=0
H=~1

i=d

]

i=0

k-1

1=0
K-1

I=0
L]

Equation (1)
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Equation (2)
where

a=1+Sx

b=a+8

c=dx

d==~8

e=1+8,

f=dy

(e) calculating the corrected coordinates
(Xpjyr ¥p;3) of the alignment mark under application of

the fbllowing equation (3) in reference to the alignment

correction coefficients dx, dy, 8, a, Sy, Sy
X1i1 148, e« 8 Xy
Yui/ (-8 148, Yu
dx
| gy

then, calculating

Equation (3)

Ay = Xy; — Xggq
AYilé Yyi — Yoyy
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then, determining alignment displacement
tolerance values toly and toly in the directions X and ¥
f_which are alignment displacement values allowable in
design of the device, alignment displacement amounts
Aey;, Aey; calculated at said step (f), néw alignment
displacement tolerances toly' and toly'in the directions
X and Y on the basis of said AX;,;, AYy, in-accordance
with the following rule;
in the case that (x - 1) Aey; = 0 and AX;q = 0:
tol,' = tol, _
in the case that (x - 2) Aey; = 0 and AX;, < 0:
toly' = toly - |Aey,l
in the case that (x - 3) Aey; < 0 and AX;, = O:
toly' = toly ~ |Aeyl
in the case that (x -~ 4) Aey; < 0 and AX;, < 0:
tol,' = tolyg
in the case that (y - 1) Aey; = 0 and AY;, = 0:
toly' = tol,
in the case that (y - 2) Aeyi = 0 and AY;4 < 0:
toly' = toly - |Aey,|
in the case that (y - 3) Aey; < 0 and AY;, = 0:
toly' = tol, - |Aey|
in the case that (y - 4) Aey; < 0 and AY;, < 0:
toly' = tol,
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and determining the residuals Ey;;, Eyy; in each of the
alignment marks associated with the first pattern on the
basis of'each of the tol,', toly'in accordance with the
following rule, |
(A) in the case that |AX;,] = tol,' and |AY,,| = tol,'
Egipg = 0
Eyjp = 0
(B) in the case that |AX,;| > toly' and |AY;,| > tol,':
Egiy = |AXy,] - toly!
Egyy = |AY] - toly!
(C) in the case that |AX;,| = tol,' and |AY;,| > tol,’':
Egsp = 0
Eyjy = JAY,| - toly’
(D) In the case that |AX;,| > toly'and |AY,| = tol,':
Byir = |8Xg| - toly’
Eyjy = 0

then calculating a residual sum of squares R,
in reference to the following equation (4) on the basis

of these residuals Ey;; and Ey;,

: L I K-l g
R, = T Exnn + X Eyyy
I=0 §=0
Equation (4), and

(g) repeating the step (e) for a plurality of

times with the alignment correction coefficients dx, dy,
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8, ar Sy, Sy addéd with the elements Adx, Ady, A8, Aa,
ASy, ASy being applied as new alignment correction
coefficients dx, dy, 8, a, Sgs Sy; and

(h) calculating the corrected coordinates
(Xpjpr ¥qip) of the alignment mark associated with the
first pattern for optically exposing the third pattern
in accordance with the following equation (5) on the
basis of the alignment correction coefficients dx, dy,
G, a; Sy, Sy and each of the elements Adx, Ady, A8, Ae«,
ASy, ASy when the minimum residual sum of squares R, is

obtained,
p . 148,485,  athotf+a8) [ Xy
Yar )~ \ —e+ae)  14s 4ss, |\ Yy
dx+Adx
+ dy+ady
Equation (5)
il
J1%. An alignment method according to claim,z"
in which the residuals Egs1r Eyia in each of the
alignment marks associated with the first pattern in
said step (e) are changed and determined in accordance
with the following rule,
(A') In the case that AX;;2 + AY;;? =< toly? + tol,?
Egiy = 0

Eysp =0
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(B') In the case that AX;;%2 + AY;;Z > tol,? + tol,?

Eysa? + Eygp? = AXy?% + AY;,2 - (toly'? + toly'?)



