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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 

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) 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 orthogonal 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 
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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) calculating a difference between each of 

the alignment coordinates and said corrected 

coordinates, setting a residual to O when the.alignment 

is within a reference region and calculating a residual 

with said difference from the alignment tolerance value 

other than o~ 

(f) calculating a sum of squares from said 

residual; and 

(g) calculating corrected coordinates with a 

value of said sum of squares being within a reference 

value/; c.t.n.d. 

2. l'.ca ali~Rmeat method aeeeraiR§ ee elaim l• 

ifi whicft the correction coefficients of said corrected 

coordinates are calculated by repeating said steps (e) 

to (g) by a plurality of times/.; an4. 

3. A~ ali~ameat metaee aeeerdin9 to claim l+ 

in wl1ich the correction coefficients of said corrected 

coordinates are calculated under application of random 

number elements. 
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2 %. An alignment method according to claim 1 

in which said residuals are calculated in reference to a 

shape of an actual lower layer pattern/; qntl 

§. An. ali§amea'e method aeeertiiag to Claim 4 

4.a waieh the residuals are calculated with said actual 

lower layer pattern being a substantial circular shape. 

~ ...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 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 (XMi' YMi) 

(where, i = O, 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 

8, 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 a, and scalings which are variation 

in magnification of th_e alignment marks in their 

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

initial values dx, dy, 8, a, Sx, 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 (XMi' 

~- YMi) of each of the alignment marks and the coordinates 

(XLi·' YLi) of the rational grid point corresponding to 

each of the alignment marks, 
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Equation (2) 

(c) calculating the corrected coordinates 

(XTil' YTil) of the alignment mark under application of 

said initial values; 

(

1+Sx. 

- e 

( 

dx 

+ dy 

(d) calculating 

.6.Xil = XMi - XTil 

.6.Y il = YMi - YTil 

) 
Equation (3) 

and determining the residuals Exil' EYil in each of the 

alignment marks in accordance with the following rule on 

the basis of each of the set alignment displacement 

tolerance values tol1 , toly in the directions X and Y 
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which are alignment displacement values allowable in 

design of the device 

(A) In the case that j6.Xul ~ tolx and j6.Yul ~ toly 

Exu = o 

Eyu = 0 

(B) In the case that ltt.Xul > tolx and j6.Yill > toly: 

Exu = j6.Xul - tolx 

EYil = l.6.Yul - toly 

(C) In the case that l•Xul ~ tolx and j.6.Yul > toly: 

Exil = 0 

Eyu = l.6.Y ul - toly 

(D) In the case that j6.Xul > tolx and j6.Yul :s: toly: 

Exu = l.6.Xul - tolx 

(e) calculating a residual sum of squares R1 

in reference to the following equation (4) on ·the basis 

of these residuals Exil and EYil 

Equation (4), and 

(f) calculating the correction coordinate with 

said residual sum of squares being within a reference 

value. 
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lf ,;;r. An alignment method according to claim ,fr '3 

in which a reference value of said residual sum of 

squares is either a minimum value or a local minimum 

value. 

S...8"• An alignment method according to claim ,N3 

in which said residuals are calculated in reference to a 

shape.of the actual lower layer pattern. 
r; 6 

""'· An alignment method according to claim..&" 

in which residuals are calculated with said lower layer 

pattern being of a substantial circular s_hape. 

),a-. 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 (XMi' YMi) 

(where, i = O, 1, 2, ••• N-1. Subsequent is also 

similar) of each of the alignment ma.rks 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 defined :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 a, and scalings which are variation 

in magnification of the alignment marks in their 

directions X and Y are defined as Sx, Syr calculating 

initial values dx, dy, 8, a, Sx, 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 CX..i' 

YMi) of each of the alignment marks and the coordinates 

(XLi' YLi) of the rational grid point corresponding to 

each of the alignment marks, 

11-1 2 11-1 11-1 

L XLI r xllvLI L XL! 
I •O l•O I •O · 

(:) 
1-1 11-1 • % 1-1 

r xL,YL1 r YLI L YLI 
l•O . l•O l•O 

1-1 i-1 N-1 

r xl, . r YLI r 
lsO '"° l•O 

M•t 

L X11 Xll 
l•O 

· N•1 

- L X11Yll 
l•O 

•-1 r ·x11 l•O Equation (1) 



.\._./ 

82 

11-t l 11-1 11-t 
r x L X1.1YL1 I. XLI 

lcO . LI I sD l•O 

(;) •-t •-t l •-t 
r xL,vt.', L y LI L y LI 
l•O l•O JsD 

·-· •-t ·-· .•=1+S1 

r x L y LI I. b=a+S 
l•O LI l•O 1&0 

c=dx 
•-t 
I. v,,xL, d=-8 
lsO 

•-t 
e = 1 +Sy 

- I. Y11YLI f=dy 
l•O 

·-· ·I. Y11 
l•O 

Equation (2) 

(c) calculating the corrected coordinates 

(XTil' YTil) of the alignment mark under application of 

said initial values; 

.( Xr11) = 
YTll ( 

1+S 1 

- s 

( 

dx 

+ dy 

(d) calculating 

.6.Xil = XMi - XTil 

.6.Y il = YMi - YTil 

) 
Equation (3) 
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and determining the residuals Exil' EYil in each of the 

alignment marks in accordance with the following rule on 

the basis of each of the set alignme~t displacement 

tolerance values tolx, toly in the directions X and Y 

which are alignment displacement values allowable in 

design of the device 

(A) In the case that l.6.Xul s tolx and IA.Yul ~ toly 

Exil = 0 

Eyu = 0 

(B) In the case that l.6.Xill > tolx and I.ti.Yul > toly: 

Exn = l.6.Xul - tolx 

Eyn = j.6.Y nl - toly 

(C) In the case that l.6.Xul ~ tolx and l.6.Ynl > toly: 

Exil = 0 

EYil = j.6.Y ul - toly 

(D) In the case that lt:i.Xul > tolx and l•Yill ~ toly: 

Exil = j.6.Xul - tolx 

\__.... Eyil = 0 

calculating a residual sum of squares R1 in reference to 

the following equation (4) on the basis of these 

residuals Exil and EYil 

R, = 
H-1 z K-1 z 
i:. Ex11 + I: Er11 
l•O l•O 

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

times with the alignment correction coefficients dx, dy, 

8, a, Sx, Sy added by random number elements Adx, Ady, 

AB, Aa, ASx, ASy being applied as new alignment 

correction coefficients dx, dy, 8, a, S1 , Sy; and 

(f) calculating the qorrected coordinates 

(XTiF' YTiF) of each of the alignment marks associated 

with the first p~ttern for optically exposing the second 

pattern with the following equation (5) in reference to 

the alignment correction coefficients dx, dy, 8, a, S1 , 

Sy and each of the random number elements Adx, Ady, AO, 

Aa, ASx, Sy when the minimum residual sum R1 of squares 

is attained 

a+Aa+8+t.8) ( XL1) 
1 +Sy +A Sy y LI 

+ ( dx+Adx) 
dy+Ady 

\~~ Equation (5) 
'6 

;ia. An alignment method according to claim 

µI, wherein the residuals Exil and EYil 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 AXil 2 + AYil 2 ~ tol1
2 + toly2 

Exu = o 
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Eyu = 0 

( B' ) In the case that .6.Xu 2 + .6.Y il 2 > tolx2 + toly 2 

Exu 2 + Eyu 2 = .6.Xu 2 + .6.Yu 2 - ( tolx2 + toly2) 

q _.H. 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 Y of the alignment 

marks associated with the first pattern, 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; 

(f) calculating a difference between said 

corrected coordinates and said alignment mark 

coordinates; 

(g) calculating the second alignment tolerance 

values in the directions x anq Y in reference to the 

first alignment displacement tolerance value and the 

al~~nment 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 value1; """tA 
J.3. An ali!Jflftleat nrethod aeeerdiB§ -ee elaim 12 

J.-R which a reference value of said sum of squares is 

either a minimum value or a local minimum value1; Q~d. 

l.4, An alignment metheEl aesording to c::laim i2· 

i.R waieiil 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 

..is. An alignment method aceerElia9 to claim 14--

ia whie~ a residual is calculated with a shape of said 

actual lower layer pattern being of a substantial 

circular shape. 

JO ).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 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: 
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(a) measuring the positions of the aligrµnent 

marks of the number of N associated with the first 

pattern and calculating the coordinates (~i' YMi) 

{where, i = o, 1, 2, ••• , N-1. Subsequent 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 associated with the second pattern 

and getting the coordinates (XMi 2 , YMi 2 ) of each of the 

alignment marks in reference to a result of such 

measurement; 

(c) calculating alignment displacement amounts 

Aexi' Aeyi at each of the alignment marks in reference 

to the following equations (6-1) and (6-2) 

Equation (6-1) 

Aeyi = YMi2 - YMi 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 direction of 

the alignment marks associated with the first pattern is 

defined as 8, 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 
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defined as a, and scalings which are variation in 

magnification of. the alignment marks in their directions 

x and Y associated with the first pa~tern are defined as 

Sx, Sy, calculating the alignment correction 

coefficients dx, dy, 8, a, Sx, Sy by a method of least 

squares in reference to the following equation (1) and 

the equation (2) on the basis of the coordinates (XMi' 

YMi) of each of the alignment marks and the coordinates 

(XLi' YLi ) 'of the rational grid point corresponding to 

each of s:aid alignment marks, 
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(e) calculating the corrected coordinates 

(XTil' YTil) of the al.ignment mark under application of 

the following equation (3) in reference to the alignment 

correction coefficients dx, dy, 

a 8 ( XTll) = 
YTll 

( l+Sx 
- 8 1+S1 

( dx 
+ dy ) 

then, calculating 

AXu = XMi - XTil 

AYu = YMi - YTil 

8, a, Sx, Sy 

) (~~) 

Equation (3) 
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then, determining alignment displacement 

tolerance values tol1 and toly in the directions X and Y 

which are alignment displacement values allowable in 

design of the device, alignment displacement amounts 

.6.eXi' .6.eyi calculated at said step (f), new alignment 

displacement tolerances tolx' and toly'in the directions 

X and Y on the basis of said .6.Xil' .6.Yi1 in accordance 

with the following rule; 

in the case that ( x - 1) .6.exi ~ O and ·.6.xio ~ 0: 

tolx' = tolx 

in the case that (x - 2) .6.exi ~ O and .6.Xio < O: 

tolx' = tolx - l.6.exil 

in the case that (x - 3) .6.exi < 0 and .6.Xio !6;; O: 

tolx' = tolx - l.6.exil 

in the case that (x - 4) .6.exi < O and .6.Xio < 0: 

tel ' - tel x - x 

in the case that (y - 1) .6.eyi ~ 0 and .6.Yio ~ 0: 

tol ' - tol y - y 

in the case that (y - 2) .6.eyi !6;; O and AYia < 0: 

toly' = toly - IAeYil 

in the case that (y - 3) .6.eyi < 0 and .6.Yio ~ 0: 

toly' = toly - l.6.eYil 

in the case that (y - 4) Aeyi < O and AYia < 0: 

tel ' - tol y - y 
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and determining the residuals Exil' EYil in each of the 

alignment marks associated with the first pattern on the 

basis of each of the tolx', toly'in accordance with the 

following rule, 

(A) in the case that IAXill ~ tolx' and IA.Yul ~ toly' 

Exu = 0 

EYil = 0· 

{ B) in the case that IAXul > tol1 ' and IAY ill > toly' : 

Exil = IAXul - tolx' 

Eyil = IAYul - toly' 

(C) in the case that !AXul ~ tolx' and· IA.Yul > toly': 

Exil = 0 

Eyu = IAY ul - toly' 

(D) In the case that IAXul > tol1 'and IA.Yul ~ toly': 

Exu = IAXul - tolx' 

then calculating a residual sum of squares R1 

in reference to the following equation (4) on the basis 

of these residuals Exil and EYil 

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, a, Sx, Sy added with the elements Adx, Ady, AB, Aa, 

.6.Sx, .6.S·y being applied as new alignment correction 

coefficients dx, dy, 8, a, s1 , Sy~ and 

{h) calculating the corrected coordinates 

(XTiF' YTiF) of the alignment mark associated with the 

first pattern for optically exposing the third pattern 

in accordapce with the following equation ·cs) on the 

basis of the alignment correction coefficients ·dx, dy, 

B, a, S1 , Sy and each of the-elements .6.dx, Ady, AB, .6.a, 

ASi, ASy when the minimum residual sum of squares R1 is 

obtained, 

+ ( dx+Adx) 
dy+Ady 

Equatio_n ( 5) 
\\ 

.,..vr. An alignment method according to claim7 I 

in which the residuals Exil' EYil in each of the 

alignment marks ~ssociated with the first pattern in 

said step (e) are changed and determined in accordance 

with the following rule, 

(A') In the case that AXu2 + AYu2 s tol1
2 + toly2 

Exil = 0 

EYil = 0 
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(B') In the case that Axu2 + AYu2 > tolx2 + toly2 

Exu 2 + Eyu 2 = AXu 2 + AY il 2 - ( tolx' 2 + toly' 2 ) 


