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Art As a trend of making high integration of a VLSl and a | arge-sized chip
has occurred in recent years, requirement for a position alignment accuracy
in a stepping device has becone severe year after year. As for LSI such as
64M DRAM or 16M SRAM bei ng devel oped at present with a class of design rule
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BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to an alignment method
in an optical exposing process for a semiconductor
device, and more particularly a new advanced global
alignment method.

ﬁescription of Related Art

" As a trend of ﬁaking high integration of a

VLSI and a large-sized chip has occurred in recent
years, requirement for a position alignment accuracy in
a stepping device has become severe year after year. As
for LSI such as 64M DRAM or 16M SRAM being developed at
present with a'éiass of design rule of'0.35 sm, in the
case that a mean value of positional displacement in

"alignment is defined as X

ave and a standard deviation is

defined as o, a high aécuracy in position alignment
having 0.1 um or less as a target value °f|xavJ + 30 is
required for an en;ire'surface of the wafer. In this
casé, an appendixlletter of "ave" means a mean valﬁe_
The optical exposing operation for the LSI
chip in the related art stepping device is carried out

in a way of chasing a grid pattern under a stepping



defined as [err], a high accuracy in position alignnment having 0.1 [err] or
| ess as a target value of [err] + [err]. -is required for an entire surface
of the‘ﬁﬂﬁ%rf I'n this case, an appendix letter of "ave" neans a nean val ue.
The optical - exposing operation for the LSI,chip in the related art stepping
device is carried out in a way of chasing a grid pattern under a stepping
2 operation of a wafer stage. Then, in order to forma second pattern on a
first pattern already formed on the wafer, a resist is fornmed on, the first
pattern, thereafter the resist is exposed under an application of reticle

havi ng the second pattern forned_thereon. During this optical exposin
opera?ion, t he ?ggfgyiﬁg of a wafer stage. Theg, Pn order to gﬁﬁh a g

second pattern on a first pattern already formed on the
wafer, a resist is formed on the first pattern,
thereafter the resist is exposed under an application of
reticle having the second pattern ﬁormed thereon.
During this optical exposing operation, the positions of
" the wafer alignment mérks (hereinafter mereiy called as
alignment marks) associated with thé first pattern for
eéch of the optical exposing shots already formed on the
wafer are measured by an alignment sensing system.
Accordingly, a more improvement of high precisién
alignment capability is required for a hardware of the
stepping device and in turn in order to make the most
preferable alignment at each of the optical exposing
shots, it is also necessary to improve alignment
operation such as a statistical correction against the
alignment.

Aé one kind of alignment correction in the
related art'stepping device, there is an advanced global
alignment process (this is sometimes hereinafter called
merely as an alignment method). This alignment method
is an alignment system in which a wafer stagé of the
stepping device. is moved to an exposing position in

response to a statistical estimating calculation in



the wafer alignnment marks (hereinafter nmerely called as alignnent marks)
associ ateq.wth the first pattern for each of the optical exposing shots
al ready fofmed on the wafer are measured by an alignnment sensing system
Accordingly, a nore inprovenent of high precision alignnment capability is
required for a hardware of the stepping device and in turn in order to nake
the nost preferable alignnment at each of the optical exposing shots, it is
al so necessary to inprove alignment operation such as a statistical
correction against the alignnent. As one kind of alignment correction in
the related art stepping device, there is an advanced gl obal alignment
process (thisrefeIenes pesidiiesple A néormad iney O1f) aa Plavradiiitgh @t

met hod). This al,ignnment nethod i.s an alignnent s,stenlinagﬂ h a waf er
stage of the &lé LERTES o s BrSPaary &F . & RIS RIS 'd'-rcﬁ”ish

advanced global alignment method will be described as
follows.

In the case that a second pattern is formed on
the first pattern already formed, prior to this
formation, the positions of the alignment marks
associated with the first pattern for each of the
optical exposing shots already formed on the wafer are
measured by the alignment sensing system in reference to
the wafer stage. Then, as sﬁown in Fig. 1 and described
in detail as foilows, an optical exposing shot layout is
converted in such-a manner that a positional -
displacement between the positions of the rational grid
points (hereinafter sometimes merely called as rational
grid points) éorzesponding to each of the alignment
marks and the measured position of each of the alignment
marks may become minimum,-thereafter alignment operation
is performed to make an optical exposure of the resist.
In FPig. 1, rational grid points are connected by'solid
lineé, measured positioné of éach of the alignment marks
are connected by dotted lines and the points after

conversion of the optical exposing shot layouts



response to a statistical estimating calculation in 3 reference to
positional si nformation of a plurality of alignment marks. A summary of a
princi'pl € of this advanced gl obal alignnment nmethod will be described as
follows. In the case that a second patterdh is formed on the first pattern
already fornmed, prior to this formation, the positions of the alignnent
mar ks associated wth the first pattern for each of the optical exposing
shots already fornmed on the wafer are neasured by the alignnment sensing
systemin reference to the wafer stage. Then, as shown in Fig. 1 and
described in detail as follows, an optical exposing shot |ayout is
(rational grid points) are connected by alternate long-
and short dash lines.

At present, a certain one rational grid point
will be studied. The measured coordinates of the
alignment mark corresponding to this rational grid point

- is defined as ay (X, Yy) (refer to Fig. 2). 7In turn,
the coordinates of the rational grid point on the wafer
corresponding to this alignment mark is defined as a,
(XL; ¥,.). In the specification, when an appendix letter
of "v" is added to a symbol or the like, this means a
vector. In the case that the wafer is processed with a
heat treatment or passed through various film forming
steps or the like, the coordinates aj (X, ¥;) is not

usually coincided with the coordinates ay(X,, Yy). If
the measurement accuracy of the alignment marks can be
ignored, a vector (ayy - apy) which is a difference
between a vector ay, and a vector apy is a vector
indicating a positional displacement from the rational
grid points caused by a deformation of the wafer made by
the manufacturing process of a semiconductor device or a
positional displacement at the wafer stage during

loading of the wafer (positional displacement after pre-

alignment of the wafer)..



converted in such a manner that a positional displacenment between the
positions of the rational grid points (hereinafter sonetines nerely called
as ratfonal” grid points) corresponding to each of the alignnent marks and
the nmeasured position of each of the alignnent marks nmay becone m ni num
thereafter alignment operation is performed to make an optical exposure of
the resist. In Fig. 1, rational grid points are connected by solid |ines,
measured positions of each of the alignment narks are connected by dotted
lines and the points after conversion of the optical exposing shot l|layouts
4 (rational grid points) are connected by alternate |ong and short dash
l i nes. Accordingly, in the case that the alignment is

carried out, a conversion operétion with a certain kind

of conversion operand A is performed against a certain

point a; on the rational grid point and then a residual

vector e, between the vector ag, = Aa;, and the vector

ayy, of the obtained point is calculated. Such an

operation as above is carried out for a plurality of

alignment marks (the number N). It is satisfactory that

the conversion operand A is determined in such a way

that a sum of the residual vector e, at each of the

alignment marks may become minimum. Then, it is

satisfactory that the coordinates a; of the rational

grid point is converted into a coordinates a, in

response to the conversion operand A, an alignment

operation is carried out in response to the converted

coordinates a, and an optical exposing shot is carried

out to optically expose the resist.

More practically, the wafer stage system is
operated such that an alignment displacement between the
first pattern and the second pattern may become minimum
in response to a positional displacement from the

rational grid point of the measured alignment marks and

the optical exposing shot layout for use in forming the



At present, a certain one rational grid point will be studied. The neasured
coordi nates pf the alignment mark corresponding to this rational grid point
is defined as [err] (refer to Fig. 2). In turn, the coordi nates of the
rational grid point on the wafer correspofding to this alignnent mark is
defined as aL [err]. In the specificatiaon, when an appendix letter of "v"
Is added to a synbol or the like, this neans a vector. In the case that the
wafer is processed with a heat treatnment or passed through various film
formng steps or the |ike, the coordinates [err] is not usually coi nci ded

with the coordlnates [er | f, the nmeasurengnt accur of | i gnnent
mar ks can be i giftff V]eﬁz'{‘br“[ &%nosed while befing gjé&.'ea"(ﬁﬂevééﬁ? Rector
[err] and a vect %éenr] iS,a vector indicating a positional displacenent
fromthe rati orkdciffiat il PXtsed by a deformation of the wafer made by

Although a deformation of the wafer caused by
a manufacturing process for the actual semiconductor
device is complex, the following causes may be
considered as the major causes:

(A) Offsets (shifts) dx and dy which are
errors of the alignment marks in the directiong X and Y,
respectively.

(B) A rotation € which is an error of the
alignment mark in its rotating direction.

{C) An orthogonal degree of layout « which is
an error in an orthogonal degree in a layout of each of
the alignment marks, and

(D).Scalings-sx, Sy which are variation in
multiplicatibn factor of each of -.the alignment marks in
the directions X and Y, respectively.

'These technical concepts are illustrated in
Pigs. 3A, 3B, 4A and 4B. Both (A) offsets (refe;'to
Fig. 3A) and (B) rotation (refer to Fig. 3B) are caused
by a loading-of the wafef into the wafer stage. (C)
orthogonal degree of layout (refer to Fig. 4A) is caused
by an accuracy of-the wafer syage when-the first paﬁtern

is optically exposed. (D) scaling (refer to Fig. 4B) is



t he manuf acturing process of a sem conductor device or a positional

di spl agcemeny at the wafer stage during |oading of the wafer (positional

di spl acenent after pre- alignment of the wafer). 5 Accordingly, in the
case that the alignnent is carried out, & conversion operation with a
certain kind of conversion operand A is perforned against a certain point
[err] on the rational grid point and then a residual vector [err] between
the vector [err] and the vector [err] of the obtained point is calcul ated.
Such an operation as above is carried out for a plurality of alignment

mar ks (the nunber 5%. It is satisfactory that the con%?rﬁggg operand Ais

determined in q*ﬂﬁ manufacturing process element o

semiconductor device such as a film formation stage and
the like. These causes (A) tQ (D) may not be
necessarily separated in a clear manner. In Figs. 33,
3B, 4A and 4B, the rational érid pBints are connected by
solid lines and the alignment marks on the deformed
wafer are connected by dotted lines.

The related art stepping device performs a
correction of aiignment with these four causes being
applied as major causes of variation. That is, the
variation operand A is determined with the method of
least squares in such a way that a sum of squares of
residual of displacement between the.coordinates of the
alignment marks measured and fhe coordinates after the
coordinates of the rational grid points éorresponding to
such alignment marks may become minimum in response .to
these causes. Then, an opéical exposing shot layout for
use in forming the second pattern ié determined in |
response to the positional coordinates of the alignment
marks (positional coordinates after correction of the
alignment marks) obtained through a converting operation

based on the conversion operand A.



that a sum of the residual vector [err] at each of the alignment marks may
becone minjmum Then, it is satisfactory that the coordi nates aL of the

rati ohal drid point is converted into a coordinates [err] in response to
‘the conversion operand A, an alignnment @&eration is carried out in response
to the converted coordinates [err] and an optical exposing shot is carried
out to optically expose the resist. Mire practically, the wafer stage
systemis operated such that an alignnment displacenment between the first

tt dth d tt .D MY '
Bosi t1 onal di spl acenent e e baRiD Se T ot heta e R Hach I |
ali gnment mar ks, and dhe, QR Gl SIRRAPIACISIPY YO HathAx iRl ithd OF i ng the

conversion operation of
X1 Xyt dx
Yu!  \Yut dY

is carried out for (A) offset, where dx and dy are

Equation (7)

errors'(offsets) of the alignment marks in the
directions X and Y, respectively. Xy; and ¥y in the
equation abové are meant by the X coordinate and ¥
coordinate of the aliénment hark aq; of the i-th order
[i =0 to (N - 1)] after conversion. - X;; and ¥,, are
meant by the X coordinate and ¥ coordinate of the
 rational grid point a;; of the i-th order [i =0 to (N~
1)]. Similar relation is applied to the following
equation.
As for the (B) rotation, the converting

operation based on

(o) (_.Z‘Jii ) ()
2o

[
T
—h

Equation (8)



6 second pattern is exposed while being displaced fromthe rational grid
poi nt . AItqugh a deformation of the wafer caused by a manufacturing
procesd for the actual sem conductor device is conplex, the follow ng
causes nmay be considered as the nmajor cadses: (A) Ofsets (shifts) dx and
dy which are errors of the alignnent marks in the directions X and Y,
respectively. (B) Arotation [err] which is an error of the alignnment mark
inits rotating direction. (C) An orthogonal degree of |ayout a which is an
error in an orthogonal, degree in a I%yqut of each of_the al,ignnent, marks,

and (D) Scal i ndg® [C&TTiamhiQut rarhers i%ilisoRn RNA4S 9 iTCHAHRT dMdit 2of each

of the-alignneq%dyg%hsgdb a value of # during an actual -alignment mark
operation is in an order of 107% radian. Accordingly,
there is no problem when sinf = § and cosf = 1 are set
to be approximate to each other and the above equation
can be aftained. |
In addition, as for (C) orthogonal degree of
layout, the converting ope:atiop with the following

equation .

i
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Equation (9)
is carried out, where « expresses an orthogonal degree
of layout (unit: radian) and a value of this « is 1076

~radian during an actual alignment mark operation.
Accordingiy, there is no p;oblem if tane = « is-
approximated, resultingiin that the above equation may
be obtained.

In turn, as for (D) scaling, the following

conversion of



the directions X and-Y respectively. These technical concepts are

illustrated in Figs.

caused by an accuracy of the wafer stage when the first pattern is
optically exposed. (D) scaling (refer to Fig. 4B) is 7 caused by a
manuf act uri ng process el enment of a-.sem conductor device such as a film
formation stage and the Ii¢e1 Thtse8§aase7 (Am to (D) may not be

I n

necessarily separated in a\ ¢ljar

rati onal

grid points are c

mannas,

niect ed by

Equation (10)
is carried out, where Sy, Sy are values of scaling in
the directions X and Y, respectively, and an order to
become éioblem is a level of about 1 ppm.

In addition, assuming of complex of three
converting operations of the equations (8), (9) and (10)

mat result in the following equation, i.e.
x-n N 18 1 d. 'l'l'sx 0 XLI
Yu/ \-6 1j/io 1]\ o 1+s /A Yy,

Since it may be assumed that (e« + 6)Sy = 0, §-S; = 0 and

Equation (11)

a*§ = 0 can be attained, the equation (11) is changed

and the following equation can be attained.
X 145, e+8') [ Xy
vl o\ -6 1+s, | \ vy

Under such approximate conditions as above,

Equation (12)

these three converting operations can be converted. 1In-

addition, the coordinates ap;(Xp;, Yq;) after correction

of alignment (after converting operation) can be simply

Fi,ps. 3A, 3B, 4A and 4B, the

3A, 3B, 4A and 4B. Both (A) offsets (refer to Fig. 3A)
and (B) rotation (refer to Fig. 3B) are caused by a | oading of the wafer
into the wafer stage. (C) orthogonal degt®e of |ayout (refer to Fig. 4A)

S



solid l'ines and the alignnment marks on the deforned wafer are connected by
dotted lings. The related art stepping device perfornms a correction of
alignment Wwith these four causes being applied as mjor causes of
variation. That- is, the variation operand Ais determned with the nethod
of | east squares in such a way that a sum of squares of residual of

di spl acenent between the coordi nates of the alignnment marks neasured and
the coordinates after the coordinates of the rational grid points

di h_ali K b 1. D, [
Chese causes. $HBEESSRO0BRRER| 28, BESHAE RS OFapSat-CHaladse i n form ng the
d tt Iy t ined.n. t b | I.nat f
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al i gnment mar kg) obt g threug c ting erati opiihb
o eion operihg ACt neds INQUIN 3,C0N¥5kLL NG gRer ati OBqlagedn0p180e)

Yoy = =0, + (1 + Sy)¥p; + dy ‘Equation (13-2)

In this case, if it is assumed that

a=1+ S8y
b=a+8
c = dx
d = -¢

e =1 + 8y

£ =dy

the equations (13-1) and (13-2) can be expressed as the

following equations (1441) and (14-2).

"Xpy = aXp; + bY, +oc Equation (14-1)

Ypy = dX;; + ¥, + £ Equation (14-2)
lAccordingly, if the measured coordinates of

the i-th-order of aiignment mark are definéd as ay;(Xy;»s

YMi), the residual values Eg; and'EYi can be expressed as

follows:

Egi = Xy3 ~ Xpy

= Xy; = (aXp; + b¥y; + c) Equation (15—1)

EBy; = Yy

i — Yq

i

= Yy ~ (dX;; + eY,, + £) | Equation (15-2)



8 The conversion operation related to each of the causes is
a2 x 2 matrix and the conversion operation of Equation (7)
for (A of fset, where dx and dy are errors (offsets) of the
in the dlrectlons X and Y, respectively. l%err] and [err] in
above are neant by the X coordinate and Y coordinate of the

[err] of the i-th order [i = 0 to (N- 1)] after conversion.

[err] are meant by the X coordinate and Y coordi nate of the

expressed with
I's carried out

al i gnnment mar ks

t he equation

al i gnment mar k
[err] and

rational grid

pOi I’l'f[ [err] of T %?‘I'Io\')?ﬁg 1c1en s a, tO (Nd je)]ands'fmar%r deptleQHl?lréd S.l.n

applied to the

such a way that a sum of square of each of the residual
values Ey; and Eyy concerning the alignment marks of the
number of N ranging from 0-th alignment mark to the (N -
1)-th alignment mark, i.e.

SEg;2 = 2%y - (aXy + by + c)1?

SEg;? = Z[Yy; - (aX;; + e¥p; + £)]12

may become minimum. Such a method as described above is
the related art alignment method. That is, it is
genérally known that a proper amount of cofrection
against each of the causes can be deperminéa
unconditionally thfough a method of least squares; In
the present specification, the item "3" is meant by a
sum of a physical amount (expressed by the equation
subsequent té ) concerning the alignment marks of the
number of N ranging from 0-th alignment mark to (N~1)-th
alignment mark unless ﬁtherwise'SPecified. Each of the
cbefficients is partially diffefentiated and put in

order as follows.

Equation (16-1)



equation. As for the (B) rotation, the converting operation based on [err]
Equati on (8) 9 is carried out, where [err] is an angle of rotation
(unit:® radian) and a value of [err] during an act ual

al i gnment mar k
operation is in an order of 10-6 radi an3 Accordingly, there is no problem-
when [err] = [err] and [err] = 1 are set to be approximate to each ot her
and the above equation can be attai ned.

In addition, as for (C) orthogonal
degree of |ayout, the converting operation with-the follow ng

CI e I S I L
Age) - (2

Equation (16-2)
Accordingly, in reference Eo the equatioﬁs (16-1) and
(16-2),

E_ Xy Eo Lt ey T a
g1 -1 2 Nl Y
-1 N-t oy i
Z, Xu Z, Yu (w0
N-1
I XX
k-1 .
= ii X Yus
H-1 "
E’o a
H-1 2 N-1 . K=1

. f=0 :“o . d
R-1 . K-1 2 2!

Y, z Yt ®

. Eo XuYu En i R ¢

-1 - N1 ﬂi‘l .
1
= x.l.i l§° YL‘ f=0
N-1
‘g Yllel
k-1
= 2 YIiYLI
i=0
H-1



equation. Equation (9) is carried out, where a expresses an orthogonal
degree of layout (unit: radian) and a value of this a is 10-6 radian during
an act'ual alignnment mark operation. Accordingly, there is no problemif
tana = a is approxi mated, resulting in X4at the above equati on nay be
obtained. In turn, as for (D) scaling, the follow ng conversion of 10
[err] Equation (10) is carried out, where [err],[err] are values of scaling

in
a=1+4+Sy
p=atéd
c=dX
d=-8
e=1+8y
. f=dy

may be attained. If B is defined as

-1 2 R=1 k-1

RAR Y 2 Xu¥u PER Y

K-1 k-1 2 Lin =B
lgo XuYu 1=0 Yu |>=:0 Yu

N-t 8-1 L

|§o Xy ) Yu i

Equation (17)
each of the above two equations becomes

ZXHXLI
bl B = | ¥ XY,

xII

Equation (18)



the directions X and Y respectively, and an order to beconme problemis a

| evel of gbout 1 ppm In addition, assum ng of conplex of three converting
operations of the equations (8), (9) and (10) mat result in the follow ng
equation, i.e. Since it may be assuned tbat (a + [err])= 0, [err] = 0 and
[err] = 0 can be attained, the equation (11) is changed and the foll ow ng
equation can be attained. [err] Equation (12) Under such approxi nate
conditions as above, these three converting operations can be converted. In
addition, the coordinates [err] after cofrection of alignnent (after

converting operation) can be sinply *g Yo X
) =0 Ki™El
d -1 -1
e) B = |>=:o Yui Yo
f R=-1
Z YIll

Equation (19)
and it is possible to calculate six coefficients a, b,
c, 4, e and £. That is, it is possible to determine
unconditionally the alignment coefficients dx, dy, &, «,
éx, Sy. In other words, it is possible to anélyze
causes of the alignment displacement.

That is, it is well known in the related art
alignment method that the most preferable correction of
the alignment can be performed more easily and
analytically in view of a technical concept of making
sum of least squares of the residual values Ey; and Eyy
through application of a method of least squares. That
is, it is known that ihe most preférable cor:écting.
amount in alignment for making a sum of squares of
residuals'Exi, Ey; minimum can be.analytically calculated
only through getting an inverse matrix of the_matri# B.
Then, finally the residuals may result in only random
components or high degree component of séaling which can

not be corrected in view of principle.



expressed under an assunption of positional displacenents.dx and dy caused
by offset as follows; [err] In this case, if it is assunmed that a = 1 +
[err] b =a + [err] ¢ =dx d =-[err] e =1+ Sy f = dy the equations (13-1)
and (13-2) can be expressed as the foll a4 ng equations (14-1) and (14-2).
[err] Accordingly, if the neasured coordinates of the i-th order of
alignnment mark are defined as [err], YM), the residual values [err] and
[err] can be expressed as foll ows:

Such a related art alignment method as
described above is effective ih the case that the random
components which cannot be corrected by a hardware
normally installed on the stepping device in view of its
principle are relatively near a normal distribution.
However, in view of the actual structure of the
semiconductor device, miﬁimum setting of the sum of
squares of residuals is not necessarily a necessary
condition and may Qot necessarily make the most
preferable correcting amount of alignment.

~ The alignment operation in the practical
semiconductor device is defined as an operation in which
two patterns designed in reference to an alignment
displacement tolerance value set in response to an
alignment accuracy which can be attained are overlapped
from each other. Normally, the first pre-formed pattern
shown in Fig. 15A (for example, an electrical wiring
pattern) is designed to be larger than the second
pattern (for example, a contact hole pattern) in
reference to a displacement in alignment as shown in
Fig. 15B. 1In this figure, the lengths toly and toly
designate alignmeht displacement tolerance values in the
directions X and ¥, and the alignment displacement

values in the directions X and Y are designated by AX



[err] 12 Then, coefficients a, b, ¢, d, e and f are determned in such a
way that g sum of square of each of the residual values [err] and [err]
concetrning the alignnent marks of the nunber of N ranging fromO-th
alignment mark to the (N - I)-th alignnent mark, i.e. [err] may becone
m ni mum Such a nethod as descri bed above is the related art alignnent
met hod. That is, it is generally known that a proper anount of correction
agai nst each of the causes can be determ ned unconditionally through a
met hod of | east squares. In the present specificatjion, the itemf[err] is
meant by a and AY, respectively. Accordingly, it may easily be
understood that necessary and sufficient condition of
alignment in hanufacturing the semiconductor device
consists in the fact that
AX < toly ° ' Equation (20-1)
AY < toly ' Equation (20-2)
are fulfilled for all patterns. In other words, it is
satisfactory that all the second patterns to be formed
satisfy the equations (20-1) and (20-2), respectively.
In turn, in the case that even a part of the second
pattern is exposed out of the first pattern, i.e. even a
~part of the second pattern to be formed does not satisfy
the equation (20-1) or (20-2), it becomes impossible to’
form a normal electrical contact, for example. In other
words, it is necessary that an absolute value of
difference between a positional coordinate after
correction of the alignment mark and a measured
coordinate of the alignment mark is set to be smaller
than toly and tol,.
Howevef, it is not always found that a
condition in which a sum of squares of residuals Exi' Eyg
in the related art .alignment method is made minimum is a

condition capable of attaining the maximum number of

normal contact holes or a condition in which all contact



sum of a physical ambunt (expressed by the equation subsequent to fe}r])

concerning.the alignnment marks of the nunber of N ranging fromO-th

alignment mark to (N-1)-th alignnment mark unl ess ot herw se specified. Each

of the coefficients is partially differentd ated and put in order as

follows. [err] ’ Equation (16-1) 13 [err]

Equation (16-2) Accordingly in reference to the equation (16-1) [err]
holes are normally formed. 1In other words, the

condition in which thg sum of squares of residuals Eg,,

Ey; is made minimum is not always coincided with the
most preferable correcting condition of the alignment in
the manufacturing of the semiconductor device.

In turn, even if the sum of squares of the’
residuals Ey;, Ey; is not made minimum, there is an
alignment condition to piovide the most preferable
alignment result in the manufacturing of a semiconductor
‘device. 1In particular, in the case that the random
component in the displacement component of the alignmeht
mark from the rational grid point does not follow a so-
called normal distribution, the related art alignment
method for.making the sum of squares of residuals
minimum does not become preferable. The facts that
deformation of the wafer passed through various
manufacturing processes such as film forming stage or
etching or heat treatment processes is complex and such
random component does not follow the normal distribution
may be frequently generated in the bractical
manufacturing pfocéss of the semiconductor device.

As descfibed above, the related art alignment

method in which a sum of squares of the residual is made

minimum in order to make a minimum displacement between



14 [err] may be attained. If Bis defined as [err] Equation (17) each of
the above two equations becones [err] Equation (18) 15 [err}

Equati‘on (19) and it is possible to calculate six coefficients a, b, c, d,
e and f. That is, it is possible to det&sm ne unconditionally the alignnent
coefficients dx, dy, [err] a,

the position of the pattern to be formed in itself and
the position of the pattern to be actually formed does
not always provide the most preferable correcting
conditioﬁ of the alignment for the VLSI passed through
various processes. This becomes remarkable in
particular in the case that the random component in the .
displacement component of the alignment marks from the
rational grid point does not follow a norﬁal

distribution.

SUMMARY OF THE INVENTIO&

It is an object of the present invention to
provide a new alignment method in which the alignment
can be carried out in reference to the most preferable
correcting.amount got by performing a statistical
processing Based on a measuring position of the
alignment mark even in the case that the random
component in the displacement component of the alignment
mark from a rational grid point does not follow a normal
distribution.

As shown in fig. 15B, the related art
alignment method is carried out such that a difference
between a position (the second pattern forming planned

region) where the second pattern (a contact hole



[err], [err] In other words, it is possible to analyze causes of the

al i gnment displacenent. That is, it is well known in the related art

al i gnment nethod that the nost preferable correction of the alignnment can
be perforned nore easily and analyticall30in view of a technical concept of
maki ng sum of | east squares of the residual values [err] and [err] through
application of a nethod of |east squares. That is, it is known that the
nost preferable correcting. anount in alignnment for making a sum of squares
of residuals [err], [err] mninmum can be_an Iytiéally cal cul ated only

through gettingakkerierife tRaPei PTOINRe L¥afoTRes afeR, PPEALAOR MhsTe

ool ool vnleh 58 RbctBe Bak-elod® AYRATN 2ohell g3, d20kas component of

positional displacements AX and AY of the second pattern
in the directions X and Y are treated as the residuals
Egir E!i? respectively.

EXi = AX

Eg; = AY

In Figs. 15 to 20, a layout relation between
the first pattern and the second pattern is illustrated
in order to facilitate its understanding. In these
figures, the position where the second pattern (the
contact hole pattern) is to be originally formed is
equivalent to that of the point got under a converting
operation of the rational grid point. In turn, the
position where the second pattern is to be formed is
equivalent to a position where an alignmenE mark related
to the first.patterd is measured.

In this related art alignment method as
desc:ibed above,.although it is easy to make .an
analytical calculation of a minimum value of sum of
squares of the residuals, it does not always satisfy the
necessary conditi&n in the correction of the alignment
as described above in view of the pattern formation of

the actual semiconductor device. In view of the fact



16 Such a related art alignnment nethod as described above is effective in
the case that the random conponents whi ch cannot be corrected by a hardware
normally installed on the stepping device in view of its principle are
relatively near a normal distribution. Hdwever, in view of the actual
structure of the 'sem conductor device, mninumsetting of the sum of
squares -of residuals is not necessarily a necessary condition and may not
necessarily make the nost preferable correcting anmount of alignnment. The

al i gnment operation in the practical sem conductor device is defined as an
operation in whPeWerwshBaPreFRBt2BVEREIOPNECRRLEYEnBeneY BAtAPAgARENL

di sSpl acement tol efance val.ue set in respon to an aligngent accuracy which
canpbe att ai ne@va gasggg|ggﬁgﬁacement i ai?gnment ?n geggrence to ay

structure of the actual semiconductor device and a
necessary condition to be satisfied for alignment work.

That is, the first alignment method of the
present invention for accomplishing the aforesaid'object
is an élignmént method in an optical exposing method for
a semiconductor device in which after a resist is formed
on the first pattefn formed on the wafer, the resist is
optically exposed to form the second pattern on the
resist and then a position where the second pattern for
the first pattern is to be formed is determined in
response to the measurement of the positions of the
alignment'marks of the number of N associated with the
first pattern formed on the wafer. Then, at first, the
alignment correction coefficients dx, dy,-a, ars Sgr Sy
are calculated by a method of least squares in reference
to the coordinates (Xy;, Yy;) of each of the alignment
marks and the coordinates (Xpir ¥p;) of the rational grid
point corresponding to each of the alignment marks in
the same manner as that of the related art élignment
method.

After this operation} the corrected

coordinates (Xp;;, Yp;;) of the alignment mark are



fromeach other. Normally, the first pre-fornmed pattern shown i neFig. 15A
(for exanple, an electrical wiring pattern) is designed to be larger than
the second * pattern (for exanple, a contact hole pattern) in reference to
a di splacenent in alignnment as shown in Bgg. 15B. In this figure, the

| engths [err] and [err] designate alignnment displacenent tolerance val ues
in the directions X and Y, and the alignnent displacenent values in the
directions X and Y are designated by AX 17 and [err] respectively.

Condi 11 0n 0f  2ICPGRBALath e REERTEGS 4 IHDE SHCEATRRaRST ot cBLEbrF s s
'n the fact th%&e rational grid point corresponding to each of the
alignment marks on the basis of the alignment mark -

correction coefficients and each of their féndoﬁ number
elements. Then,
Ay = Xy~ Xpyy
Ay = Y3 ~ ¥ppy
are calculated and the residuals Ey;;s Ey;; at each of
the alignment marks are determined in reference to the
following rule on.the basis of the alignment
displacement tolerance values tol, and toly in the
predetermined directions X and Y which are alignment
displacement values allowable in design of the
semiconductor device.

(A) In the case that |AX;,| = toly and |AY,,| =
toly are set: .
Egsp = 0
Eyjy = 0 |
| (B) In the case that |AX;,| > toly and |AY,,| >
tdlY are set: |
Egsr = |8%;,| - toly’
Byyp = lA¥5| - toly

(C) In the case that |AXy;] = toly and |AY,,| >

tolY are set:



are fulfilled for all patterns. In other words, it is satisfactory that al
the second patterns to be forned satisfy the equations (20-1) and (20-2),
respectlvely In turn, in the case that even a part of the second pattern

i s exposed out of the first pattern, i.@3 even a part of the second pattern
to be formed does not satisfy the equatlon (20-1) or (20-2), it becones

I npossible to forma nornmal electrical contact, for exanple. In other
words, it is necessary that an absol ute val ue of difference bet ween a
positional -coordi nate after correction of the alignnent mark .and a neasured
coordinate of Eke 4| nnent mark is set to be smaller than [err] and [err].
However, it is_not aI ﬂ that a condition in which a sum of squares
of residuals [Er:q %P ¥ related art alignment nmethod is nade

mnimmis a condltlon CQB§b&ﬁ Qﬁeakgg'n%ﬂgttEEX”TX$”931”¥ﬂquAQ

toly, are set:

Eyi1

0
Then, in view of these residuals Ey;,, Ey;;, a

sum of residual squares R, = ZEX,,? + 3EY,,? is |
calculated.

Then, the aforesaid stages are carried out for
a plurality of times with the alignment correction
coefficients added with the random number elements being
applied as new alignment correction coefficients.

- Lastly, the corrected coordinates (Xq;pr Yqip) Of the
aligﬁment mark associated with the first patterh for use
in optically exposing the second pattern are calculated
in reference to the alignment mark correction
coefficients and each of their random number elements
when the residual sum of squares R, = SEX;,? + 3EY,,2
becomes a minimum value.

Then, the second alignment method of the
present invention will be described in summéry.

In the case tha; a pattern is to be formed in

the semiconductor device by applying a reducing optical



normal contact holes or a condition in which all contact 18 holes are
normal |y for,med. In other words, the condition in which the sum of squares
of residuals [err] [err] is made mnimumis not always coincided with the
nost preferable correcting condition of tB& alignment in the manufacturing
of the sem conductor device. In turn, even if the sum of squares of the
residuals [err], [err] is not nade mninum there is an alignnment condition
to provide the nost preferable alignment result in the manufacturing of a

TR M AR B R S LN SR e
pornt does hOt %gkk%Whasigé is approximate to a limited resolution

degree found in the reducing optical system, the p&ttern."
.to be formed is remarkébly deformed from the deéign
pattern. Accordingly, even in the case of the first
alignment method of the present invention, the alignment
displacement allowable values required in performing a
desién of the semiconductor device must be set more
rationally in response to the pattern shape to be

actually formed.

In the second alignment method of the present
invention, the residuals Ey;;, Ey;; at each of the
alignment marks in the first alignment method are
determined by-éhanging them to the following rules.

(A') In the case that AX;;Z + AY;;2 = tol,? +

tolY2 :
.Exi1.= 0
Eysy = 0 |
(B') In the case that AX;;2 + AY;,?2 > tol,? +
toly?:
Egia? + Byyy? = AX{2 + AY;2 - (toly? + toly?):

In the éctual manufacturing process for the
semiconductor device, displacement from the design

pattern may easily occur due to various causes. In view



call ed normal distribution, the related art alignnment nethod for making the
sum of squares of residuals m ni num does not becone preferable. The facts
that deformation of the wafer passed through various manufacturing
processes such as filmform ng stage or &t ching or heat treatnent processes
I's conpl ex and such random conponent does not follow the nornal
distribution may be frequently generated in the practical manufacturing
process of the sem conductor device. As described above, the related art

oLl gnent e g |y aEehe RUTLRL SAAhAS Tk ahHent SguEHah, bF, FRES Nt U
pattern to be £9Egggti9nbgﬁgkén?ngt is pfeferable that the alignment
"displacement allowable values are set for each of the
regions every time they are set in response to the
pattern shape pf the first pattern actually formed.

Then, a third alignment method of the present
invention will be described in summary.

There occurs sometimes that the first pattern
and the second pattern are already formed and a third
pattern is concurrently formed in respect to these first
and second patterns. In such a case as above, it is
necessary that the alignment displacement allowable
values are set in reference to the alignment
displacement amount between the lower layer patterns
(between the first pattern and the second pattern)
formed prior to the formation of the third pattern.

That is, the third alignment method of the
present invention for accdmplishing the aforesaid object -
is an alignment method in an optical exposing method for
a semiconductor device wherein a resist is formed on the
first pattern and the second pattern formed on the
wafer, then the resist is optically exposed to form the
third pattern on such resist as above, and a position

where the third pattern against the first pattern and



the position of the pattern to be actually fornmed does not al ways provide
t he nost preferable correcting condition of the alignment for the VLSI
passed’ t hrough various processes. This becones remarkable in particular in
the case that the random conmponent in ti& di spl acenent conponent of the
alignment marks fromthe rational grid point does not foll ow a normnal
distribution. SUMMARY OF THE I NVENTION It is an object of the present

i nvention to provide a new alignment nethod in which the alignnment can be

por o ng. & ote RACHRA FICEA i BRSRE (P HIeh A, AR U OF of t o

L e K e S S B MR e e

does not folhmgfaég%enl marks of the number of N associated with the
first.pattern formed on the wafer. Then, at fifst, the
position of the alignment mark associated with the first
pattern is measured and concurrently the position of the
alignment mark associated with the second pattern is
measured, and the alignment displacement amounts Ae,,,
Aey; at each of the alignmént marks are calculated in
reference to a result of sﬁch measurement.

Then, the.alignment correction coefficients
dx, dy, 8, «, Sy and S, associated with the first
pattern are calculated by a method of least squares in
reference to the coordinates (Xy;r Yy;) Oof each of the
alignment marks and the coordinates (Xp;, Yp;) of the
rational grid point corresponding to each of the
alignment marks in the same manner as that of the
rélated art alignment method. |
After thié'operation, the correction

coordinates (Xmil' Yyp;;) Of the alignment mark are -
calcuiated in reference to the coordinates (X;;, ¥;) of
the rational-grid.point chrespoﬁding to each of the

alignment marks on the basis of the alignment mark



di stribution. As shown in Fig. 15B, the related-art alignment nethod is
carried out.such that a difference between a position (the second pattern
form ng planned region) where the second pattern (a contact hole 20
pattern) is to be originally formed and &7position where the second pattern
Is actually fornmed, i.e. the positional displacenents [err] and [err] of
the second pattern in the directions X and Y are treated as the residuals
[err], [err] respectively. [err] = [err] [err]=[err] In Figs. 15 to 20, a

| relation n :
ayout relat Océ%?é%?ion coefficients and each of the random number

elements. Then,
AXyy = Xy — Xqy
A¥yy = Yy = Yy
are calculated.

Then, the new-aiignment aisplacement allowable
values tol,' and toly'in the directions X and Y are
determined in accordance with the following rule on the
basis of the predetermined alignment dispiacement

- tolerance vaiues toly, toly in the directions X and Y
which are alignment displacement values allowable in
design of the semiconductor device, the predetermined
alignment displacement values Ae,;, Aey;, the above-
mentioned values AX;,, AY;; where in the case that the
values of tol,', toly' are in negative sign, they are
assumed to be 0. |

In the case of (x - l)Ae,; = 0 and AX;, = O0:

tol,' = tol,

In the case of (x ~ 2)Ae,; = 0 and AX;, < 0:
toly' = toly - Aeyl

In the case of (x - 3)Ae,; < 0 and AX;, = 0:
toly' = toly - |Ae,,|

In the case of (x - 4)Ae,; < 0 and_AXio < 0s

tolx' = tolx



the first pattern and the second pattern is illustrated in order to
facilitate its understanding. In these figures, the position where the
second pattern (the contact .hole pattern) is to be originally forned is
equi valent to that of the point got un@é®&r a converting operation of the
rational grid point. In turn, the position where the second pattern is to
be fornmed is equivalent to a position where an alignnment mark related to
the first pattern is neasured. In this related art alignment nethod as
descri bed above, although jI is_easy_.to nak n anal yti cal | culation of a
i ni mum val ue of sun1of?§qh5?e§a%? ¥ﬁe?¥e§igh§F!iq$t dé ioaFna}s
satisfy the n cessary, ndition in the correction of the alignnent as
descri bed abo%®¥n Vf%&ﬁbf the pattern formati on of the actua

sem conductor device. |p,Vvigw QigLhgef gt 2)Aey;20 and AY,, < 0:

In the case of (y - 3)Aey;< 0 and AY;, = 0:
In the case of (y — 4)Aey; < 0 and AY;, < 0 :
toly' = toly

Then, the residuals Eg;q, Ey;, at each of the
alignment marks are determined in accordance with the
following rule.

(A) In the case of |AX;,| = toly' and |AY,,| =
toly':

Eyip = 0
Eyjy = 0 :

(B) In the case of |AX;,| > toly' and |AYy,| >
toly':

Exip = |AXgy| - toly!
Eysy = |AYg| - toly!

(C) In the case of |AX;,| = toly' and |AY,,| >
toly':
Egjy; = 0

Eyip = |[AYgy| - toly!



21 above, the present invention enploys a new nethod for eval uating

di spl acenent in alignment in reference to a structure of the actual

sem conduct or device and a necessary condition to be satisfied for

al i gnnment work. That is, the first alignpgnt nethod of the present

I nvention for acconplishing the aforesaid object is an alignnment nmethod in
an optical exposing nethod for a sem conductor device in which after a
resist is formed on the first pattern formed on the wafer, the resist is
optically exposed to formthe second patterp on the resist and then a

posi tion where the secon&DbaFPthefgﬁS?h@ffE@%ﬁﬂpﬁﬂ%Q&xfi%ﬁd Bewf & med is
determ ned in response to the neasurement of the positions of.-the alignnent
mar ks of the n&RBer*of N associated with the '

Eyi; = |AXg,] - toly!

Egsp = 0
Then, the residual sum of squares R, = SEj;,?
+ EEYilz is calculated in reference to these residuéls
 Egyy and Eyy,.

Then, the aforesaid steps are carried out for
a plurality of times with the alignment correction
coefficients added with the random number elements being
applied as new alignment correction coeffiéients.
Lastly, the corrected coordinates (Xqips Yyp;p) Of the
alignment mark associated with the first pattern for use
in optically exposing the third pattern are calculated
in reference to the alignment mark correction
coefficients and their random number elements when the
residual sum of squares R, = 3Eg;,2 + SEy,,? becomes a
minimum value. '_

The fourth alignment method of the present
invention is approximately similar to the second
alignment method of the present invention, That‘}s, in
the fourth alignment method of the pfesent invention,

the residuals_Exi1 and Ey;; at each of the alignment



first pattern forned on the wafer. Then, at first, the alignnment correction:®
coefficients dx, dy, [err], [err], [err], [err] are calculated by a nethod
of | east squares in reference to the coordinates ([err])) of each of the

al i gnment marks and the coordinates [erBd of the rational grid point
corresponding to each of the alignnment marks in the sane manner as that of
the related art alignment nethod. After this operation, the corrected
coordinates [err] of the alignnent mark are 22 calculated in reference

to the coordinates [err] of the rational grid int corresponding to each
of the alignn%ﬂfkﬁaiﬂst%ﬂ Fhér§a§3§gBPePﬁemﬁFpgan%ﬁ? ﬁaFﬁrﬁlned gY
' being changed in accordance with the following rule.

(A') In the case that AX;,2 + AY;,2 = tol,'?
+ tol!'zz | .

Egsp = 0 s
Eysp = 0

(B') In the case that AX; 2 + AY;,2 > tol,'? +
tolY'zz _ |
Bysp2 + Byy,2 = A 2 + AY;,2 - (toly'? + toly'2):

In the actual manufacturing process for a
semiconductor device, a displacement from the design
pattern may easily be generated due tq_various causes.
In view of this fact, it is preferable in the fourth
alignment method of the present invention that the
alignment displacement tolerance value is set for each
of the regions every time in response to the pattern
shape of the already formed actual pattefn.

In the alignment meﬁhod of the present
invention, the residuals Eg;;, Ey;, are determined in

.response to the predetermined élignment displacement
tolerances toly;,, toly;; in the directions X and ¥,
respectively. Thén,-the most preferable values of the
alignment correction coefficients dx, dy, €, «, S;z and

Sy when the sum of residual squares EExilz + SEyy,2



correction coefficients and each of their random nunber el enents. Then,

[err] =

the alignment marks are determined in reference to the following rule on
the basis of the alignnment displacenment 3ol erance values [err] and [err]

F

[err] [err] are calculated and the residuals [err] at each of

the predeterm ned directions X and Y which are alignnent displacenent

val ues al l owabl e in design of the sem conductor device.

that [err]

[err] and [err] > [err] are set: [err] =[err] - [err]

becomes minimum are calculated by an iterative solution.
With such an arrangement as above, even if the random
component in the displacement components of the
alignment marks from the rational grid points does not
follow the normal distributidn, it is possible to get
the most preferable amount of correction of the
alignment with the result that the alignmeht under the
most preferable condition can be carried out.

There is no problem at all wherever the
contact hole may be formed in the region in the case
that the contact hole is formed, for example, in the
semiconductor device if a contact hole is formed in a
region where an electrical contact can be stably
assured. In the case that the displacement component of
the alignment mark from the rational grid point follows
the normal distribution, it is pqssible ﬁo get the most
preferable correcting amount of the alignment in such a
way that the sum of residual squares may become minimum.
Then, even in the case that the contact hole is formed
in the region where an electrical contact can be.stably
assured, the most preferable alignment correction amount
is calculated in such a wéy that a residual between a
rational forming position of the contact hole and a

planned forming position of the contact hole may always

(A) In the case
and [err] [err] are set: [err] (B) In the case that [err] >

in



[err] =[err] - [err] (O In the casé that [err] [err] and [err] téll are

set: .23 lerr] =0 [err]= [err]- [err] (D In the case that [err] >
[err] and [err] [err] are set: [err] = [err] - [err] [err]= 0 Then, in view
of these residuals [err], [err] a sum of 32esi dual squares [err] = [err] +

[err] is calculated. Then, the aforesaid stages are carried out for

approach 0. As a result, in the case that'the random
component in the displacement component in the alignment
mark from the rational grid point does not follow the
normal distribution, there occurs.sometimes that a
contact hole is not formed in the region where the
electrical contact can be stably assured under an
alignment method based on the related art method of
least squares and then an improper optical exposing shot
may be generated when the resist is optically exposed.

If the contact hole is formed in the region
wﬁere an electrical contact can be stably assured, there
is no problem that the contact hole.may be formed in any
region as above, resulting in that the residuals Ey;,,
Ey;1 in each of the alignment marks in the present
invention are defined to be 0 in the case that |AXy,| =
toly andlAYiﬂ < toly are attained. 1In turn, for
example, in the case that |AX,,| > toly and |AX;,| > tol,
are attained,_the most preferéble values of the
alignment correction coefficients dx, dy, 8, a, Sy, Sy
when the sum of residual squares 3Ey;,? + 3E;,? become
minimum under a relétion of Eyy; = |AX;,| - tol, and Ey,,
= |AY | - toly, respectively,‘are calculated by the

interactive solution.



a plurality of times with the alignment correction coefficients added with
t he random nunber el enents being applied as new alignnment correction
coefficients. Lastly, the corrected coordinates [err] of the alignnment mark
associated with the first pattern for u82 in optically exposing the second
pattern are calculated in reference to the alignment mark correction
coefficients and each of their random nunber el enents when the residual sum
of squares [err]= [err] + [err] beconmes a m ninumval ue. Then, the second
al i gnment net hod of the present invention will be described in sunmary. In

the case that a pattern 551%% RestRTE o oF Fuse DRAGINEG! or device by

appl ying a reducing optic
: Fig. 1 is a general technical concept view for

showing the related art alignment method.

Fig. 2 is a schematic illustration for showing
a measuring point of an alignment mark, a rational grid
point and a conversion of the rational grid point in the
related art.

Figs. 3A and 3B are schematic illustrations
for showing causes of deformation of the related art
wafer. ' |

_ Fig. 4A and 4B are schematic illustrations for
showing causes of deformation of the related art wafer.
| Fig. 5 is a flowchart for showing each of the
steps in the alignment method in the first preferred
embodiment of the present invention.

Fig. 6 is a flowchart subsequenﬁ to Fig. 5 for
.showing each of the steps in the alignment method in the
first éreferred embodiment of the present invention.

Fig. 7 is a flowchart subsequent to Fig. 6 for
showing each of the steps of an alignment method in the
first preferred embodiment of the present invention.

"Fig. 8 is a flowchart for showing each of the
steps in a modified alignment method of the seéohd

preferred embodiment of the present invention.



24 system in particular, in the case that the fornmed pattern size is
approximate.to a limted resolution degree found in the reducing optical
system the pattern to be fornmed is remarkably deforned fromthe design
pattern. Accordingly, even in the case of34he first alignnment nethod of the
present invention, the alignnment displacenent allowable values required in
perform ng a design of the sem conductor device nmust be set nore rationally
in response to the pattern shape to be actually fornmed. In the second

al i gnnment nethod of the present invention, the residuals [err], [err] at

O e | 'TE RS, 11615, I e RO ke b
* (B) In the 438 dg'dadfldel thd Ftleps” ih'd oBified alignment method

in the second preferred embodiment of the present

invention.

Fig.llo is a flowchart subsequent to Fig. 8
for showing each of the steps in a modified alignment
method in the second preferred embodiment of the present
invention.

Fig. il is a ‘flowchart for showing each of the
steps in the alignment method in the third preferred
embodiment of the present inventibn.

' Fig. 12 is a flowchart subsequent to Fig. 11
for showing each of the steps in thé alignment method in
the third preferred embodiment of the presént invention.

Fig. 13 is a flowchart subsequent to Fig. 12
for showing each of the steps in the alignment method in
the third preferred embodiment of the present invention.

Fig. 14 is a flowchart subsequent to Fig. 13
for showing each of the steps of the alignment method of
the third preferred'embodiment of the present invention.

Figs. 15A and'15B are views for showing
technical concepts of AX;,, AY;,, tol,, toly and
residuals Eg;,, Ey;, in the alignment method of the first

‘preferred embodiment of the present invention.



[err]: + [err] = [err] + [err] - [err] + [err]): In the actual
manuf act uri ng process for the sem conductor device, displacenent fromthe
design pattern may easily occur due to various causes. In view 25 of
this fact, in the second alignnment netBdd of the present invention, it is
preferable that the alignnent displacenent allowable values are set for
each of the regions every tinme they are set in response to the pattern
shape of the first pattern actually fornmed. Then, a third alignnent nethod
of the present invention will be described in sunmary. There occurs '

sometines that the firglgPallgd tnd 16B are views for showing

technical concepts of AX;;, AY;;, tol,, toly and
residuals Eg;,, Ey;; in the alignment method of the first
preferred embodiment of the present invention.

Fig. 17 is a view for showing technical
concepts of AX;,, AY,;,, tol,, toly and residuals Eg;,,
Ey;; in the alignment method of the first preferred
embodiment of the present invention.

Fig. 18 is a sbhematic illustration of the
first pattern and the like formed near a limited
resolution degree in a réducing optical system. .

Fig. 19 is a view for showing technical
concepts of Axil,-AYil, tol,, toly and residﬁals Egiir
Eyy; in the alignment method of the third preferred
embodiment of the present invention.

Fig. 20 is a view for showing.technical'
concepts of AXy,, AY;,, tol,, toly and residuals Eg,,,
Ey;; in the alignment method of the third preferred
embodiment of the present invention.

Fig. 21 is a view of a frequency distribution
in displacement between positional coordinates (Xy;, Yy;)
of the alignment mark in the first pattern and
coordinates (Xp;, ¥;;) of the rational grid points

corresponding to each of the alignment marks before and



and the second pattern are already formed and a third pattern is
concur.rently formed in respect to these first and second patterns. In such
a case as above, it is necessary that the alignnent displacenent allowable
values are set in reference to the aligngent displacenent anount between
the |l ower |ayer patterns (between the first pattern and the second pattern)
formed prior to the formation of the third pattern. That is, the third

al i gnment nethod of the present invention for acconplishing the aforesaid
object is an alignnment nethod in an optical exposing nethod for a

serm conduct of 2#eKCEnaNg! ehingnt 33tk b FBH Soblfiof b 2behaL! BEN and

the second pattern forne en the I’eSIS I'sS optica

exposed to foefet kerkli edpRatiheht 98 %HﬁhfE?§{:Sf_)réiﬁe@?@&eemﬁaélﬁeﬂgs't'On
where the third pattern against the first pattern and

of the present invention.

Fig. 22 is a view of a frequency distribution
in displacement of the corrected coordinates (Xpip:s Ypip)
of each of the alignmgnt marks from the coordinates
(Xp;r Y, ;) of the rational grid point corresponding to
each of the alignment marks in the case that the
alignment correctién is carried out through the related_
art alignment method.

Fig. 23 is a view of a frequency distribution
in displacement of the corrected coordinates (Xpspr Yopip)
of each of the alignment marks from the coordinates
(Xpir ¥py) of the rational grid point corresponding to
each of the alignment marks in. the case that the
alignment correction is carried out in reference to a
result of experiment of the first preferred embodiment
of the present inventionL

Fig. 24 is a view of a frequency distribution

in displacement of the corrected coofdinates (Xpipr ¥Yopip)
of each of the alignment marks from tﬁe coordinates
(Xp5r ¥;;) of the rational grid pbint corresponding to

each of the alignment marks in the case that the



26 the second pattern is to be formed is determined in response to the
measur.enent. of the positions of the alignnment marks of the nunmber of N
associated with the first pattern formed on the wafer. Then, at first, the
position of the alignnment mark associategay with the first pattern is
measured and concurrently the position of the alignnent mark associ ated
with the second pattern is neasured, and the alignnment displacenent anounts
[err], [err] at each of the alignnent marks are calculated in reference to
a result of such neasurenent. Then, the alignnment correction coefficients

dx, dy, [err], aﬁéﬂl“}“e"FeFﬂrr&ﬁ&lf’@rrl]s £8IFdies aptyithrough thesredated n are

calculated by a Qd of Ieast ares inr ere e to the coordlnates
[err], [err] offT gg H tho separate rom at oé Fig.

Fig. 25 is a view of a frequency distribution
in displacement of the corrected coordinates (Xp;ps Yoiw)
of each of the alignment marks_from the coofdinates
(Xp3r ¥p ;) of the rational grid point cerresponding to
each of the alignment marks in the case that the
alignment correction is carried out in reference to the

result of the second experiment of the present

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The alignment method of the first preferred
embodiment of the present invention is an alignment
method in an optical exposing method for a semiconductor
device in which a resist is formed on a first pattern
formed on a wafer, thereafter the resist is optically
exposed to form a second pattern on the'resist, wherein
a position where the second pattern in respect to the
first pattern is to be formed is determined on the basis
of a measurement of the positions of the alignmentlmarks
of the number of N associated with the first pattern

formed on the wafer.



al i gnment marks and the coor di nat es ([err], [err]) of the rational grid
poi nt. cortesponding to each of the alignnment marks in the sane manner as
that of the related art alignnent nethod. After this operation, the
correction coordinates [err] of the ali3§nnent mark are calculated in
reference to the coordinates [err] of the rational grid point corresponding
to each of the alignnment marks on the basis of the alignnment mark - 27
correction coefficients and each of the random nunber el enments. Then, [err]
are cal cul at ed. : - . K '
It is impossible or quite hard, being
different from the related art alignment method, to
perform an analytical and unconditional getting of the
‘alignment correction coefficients dx, dy, 8, a, Sy, Sy .
for minimizing a residual sum of squares 3Eg;,? + 3E;,?
in response to the alignment displacements Eg;,, Eyi,
newly defined in the present invention. 1In addition, an
optimization process for a continuous function under an
assumption of a monotone decreasing down to a minimum
value of the evaluation function such as Newton method
or a method of steepest descent cannot be applied either
due to a presence of limitless number of local minimum
values for the evaluation function. In view of this
fact, in the present invention, optimal values of the
~alignment correction coefficients dx, dy,; 8, a, Syr Sy
are calculated by the iterative solution in which Monte
Carlo method is applied.
Referring now to the flowcharts of Figs. 5 to
7, each of the steps in the alignment method concerning
the first preferred embodiment of the present invention
will be described more practically.
[Step-100]

Positions of the alignment marks of the number

of N associated with the first pattern are measured, and .



Then, the new alignnent displacenent allowable values [err] and [err] the
directions X and Y are determned in accordance with the follow ng rule on
the basis of the predeterm ned alignment displacenent tol erance val ues
[err], [err] in the directions X and Y v§d ch are alignnment displacenent

val ues all owabl e in design of the sem conductor device, the predeterm ned
al i gnnent di spl acenent values [err],[err], the above- nentioned val ues
[err] where in the case that the values of [err], [err] are in negative
sign, they are assuned to be 0. In the case of [err] , and [err]: [err] =
[err] In the theR bhe[epprdinabepef Ky )] (WheUfe dade lof YrxB)fermr]< 0
and [err]: [eﬁil) of each of the alignment marks are calculated in

reference to the result of such measurement. 1In this
case, the abpendix "i* designates the i-th alignment‘
mark. Measurement of the alignment mark can be
peffgrmed by applying an alignment mark sensing system
of TTL.(Through The Lens) on-axis type, an alignment
mark sensing system of TTL off-axis type or an alignment
mark sensing system of off-axis type.

[Step-110] |

Under an assumption that the offsets of errors
of the alignment marks in the directions X énd Y are
defined as dx and dy, a rotation of an error of the
alignment mark in its rotating direction is defined as
8, an orthqgonél degree of layoﬁt which is an error of
the orthogonal degree in the layout in each of the
alignment marks is defined as a« and scaiings which are
variations in magnification of the alignment marks in
the directions X and Y are defined as Sy, Sy, the
alignment correction coefficients dx, dy, 6, e, Sy, Sy
are calculated by a method of least squares based on.the
following equations (1) and (2) in reference to the
coordinates (Xy;, Yy;) Of each of the alignment marks and

the coordinates (Xpir Yp3) of the rational grid point



In the case of (x-4)[err] < 0 and [err] < O: 28 In the case of (y -
|)[err] -and. [err]: [err]=.[err] In the case of (y - 2)[err] and [err] <
O: [err] - =TJerr] - [err] In the case of (y -3) [err]< 0 and [err]: [err]
In the case of (y.- 4)[err]< O and [err] 40 : [err] = [err] Then, the
residuals [err], [err] at [err] of the alignnment marks are determned in
accordance with the following rule. (A In the case of [err] and [err]

corresponding to each of the alignment marks. This

process is similar to the related art alignment method.

N-1 g X1 -1

|=0 i= Isl
R-1 . X-1 2 N-1 a
ZO xLlYL_I z YLI Z Yl.l ) b

i= 1=0 1=0
R-1 H=-1 N~ .
i=0 X“ =0 Y“ i=0 !
N=-1
Xy X
10 1LY
R-1
= X, Y
v oLl
B-1
X
lgo ok
" Equation (1)
-1 2 K=1 -1

i=0 i=0 i=0 d
"-1 K-t v “il y .
Eo XuYu Eo L L U .

H=1 ‘H-t K-1

=148, )

b=atd - Equation (2)
c=dx

d=-6

e=1+8,

f=dy



[err] [err] [err] =0 (B) In the case of [err] > [err] and [err] > [err]:

[err].=[err] - [err] [err] =([err] - [err] (O In the case of [err] and
[err] > [err] [err] =0 [err] = 29 (D) In the case of [err] > [err] and
[err] [err]: 41 : ‘

The. concepts of these alignment correction coefficients
dx, dy, 6, a, Sy, Sy are as indicated in Figs. 3 and 4.
In addition, these alignment correction coefficients dx,

dy, 6, a, Sy, Sy are used as the initial values in the

following steps.

Proper value is set in advance as a residual
sum of squares.used in the following steps.

[Step-120]

Then, the random number elements Adx, Ady,
A8, La, ASy, AS, associated with each df the alignment
correction coefficients dx, dy, 8, a, Sy, Sy are
generated. -Then, the correction coordinates (Xpy1r Ypyq)
of the alignment mark are calculated in referencé Eo the
following equation (3) on the basis of the alignment
correction coefficients dx, dy, 8, «, Sy, Sy and each of

the random number elements Adx, Ady, A8, Aa, ASy, ASy.

Xra\ [ v4S4as,  obsete+ad) (X,
\Yr,) |\ —(e+a@)  14s,44s, |\ Y,

dx+Adx
+
dy+Ady

In this equatioh, each of the random number elements is

Equation (3)

a normal random number and determined by a computer in

- reference to some experimental data on the basis of try-



[err] = [err] - [err] [err] Then, the residual sumof squares [err]= [err]
+ [err] is calculated in reference to these residuals [err] and [err] Then,
the aforesaid steps are carried out for a plurality of tinmes with the

al i gnment correction coefficients addedt2aM th the random nunber el enents
bei ng applied as new alignment correction coefficients. Lastly, the
corrected coordinates [err] of the alignnent nmark associated with the
first pattern for use in optically exposing the third pattern are
calculated in reference to the alignnent mark correction coefficients and

their randonypgaberog! AERARS .WeR HBAekas) duBk &obrettsguares [err] + [err]
beconmes a m ni num val ue. The fourth alignnment nmethod of the present

_coordinates (Xpiyr Ypyy) Oof the alignment marks obtained
from the above equation (9) and the residual sum of "
squares R, obtained by the following steps are
deteriorated more than the residual sum of squares R,
obtained by the equétion (3) and the following steps
with all the random number elements Adx, Ady, A8, Aa,
ASx,'ASY being set to be 0 if the distribution range of
the random ndmber elements is too wide. 1In turn, if the
distribution'range of the random number elements is too
narrow, the residual sum of squares Ry obtained b§ the
following steps is improved, although a speed of
conversion toward the most preferable value becomes
quite sléw, resﬁlting in that it requires a large amount
of time.

[Step-130]

Then,
AXip = Xys ~ Xppn
AYiy = Y3 — Yoy
are calculated. In addition, each of the values of
alignment displaceﬁents (alignment displacement
tolerances) toly, toly which can be allowed in design of
a semiconductor device is set in advance in each of the

directions X and Y, respectively. The residuals Eg;;:



invention is approximately sinmilar to the second alignnment nethod of the
present inyvention. That is, in the fourth alignment nmethod of the present
invention, the residuals [err] and [err]. at each of the alignnent 30
marks in the third alignnment nmethod are daterm ned by being changed in
accordance wth the following rule. (A") In the case that [err] + [err]
[err] =0 Jerr]=0 (B') In the case that [err] + [err] > [err] + [err]:
[err]

‘Eyy; at each of the alignment marks are determined in
reSponse to such toly, toly, respectively, in accordance
with the following rule. |

(A) In the case that |AX;,| = toly and |AY,,| =
toli (refer to Fig. 15B):
Exiy = 0
Eyj = 0
That is, the alignment displacementé within the set
alignment displacement tolerances (toly, toly) are set
to be 0 and equally handled. Beéause, there occufs no
problem in view of an actual structure of a
semiconductor device whatever any pattern positional
displacement may be generated within the range of the
alignment displacemén£ tolerances. In other words, toly
and toly are set in such a way that there occurs no
problem in view of an actual'structure of a
semiconductor device whatever any pattern positional
displacement may occur within the range of alignment
displacement tolerances. X |

(B) In the case that |AXy,| > tol, andIA&iﬂ >
tol, (refer to Fig. 16A):
Eyiy = |AXy,] - tol,

Bysy = |AYy| - toly



In the actual manufacturing process for a sem conductor device, a

di spl acenent fromthe design pattern may easily be generated due to
various causes. In view of this fact, it is preferable in the fourth

al i gnment nethod of the present invention4#hat the alignnment displacenent
tol erance value is set for each of the regions every tinme in response to
the pattern shape of the already forned actual pattern. In the alignnent
met hod of the present invention, the residuals [err], [err] are determ ned
in response to the predeterm ned alignnment displacenent tolerances [err]

R o e L e M
and [err] V‘he“aii'&mﬁé’m:Oﬁiéﬁfégéﬁénﬁqﬁéi€§aﬁéé§](%P,U]to_ly) are

defined as alignment displacements. |

| (C) In the case that |AX ;| = toly; and |AY | >

tolY (refer to Fig. 16B):

Egip = 0

Eyjy = JA¥,| - toly

(D) In the case that |AX;,| > toly and |ay,,|

= tol, (refer to Fig. 17): '

Eyyp = jax;,| - toly

Eyj;p = O

[Step-140]

The residual sum of séuares R, is calculated
in reference to these residuals Eyi1r Eyyp on the basis
of the following equation (4) and in the case that the
calculated residual sum of squares R; is smaller than
‘the residual sum of squares Ry, R; is defined as a new

Rg-

H-1 2 -1 2
R, = T Em + X Eviy
i=0 1=0

Equation (4)
[Step-150] |
The [step-~-120] to [step-140] are repeated by a

plurality of times while the alignment correction



31 beconmes mninmum are cal culated by an iterative solution. Wth such an
arrangenent. as above, even if the random conponent in the displacenent
conponents of the alignnent marks fromthe rational grid points does not
follow the normal distribution, it is possible to get the nost preferable
amount of correction of the alignment wwth the result that the alignnment
under the nost preferable condition can be carried out. There is no problem
at all wherever the contact hole may be forned in the region in the case
that the contact hole is forned, for exanple, in the sem conductor device

i ot AP B 50 ) W' oasBbachELhckafashict con be
al i gnment mar ky jyfifyP diereti L Kax I Ady POAR, ha!,! A5, As, are being
applied as new alignment correction coefficients dx, dy,
6, a, Sg, Sy. That is, the [step-120] to [step-140] are
repeated by a plurality of times (for examplé, a
predetermined number of times) while each of dx+Adx,
dy+Ady, 6+Af8, atAa, Sx+AS¥, SytASy is applied as new
alignment correction coefficients dx, dy, §, a, Sg, Sy.

[Step-160]

Then, the corrected coordinates (Xp;pr Yqyp) Of
the alignment mark associated with the first pattern for
optically exposing the second pattern are calculated by
the following eQuation (5) on the basis of the alignment
correction coefficients dx, dy, &, a, Sy, Sy when the
minimum residual sum of squares R, is obtained and each
of the random number elements Adx, Ady, Af, Aa, ASy,
ASy. |

Xup\  [14s,4a5,  atacreras) (X,
Yrie - @+A0) " 145,445, [ | v,
dx-+Adx
+
dy+Ady

After this opeiation, the wafer stagé is moved

Equation (5)

on the basis of the corrected coordinates (Xpjps Ypip) OFf



the normal distribution, it is possible to get the nost preferable
correctings-anount of the alignnent in such a way that the sum of residual
squares may becone m ni num Then, -even in the case that the contact hole is
formed in the region where an el ectrical4&contact can be stably assured, the
nost preferable alignnment correctton anount is calculated in such a way
that a residual between a rational form ng position of the contact hole and
a planned form ng position of the contact hole may always @ 32 approach O.
As a result, in the case that the random conponent in the displacenent

o Pon The hot i SISMIRISATIA AR Barkg! o daigniins o
the first pattern is optically exposed by applying
reticle having the second pattern formed thereon,

In the [Step—lsoj, the wording of "repeated by
a plurality of times" is meant by not only a repetition
of the [step-120] to the [step4140] by a predetermined
number of times but also includes the case in which a
repetition of the [step—l%O] to the [step-140] is
performed until the residual sum of squares takes an |
approximate minimum value or becomes 0. .That is, in the
case that the value of ZExil2 + ZEYilz caiculatgd at
present time becomes smaller Ehan the value of zExilz +
SEyi12 calculated in the previous step, it includes a
technical concept that the [step-120] to the [step-140]
are repeated and the [step—-120] to the [step-140] are
repeated until the residual sum of squares ZEXilz'+
ZEYilz takes an approximate'minimum value or becomes 0.
The approximate minimum value defined in this case is
meant by a minimum value obtained in alcombination of
all given variables (dx, dy, €, a, Sy, Sy). More
practically, it is satisfactory that the minimum value
of the residual sum of squares 3Eg; 2 + SE,,2 finally
obtained is sufficiently'improved as compdred with a

local minimum value which is most approximate to the



contact hole is not forned in the region where the electrical contact can
be stably assured under an alignnment nethod based on the related art nethod
of | east squares and then an inproper optical exposing shot nay be
generated when the resist is optically exposed. If the contact hole is
formed in the region where an electrical contact can be stably assured,
there is no problemthat the contact hole may be fornmed in any region as
above, resulting in that the residuals [err] [err] in each of the alignnent
marks in the present invention are defined to be O in the case that [err] -

[err] and [errini Al aid1Rid14hd fut tHEY tH mitam &alde e Ea)%?ig?t hat

[err] > [err] and [err] > [err] are attained, the nost prefer val ues of
t he al i gnment XE}{irééCfiﬁalE?eéﬁtﬁiﬁéasbﬁlxitdélf[eaﬁ] be[ sufFiciently [err]
0

when the sum sidual squares [err] + [err] becone m ninum under a
relation of [eiydaideds] - [err] and [err]

| In the case that the residual sum of squares
R; calculated in the [step-140] is the same as or rather
than the residual sum of squares R, and that the
residual sum of squares Rl is smaller than the residual
sum of squares R, under application of the original
alignment correction coefficients dx, dy, §, a, Sys Sy
not added with the randém number elements Adx, Ady,'AB,
Aa, ASy, ASy, the [step-120] to [step-140] may be
repeated by a plurality of times with the alignment
correction coefficients dx, dy, 8, a, Sy, Sy added with
the random number elements d4x, Ady, Af, Aa; ASg, ASy,
being applied as new alignment correction coefficients
dx, dy, 8, a, Sg: Sy.

In Figs. 8 to 10 are shown flowcharts of a
. second preferred embodiment of the present invention,
i.e. the modified form of the first alignment method.
The pattern to be formed is remarkably'

deformed from its design pattern in the case that the
pattern in a semiconductorldévice under an application

of a reducing optical system is formed, in particular,



= [err] - [err], respectively, are calculated by the interactive solution.
33 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a general technical concept
view for showing the related art alignment nethod. Fig. 2 is a schematic
illustration for showi ng a neasuring poi 48 of an alignnent mark, a rational
grid point and a conversion of the rational grid point in the related art.
Figs. 3A and 3B are schematic illustrations for show ng causes of
deformation of the related art wafer. Fig. 4A and 4B are schematic
illustrations for L ' -

when its forming pattern has approximately a limited
resolution degree of the reducing optical system.
| For example, even in case of the pattern to be

designed in reference to the alignment displacement as
shown in Fig. 15, the first pattern is of a deformed one
differing from that of the first pattern as shown in
Fig. 18 near a iimited resolution degree in the reducing
optical system to be used. In this case, the alignment
displacement tolerance for forming the normal second
pattern (for example, a contact hole pattern) is defined
as _ .
AX2 + AY? < tol? = tolg? + toly?
Accordingly, the eyaluétion of the alignment
displacement in this case modifies the residuals Eg;;,
Ey;; in each of the alignment marks in the [step-130]
concerning the first preferred embodiment of the present
invention and determine them in accordance with the
following rule.

(A') In the case that AX;;%2 + AY;,2 = tol,? +
tol,? = tol?
Eyjp =0
Eyjn = 0

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

tol,? = tol?



showi ng causes of deformation of the related art wafer. Fig. 5is a

fl omchart f<or show ng each of the steps in the alignnment nethod in the
first preferred enbodi nent of the present invention. Fig. 6 is a flowhart
subsequent- to Fig. 5 for showi ng each o49the steps in the alignnent nethod
in the first preferred enbodi nent of the present invention. Fig. 7 is a

fl owmchart subsequent to Fig. 6 for showi ng each of the steps of an
alignnment nethod in the first preferred enbodi nent of the present
invention. Fig. 8 is a flowhart for showi ng each of the steps in a

m;;{ ?agnél'i %ﬁt +rrg§;11cﬁj =0f A;bﬁzsecmyqlpref @fép,g? emb;gﬂjyr?qnt of the present

Unless otherwise specified, since the alignment
méthod of the second preferred embodiment of the present
invention can be set to be similar to the alignment
method of the first preferred embodimenﬁ of the present
invention, its detailed description will be eliminated.
As described above, it is satisfactory that the
-alignment correction coefficients dx, dy, 6, a, Sy, Sy
are set to be opfimal in such a way that the residual
sum of squares 6f the alignment displacement is made to
be minimum with the case of the aforesaid (B') being
applied as the alignment displacement.

In the practical manufacturing process for a
semiconductor device, a diéplacement from a design
pattern may easily be generated due to various causes.
In view of this fact, it is preferable that the |
alignment displacement tolerance values in the present
invention can be set for each of the regions every time
on the basis of the pattern shape of the first pattern
actually formed. |

The third preferred embodiment of the present
invention will be described.

There occurs sometimes that the first pattern

and the second pattern are already formed and then the



Fig. 9 is a flowhart subsequent to Fig. 8 for showi ng each of the steps in
a nodi fii ed alignnment nethod in the second preferred enbodi nent of the
present invention. Fig. 10 is a flowhart subsequent to Fig. 8 for show ng
each of the steps in a nodified alignnment5orethod in the second preferred
enbodi nent of the present invention. Fig. 11 is a flowhart for show ng
each of the steps in the alignnment nethod in the third preferred enbodi nent
of the present invention. Fig. 12 is a flowhart subsequent to Fig. 11 for
showi ng each of the steps in the alignnent nethod in the third preferred

enbodi ment of %hg ridr pattlern M@ Fcthed icdnch? rientd yf liaWeledde ctUlee Giite 1O
Fig. 12 for showi ng each of the steps in the alignnment nmethod in the third
preferred enbodiirent anld iseeond patterneant iIaNsuch a case as above, it
is necessary to set the alignment.displacement ' ™
tolerances in view of the alignment displacement amount
between the lower layer patterns (between the first
pattern and the second pattern) formed prior to the
formation of the third pattern. 'As shown in Figs. 19
and 20, it is assumed that the alignment is carried out
in order to form the two contact holes which are the
third pattern in respect to the first pattern and the
second pattern.
The alignment method of the third preferred
embodiment of the preseﬁt_invention is defined as an
alignment method in an optical exposing method for a
semiconductor device in which a resist is formed on the
first pattern and the second pattern formed on the wafer
and then the resist is optically exposed to form the
third pattern on the resist, wherein a position wﬁere
the third pattern against the first pattern and the
secon& pattern is determined on the basis of a |
meaéurement.of positions.of the number of N of the
alignment marks associated with_the first pattern formed

on the wafer.



Fig. 14 is a flowhart subsequent to Fig. 13 for show ng each of the steps
of the alignnent nethod of the third preferred enbodi mrent of the present

i nvention. Figs. 15A and 15B are views for show ng technical concepts of
[err], [err], [err], [err] and residual 8l[err], [err] in the alignnent

met hod of the first preferred enbodi nrent of the present invention. 35
Figs. 16A and 16B are views for show ng technical concepts of [err], [err],
[err], [err] and residuals [err], [err] in the alignnment nethod of the
first preferred enbodi nent of the present invention. Fig.-17 is a view for

show ng techni cal Conceﬁ%étoﬁsLe%%]fiE@Eﬂ]thke%ﬁhgﬁﬁgn%e%bgu%h% Exil,
secona pattern is carried out for the first pattern so
as to form the second pattern.' Then, in the case that
alignment is carried out for thé first pattern so as to
form the third pattern (for example, a contact hole
pattern), the alignment method of the third preferred
embodiment of the preéent inventipn is applied.
Referring now to the flow charts shown in Figs. 11 to
14, the alignment method of the third preferred
embodiment of the present invention will be described.

[Step~300]

| At first, positions of the alignment mérks of
the number of N associated with the first pattern are
measured and then the coordinates (Xy;, Yy;) (where, i =
0, 1, 2, ..., N-1) of each of the alignment marks is
calculated in reference to the result of measurement.

[Step—-310]

In turn, positions of the alignment marks of
the number of N associated with the second pattern are
measured and then the coordinates (Xnizl Yyia) of:each of
the alignment marké is calculated in reference to thé
result of measurement.

The measurement of these alignment marks can

be carried out by applying an alignment mark sensing



[err]. in the alignnent nethod of the first preferred enbodi ment of the
present invention. Fig. 18 is a schematic illustration of the first pattern
and the like forned near a limted resolution degree in a reducing opti cal
system Fig. 19 is a view for show ng tesphni cal concepts of [err], [err],
[err], [err] and residuals [err], [err] in the alignnment nmethod of the
third preferred enbodi nent of the present invention. Fig. 20 is a view for
showi ng technical concepts of [err], [err], [err], [err] and residuals
[err], [err] in the alignment nmethod of the third preferred enbodi nent of

the present | RRRHBE MY, ohlaxd 2 mdtREA ad A1AGwMRNE Hatk' isRsigny i n

di spl acement bétween positional coordinates [err],” [err]) of the alignment
mark in the figysltennidreriTard CXid fitdod and akeanli gdinenite maaki onal grid

potnts sensing system of ah off-axis method, respectively.

[Step-320]

Alignment displacement amounts Ae,;, Aey; in
each of the alignment marks are calculated in reference
to the following equations (6-1) and (6-2),
respectively.

Aeys = Xyjp = Xy

Equation (6-1)

Dey; = Yyi9 = Yy

i Equation (6-2)

[Step-330]

Then, under an assﬁmption that the offsets of
error of the alignment marks associated with the first
pattern in the directions X and Y are defined as dx, dy;
a rotation of an error in the alignment mark associated
with the first pattern in its rotating direction is
defined as §; an orthogonal degree of layout of an error
in an orthogonal degree at the layout of each of the
alignment marks associated with the first pattern is
defined as a«; and scalings of variation in magnification
of the alignment mérks associated with the first pattern
in the directions are defined as Sy, Sy, the alignment
correction coefficients dx, dy, 8, «, Sy, Sy are

calculated by a method of least squares on the basis of



correspondi ng to each of the alignnent marks before and 36 after the
alignnent correction for showwng a result of the first experinent in the
first preferred enbodi mrent of the present invention. Fig. 22 is a view of a
frequency distribution in displacenment o$3the corrected coordinates [err],
[err] of each of the alignment marks fromthe coordinates ([err], [err]) of
the rational grid point corresponding to each of the alignnment marks in the
case that the alignnent correction is carried out through the related art
alignment nmethod. Fig. 23 is a view of a frequency distribution in

di splacement qfyd e, 0O &6 SChEQALSHA LS (1) if'Féference to the

coordinates (Xy;, Yy;) of each of the_alignment marks

associated with the first pattern ana the coordinates
(Xpyr Ypy) of the rational grid point corresponding to
each of the alignment marks. This step is similar to

the related art alignment method.

X
1:::0 Xu |=o-X“YU %, X a
-1 B-1 2 Rl b
Y
=0 XuYu lgo Y E" H
-1 k-1 R
i
i=0 Xu 'xgo Yu '§°
H-1
E. X Rt
-1
= |§o X Yui
K-
z Xy

Equation (1)



of each of the alignment marks fromthe coordinates [err], [err] of the
rational gtid point corresponding to each of the alignment nmarks in the
case that the alignnent correction is carried out in reference to a result
of experinent of the first preferred enbsdi nent of the present invention.
Fig. 24 is a view of a frequency distribution in displacenment of the
corrected coordinates [err], [err] of each of the alignnent marks fromthe
coordinates [err], [err] of the rational grid point corresponding to each
of the alignnment marks in the case that the 37 alignnent correction is

carri.ed out through the related art alignnent nethod separate fromthat of
Fig. 22.

k-1 2 K1 y u‘-ZIX _
X
"é'_o X Eo utu & LII;. 4
N-1 =1 2 "i| Y. e
Y Y
|2=:o XuYu |§o L & .
-1 k=1 R-1
Y i
E-n Xu L T &
%=1
E Yy Xy
-1 y
= Y
‘);-'o IREY]
K-1
Y
z'o W

Equation (2)



Fig. 25 is a view of a frequency distribution in displacenment of the
corrected coordinates [err], [err] of each of the alignment marks fromthe
coordinates [err],[err] of the rational grid point corresponding to each of
the alignnment marks in the case that thesglignment correction is carried
out in reference to the result of the second experinment of the present

i nventi on. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The al i gnnment
met hod of the first preferred enbodi mnent of the present invention is an
alignment nmethod in an optical exposing nethod for a sem conductor device
in which a reghetei s fornmed on a first pattern formed on a wafer,
thereafter the resist is opticallysexpdsed to forma second pattern on the.
resist, wherein a position where theesecond pattern in respect to the first
pattern is to be fornmed is determ pggyon the basis

=—-8
e=1+8y
f=dy

The technical concept of these alignment correction
coefficients dx, dy, 8, a, Sy, Sy is as shown in Figs. 3
and 4. 1In addition, these alignment co:rection
coefficients dx, dy, 8, a, Sy, Sy are applied as the
initial values in the following steps.

A proper value is set in advance as the
residual sum of squares R, to be used in the following-
steps. |

[Step—-340]

Then, random number elements Adx, Ady, Aéf,
Aa, ASyg, ASy associated with each of the alignment
correction coefficients dx, dy, 8, a, Sy, Sy are
generated. Then, Ehe correction coordinates (Xwil' Ypiq)
of the alignment mark are calculated in reference to the
following eqﬁation (3) on the basis of the alignment
correction coefficiénts dx, dy, 8, a, Sy, Sy and each of

_ the random number elements Adx, Ady, Af, Aa, ASy, ASy.
Each of the random number elements is a normal random

number.



of a nmeasurenent of the positions of the alignnment marks of the nunber of N
associated with the first pattern forned on the wafer. 38 It is

i npossi ble or quite hard, being different fromthe related art alignnent

met hod, to performan analytical and unggnditional getting of the alignment
correction coefficients dx, dy, [err], [err], [err], [err] for mnimzing a
resi dual sum of squares [err] + [err] in response to the alignnent

di spl acenents [err],[err] newy defined in the present invention. In
addition, an optim zation process for a continuous function under an
assunption of a nonotone decreasing down to a m ni mum val ue of the

“eval uation function s&(gglis \M;’Q.KISJTELM@G-{-AG) (xu)

= | —cora) 145, FAS, | \ Yy

dx+Adx
+
dy-+Ady

YTi 1

Equation (3)
[Step-350]
Then,
Xei ~ Xpia

AY;y = Yy — Yoy

AX,y

are calculated.

[Step-360]

Tﬁen, alignment displacement tolerénce vélues
tol,' and toly' in the new directions X and Y are
determined in accordance with the following rule on the
basis of the alignment displacement tolérances tol,,
toly, set for each of the difections X, Y which are
alignment displacement values allowable in design of a
semiconductor device, alignment displacement amounts
Aey;s Aey; calculated at the [step-320] and AXy;, AY,,
calculated at the [step—-350]. Provided that when the
values of toly,' and'toly' are negative, they are assumed
to be 0.

In the case that (x - 1l)Aey; = 0 and AX;, 2



or a nethod of steepest descent cannot be applied either due to a presence
of limtless nunber of |ocal mninumvalues for the evaluation function. In
opti mal

view of this fact, in the present invention,
alignnment correction coefficients dx, dy,gferr],

val ues of the

[err], [err], [err] are

calculated by the iterative solution in which Monte Carlo nethod is

applied. Referring nowto the flowharts of Figs.

5to 7, each of the steps

in the alignnent nmethod concerning the first preferred enbodi nent of the

present invention will be described nore practically.

[ St ep- 100] Positions

of the aIignne&blgargstg&xthe number of N associated with the first pattern

are neasured, and

In the case that (x

toly' = toly - |Aeyyl
In the case

toly' = toly - |Aeyyl
In the case

goly' = tol, |

In the case

tol,' = toly

In the case

toly' = toly - |Aey,l
| In the case
toly' = toly-—IAeYﬂ

In the case
tolY‘ = tolY

[Step-370]

that

that

that

that

that

that

(x

(x

(y

(y

(y

(y

2)Aey;
3 )Aexi
4)Aey;

1)Aey;

= 0 and AXy < 0:
< 0 and AX;, = 0:
< 0 and AX;, < 0:

= 0 and AYio =

20 and AYio < 0
< 0 and AYio = 0:

The residuals Ey;,s Eyy; at each of the

alignment marks associated with the first pattern are

determined in accordance with the following rule on the

basis of toly' and_foly';

(A) In the case that [AX,| = toly' and |AY,]

Bgiya = 0



39 then the coordinates [err], [err] (where, i =0, 1, ...., N1) of each
of the alignnment marks are calculated in reference to the result of such
measurenent. In this case, the appendix "i" designates the i-th alignnment
mark. Measurenent of the alignment marksgan be performed by applying an
al i gnment - mar k sensing system of "TTL (Through The Lens) on-axis type, an
al i gnment mark sensing systemof TTL off-axis type or an alignnent mark
sensing systemof off-axis type. [Step-110] Under an assunption that the
offsets of errors of the alignment marks in the directions X and Y are
defined as de?n d £lyg a rotation of an error of the alignment mark inits
rotating direction is defined as [0], an orthogonal degree of |ayout mhlch
is an error oThahelsnthhgoaahgdmgneednspﬂheemapmstwuhheachhefsehe

alignment displacement tolerances are assumed to be 0
and they.are equally treated. Because, there is-no
problem in view of the actual structure of the
semiconductor device even if whatever type of pattern
positional displacement may occur within the alignment
displacement tolerances. In other words, toly, tol, are
sét in such a manner that there occurs no problem'in
viéw of a structure of a semiconductor device whatever
pattern positional displacement may océur within the |
alighment displacement tolerances.

(B) In the case that [AX;,| > toly' and |AY,,| >
toly's
Egjy = |AXgy[ - toly
Eyi1 = |AYg,| - toly!
That is, the alignmént displacement value exceeding the
alignment displacemeht tolerance values (toly', toly')
is defined as an alignmenf displacement.

(C) In the case that [AX;;| = toly' and [AY,,| >
toly': ' . |
Egjp = 0

Ey;y = [AYg,] - toly’



alignment marks i's defined as a and scalings which are variations in

magni fLcation of the alignnment marks in the directions X and Y are defined
as [err], [err], the alignnment correction coefficients dx, dy, [err],
[err], [err], [err] are calcul-ated by a i hod of |east squares based on
the follow ng equations (1) and (2) in reference to the coordinates [err],
[err] of each of the alignnment marks and the coordinates [err], [err] of
the rational grid point 40 corresponding to each of the alignnent marks.
This process is simlar to the related art alignnment nethod. [err]

(D) In the case that |AX;| > toly' and [AY,f.
= toly': | |
Egs1 = [AXy| - toly
Eyjp = 0

More practically, as shown in Fig. 19, it is
assumed that there occurs an alignment only by Aey; in
respect to the direction X when the second pattern is
formed. That is,
Aeg; = Xyiz ~ Xy
where, Xy ;, is an X coordinate of a position of the
alignment mark associated with the second pattérn, and

XM :

; is an X coordinate of a position of the alignment

mark associated with the first pattern. The alignment
displacement tolerance value for satisffing a necessary
condition (a necessary condition for forming a normal
third pattern) for forming a semiconductor device is
reduced only by |Aey;| in respect to a minus direction of
AX; (= Xy; — Xg4,) due to this alignment displacement.
That is, in the case that Aey; = 0 and AX;,
z o, |
toly' = toly
and in turn, in the case that Aexi z 0 and AX;, < 0,
toly' = toly - |Aey|

becomes a new alignment displacement tolerance value.



41 The concepts of these alignnent correction coefficients [err] are as
indicatedsin Figs. 3 and 4. In addition, these alignnment correction
coefficients dx, are used as the initial values in the foll ow ng steps.
Proper value is set in advance as a resi€f0al sum of squares used in the
followi ng steps. [Step-120] Then, the random nunber el ements Adx, Ady,

[err] associated wth each of the alignnent correction coefficients [err]
are generated. Then, the correction coordinates ([err]) of the alignment
mark are calculated in reference to the follow ng equation (3) on the basis

of the alignnent correcthopueRpfds cétleonis {®rPriganzd capth D8 assumed
' that the alignment displacement océurs only by -Aeyg; iﬁ
respect to the direction X when the second pattern is’
formed. The alignment displacement tolerance value for
satisfying a necessary condition (a necessary condition
- for forming a normal third pattern) required in
formation of a semiconductor device is reduced only by
|Aey;| in regard to the plus direction of AX;; (= Xy - |
Xpj1) due to this alignment displacement. |
That is, in the case that Aey; < 0 and AX;, <
o,
toly' = tol,
and in turn, in the case that Aey; < 0 and AX;, = 0,
ﬁolx' = toly — [Aeyyl
becomes a new alignment displacement tolerance value.~
Then, it is satisfactory that the alignment
correction coefficients dx, dy, 6, «, Sy, Sy are made to
become the most optimal values in such a ﬁay that the
residual sum of squéres of the alignment displacement is
made to be minimum with this new alignment displécement
tolerance being appiied as an alignment displacement.
Even in the case that an alignment
displacement is generated only by Aey; in the direction

Y when the second pattern is formed, it is satisfactory



t he random nunber elenents [err]. [err] [err] Equation (3) In this
equati on, =each of the random nunber elenents is a normal random nunber and
determ ned by a conputer in reference to sone experinental data on the
basis of try- 42 and-error manner. 6% .general, the correction
coordinates [err] of the alignnment marks obtained fromthe above equation
(9) and the residual sum of squares [err] obtained by the foll ow ng steps
are deteriorated nore than the residual sum of squares [err]. obtained by

t he equation (3) and the foll ow ng steps

that this may be processed in the same manner as that of
the aforesaid process.

[Step-380] _

The residual sum of squares R; is calculated
in accordance with the following equation (4) in
reference to these residuals Egiyr Ey;; and when the
calculated residual sum of squares R; is smaller than
the residual sum of squares Ry, R; is set to be a new

Ry-

-1, -1,
Ry = 37 Emi + T Eyiy
i=0 1=0

Equation (4)

[Step—-385] |

The [step—340] to [step—-380] are repeated by a
plurality of times with the alignment correctiqn-
coefficients dx, dy, 6, a, Sygs Sy added with the random
number elements Adx, Ady, A8, Aa, ASy, ASy being
applied as new alignment correction coefficients dx, dy,
0, e Si, Sy. That is, the [step-340] to [step—-380] are
repeated by a plurality of times with each of dx+Adx,
dy+Ady, 6+A8, a+Aq; SytASy, SytASy being applied as new
alignment correction coefficients dx, dy, 6, a, Sy, Sy.
The technical concept of repeating processing by a

plurality of times is similar to that already described



with all 'the random nunber elenents [err] [err] being set to be 0 if the

di stribution range of the random nunber elenents is too wide. In turn, if
the distribution range of the random nunber elenments is too narrow, the
resi dual sum of squares [err] obtained bg2the follow ng steps is inproved,
al t hough- a speed of conversion toward the nost preferable val ue becones
quite slow, resulting in that it requires a |arge anmount of tine. Then
[err] are calculated. In addition, each of the values of alignnent

di splacenents (alignment displacenment tolerances) [err] [err] which can be

allowed in desL n_of _a sem ctor.devic vapece i n each of
t he directions*¥X HRHEYENFEs QCgHGeﬁ 1g?ﬂﬁnﬁe§?ﬁﬁ§? lfe gf BYFst
preferred embodiment of the present invention.

Similarly to the case in which a modified form
of alignment method in the first preferred embodiment
has already been described, in the case that the l
residual sum of squarés R, calculated at the [step-380]
is the same or larger than the residual sum of squares
Ry, the original élignment correction coefficients dx,
dy, 8, a, Sy, Sy not added with the random number
elements Adx, Ady, Af, Aa, ASy, ASy are applied and in
turn in the case that the residual sum of squares R; is
smaller than the residual sum of squares Ry, the [step—
340) to [step-380] can also be performed for a plurality
of times with the alignment correction'coefficients dx,
dy, 6, a, Sg, Sy added by the random number elements
‘Adx; Ady, A8, Aa, ASy, ASy being applied as new
alignment correction coefficients dx; dy, 6, a, Syr Sy.

[Step~390] .

Then, the corfected coordinates (Xgpipr Ypyp) OFf
alignment mark éssociated with the first pattern:for
optically exposing the third pattern are calculated'by
the following equation (5) on the basis of the alignment

correction coefficients dx, dy, 8, a, Syr Sy and each of



43 [err] at each of the alignment marks are determned in response to such
[err] ,{err] respectively, in accordance with the following rule. (A In
the case that [err] and [err] [err] (refer to Fig. 15B): [err] = 0 = 0 That
is, the alignnment displacenents within thegget alignnment displacenent
tolerances [err],[err]) are set to be 0 and equal |y handl ed. Because, there
occurs no problemin view of an actual structure of a sem conductor device
what ever any pattern positional displacenment may be generated within the
range of the alignnent displacenent tolerances. In other words, [err]

the random number elements Adx, Ady, A8, Aa, ASy, ASy

when the minimum residual sum of squares R; is attained.
Xrie 145,448,  ardetBHA0) [ Xy
Yae] |\ —(6+a8) 148,48y | \ Yy

dx+Adx \
* \ dy+ady

Then, a fourth preferred embodiment of the

Equation (5)

present-invention will be described.

In the case that when a pattern in a
semiconductor device is formed'by'applying an optical
size reducing system, in particular, its forming pattern
size is approximate to a limited resolution degree of
the optical size reduéing system, the patterﬂ to be
formed is remarkably deformed from its design pattern.
Accordingly, even in the alignment method of the third
preferred embodiment of the present invention, the
alignment displacement tolerance values fequired in
design of the semiconductor device must be set more
rationally in response to the pattern shape'to bé
actually formed. |

In the alignment'method according to the
fourth preferred embodiment of the present invention,

the residuals Ey;;, Ey;; of each of the alignment marks



and toll are set in such a way that there occurs no problemin view of an
actual .structure of a sem conductor device whatever any pattern positiona
di spl acenent may occur within the range of alignnent displacenent

tol erances. (B) In the case that [err] > g&rr], and [err] > [err] (refer to
Fig. 16A): [err] [err] - [err] [err] =[err] - [err] 44 That is, the
al i.gnnment dlsplacenent val ues exceedi ng the al i gnnent di spl acenent.

tol erances [err] are defined as alignment displacements. (C) In the case

that [err], and [err] >
in the [step-370] of the alignment method of the third

preferred embodiment are determined by being modified
into the following rule. In addition, except this
point, since the alignment method of the fourth
preferred embodiment of the present invention can be
similar to the alignment method of the third preferred
embodiment, its detailed description will be eliminated.

(A') In the case that AX;;2 + AY;;2 < tolg'? +

toly'? = tol?:
Egsp = 0
Eyj = 0

(B') In the case that AX;;? + AY;;2 > tol,'? +
toly'? = tol?: | |
gy 2 + Eygq? = A2 + AY, 2 ~ (toly'? + toly'?)

In the actual manufacturing process for a
semiconductor device, a displacement from the design
pattern may easily be generated due to various causes.
In view of this fact, also in the alignment method of
the fourth preferred embodiment of the present
invention, it is desirable that the alignment
displacement tolerance values are set every time for
each of the regioﬁs in reference to the pattern shape of

the pattern actually formed.



[err] (refer to Fig. 16B): [err] =0 [err]=[err] - [err] (D) In the case
that [err] «> [err] and [err] [err] [err] (refer to Fig. 17): [err] = [err]
- [err] [err]= 0 [Step-140] The residual sum of squares [err] is cal cul ated
in reference to these residuals [err], [ergd5 on the basis of the follow ng
equation (4) and in the case that the cal cul ated residual sum of squares
[err] is smaller than the residual sumof squares [err], [err] is defined
as a new [err]. {err] Equation (4) [Step-150 ]
An example of experiment of the present
invention will be indicated.
A practical example under applicatioﬂ of the .-
alignment method of the first preferred embodiment of
the present invention will be described. Alignment

conditions are set as follows.

- Wafer size: 8 inches
Step pitch (chip size): 20000
Number of shots: 9 x 9 (81)
Alignment mark sampling: 81 locations

At first, in Fig. 21 is shown a frequency
distribution figure of displacement (residual) between
the positional coordinates (Xy;r ¥y;) ©of the measured
data of the alignment mark of the first pattern (a base
patfern) before correction of alignment and the
coordinates (X;;, ¥;;) of the rational grid point
corresponding to each of the alignment marks. In this

case, their values are as follows.

L
|

= 0.060968 sm
‘ag = 0.024363 um

Xpip = 0.015640 sm
Xpay = 0.138800 /m
Y,0e = 0.065258 /m

oy = 0.029341 um



The [step-120] to [step-140] are repeated by a plurality of tinmes while the
al i gnnent correction 45 coefficients [err] added with random nunber
el enents [err] are being applied as new alignnent correction coefficients
dx, dy, [err]. That is, the [step-120] t&Ystep-140] are repeated by a
plurality of times (for exanple, a predeterm ned nunber of tines) while
each of dx+Adx, [err] is applied as new alignnment correction coefficients
[err]. [Step-160] Then, the corrected coordinates ([err]) of the alignnent
mar k associated with the first pattern for

_ Ypin = 0.024760 m

Yoax = 0.146200 gm

Feature of these measured data consists in the--
fact that an alignment displacement distribution is not
symmetrical in lateral direction, i.e. is not in
accordance with the normal distribution.

In Fig. 22 is shown a frequency distribution
figure of a displacement (residual) of the corrected
coordinates (Xy;pr Ypip) Of each of the alignment marks
from the coordinates (Xp;, ¥p;) of the rational grid
point corresponding to each of the alignment marks in
the case that the first pattern as described above is
corrected in its alignment with the related art
alignment method. In this case, the alignmeﬂt
correction coefficients are made optimal by a method of
least squares in such a way that the residual sum of
squares may become minimum. The result of the optimal.

formation of the alignment correction coefficients with

the related art'alignment method is as follows.



optically exposing the second pattern are calculated by the foll ow ng
equation (5) on the basis of the alignnment correction coefficients [err]
when the m ni numresi dual sum of squares [err] is obtained and each of the
random nunber elenents [err], [err] [err]67

Equation (5) After this operation, the wafer stage is noved on the basis of
the corrected coordinates ([err]) of 46 the cal cul ated alignnent mark
and the resist formed on the first pattern is optically exposed by applying

reticle having the second pattern fornmed theyeon. In the [Step-150], the
wordi ng of “"repeated by @x = 6.022231 x 107° /m

dy = 6.471484 x 1072 /m

6 = 5.093068 x 1078 rad
¢ = 1,141213 x 10°7 rad. -

Sy = 3.964432 x 1078

Sy = 1.897899 x 1077

In this case, they showed the following

values. _
Xgye = 0.000746 sm
og = 0.022712 /m
X4 = —0.028207 sm
Xy = 0.079500 ym
Y,,. = 0.000820 m
oy = 0.027326 m
Y i, = ~0.036042 m
Yoo = 0.066302 um

As apparent from the frequency distribution
figure shown in Fig. 22, the maximum and minimum values
of the alignment displacement are distributed non-
symmetrically. If the alignment displacement tolerance
in design is assumed to be 10.05 um, the displacement
value is 0.04 /m 6r less at é minus side and the
displacement value is up to near 0.08 um at a plus side.

That is, it is apparent that many optical exposing shots



a plurality of tinmes" is nmeant by not only a repetition of the [step-120]
to the: [step-140] by a predeterm ned nunber of times but also includes the
case in which a repetition of the [step-120] to the [step-140] is perforned
until the residual sum of squares takes a#8approxi mate m ni mnum val ue or
becomes 0. That is, in the case that the value of [err] cal cul ated at
present tine becones snaller than the value of [err] + [err] calculated in
the previous step, it includes a technical concept that the [step-120] to
the [step-140] are repeated and the gstep-120],to,the kste§-140£ are
repeated until PREOMEsiBDEPPELm ofNsthiPe¥aler if +S[8PPRredkethgl in

I mat I Ni I b 0. Th I pat 1 R, I .
defined i n thi stRRSEAPE Kbkt €O§ AeRARMGRRPAREAtonEH: B8 FHSRLAGRBEAL: i on

of all given varl 3biogntbeihl kne™B18oRRARL fdkky akb histRibaktag! goy-that

' symmetrically, some disadvantages may be generaéed
during a practical manufactﬁring process of a
semiconductor device dge to an eccentric presence of
dispiacement of the corrected coordinates of each of the
alignment marks irrespective of no presence of problem
in view of the specifiéation of the alignment (for
example, |X,,| + 30X). Non-symmetrical distribution of
the corrected coordinates of eaéh of the alignment marks
is a phenomenon which may easily and frequently occur in
the actual manufathring process for a semiconductor

" device and the related art alignment method may not

accomplish a satisfactory alignment accuracy.

_The alignment process was carried out by the
alignment method of the first preferred embodiment of
the present invention on the basis of the valué of the
position measured data of the alignment marks of the
first pattern (base pattern) before the same alignment
correction as that of the related art alignment method
shown in the freqﬁency distribution figure of Fig. 21.

‘The alignment displacement tolerance values were set as

follows.



of the residua
i nproved as-conpared with a | ocal
to the 47 initial

the residual sum of squares [err]
as or rather than the residual
sum of squares [err]
under application of the o%iﬂgngl
not added with the random hWehber

sum of squares [err] finally obtained is sufficiently

m ni mum val ue which i s nost approximate

value and further the mnimumvalue of [err] + [err]
finally obtained by itself can be sufficienatly attained.

In the case that
calculated in the [step-140] is the sanme

sum of squares [err] and that the residua
is smaller than the residua

sum of squares [err]
| gnrent correction coefficients [err]
s [err]

'S

toly = 0.05 um
That is, the alignment displacement values Ey;,, Ey;; are
set to be 0 within a range of £0.05 :m of the values
AX;;, AYg;. In turn, in the case that they are out of

the alignment displacement tolerances toly, toly, the

displacement value exceeding the alignment displacement

tolerances toly, toly, is set to be an alignment
displacement value. As apparent from Fig. 23, it is
possible to limit all the optical exposing shots within
the alignment displacement tolerances toly and tol,
(0.05 ﬁm). Accordingly, it becomes possible to limit
substantial all the optical exposing shots within the
standard values by the alignment method of the first
preferred embodiment of.the present invention. At this

time, the most optimal alignment values were as follows.

dx = 8.522231 x 1072 /m
dy = 7.871484 x 1072 /m
¢ = 5.213068 x 1078 rad
« = 1.141213 x 1077 rad
Sy = 3.974432 x 1078
Sy = 1.908899 x 1077

In this case,

X

ave = —0.024254 ;m



[err] the [step-120] to [step-140] nay be repeated by a plurality of tines
with the al-i gnment correction coefficients [err] added with the random
nunber elements [err] being applied as new alignnent correction
coefficients [err] In Figs. 8 to 10 are sh®wn flowharts of a second
preferred enbodi-nent of the present invention, i.e. the nodified form of
the first alignment nethod. The pattern to be fornmed is remarkably deforned
fromits design pattern in the case that the pattern in a sen conductor

devi ce under an appllcatlon of optical systemis fornmed, in
particul ar, 48 oaoﬁfgff Eﬂ

Xpip = -0.053103 sm
X, = 0.054518 /m N
Yuye = -0.013457 sm

og = 0.027324 /m

<
]

~0.050058 sm

<
it

0.052214 um
It is apparent from these values that the
related art alignment accuracy judging standards of

o + 304, |¥,,el + 30y are deteriorated irrespective of

l ave ave

the fact that the alignment is most rationally attained
in view of the design of a semiconductor device.

Prior art alignment: [X,,.| + 304 = 0.06888 /m

Alignment of the present invention: [X,. .| +

3o, = 0.09239 m ] |

As described above, it can be understood from
the practical éxample of the present invention that the
related art alignment method and the judgment standard
do not necessarily provide the most optimal condition
required in view of the design of the semiconductor
device. In turn, application of the alignment method of
the present invention enables a more rationél and high
accurate alignment which cannot be attained in the

related art method to be obtained.



when its formng pattern has approximately a limted resolution degree of
the reducing optical system For exanple, even in case of the pattern to be
designed in reference to the alignnent disglacenent as shown in Fig. 15,
the first pattern is of a deforned one diffdring fromthat of the first
pattern as shown in Fig. 18 near a limted resolution degree in the
reduci ng optical systemto be used. In this case, the alignnent )
di spl acenent tolerance for form ng the normal second pattern (for exanple,

a contact hole pattern) ié ?%EPEEdeﬁgm Eéréngggé?Ethg,ogngpgv§%¥$%?gn of

the alignnent displacenen I's case nodifre e resi [err]

el orres erpotiSREDh, FELESoENaRBsEgkar: 1301 concering (he 1S
accordance with the In the second example of experiment of the
present invention, a displacement between the positional
coordinates (Xy;r ¥y;) of the measured data of the
alignment marks of the first pattern (base pattern)
| beforé alignmentlcorrection énd the coordinates (X;,
YLij of fhe rational grid point corresponding to each of
the alignment marks has a distribution approximate to a
relative normal distribution._
In such a case as described above, in Fig. 24
is shown a frequency distribution figure of a
displacement of the corrected coordinates (Xyjpr ¥Ypip) of
each 6f the alignment marks from the coordinates (X.;.
¥;;) of the rational grid point corresponding to eaéh of
the alignment marks when the alignment correction is
carried out with the related art alignment method. 1In
this case, the alignment correction coefficients is made
to be optimal by a method of least squares in such a way
that the residual sum of squares may bécome minimum. It
is apparent from Fig. 24 that the frequency distribution
after correction is distributed in approximate
syﬁmetribal arrangement around the alignmept

displacement 0.



followwng rule. (A') In the case that [err] + [err] [err] [err] + [err] =
[err] :[err] =0 [err]=0 (B) In the case that [err] + [err] > [err] +
[err] = [err] 49 [err] Unless otherw se specified, since the alignnent
nmet hod of the second preferred enbodi nemt2 of the present invention can be
set to be simlar to the alignment nmethod of the first preferred enbodi nent
of the present invention, its detailed description will be elim nated.

In regard to the similar alignmént measured
data, in Fig. 25 is shown a frequency distribution
figure of displacement (residual) of the corrected
coordinates (Xgyps Yy;p) Of each of the alignment mafks

 from the coordinates (Xp;, Y. ;) of the rational grid
point corresponding to each of the alignment marks when
the alignment correction is carried out with the
alignment method of the first preferred embodiment of
the present invention. The alignment displacement
tolerance values were set to have toly = 0.05 um and
toly, = 0.05 um. Although slightly different from these
values, the rational alignment co;rection result similér
to that of the alignmént method using the related art
method of least squares could be attained in such a way
-that it might be easily understood.

In accordance with the present invention, it
is possible to perform a more accurate alignment which
could not be accomplished with the related art alignment
method. As a result, it is possible to improve yield in
a'manufacturing step of a VLSI with an ultra finé
pattern of 0.35 pm,ﬁr less, get a high density of and a
fine formation of a structure of a semiconductor device
undef an effective distribution of the alignment

displacement tolerance value.  The alignment method of



As described above, it is satisfactory that the alignment correction
coeffi,cients [err] are set to be optimal in such a way that the residua
sum of squares of the alignnent displacenent is made to be mnimumwth the
case of the aforesaid (B ) being applied?3s the alignnent displacenment. In
the practical manufacturing process for a sem conductor device, a

di spl acenent froma design pattern may easily be generated due to various
causes. In view of this fact, it is preferable that the alignnent

di spl acenent tolerance values in the present invention can be set for each

of the region yeé%HET%HV%ﬁ€1§ﬁsé§ Oél&%f ﬁg{é@{@ef@%?emggtthe first

pattern actual pre erre di nen ‘the present
invention wil Iréeléﬁéfrhbeﬂ-aaésfstécayignﬁeﬂetmeslédaa@ftge first pattern
manufacturing of a semiconductor device without adding |
any modification to an actual operation in the related
art alignment method and without being depend upon a
tendency of the randomlcomponent of thé positional

measured values in alignment.



and the second pattern are already formed and then the — 50 third t

I's forned eoncurrently in respect to these first and secomu“ﬂmmggﬂm\ﬁ‘ﬂ _
such a case as ‘above, it is necessary t set t he al i gnmént *
tol erances in view of the alignment displacement anmount befweén 't he | over
| ayer patterns (between the first -pattern and the se f ormed
prior to the formation of the third pattern. As sho FO,

it is assumed that the alignnment is carried out in ofder tgg p .
contact holes which are the third pattern in respect ' pattlern

and ‘the second pattern. WHer ag QuerMEDaiod of the thirdIBreferred

1. An alignment methodlfor 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 sﬁeps of:

(a) measurihg the positions of the alignment
marks of the nﬁmber of N associated witﬁ 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 éf
an orthogonal degree of alignment marks, and errors of
magnification in the directions X and Y of the alignment
marks; |

(c) calculating aﬁ initial value for getting
an alignment correction coefficient under applicétion of
a method of least s&uares in referepce to the
coordinates of each of the alignment marks and the

coordinates of the rational grid corresponding to each

.This Sheet Has Been Re;ilaced
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enbodi ment of the present invention is defined as an alignment nmethod in an
optical exposing nethod for a sem conductor device in which a resist is
formed on the first pattern and the second pattern forned on the wafer and
then the resist is optically exposed to #é6rmthe third =ern_on the
resist, wherein a position where the third pattern agaifi I

first pattern forned on the wafer. That is, at first, the allgnnent
the second patdergaig &]’?‘I?ﬁxﬁ&'n@%ail@étéﬁ‘etﬁé Bis PRLELTEalR B éguﬁorm the

second pattern. Then, he case
errors;

(d) calculating correction coordinates of the
aligﬁment marks under applicqtion of said initial
values;

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

(£) caléulafing 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.

2., An alignment method according to claim 1
in which the cdrrection coefficients of said corrected
coordinates are calculated by repeating said steps (e)
to (g) by a plurality of times. |

3. &n aiignment method according to claim 1
in which the correction coefficients of said corrected

coordinates are calculated under application of random

number elements. :

(I U]
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alignment is carried out for the first pattern so as to formthe third

pattern (feor exanple, e pattern), the alignment method of the
third preferred e present inventi-on is applled Ref erri ng
nowtotheflow W@mmﬂ gs. 11 1e 14, the al} [ 2t.nod of the
third preferred erbodi nen pr esent i nvention wifl 5 ' "

[ Step-300] At first, positions of the alignment narks

T ot i €, oo DY S T 1

calculated in reference to neasurenent n turn,

positions of the alilgnenly HY, e en Flhe ek 1eftel>i %S%lf%tr%e@ ey, e

second pattern are neasured an | nat es err] of each of
shape of an actual lower layer pattern.

5. An alignment method according to Claim 4
in which the residuals are calculated with said actual
lower layer pattern being a substantial circular shape.

6. An alignment method for deéermining 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 tﬁe number of N associated with the first
pattern and calculating the coordinates (Xy;, Yy;)
(where, i = 0, 1, 2, ... N-1. Subsequent is also
similar) of each of the alignment marks in reference to
a reéult of such measurement;

l(b) under an assumption that offsets of errors
in the directiohs X and Y of the alignﬁent marks are -
defined as dx, dy, a rotation angle of an error in a
rotatiqg direction'of the alignment marks is defined as
8, an orthogonal degreé of layout which is an error of

orthogonal degree'of layout in each of the alignment.
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the alignment marks is calculated in reference to the result of
measur enent’. The neasurenent of these alignnment nmarks can be carried out by
appl yi ng an élignnent mar k sensi ng 52 system of TTL on-axi s nethod, an
alignment mark sensing systemof TTL of f-B&i s method and an al i gnment mark
sensing system of an off-axis method, respectively.
di spl acenent anounts [err] in each of t he al i gnnment
reference to the follow ng equations (6-1) and (6-2),
Equation (6-1)
- 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, 6, «, 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

(Xp3r ¥p;) of the rational grid point corresponding to

each of the alignment marks, .

i=0 {0 i=0 -

' a
i; Xy fil Yz K-1 v b
fmo TLUTHE (S T ,E%_ L1

N-1 A-1 x-1 ¢

10 ’ {=0 I=Q

i
™M
. -x
=

t=0 _ Equation (1)

* c L | S *

Rep

i



[err] _ Equation (6-2) [err] Then, under an
assunptien that the offsets of error of the alignnment marks associated with
the first pattern in the directions X ang Y are defined as dx, dy; a
rotation of an error in the alignment mark associated with the first
pattern in its rotating direction is defined as [ t hogonal degree
of layout of an error in an orthogonal degree at th’é”$£ﬂfﬁn.m‘ B of the
al i gnment marks associated with the first patternfis deREM® £BS nd
scalings of variation in magnification of the alignnen oc} at ed
with the first pattern ijm-it he dinactions , gre defined as [err], [err] the

al i gnnent correction co f|§°i &ient s')"lo[XaLr,rf]l al}::ner | cul ated by a nethod of | east

squares on the basis of |, et e d
TXuYo Y, Ty, lle =TSy
=0 TR 50 U ¢ b=a+é
"-1 n-1 H-1 e=dx
,‘f‘, Xu E.o'YLf |§o ' d=-9
k-1 _ : . e=1+8
Y . - Y
lgo ¥y f=dy
K-1 :
- E, Yo Yy,
X-1
z Yu

Equation (2)
(c) calculating the corrected coordinates
(Xps3r Ypiyy) of the alignment mark under application of

said initial values;

XTH _ 'H."s,_ a 8 ’ xLl
Yoy =\ -0 145, Yu
- (dx )
+ dy - . .
: Equation (3)
(d) calculating
AXjy = Xy ~ Xpyy
A¥yy = Yy = Yoy3 .
and determining’ the residuals Exii' BEy;; in each of the
alignment marks in accordance with the following rule on
the basis of each of the set alignhent displacement

tolerance values toly, toly in the directions X and ¥

\
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53 the follow ng equations (1) and (2) in reference to the coordi nates
([err]) of: each of the alignnent marks associated with the first pattern
and the coordinates [err],[err] of the rational grid point corresponding to
each of the alignnment marks. This step iggsiml
al i gnnment nethod. [err] Equation (1) 54 [err]

which are alignment displacement values allowable in
design of the device

(A) In the case that |AX;;| = tol; and |AY;,| = tol,
Egiz = 0

Byjp = 0

(B) In the case that |AX,,| > tol, and [A¥,,| > toly:

v

Egi1 = |AXy,| - toly
Eyi1 = |AYj,] - toly
(C) In the case that [IX;,| = toly and |aY;,| > toly:
Exsn = 0
Eyiy = |AY;,| - tol, |
(D) In the case that |AX,,| > tol, and |AY,| = tol,:
Egip = %] - tol,
Eysp = 0
(e) calculating a.residual sum of squares R,
in reference to the following equation (4) on the basis

of these residuals Ey;, and Eyy,

K1, K=l o
Ry = I Eqn + 7 Eyyy
120 Ind .
Equation (4), and
(£) calculating the correction coordinate with

said residual sum of squares being within a reference

value.
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55 [err] where [érr] The technical concept of these alignnment correction
coefficients [err] is as shown in Figs. 3 and 4. In addition, these
alignnent correction coefficients [err] are applied as the initial val ues
in the followi ng steps. A proper value 88 set in advance as the residual
sum of squares [err] to be used in the foll ow ng steife Ef §4# hen,
random nunber elenents [err] [err] associated with eadﬁ pLA '%Nl nt

7. An alignmeht method according to claiml6
in which a reference value of said residual sum of
squares is either a minimum value or a ldcal minimum
value.

8. An alignment method according to claim 6
in which said residuals are calcﬁlated in reference to a
shape of the actual lower layer ﬁattern.

9. An alignment method according to claim 8
in which residuals are calculatea with said lower layef
pattern being of a substantial circular shape.

10. An alignment method for determining a
position where a second patfern 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 aiignment
marks of the number of N associated with the first
pattern and calculating the coordinates (Xy;, ¥Yy;)
(where, i=o0,1, 2, ... N-1. Subsequent is. also
similar) of éach of the alignment marks'in reference to
a result of such measurement;

(b) under an assumption that offsets 6f errors

in the directions X and Y of the alignment marks are
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correction coefficients [err] are generated. Then, the correction :
coordi nates ([err]) of the alignnent nmark are calculated In reference to
the following equation (3) on the basis of the alignment correction

coefficients [err]

random nunber elements is a normal random nunber.
cal cul ated. [Step-360] Then, alignnent displacenent jt
and [err] in the new directions.X and Y are-

and each of the randoflnunber el enents [err] Each of the

Jerr]

HAS!
REPLACED

defined as dx, dy, a rotation angle of an error in a

rotating direction of the alignment marks is defined as

f, 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 are variation

in magnification of the alignment marks in their

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

initial values dx, dy, 4, e, Syr 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 (Xyy s

¥yi) of each of the alignment marks and the coordinates

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

each of the alignment marks,

i-1 K-t -1

X
& Aul Eo u¥u Eo X1
: a
K-1 -t 3 - Ked o
& *uVu Yo & Yu
X-1 k-1 K-1 c
) Xie ) Yu ) !
k-1
-la Xy Xy
- M-t
= E, anYu
-1
& X )
Equation (1)
[
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determ ned in accordance with the following rule on the basis of the

al i gnnent di spl acenent tolerances [err], [err] set for each of the
directions X, Y which are alignment displacenent val ues allowable in design
of a sem conductor device, alignnment dispBacenent amounts [err], [err]
calculated at the [err] and [err] [err] calculated at the [err]. Provided
that when the values of [err] and [err] are negative, they are assuned to

be 0. In the case that [err] =0 and [err] O: 57 [err] In the case that
(x - 2)[err] and [err] < O: :

THIS SHEET HAS BEEN
REPLAGED
k-1 2 K-1 X1
= >_(u Z XYy go Xu
N-1 -1 3 -t dy
. Eo Xu Y En Yy |2'-'o Y ¢ ]

A= ¥-1 N1 f La=1+S,
Igo Xy L Yu :Z:o 1 b=a+d

-1 y ' e=dx

|§o YuXy | _ d==~8

1 ) e=] +SY
= Eo Y Yy f=dy

X-1

z Yy

Equation (2)
(c) calculating the corrected coordinates

(Xpj1r ¥pi;) Oof the alignment mark under abplication of

said initial wvalues;

(xﬂ,)_; (1+s, a & ') (xu)
1 Yo -8 148, Yy,
W)
dy

(d) calculating

Equation (3)
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[err] = [err] - [err] In the case that (x - 3)[err] <0 and [err] : [err]
In the case that (x - 4)[err] < 0 and [err] < 0: In the case that (y -
1)[err] and [err] O: [err] In the case that (y - 2)[err] and [err] < O:
[err] In the case that (y - 3)[err] < 0&hd [err]: [err] In the case that

(y - 4)[err] <0 and [err] < 0: [Step-370] The residual
each of the alignnment marks associated with the first I*%ﬁ$ﬁ@?%HAS

EN‘
determned in accordance with the following rule on th baS|BEatA¢EDr]

[err]

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 Y
which are alignment displacement values allowablé iﬂ
design of the device _
(A) In the case that [AX;,| = toly and |AY;,| = tol,
Egsn = 0
 Eyyy =0
(B) In the case that |AX;,| > toly and |AY ;| > toly:
Egsy = |8X;,] - toly
Egi1 = |AYyy| - toly |
(C) In the case that [AX;,| = toly and |AY | > toly:
Egip = 0 O
Eyjy = |AYy,| - toly
(D) In the case that |AX;,| > toly and |1¥,,| = tol,:
Eysp = |AXy| - toly
Eyjy = 0
calculating a residual sum of squares R; in reference to
the following equation (4) on the basis of these

N-1 E
Ry = z Ein + ¥ Eyp
=0 1=0

Equation (4), and
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(A) In the case that [err] [err] [err] =0 58 [err]= O That is, the

al i gniment +di spl acenents within the set alignnent displacenent tol erances
are assuned to be 0 and they are equally treated. Because, there is no
problemin view of the actual structure 88 the sem conductor device even if
what ever type of pattern positional displacenent nqy—eeeu#—u#&hkn—Lhﬂ

al i gnment di spl acement tol erances. In other words, |[EBHBE]SHEEFrHAS BEENdet in
such a manner that there occurs no problemin viewtf a BEPLAGED e of |a
sem conduct or devi ce what ever

(e) repeating the step (c¢) for a plurality of

times with the alignment correction coefficients dx, dy,
8, a, Sy, Sy added by random number elements Adx, Ady,
Af, Aa, ASyg, ASy being applied as new alignment
correction coefficients dx,'dy, 8y @, Sgs Sy; and

(£) calculating the corrected coordinates
(Xpspr Ypip) 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, 6, a, Sg,
Sy and each of the random number elements Adx, Ady, A4,
Aa, ASy, Sy when the minimum residual sum R; of squares

is attained
Xne) [ 148 (H8S,  atbet8ad) [ Xy
Yue] | —(0+48) 145, +AS, Yu

dx+Adx
+ (dy-i—AdY)_
EQuation (5)

11. An alignment method according to claim
10, wherein the residuals Eg;; and Eyy, in each of the
alignment marks in,éaid.step (d) are changed and
determined in accordance with the following rule
(A') In the case that AX;;? + AY;,? = toly? + tol,?
Egjn = 0

-
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pattern positional displacement may occur within the alignnent displacenent
tolerances. (B) In the case that [err] > [err] and [err] > [err] [err] That
is, the alignnent displacenent val ue exceeding the alignnment displacenent

tol erance values [err] is defined as an &bignnent displacement. (C In the

case that [err] and [err] > [err] [err] [err] 59 (D) In the case that
[err] and [err] '
THIS SHEET HAS BEEN
REPLACED

Eyjp = 0 |
(B') In the case that AX ;%2 + AY;;? > toly? + tol?
Eyip? + Byyy? = AX 2 + AY;,2 - (tolg? + tol,?)

12, An aligﬁment method for determining a
posiﬁion where a third pattern in respect to a first
pattern and a second pattern is to be formed on the
basis of measuremént 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 eaéh 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) calcuiating 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

e
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[err] More practically, as shown in Fig. 19, it is assuyned that there
occurs an alignnment only by [err] in respect to the direction X when the
second pattern is forned. That is, [err] where, [err] is an X coordi nate of
a position of the alignnment mark associ attéd with the second pattern, and
[err] is an X coordinate of a position of the aligﬁfeni nark associ at ed
with the first pattern. The alignnment displ acenertTHIGISHEETHAS/BERM | f OF

sati sfying a necessary condition (a necessary coWditioﬂEﬁuncgbdrnin; a
normal third pattern) for form ng a sem conduct or dgevite-ts—+educet only by

[err] in respgetntend Fipde ghteekh9neftoksrih dueat®ohhisdikberiBhk
di spl acenent. That is, in the case that [err] and [err] [err]

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;

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

(9) célculating the second alignment tolerénce
values in the directions X and Y in reference to the
first alignment displacement tolerance value apd the
alignment displacement amount in each of the directions
X and Y calculated at said step (£f); '

~ (h) setting the ;esidual of each of the
alignment marks asséciatéd with said first pattern 0
when it is within said second tolerance value and making
. @ sum of squares and making a sum of squares of

residuals other than said second tolerance value on the
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and in turn, in the case that [err] and [err] [err] becones a new alignnent
di spl;acenent tol erance val ue. 60 In turn, as showmn in Fig. 20, it is
assunmed that the alignment displacenment occurs only by [err] in respect to
the direction X when the second pattern&% formed{ZiE Yy

di spl acenent tol erance value for satisfying a neces‘gﬂ?’ g ‘ﬁgﬁm
necessary condition for formng a normal third patj ED=d i n
formation of a seniconductor device is reduced only by [err] In regard to
the plus direction of [err] [err] due to this alignnment displacenent. That

i's, in the casgsidadf (e |secohdtbiéfddes value calculated at said

step (£); and

(i) calculating the alignment correctign
coordinates in which said value of sum of squares is
within a reference value.

13. An alignment method according.to claim 12
'in which a reference value of.said sum of squares is
either a minimum value or a local minimum value.

14, An alignment method according to claim 12
in which each 6f 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. |

15. An alignment method according to claim 14
in which a residual is calculated with a shape of said
actual lower layer pattern being of a substantial
circular shape.

16. An alignment method for determining a
position where a third pattern in respect to a first
pattern and a second péttern is to be formed on the
basis of measuremené of positions of alignment marks of
the number of N associated with the first pattern formed

on a substrate comprising the steps of:

T //
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O, [err] =1Jerr] and in turn, in the case that [err] < 0 and [err] > 0,
[err] .becomes a new al i gnnment displacenent tol erance value. Then, it is
satisfactory that the alignnent correction coefficients [err] are nade to
become the nost optimal values in such a #y that

squares of the alignnment displacenent is nmade to ﬁﬁﬁﬂnﬁ%tBEEN | S new
al i gnnment di spl acenent tol erance bei ng applied asfan alR
di spl acenent.. Even in the case that an alignnment displacemne ner at ed
only by [err] in the direction Y when the second pattern is formed, it is
satisfactory (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, +..y 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 (Xyi,r Yy;,) ©f each of the
alignment marks in reference to a result of such
measurement;
(c) calcuiating alignment displacement amounts
Aey;, Aey; at each of the alignment marks in reference
~ to the following equations (6-1) and (6-2)

Aeg; = Xyjo — Xy Equation (6-1)

Aeg; = Yyio = Yy Equation {6-2)

(d) under an assumption that offsets of errors

in the directions X and ¥ of the alignment marks:
associated with the first pattern are defined as dx, dy,
a rotation angle of an error in a rotatihg direcfion.of
the alignment marks.associated with the first pattern is
defined as 4, 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

e
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61 that this may be processed in the sane manner as that of the aforesaid
process. [-Step-380] The residual sumof squares [err] is calculated in
accordance with the follow ng equation (4) in reference to these residuals
[err], [err] and when the cal cul ated redigdual sum of squares [err] is
smal l er than the residual sumof squares [err], [err] is set to be a new
[err]. [err] Equation (4) [Step-385 The [step-340] to [step-380] are
repeated by a plurality of tines with the alignment correction coeff|C|ents
[err] added with the random nunber el enments [err] _being

defined as «, and scalings which are variation in
magnificatipn of the alignment marks in their directions
X and Y associated with the first pattern are defined as
| Sygr Sy, calculating tﬁe alignment correction _
coefficients dx, dy, 8, a, Sgr 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;,
Yyi) of each of the alignment marks and the coordinates
(Xpir Yp; ) of the rational grid point corresponding to

" each of gaid alignment marks,

THIS SHEET HAS BEE
N
REPLACED

L I K-1 R-3
) Xy % XY Eo X
X-1 -1 2 k=1 a
=0 XuYy 1§n Yu 1§o Yu ( )
i-1 . -1 -1
1=0 Xur =0 Yu Eo !

K=1

Eo XeiXei

-1
=1 & Xau

-1

Xy

Equation (1)
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applied as new alignment correction coefficients [err] [err]. That is, the
(step-340] to [step-380] are repeated by a plurality of tines with each of
dx+Adx, [err] being applied as new alignment correction coefficients [err].
The technical concept of repeating proc% sing by a plurality of tines is
simlar to that already described 62 in reference to the alignnent
method in the first preferrled epbodivment of sthe gresent invention.
Similarly to the case in wjiZhXg an§f¥eauﬂqEn¥0f lignment nmethod in the
first preferred enbodinment |Hds al regdy peen descrféd) in the case that the
resi dual sum of squares [erry gakgplg}eg at FP&L{. e 380] :
= & . ;

=13 YoYu | THIS SHEET HAS BEEN
i o REPLACED

Equation (2)

where

a=1+8,;

b=c+8

ce=dx

d=-8

e=1+S,

f=dy

(e) calculating the corrected coordinates

(Xpjyr Ypyy) of the alignment mark under application of
the fbllowing equation (3) in reference to the alignment

correction coefficients dx, dy, 8, a, Sy, Sy

X111 148, « 8 Xy
Yool \ -8 148, Yu
dx
.+ dy

then, calculating

Equation (3)

AXjp= Xy = Xpyy

A¥yp= Ty - ¥

Til
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I's the sane or larger than the residual sum of squares [err], the original

al i gniment *correction coefficients dx, [err] n
nunber elenments [err] are applied and in turn
sum of squares [err] is smaller than t et resi

[step- 340] to [step-3801 can al so be perfor
with the alignnment correction coefficients dx,

nunber elements [err] being applied as riew ali nnenREEb%GED:t i on

coefficients [err] Step- 390] Then, the correc
al i gnnment mark associ at el'gﬁ the fiyst tt
third pattern are cal cufify ?‘I?We“?’tﬂq

ot added with the random

in the case that the residual

dual sum of squares [err], t he
v0f tines

s err] of
ern f04 |ca exposi ng the
’(ﬁfgi % he basis of

the alignment, correctlof £o8f i 'é:i e [teorlr] %n% HArUctions X and v

which are alignment displacement values allowable in
design of the device, alignment displacement amounts
Aeg; s Aey; calculated at said step (f), new alignment

displacement tolerances toly' and toly'in the directions

X and Y on the basis of said AX,;, AY;, in accordance

with the following rule;

in the case that (x - 1) Aey; =
toly' = toly

in the case that (x - 2) Aey; =

toly' = toly - |Aey|

0 and AX;y = 0:

0 and Axio < 0:

in the case that (x- - 3) Aey; < 0 and AX;, = 0:

toly' = toly - |Aey|

in the case that (x - 4) Aeyg; < 0 and AX;,; < 0:

toly' = toly
in the case that (y - 1) Aé,i =
tol,' = tol,
in the case that (y - 2) Aey; =

toly' = tol,-—]Aegﬂ

0 and AYi.O = 0

0 and AYiO <0

in the case that (y - 3) Aey; < 0 and AY;, = 0:

in the case that (y - 4) Aey; < 0 and AY;, < 0:

toly’ = tol,

A
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63 the random nunber elenments [err] when the n1n|nun1re5|dual sum of

squares [err] is attained. [err] - Equati on
(5) Then, a fourth preferred enbodi nent gf the present invention will be
described. In the case that when a patte A in a sem conductor deV|ce S
formed by applying an optical size reducing syst ol =€ its
formng pattern size is approximate to a Iiniteieﬂgg E?éﬂ“ﬂ of the
optical size reducing system the pattern to be |LACEBnarka |y

defornmed fromits design pattern. Accordingly, even in the alT nt et hod
of the third a@fdsterntnbngi that redidbel preggnt Byoyeimi eachtdf the

alignment marks associated with the first pattern on the
basis of each of the toly', toly'in accordance with the
following rule,
(A) in the case that |AX;,| = toly' and |AY;,| = tol,’
Egip = 0
Eyjp = 0 |
(B) in the case that [AX;,| > toly' and |AY;,| > toly':
Bys1 = [AXy,| - toly!
Egiy = |AYy,] - toly! .
(C) in the case that |AX;,| = toly' and |AY;,| > tol,':
Egig = 0
Eyjy = |AY,| - toly!
(D) In the case that |AX;,| > toly'and |AY,,| = tol,':
Egiy = |AX;,| - toly’
Byjp = 0
then calculating a residual sum of squares R,

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

of these residuals Ey;, and Ey,,;

. -1
R, = E Exn + E Evn

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

times with the alignment correction coefficients dx, dy,

S
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al i gnnment di spl acenent tol erance values required in design of the

sem conduct or device nust be set nore rationally in response to the pattern
shape to be actually fornmed. In the alignment method according to the
fourth preferred enbodi nent of the prese&d invention, the resrdual rr]

of each of the alignnent marks 64 in the [step-37 R%

nmet hod of the third preferred enbodi nent are determp H
into the following rule. In addition, except this po|
al i gnment net hod of the fourth preferred enbodi nment of the present

I nvention canﬁheael déehde v?:"tt%k?ri:@ ntrehr?gs Oz&d eAajr}lirgepr ferred

Asx,'ASY being applied as new alignment correction

fled

coefficients dx, dy, 6, «, Sy, Sy; and

(h) calculating the corrected coordinates
(Xpi;pr ¥p;p) 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 cerrection coefficients -dx, dy,
6, @, Sygs Sy and each of the elements Adx, Ady, Af, A«,
ASy, ASy when the minimum residual sum of squares Ry is

obtained,
Xnie 145,485, atAatd+Ad) [ X
Yne| © \ -@+a8) 14s a8, | \Yy
dx+Adx
+ dy+Ady
Equation (5)
17. An alignment method according to claim 3
in which the residuals Ey;,, Ey;; 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,? + A!&iz S tolg? + toly?
Egin = 0

Eysy = 0

This Sheet Has Been Reilaced
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enbodi ment, its detailed description will be elimnated. (A') In the case
that [err] + [err] + [err] =Jerr] [err] =0 Jerr] =0 (B') In the
case'that [err] + [err] > [err] + [err] = [err]: [err] + [err] =[err] +
[err] - [err] + [err]) In the actual %&nufacturing process for a

sem conductor device, a displacenent fromthe design pattern may easily be
generated due to various causes. In view of this fact, also in the

al i gnnent nethod of the fourth preferred enbodi nent of the pr esent
invention, it is desirable that the alignnent displacenent tolerance val ues

are set every tine for each of the regipns me eLerRce }opbhe? pattern
shape of the (Bt)efm "alé?lﬁﬁi? tha T-reég P AY, Leteis 3

i

VAR R



65 An exanpl e of experinent of the present invention will be indicated. A
practical exanple under application of the alignnment nethod of the first

preferred embodi ment of the present invention will be described. Al ignnent
conditions are set as follows. Wafer &Bze: 8 inches Step
pitch (chip size): ' 20000 [err] Nunber of shots: 9 x 9 (81)

Al i gnnent MYETHODTIFOR ALIGNMENT OFa MANUFASTURING SEMICONDUCADR APHARATUS
frequency distribuftiron firgure of displacenent (residual) between the
positional coordinates [err] of the neasured

ABSTRACT

This invention proéides an alignment method in

~ which alignment correction coefficients are calculated
by a method of leaet squares'in reference to the
coordinates of each of the alignment marks and the
coordinates of the rational_grid points, corrected
coordinates of the alignment marks.from the coordinates
of the rational grid points on the basis of the
alignment mark correction coefficients and each of their
stetistical functions arelcalculated, the.differences of
these coordinates are calculated, the residuals at each
of the alignment marks are calculated in reference to a
difference between the alignment displacement tolerance
values in the predetermined directions X and Y and their
coordinates, and the corrected coordinates of the

_ alignment-marks associated with the firstlpattern for

| Opticaliy exposing the second pattern from the alignment
mark correction coefficients and their random number _
elements when the residual sum of squares becomes a
minimum value, thereby the most optimal'correctioh of
the’ allgnment can be carrled out even in the case that
the random elements in the allgnment mark displacement
components from the rational grid point do not follow a

normal distribution.

Figure 5

THIS SHE
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data of the alignnment mark of the first -pattern (a base pattern) before
correction of alignnment and the coordinates [err] of the rational grid
poi nt corresponding to each of the alignnent marks. -I'n this case, their
values are as follows. [err] = 0.060968 [err] [err] = 0.024363 [err] [err]
= 0.015640 [err} [err]= 0.138800 [err] [éy d = 0.065258 [err] [err] =
0.029341 [err] 66 [err] = 0.024760 [e f{ [err] = 0.146200 [err]

F1G. |
RELATED ART

MEASURED COORDINATES OF
ALIGNMENT MARKS RELATED
TO THE FIRST PATTERN

RATIONAL
GRID POINTS

CORRECTED COORDINATES OF
ALIGNMENT FOR FORMING
THE SECOND PATTERN



Feature of these nmeasured data consists in the fact that an alignnent

di spl acenent distribution is not symmetrical in lateral direction, i.e. is
not in accordance with the normal distribution. In Fig. 22 is shown a
frequency distribution figure of a displacenent (residual) of the corrected
coordinates [err] of each of the alignm312£mrks fromthe coordinates [err]
of the rational grid point corresponding to each of the alignnment marks in
the case that the first pattern as described above is corrected inits
alignment with the related art alignment nethod. In this case, the

al ignment correction coefficients are nmade optimal by a nethod of |east
squares in such a way that the residual sum of squares may becone m ni num
The result of the optimal formation of the alignnment correction
coefficients with the related art alignnment nmethod is as follows.

F1G.2
RELATED ART

e (X, Y)

0 (0, 0)



67 dx
[err]

6.022231 x [err] dy = 6.471484.x [err] [err] = 5.093068 x 10-8 rad
1. 141213 x [err] rad [err]= 3.964432 x [err] [err]= 1.897899 x
[err] In this case, they showed the foll ow ng values. [err] = 0.000746
[err] 0.022712 [err] [err] = -0.028207 [err] [err]= 0.079500 [err]
[err]= 0. 000820 [err] 3/24
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= 0.027326 [err] [err] =

[err] =
apparent fromthe frequency distribution figure shown in Fig. 22,

= -0.036042 [err] [err] =

= 0.066302 [err] As
t he '

maxi mum and m ni mum val ues of the alignment displacenent are distributed
If the alignment displacenment tolerance in design is

non- synmmetrically.
assuned to be 0.05 [err], the displacengnggvalue is 0.04 [err] or less at a
m nus side and the displacenent value is up to near 0.08 [err] at a plus

68 becone

side. That is, it is apparent tEt l:alﬁoptq_
it is appareht at 1

i mproper. In this way,

exposi ng shots
e case that the random

conmponents in the displ aceﬁELATED ART
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conponents in the alignnent marks are distributed non- symmetrically, sonme -
di sadvant ages may be generated during a practical manufacturing process of -
a sem conductor device due to an eccentric presence of displacenment of the
corrected coordi nates of each of the alignment marks irrespective of no
presence of problemin view of the specifsgation of the alignment (for
exanpl e, [errgmet §ergm. n-symretrical distribution of the corrected

coor di nat es oF.eath Wt hsal i ghmenj—aerks—-s_a phenonenon which may easily
and frequently occur in the actual (megQafARYriyg process for a

sem conductor device and the rel at ed_g garent met hod may not

acconplish a satisfactory alignment accutacy. The aI_'i"gmgst'cyé‘ess was
carried out by t alignnent nmethod of the first prefarred efodi nent of

‘the present i nveﬁ%é%ggﬁﬁﬁﬁingl ofF %L‘GNMENET' oﬂrreasur ed

data of the align ED TO THE FIRST PATTERN
( XMi' YMl )

I _STEP-110"

CALCULATE ALIGNMENT CORRECTION
COEFFICIENTS BY A METHOD OF LEAST
| SQUARES

dx’ dy, e, (!, Sx, SY

|

| SET RESIDUAL SUM OF SQUARES Ro

' OPERATED
FOR A PREDETERMINED
NUMBER OF TIMES

YES 'STEP-160"

UNDER APPLICATION OF ALIGNMENT
CORRECTION COEFFICIENTS AND RANDOM
NUMBER ELEMENTS WHEN A MINIMUM RESIDUAL
SUM OF SQUARES IS OBTAINED,
CALCULATE (¥mm Yrie) IN RESPONSE TO

XTiF 1+S,+AS, a+Aa+0+A0 XL
YT'F B - (9+A9) I+S¥ +A Sy YL'
dx+Adx
dy+Ady




first pattern (base pattern) before the sanme alignnent correction as that
of the related art alignnent nmethod shown in the frequency distribution
figure of Fig. 21. The alignnent displacenent tolerance values were set as

foll ows. 69 [err] = 0.05 [err] [err] = 0.05 [err] That is, the alignnent
di spl acenent values [err], [err] are set '},94be O wthin a range of 0.05
[err] of the values [err]. In turn, in the Case that they are out of the

al i gnnent di spl acenent tolerances [err], [err] the displacenent val ue _
exceedi ng the alignnent displacenent tolerances [err], [err] is set to be

an al i gnnent | F' | G

"STEP-120

GENERATE RANDOM NUMBER ELEMENTS
Adx, Ady, A9, Aa, ASy, ASy

l STEP-120
CALCULATE Xtir, Yir IN RESPONSE TO
X1ir\ |+S, +AS, atAa+O+A0 XLI
Yre| | - (6+A8)  1+S,+AS, [\Y]
dx+Adx
- dy+Ady
l STEP-130.

AXp=Xmi—= X
AY n=Ymi—= Yt

l ‘STEP- 130

CALCULATE Eyy , Eyyy




di spl acenent val ue. As apparent fromFig. 23, it is possible tolimt al
the opticak exposing shots within the alignnment displacenent tolerances
[err] and [err] (0.05 [err]. Accordingly, it becones possible to limt
substantial all the optical exposing shots within the standard val ues by
the alignnment method of the first prefer§§g4enbodinent of the present
invention. At this time, the nost optinal alignment values were as foll ows.
dx = 8.522231 x [err] dy = 7.871484 x 10-2 [err] [err] = 5.213068 x 10-8
rad a = 1.141213 x [err]rad [err]= 3.974432 x [err] [err]= 1.908899 x [err]
In this case, [err] = -0.024254 [err]

FI1G. 7

. STEP-140:

CALCULATE

R NilEz +NZ°| Ez
| (=0 Xil =0 Yil

F?o'<—'F?|

.STEP-150

dx -=— dx + Adx
dy = dy+ Ady
0 =— 06+ A8
o «— o+ Ax
Sx = Sx+ ASy
Sy =< Sy+ASy

&



70 [err]= 0.022712 [err] [err] = -0.053103 [err] [err] = 0.054518 [err]
[err]i= -0.013457 [err] [err]= 0.027324 [err] [err] = -0.050058 [err]
[err]= 0.052214 [err] It is apparent fromthese values that the related art
al i gnnment accuracy judgi ng standards of [err] + [err], [err] + [err] are
deteriorated irrespective of the fact th8&f24he alignnment is nost rationally
attained in view of the design of a sem conductor device. Prior art
alignnent: [err] + [err] = 0.06888 rr' ngrgut of the present

i nvention: [err] + .

( START )

)

'MEASURE COORDINATES OF ALIGNMENT
MARKS RELATED TO THE FIRST PATTERN

]

CALCULATE ALIGNMENT CORRECTION
COEFFICIENTS BY A MINIMUM METHOD
OF SQUARES

dx: dy: 9, a,s SX: SY

'

SET A RESIDUAL SUM OF SQUARES Ro

r ~®

PRODUCE RANDOM .NUMBER ELEMENTS
Adx, Ady, AO, Aa, ASx, ASy

]

- CALCULATE X, Yrr IN RESPONSE TO

Xrig) [ 1+S,+AS,  a+Aa+0+A0 ) (X
YT'F - - (e +A9) ‘ + Sy +ASy YL‘
dx+Adx

dy +Ady

®




[err] = 0.09239 [err] As described above, it can be understood fromthe
practlcal exanpl e of the present invention that the related art alignnent
met hod and the judgnent standard do not necessarily provide the nost
optimal condition required in view of the design of the sem conductor
device. In turn, application of the alj ﬂﬁpent met hod of the present

i nvention enables a nore rational -and hi'gh accurate alignnment which cannot
be attained in the related art nethod to be obtai ned. 71 A second
exanpl e of experinment- of the present invention will be described. In the

second .exa'rrpl e of FX'peIi @nt 9 t he Q

A Xy =Xy~ Xy
AY 1 =Ym = Yri

CALCULATE Ey;y Eviy

\

CALCULATE

Ry = Z Exn + f EYH

R, < Rg>NO
YES
Ro = R
dx = dx + Adx
dy =— dy + Ady
6 <— 6 +A6
a -— a+ Aa
Sx - Sx+ ASX
Sy =— SY+ASY




present invention, a displacenent between the positional coordinates [err]
of the measured data of the alignnment marks of the first pattern (base
pattern) before alignment correction and the coordinates [err] [err] of the
rational grid point corresponding to each of the alignnent marks has a

di stribution approximate to a relative n96?§L di stribution. In such a case
as described above, in Fig. 24 is shown a frequency distribution figure of
a di splacenent of the corrected coordinates [err] of each of the alignnent
marks fromthe coordinates [err] [err] of the rational grid point
correspondi ng to each of the alignnent marks when the alignnment correction
Is carried out with the related art alignment nethod. In this case, the

al i gnment correction coefficients is nmade to be optinmal by a nethod of

| east squares in such a way that the residual sumof squares nay becone
mnimum |t

DOES Ry
REACH A CONVERSION
~CONDITION %

" UNDER APPLICATION OF ALIGNMENT
CORRECTION COEFFICIENTS AND RANDOM
NUMBER ELEMENTS WHEN A CONVERSION
IS OBTAINED, CALCULATE (X, Yrie) IN
RESPONSE TO |

Xt1iE [ 1+S,+AS, a+Aa+0+AO Xy
Yrre | | —(6+48) 1+S,+AS, [ | Y
dx +A dx
dy+Ady




I's apparent fromFig. 24 that the frequency -distribution after correction .
Is distributed in approxi mate symmetrical arrangenent around the alignnment
di spl acenent O. 72 In regard to the simlar alignnment neasured data, in
Fig. 25 is shown a frequency distribution figure of displacenent (residual)
of the corrected coordinates [err] of each ofgq the alignment narks fromthe
coordinates [err] of the rational grid p0|nt correspondi ng to each of the

al i gnnment mar ks when the alignnen orre ion js,carried out with the
al i gnnment nethod of the first pre rrid od| bt of the present '
I nvention. The alignnent displace

START
| "STEP-300" -

MEASURE COORDINATES OF ALIGNMENT
MARKS RELATED TO THE FIRST PATTERN

I “STEP- 3I0.

MEASURE COORDINATES OF ALIGNMENT
MARKS RELATED TO THE SECOND PATTERN

(Xmizs Ymiz!?

I "STEP-320"
Aey; =Xpz + Xy

Aeyi=Ypmz +Yp

] STEP-330.

CALCULATE ALIGNMENT CORRECTION
COEFFICIENTS BY A METHOD OF
MINIMUM SQUARES

dx, dy, 0, a, Sx’ SY

. _ ] -
SET A RESIDUAL SUM OF SQUARES Ro

OPERATED
FOR A PREDETERMINED
NUMBER OF TIMES -

?




tol erance val ues were set to have [err] = 0.05 [err] and [err] = 0.05
[err].. Although slightly different fromthese values, the rationa
alignnment correction result simlar to that of the alignnent nethod using
the related art method of |east squares could be attained in such a way
that it mght be easily understood. Irleu¥éygfnce wi th the present

I nvention, it is possible to performa nore ‘accurate alignnment which coul d
not be acconplished with the related art alignnent nethod. As a result, it
is possible to inprove yield in a manufacturing step of a VLSI with an
ultra fine pattern of 0.35 [err] o eis,@et 1 gh density of and a fine
formation of a structure of a sem tondact «deMi under an effective

di stribution of the alignnment displacenent tolerance value. The alignnent
met hod of

~STEP-340":
PRODUCE RANDOM NUMBER ELEMENTS
Adx, Ady’ Ae, Aa, ASx, ASY

l - 'STEP-340"
CALCULATE Xtir,s Y1ir IN RESPONSE TO
Xrie)! [ 1+S,+AS, at+tAa+0+A6 \ [ X
Yre] | - (0+48)  1+S,+AS, [lY,
dx+Adx
dy+Ady
1 - STEP-350"

A Xy =Xm— X
AY n=Ymi— Yy

| sTEP-360.

DETERMINE tol'x AND tol'y




73 the present invention can always provide the nost rational high accurate.
al i gneent 4 n view of a manufacturing of a sem conductor device w thout
addi ng any nodification to an actual operation in the related art alignnent
met hod and wi t hout bei ng depend upon a tendency of the random conponent of
the positional neasured values in alignnentas 9501172 -2 74 WHAT IS
CLAIMED I'S: 1. An alignnment nethod for determning a position where a

second pattern in respect to a fiF! ' G |3

:STEP-370."

- CALCULATE Ey; 1+ Evyjy

| 'STEP-380:"

CALCULATE

| | (=0 Xit =0 Yil

Ro=— R,

' STEP-385

dx =— dx +Adx
dy = dy + Ady
@ =— 0 +A0

A - a+ Ad
Sx = Sx+ As_x
Sy =— Sy'i'ASY




pattern is to be forned on the basis of nmeasurement of positions of

al i gnment *mar ks of the nunber of N associated with the first pattern forned
on a substrate conprising the steps of: (a) neasuring the positions of the
al i gnment marks of the nunber of N associated with the first pattern and
cal cul ati ng the coordinates of each of tg§ %gignnent marks in reference to
a result of such neasurenent; (b) cal cul ( each of the errors in the
directions X and Y of the alignment nmarks, errors in rotational directions
of the alignnent marks, errors of an orthogonal degree of alignnent marks,
and errors of magnification in the directions X and Y of the alignnent
marks; (c) calculating an initial value for getting an alignment correction
coefficient under application of

FI1G. 14

(STEP-390)

UNDER APPLICATION OF ALIGNMENT
CORRECTION COEFFICIENTS AND RANDOM
NUMBER ELEMENTS WHEN A MINIMUM
RESIDUAL SUM OF SQUARES IS OBTAINED,
CALCULATE (Xqe,Yrir) IN RESPONSE TO

XTtiF I+S,+AS, Q+AG+9+A9 | XLi
Yre | | —(6+40)  14S,+AS, | | Y,
dx +Adx

dy+Ady

END




a nmethod of |east squares in reference to the coordi nates of each of the

al i gnpent -mar ks and the coordinates of the rational grid corresponding to
each 75 of said alignnent marks on the basis of each of said errors; (d)
cal cul ating correction coordi nates of the alignnment marks under application
of said initial values; (e) calculating asgifference between each of the

al i gnnent coordi nates and said corrected coordi nates, setting a residual to
0 when the alignnent is within a reference region and cal culating a

residual wt hF'ai 'l (Gf er(‘rs Aom the alignnent tol erance val ue

’_I/\»\, FIRST PATTERN

o —

N
/ | \
[
\ | / T--SECOND PATTERN

PLANNED REGION

N FORMATION
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TO BE FORMED ~

AYHI:

-TO[Y

|T-SECOND PATTERN
FORMATION
PLANNED REGION

|AX 1| Stolx
|AY il stoly
AEx; =0
AEvi =0



other than 0; (f) calculating a sumof squares from said residual; and (g)
cal cul-ating corrected coordinates with a value of said sum of squares being
within a reference value; and the correction coefficients of said corrected
coordi nates are cal cul ated by repeating said steps (e) to (g) by a
plurality of times ; and the correction t®g24icients of said corrected
coordi nates are cal cul ated under application of random nunber el enents.

REPLACENMENT FE’II 7G . l6 A

/‘\
AXjy o
Fr— T——FIRST PATTERN
Jtolyx
e

|.-SECOND PATTERN
FORMATION
PLANNED REGION

| AY"I?OI YI

| AX [ >toly
|AY > toly
AEyii=14aX; | —toly
AEyi =AYy |~toly

— SECOND_PATTERN
TO BE FORMED
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| -SECOND PATTERN
FORMATION
PLANNED REGION

TM{I (

FAX (1> toly
[AY | Stoly
AExi=|AX; | —toly
AEy;, =0 '

—SECOND PATTERN
TO BE FORMED




2. An alignnent nethod according to claim1 in which said residuals are

cal cul-ated*in reference to a shape of an actual |ower |ayer pattern; and
the residuals are calculated with .said actual |ower |ayer pattern being a
substantial circular shape. 3 . An alignment nethod for determning a
position where a second pattern in respegg %g a first patternis to be
formed on the basis of neasurenent of po 7{28ns of al i gnment marks of the
nunber of N associated with the first pattern forned on a substrate
conprising the steps_of: measuring the positions of the alignnment marks
of the nunbeﬂEBf N ociFt d wth the first pattern and cal cul ating the
coordi nates [ferr]* (Wfete,*i*=0, 1, 2, ... N 1. Subsequent is also simlar)
of each of the alignment nmarks in reference to a result of such

measur enent;

FIRST PATTERN

| SECOND PATTERN
FORMATION
PLANNED REGION

AY‘i[tol{

|AX | Stoly
|AY | >toly

AEy;; =0

AEy =AY | ~toly

— SECOND PATTERN
TO BE FORMED

FIG. I8

FIRST PATTERN

.—SECOND PATTERN
FORMATION
PLANNED REGION

SECOND PATTERN
TO BE FORMED



(b) under an assunption that offsets of errors in the directions X and Y of
the alignsent marks are defined as dx, dy, a rotation angle of an error in
a rotating direction of the alignnment marks is defined as [err],

orthogonal degree of |ayout which is an error of orthogonal degree of

| ayout in each of the alignnment narmiéfiékﬁlnEd as [err], and scalings
whi ch are variation in magnification of e alignnment marks in their
directions X and Y are defined as [err] [err] calculating initial values
[err] for getting the alignment correction coefficients by a nethod of

| east squares in reference to the follow ng equation (1) and the equation
(2) on the basis of the coordinates [err] [err] of eacEZof t he al i gnnment

mar ks and t he coordi nat es 2 __
Z x o
v E Ll n
E - Z0 mm
= L2 =
<1 =Ll ==Z
o ndz 1
a E=Z >l
m T &g ofF
= > EEﬁEﬁf -
o ° I t:EEcn
(@) S I 2,
IC f { ; Eam
/ I -3 ZZ
g e 1906
8 ' -L/ :2-‘ gal‘-
— \\ o __U)u_l
© 7 Y o,
Al R
\ i | OCJ:EB
éf \ e/ O
m Q N~ _____‘____//
CE— Z
w o e 1
®, E 2
(7)) <l -
— < m n
W o 5 -
g:" o X //’”N\\
oL v/ 1\
< ‘\ } /’
- \\ //
~——
\
\
-\
)
\
I
oz
2
E S
=
23T
22
= Ll
a2z
rx=2
&S
[l T B



[err] of the rational grid point corresponding to each of the alignnment

mar ks,. REPLACEMENT SHEET 78 [err] Equation (2) (c) calculating the -
corrected coordinates [err] of the alignment mark under application of said
initial values; (y) Equation (3) (d) calculating [err] and determ ning the
residuals [err], [err] in each of the al ilgr)@qnt mar ks in accordance with
the following rule on
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the basis of each of the set alignnment displacenent tol erance values [err],
[err] kn the directions X and Y 79 which are alignnent displacenent

val ues al l owabl e in design of the device (A In the case that [err], and
[err] [err] (B) In the case that [err] > [err] and [err] > [err]: [err] (O
In the case that [err] [err] and [err]ag derr]: [err] (D) In the case
that [err] > [err] and [err] : [err] (e) calculating a residual sum of
squares [err] : :
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in reference to the follow ng equation (4) on the basis of these residuals
[err]-and-[err] [err] Equation (4), and (f) calculating the correction
coordinate with said residual sum of squares being within a reference

val ue. .80 4 . An alignnment nmethod according to claim3 in which a

ref erence val ue of said residual sum of fg)@{es I's either a m nimmval ue
or a local mninumvalue. 5 . An alignnent’ nethod according to claim3 in
which said residuals are calculated in reference to a
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shape of the actual |ower |layer pattern. 6 . An alignnment nethod according
toclaim%in which residuals are calculated with said | ower |ayer pattern
bei ng of a substantial circular shape. 7 . An alignment nethod for
determning a position where a second pattern in respect to a first pattern
is to be forned on the basis of neasureqav Pf posi tions of alignnent marks
of the nunber of N associated wth the fi % pattern fornmed on a substrate
conprising.the steps of: (a) nmeasuring the positions of the alignment marks
of the nunber of N associated with the first pattern and cal cul ating the

coordi nates (where, i =0, 1, 2, ... N 1. Subsequent is also simlar) of
each of the alignnent preyks—HpTiefer ﬁce.tcAawﬁasT++wﬁ+nSﬁeh—ﬁrasurenent;
(b) under an assunption th;tlof}sets of errprs ] 0.15
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in the directions X and Y of the alignment marks are REPLACEMENT SHEET
81 definetl as dx, dy, a rotation angle of an error in a rotating direction
of the alignnent marks is defined as [err], an orthogonal degree of |ayout
which is an error of orthogonal degree of |ayout in each of the alignnent
marks i's defined as [err], and scaling3ugh are variation in

magni fication of the alignment marks in their directions x and Y are
defined as [err], [err], calculating initial values dx, dy, [err], a,
[err], [err] for getting the alignnment correction coefficients by a nethod
of least squares in reference to the follow ng equation (1) and the
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[err] of each of the alignment marks and the coordinates [err] of the
rati enal ¥grid point corresponding to each of the alignnent marks, [err]

82 REPLACEMENT SHEET Equation (2) (c) calculating the
corrected coordinates [err] of the alignment mark under application of said
initial values; [err] 24724 . Equation (3) (d)

calculating [err] [err]

| 1 I T l { O. |5
X > . 0.14
g g SN O 13
E E | 0.12
E g O. 11
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0.08 §
| 0.07
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[err] and determining the residuals [err], [err] in each of the alignnent
marks in accordarce with the followng rule on the basis of each of the set
-al ignment di spl acenent tolerance values [err] aéerri |n the directions X

and Y which are alignnent displacenent val ue n of
device (A In the case that [err] and [err] Inth
[err] > [err] and [err] > [err] [err] (O In the case that [er err]

> [err] (D) In the case that [err] > [e__rQq__ and [_e_r.r_:] [err]: [err]

METHOD FOR ALIGNMENT OF MANUFACTURING SEMICONDUCTOR
APPARATUS

ABSTRACT

This invention provides an alignment method in which alignment correction
coefﬁcients'. are calculated by a method of least squares in reference to the coordinates
of each of the alignment marks and the coordinates of the rational grid points,
corrected coordinates of the alignment marks from the coordinates of the rational grid
points on the basis of the alignment mark correction coefficients and each of their
statisticai functions are calculated, the differences of these coordinates are calculated,
the residuals at each of the alignment marks are calculated in reference to a difference
between the alignment displacement tolerance values in the predetermined directions
X and Y and their coordinates, and the corrected coordinates of the alignment marks
associated with the first pattern for optically exposing the second pattern from the
alignment mark cdrrection coefficients and their random number elements when the

residual sum of squares becomes a minimum value.

Figure 5

REPLACEMENT SHEET

l
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cal cul ating a residual sum i r ef nce to_the fol F
eqiation (4) on the basis o E SI er ™ zd [errTV’Eéué?ddnf(dr)‘ms
and REPLACEVENT SHEET 84 (e repeatln th Sstep (C)~e+—a-plurality of

tinmes with the alignment correction coef fcients dx, yﬁfﬂdeMEN¢Q§ﬁE?y
random nunber elenments [err], [err] being applied as e dllguup

correction coefficients [err]; and (f) calculating th guﬁj
coordinates ([err]) of each of the alignment marks as o,late Fﬁgt

first pattern for optically exposing the second
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

_—

00 g



pattern with the follow ng equati-on (5) in-referenge—o-the_glignnent
correction coefficients [err], [err] and each of tfeREHﬂMﬁMEnp Perefenents
[err], [err] when the mininumresidual sum[err] of $qUares—+s—aiiai hed
[err] Equation (5) 8. An alignment method3according fo rein the
residuals [err] and [err] in each of. the alignnent (d)
are changed and determ ned in accordance with the fJo | ule AP In
the case that [err] [err] [err]

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 align@ent coordinates and said corrected
coordinates, éetting a residual to 0 when the alignment
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 correc?ed coordinates with a
value of said sum of squares being within a reference

value; and

tﬁe correction coefficients of said corrected
coordinates are calculated by repeating said steps (e)
to (g) by a plurality of times ; and

the correction coefficients of said corrected

coordinates are calculated under application of random

number elements. ' —

VR i



85 [err] =0 (B'") In the case that [err] >[err] [ern] REPLACAMERT I SHEFEN
nmet hod for determning a position where a third patjt gFa--a—+espeetqtp a
first pattern and a second pattern is to be forned ornhgs‘gﬂ?i f
measur enent of positions of alignnent makks of the|nd ssfciat ed
with the-first pattern forned on a substrate conprijsitng _the steps of] (a)
measuring the positions of the alignment marks of tfthe nunber of N ’
associated with the first pattern and cal cul ating t ' each
of the alignnment marks in reference to a result of sych neasurenent; (b)

measuring positions of 4he B idARent MRtRPd RECATALRE P R184¥odi at ed

w th the secg%pw%%gﬁﬂggid residuals are calculated in reference to a

shape of an actual lower layer pattern; and

the residuals are calculated with said actual
lower layer pattern being a substantial circular shape.

3 . 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 caléulating the coordinates (Xy;« Yyi)
(where, 1 =0, 1, 2, ... N—i. 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
@, an orthogonal degree of layout which is an error of

orthogonal degree of layout in each of the alignment

* c L M8 *



and cal cul ating the coordi nates of each of the align
to a result of such neasurenent; (c) calculating an
anount in each of the alignnment marks; (d) cal cul ati

0 Janamigni 'abgyalue
getting an alignnment correction coeffici®ht under ap Iica.f€$68f ngt hod
s..X and Y of It Re

al i gnment mar ks associ at ed REPLACEMENT SHEET 86 wijth the first pattd

of least squares in reference to errors in the direct)

errors in rotational directions of the alignment nmar

REPUACHMENT SHEETE'
1€

nrent

ence

f or

rn,
t he

first pattern, errors of an orthogonal degree of alignnent marks associ ated

with the firsdadidd t8f Mefddd Sa®fe, and scalings which are variation
in magnification of the alignment marks in their
directions X and Y are defined as Syr Sy, calculating
initial values dx, dy, 8, a, Sy, 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;.

-Yui) of each of the alignment marks and the coordinates

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

each of the alignment marks,

-1 4 x-1 X~1

% Xy Eo Xea Yy |§o _Xu
K-t -1 3 -1 a
o XYy Eo Yu %o Y b
N-1 N-1 X-1
Ted Xu lg'o Y i=0 l
K-1
|§° XXy
-1
= ,:’_: Xai Yy,
-1
z Xy :
I=0 Equation (1)

-

N Y R



magni fication in the directions. X and Y of the alignnment narks associ at ed
w,th the first pattern, the coordi nates of each of thg

associated with the first pattern, and t coor di nat eg i Pgﬁﬁﬁ&aiﬁgﬁgﬁ yrid
corresponding to each of said alignnent ks; (e) caljcylating the
corrected coordinates under application of said corregtifo (ib"fﬂ%kn S
(f) calculating a difference between said corrected cqofdi nates and séi §l
allgnnent mark coordinates; (g) calculating the second alignnent tolerafce
values in the directions X and Y in reference to the fu |
di spl acement tol erance valhue and the alignnent {di spl acenent amount in each
of the directions X and Eakgulatgdx ty §azdx§t p (f); (h) setting the
resi dual of each of the I gnnent'ﬁhrks a§5b0|a gwith said first pattern

0 L _ 8=1+8;
lgﬂ x“Y“ z Y“ |§o Y“ : b=a+$
Ll a-1 K-t ce=dx

X .
l§° u l§n Y“_ 12:0 I d=—g
N-1 , e=1+8
Y . . . Y
1§o Xy fedy
[ K-
- % YuYu
N=1
Yy

is0
Equation (2)
(c) calculating the corrected coordinates

(Xpspr ¥qi;) of the alignment mark under application of

said initial wvalues:
Xq1y 148, a 8 (XU)
Y1 T\ 148, Yu
dx
+ dy .
Equation (3)
(d) calculating
OXiy = Xyy — Xpqy
AY;1 = ¥y3 — Yoiq _
and determining the residuals Ey;yr Eyjy 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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when it is within said second tol erance val ue and nakin%EE $&ﬂé
and maki ng a sum of squares of residuals other than sdgi 0

val ue on the

~step (f); and (i) calculating the alignmnt correctiorn dodddiJii4a999 n
said value of sumof squares is within a reference valjug; and a referg¢
val ue of said sumof squares is either a mninmmvalu f
val ue; and each of the alignnent mark residual s associ
pattern of said step (h)

| ower | ayer

87 basis of the second tol erance val ud dal cul ated at §

or a rocami

which are alignment displacement values allowable in
design of the device
(R) In the case that |AX;,| S toly and |AY;,| = tol,
Egiy = 0
Eyjp = 0
(B) In the case that |AX,,| > toly and [AY ;| > toly:
Eyiy = [AXy| - toly
(C) In the case that |IX;,| = tblx and |AY,;]| > toly:
Egiy = 0
Eyi1 = |AY4,| - toly
(D) In the case that |AX;,| > tol, and |AY;,| = tol,:
Egiy = |AX;| - toly
Eysp = O

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

of these residuals Ey;; and Ey,,

k-1 2 K-1 ?
Ry = T Eyy + ¥ Eyyy
{=0 ie0
Equation (4), and
(£) calculating the correction coordinate with

said residual sum of squares being within a reference

value.

RO

ith said fi
is calculated in response to a shape of the actual



pattern; and a.residual is calculated with a shape pt—satrd ler
| ayer pattern being of a substantial circular shap fﬁ@.”ﬁﬁ“ﬁhﬁg ﬂggt

nmet hod for determning a position where a third patfefn 1 n respect jtq a
first pattern and a second pattern is to8Be forned pn|tiget Qudi 999f
measurenent of positions of alignnment marks of the pu of N assogijted
wth the first pattern formed on a substrate conpri §i ?Jﬂ
(a) measuring the positions of the alignnent marks ¢f the nunber of

associated with the first pattern and cal cul ating th€ coordinates [err],

[err] 4 . An alignment method according to claim 3

in which a reference value of said residual sum of
squares is either a minimum value or a local minimum
value.

5 . An alignment method according to claim 3
in which said residuals are calculated in reference to a
shape of the actual lower layer pattern.

6 . An élignment method according to claim 5
in which residuals are calculated with said lower 1ayef
paftern being of a substantial circular shape.

7 . 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;r Yy;)
(where, i =0, 1, 2, ... N-1l. Subsequent is also
similar) of each of the aligﬁment 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

Ll



(where, i =0, 1, 2,

., N-1. Subsequent is also sinrtarr—e+—each-oi—{he
alignment marks in reference to a result of such meaquRE MEND) SHBEAS {ir i ng
positions of the alignment marks of the nunber of N gsgocrated Wt P .
second pattern and getting the coordinate8l[err] of ¢a¢h pj JUN 1999 gpnent
marks in reference to a result of such neasurenent; {c} cal culating
al i gnnent di splacenent anounts [err] at each of the &l n
reference to the follow ng equations (6-1) and (6-2)j[err] (d) under ah
assunption that offsets of errors in the directions x an

Y Ol Thne

al i gnment nar §efansdchat ag, Wikt BhedtiatSonpanigelen oF andefriread jas ax, dy, a

rotation angle of an error in a rotating direction of the alignment marks
associ at ed wi rbtahénti ditrepttibar ofi 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
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, Sgs Sy for getting the
alignment correction cdefficients by a method of least
squares in reference to the following equation (1) and
the equation (2) on the basis of the coordinates (X;.
¥Yy;) of each of the alignment marks ana the coordinates
(Xpir Yp;) of the rational grid point corresponding to

each of the alignment marks,

=1 3 K-1 N=~1
=0 i=0 [0 -
a
x-1 k-1 3 X-t b
XY Y :
'Z:n L1ty lgo Ll En YLI ( )
X~ K-1 N-1§ c

e : 1=0 (e0

Il
R
X
=
r_-(

Equation (1)
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defined as 0, an ort hogonal degree of |ayout which is an error of

orthogonal degree of layout in each of the alignnment marks associated with

the first pattern is REPLACEMENT SHEET 89 defined as a, and scal i ngs
which are variation in magnification of 8he alignnent

directions X and Y associated with the first pattern WE&E GEM oSk ET
[err] calculating the alignment correction coefficientfs e Eﬂﬂaﬁ‘ﬁggEthq
of | east squares in reference to the follow ng equatidn J(1 t
equation (2) on the basis of the coordinates ([err], [lerjr]) of each off {
al i gnment marks and the coordinates ([err] ) of the r&tional grid point
corresponding to

-1 -1 ket

IE% *" lgi Xu¥u &, X d

K-t -1 3 -1

2 XYy XYy 2 Yy e

i=0 ied 1=0 £ _ .

-1 K-1 X-1 . a=1 +sx
. : ce=dx
Eo Yoo d=-8
¥t e'=1+$,,

= lzo Yo Yee tedy
=1

Y

Z, Yu

Equation (2)
(é) calculating the corrected coordinates

(Xp;1+ Yqi3) of the alignment mark under application of

said initial wvalues;
XTH _ S, 3 & Xu
A\ Ym ~ 6 1S, Tu

Equation (3)
(d) calculating

AX5y = Xyi — Xpiy

AY iy = Yy; = Yqqy

d
he

_—

R R A



each of said alignnent marks, Equation (1) 90 Equaty
calculating the corrected coordi nates ([err], [err]) (
under application of the follow ng equation (3) in refiteqence to the
alignnment correction coefficients [err] [B&r] then, cql quiGti JUN 1999

~

and determining the residuals Eyi,, 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 ¥
which are alignment displacement values allowable in
design of the device

(A) In the case that |AX;,| = toly and |AY;| = toly

Egiy = 0

Eyjp = 0

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

Exi1 = |AXyy| - toly

Eysy = |AYyy| - toly

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

Egjp = 0

Eysy = [AYy| - toly _

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

By = [8X5| ~ toly

Eyip = 0

calculating a residual sum ofISquares R; in reference to

the following equation (4) on the basis of these

residuals Eyy; and Eyi1

A=, )
R, = ¥ E;y + Z B
f=0 1=0

Equation (4), and

o
| \\\\\\\\\\\\\\\\\\\\\\\\\\\“\
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_ REPLACEMENT SHEET 91 then, determning alignnment di -
values [err] and [err] in the directions X and Y wh }cﬁﬁﬁﬁf@ﬁ"ﬂlﬁﬁf

di spl acenent val ues al l owabl e in design of the devi

di spl acenent anounts [err] calcul ated a4 said step

f
di spl acenent tolerances [err] and [err] in the direfgt ons X and Y agn
basis of said [err], [err] in accordance with the fo

e} allgnnent

, OrMedUN 1989 ngnt

rowr g T U, 1

ce

t he
t he

case that (x - 1) [err] and [err]; [err] [err] [err] in the case that

3) [err]

[err]

<0 and [err] > 0: [err] in the case that (x - 4) [err] <0

(e) repeating the step (c) for a plurality of
times with -the alignment correction coefficients dx, dy,
6, ay Sygs Sy added by random number elements Adx, Ady,
Af, Aa, ASy, ASy being applied as new alignment
correction coefficients dx, dy, 6, a, Sy, Syi; and

(f)'calculating the corrected coordinates
(Xqipr ¥pip) 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, Aéd,
Aa, ASy, Sy when the minimum residual sum R; of squares

is attained
Xyif 145 ,+4S,  etbatf+al Xu)
Yael - (6+58) 145, +AS, Yu
[ dx+Adx
| gy+ady

8 . An alignment method according to claim

Equation (5)

7, wherein the residuals Ey;; and Ey;; in each of the
alignment marks in said step (d) are changed and
determined in accordance with £he following rule
(A') In the case that AX;;2 + AY;;? = tol,? + tol?

Eyjp = 0

I
RS

(x,-
and



in the case that (y - 1) [err] and [err]: [err] in the case that (y - 2)
[err] and [err] < O: [err] in the case that (y - 3) [err] <0 and [err]:

[err] in the case that (y - 4) [err] <0 and [err] < O: HERL

determning the residuals [err], [err] iggeach of the alifg ﬂi&SHEET

associated wth the first pattern on the basis of each off tjhe Lerr!
accordance with the follomﬁng rule, (A in the case that || rr@1

[err]=10

[¥% ]

er 1]

Eyj; = 0
(B') In the case that AX;;? + AY;,2 > tol,? + tol,?
Egsn? + Byyn? = AXyy? + AY;,2 - (toly? + toly?)

'9 , An alignment method for determiningla
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 éssociated 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

\

- I oy




[err]= 0 (B) in the case that [err] > [err] and [err]

>Terrde—ferd—Lo in
the case that [err] and [err] > [err]: [err] (D) In t1éR¢PZ§€tME&'[ SHEET] >
[err] and [err] : [err] then calculating a residual shnjof squarés [grrj] in
reference to the follow ng equation (4) gg the basis pfitQesgUNemgguyl
[err] and [err] Equation (4), .and (g) repeating the sf ep (e) for a
plurality of tinmes with the alignnent correction coefffict 93

with the first pattern, errors in rotational directions
of the alignmenﬁ marks asséciated 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;

(£) 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

I

A g I



[err] added with the elements [err], [err] being applied as new al i gnnent

correction coefficients [err] and (h) calculating the

([err]) of the alignnment mark associated with the firstq{ E§¢§W
the follow ng
ef@® Mallehhtgggix | d

[err], [err] w1én

optically exposing the third pattern in d&cordance wit
equation (5) on the basis of the alignnent correction
[err] and each of the elenents [err], Ady, [err], [erq
the m ni numresi dual sum of squares [err] is obtained

h

el

al i gnment nmethod according to claim1 in which the res

Cd

oor-ei-qt es

FNToSHEET

guatrromt5)
uals [err],

H.{ An -’
[erf]

in each of th@®aaiigrieihdrtddEoms Sl ftbaMfdlddecdlicsliapadt ensandsard

step (e) are changed and determ ned in accordance with the follow ng rul e,

step (f£); and

(i) calculating the alignment correction

coordinates in which said value of sum of squares is

within a reference value; and

a reference value of said sum of squares is

either a minimum value or a local minimum value; and

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

a residual is calculated with a shape of said

actual lower layer pattern being of a substantial

circular shape.

10. An alignmént 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:

—

g



(A) In the case that [err] 94 (B')In the case that [err] + [err]

[err]

+ [err] [err] REPLACEMENT SHEET REPLACEMENT SHEET

88 0 1 JUN 1999

(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, ...s 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 (Xyi2r Yuiz) of each of the
alignment marks in reference to a result of ‘such
measurement;

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

Dey; = Xyso — Xyi- Equation (6-1)
Aey; = Yo - Y | 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 pattefn 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 #, 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

R

(A
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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

Sgr 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,.

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

(X,ir Yp; ) of the rational grid point corresponding to

each of said alignment marks,

-1

i=0
K-1

I

-—g_—_*,ﬂ.,ﬁ————————

Y A

Ll

2 XLIYLI :

fe0
K=-1

{=0
K-1

=0

Z XHXLI

XKIYLl

N~-1

(=0
K~

Equation (1)



where

-1 2 . X2l X-1 REPLACEMENT SHEET
L Xy §° XY 12-:(\ Xt

G 0 1 JUN 1999

10 1=0 1=0
K-, N-} R-1

e i=0 =0

il
™
-<
=
=

Equation (2)

a=1+S,
b=a+8
ce=dX
de=~0
e=1+S,
fedy

(e) calculating the corrected coordinates

(Xqpiyr Y¥pyy) of the alignment mark under application of

the following equation (3) in reference to the alignment

correction coefficients dx, dy, 8, a, Sy, Sy

AXgy = Xy

AY 1= Yy

- X

- Y

X1 148, « 8 Xy
Yool A -8 148, Yy
dx
{4y

then, calculating

Equation (3)

Til

Til

—_
L

L
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then, determining alignment displacement

tolerance values toly and tol, in the directions X and Y.

which are alignment displacement values allowable in

design of the device, alignment displacement amounts

Aeyyy Aey; calculated at said

displacement tolerances toly'

X and Y on the basis of said

with the following rule;
in the case that (x - 1)
toly' = toly

in the case that (x - 2)
toly' = tol, - |Aey]

in the case that (x - 3)
toly' = toly - |Aey|

in the case that (x - 4)
toly' = tol,

in the case tﬁat (y - 1)
toly' = toly

in the case that (y - 2)
toly' = toly - |Aey,)

in the case that (y - 3)
toly' = toly - |Aey,]

in the case that (y - 4)

toly' = toly

Aey;

Aey;

bLey;

Aey;

Aey;

step (f), new alignment
and toly'in the directions
AX;yr AY;; in accordance
Z 0 and AX;, = 0:

= 0 and AX;, < 0:

< 0 and AXio = 0:

Z 0 and AY,, < 0:
< 0 and AY;, = 0:

< 0 and AY;, < 0:

_—_—
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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 toly', toly'in accordance with the
following rule, |
(A) in the case that |AX;;| S toly' and |AY,| = tol,'
Egs3 = 0
EY;l =0 |
(B) in the case that |AX;,| > toly' and |AY;;| > toly':
Eyiq = |[AXg,| - toly!
Eyyy = |[A¥j| - toly'
(C) in the case that |AX,| S toly' and |AY ;| > toly':
Egiy = 0
Eyiy = |AYg,] - toly!
(D) In the case that |AX;,| > tolyg'and |AY;,| = toly':
Egsy = |AX;| - toly!
Eyij; = 0

then caléulating a residual sum of squares R,

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

of these residuals Ey;; and Ey;,

. K=-1 2 N-1 2
Ry =  Exnn + I Ern
1c0 =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, a, Sy, Sy added with the elements Adx, Ady, A8, Aa,
ASy, ASy being applied as new alignment correction
coefficients dx, dy, 0, a, Sygs Sy; and

(h) calculating the corrected coordinates
(Xg;pr Ygip) Of the alignment mark associated with the
first pattern for optically exposing the third pattern
in accordance with-the following eqﬁation (5) on the
basis of the alignment correction coefficients dx, dy,
8, a, Sy, Sy and each of the elements Adx, Ady, A8, Ae,
ASy, ASy when the minimum residual sum of squares R; is

obtained,
Xup| [ 145,445, atAatoras X
Yrp] | —(6+88)  1+S %8S, | \ Yy,
dx+adx
* dy+Ady
Equation (5)
11. An alignment method according to claim 1
in which the residuals Eg;,, Ey;; 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;,? + AY;;2 = toly? + tol,?
Egip = 0

Ey;p = 0
-

O
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(B') In the case that AX;;? + AY;;2 > tol,? + toly?

2 - .
Egid® * Eyilz = AXilz + AY112 - (tolx.Z N tOIY'z)

REPLACEMENT SHEET
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