1 DESCRI PTI ON DEFECT DETECTI ON APPARATUS AND STCORAGE MEDI UM
READABLE BY COMPUTER 5 Technical Field The present invention r a
-defect detection apparatus which irradiates inspection obﬂﬂ%\%@%@@mms a
sém conductor- wafer with an illumnating 10 |ight and perf

_inspectiop based on an image of the light fromthe inspection oP5¥ct, and
a storage mediumreadable by a conputer, ;in which a programis stored.
Background Art 15 For exanple, in a sem conductor manufacturin process,
macro inspection of damage, dust, surface irregularity, dirt @

in a seniconductor wafer surfage ds,perforned, [Thig macro i ”J Mﬂ/ﬂw”/ﬁ”m/l}/”je

conprises: irradiating the sem conductor viafer surface 20 with ansge,,
illumnating light; picking up i mges of regular reflected |ight,

diffracted light, and r | i gfip e Ri-ckup apparatus; and

i mage- processing the i %%%%@E{g%%%%%ﬁﬁ%ﬁ@'% %Né)ﬁ%u damage, dust,
surface irregularity, an irt i'n the sem conduct or wafer surface. FIG
3 is a sghematic diagramof a macro inspection apparatus according to

related art. A
Technical Field

The present invention relates to a defect
detection apparatus which irradiates inspection objects
such as a semiconductor wafer with an illuminating

10 light and performs defect inspection based on an image
of the light from the inspection object, and a storage
medium readable by a computer, in which a program is
stored.

Background Art

15 For example, in a semiconductor manufacturing
process, macro inspection of damage, dust, surface
irregularity, dirt, and the like in a semiconductor
wafer surface is performed. This macro inspection
comprises: irradiating the semiconductor wafer surface

20 with an illuminating light; picking up images of
regular reflected light, diffracted light, and
scattered light by an image pickup apparatus; and
image-processing the image data to detect defects such
as damage, dust, surface irregularity, and dirt in the

25 semiconductor wafer surface.

FIG. 3 is a schematic diagram of a macro
inspection apparatus according to related art. A

semiconductor wafer 2 is laid on a stage 1, an



sem conductor wafer 2 is laid on a stage 1, an 2 illumnating unit 3 is
dlsposed obl i quely above the wafer, and an inmage pickup unit 4 is disposed

-in an opposite position with respect tothe illumnating unit 3 with
respect to the seniconductor wafer 2. In the 5 nmacro inspection apparatus,
when the sem conductor wafer 2 is irradiated wwth the illum nating |ight
‘from the illuminating unit 3, and the i e of a diffracted I|ight from

t he sem conductor wafer 2 is picked up by "the inmage pickup unit 4, an
illumnpnating angle is 10 variably set with respect to the sem conduct or
waf er inord tect th fratedllcg ln the ett| met hod of

SR d
t he |Ilun1nat|ﬁ§'§an' Qﬂan§ he e com (ﬁb%&ﬁ%ﬁl s VS ratfi ated with
the illumnati g t |t 3y dhes natlng
angle, that i s eleIl ‘i nhdH]J na i o ﬁ Lﬂ:adtlﬂlge}C %I um na %I%bnge]tgmri %{n
respect to the gﬁgg f.er ﬁgﬁ r.ange
of +20 to -20. Subsequentl 1061% Vﬁn%ksef%ﬂﬁﬂ Ljf}ﬁ act r?% lrﬂ% ?%nnjit?he
sen conduct or vafgrer? ﬂe%;?&tplw%@%éma&tméw Wi WP unity 4nd he angl e

at which primary diffracted |light can be taken in is obtained fromthe
i mage datmaa, anthddm® idddpad@idmGppitatits, wisat fhe tdenidgiductdmever, the

sem conductor wafers 2 to be 25 inspected include a wafer in which the
shape and wafer 2 is irradiated with the illuminating light from
the illuminating unit 3, and the image of a diffracted
light from the semiconductor wafer 2 is picked up by
the image pickup unit 4, an illuminating angle is
10 variably set with respect to the semiconductor wafer 2
in order to detect the diffracted light.

In the setting method of the illuminating angle,
while the semiconductor wafer 2 is irradiated with the
illuminating light from the illuminating unit 3, the

15 illuminating angle, that is, the inclination angle of
the illuminating unit 3 with respect to the
semiconductor wafer 2 is varied, for example, in a
range of +20° to -20°. Subsequently, the image of the
diffracted light from the semiconductor wafer 2 is

20 picked up by the image pickup unit 4, the angle at
which primary diffracted light can be taken in is
obtained from the image data, and the illuminating unit
3 is set to the angle.

However, the semiconductor wafers 2 to be

25 inspected include a wafer in which the shape and
direction of the pattern of a formed chip differ with

each type of wafer, and a wafer in which the pitch of



direction of the pattern of a fornmed chip differ with each type of wafer,
and & wafer in which the pitch of 3 the pattern differs. It is assuned that
-these sem conductor wafers 2 are inspected. Then, every time the type of
the semni conductor wafer 2 changes, the illunminating angle is varied, for
exanple, in a range 5 of +20 to -20. Wile the picked-up image data is
‘referred to, the angle of incidence for satisfactorily taking in the
primary diffracted light has to be obtained to set the inclination angle

of the iIIuninating unit 3, and nmuch tinme is required for the 10
i nspecti on. v r, aus di rence of h direction or
pitch of the pat t%£¥ﬁ1 f%r or&%g%' 7 L@“%%Eﬁ%%ﬁ St waf er 2, the

angl e of inciden gtd on TH%HJ
satisfactorily ta e In t e d|f f'feacétedﬁflght romt tern or?}t idte

seni conduct or* waferi B Aide Qe s%@rﬂﬁﬁzt&maﬂém Nald kN, 3 cannot

necessarily be set "to an angle and direction optimnmm for taklng in the

diffracted |ighti1uéQ vt 190 Q6Ig1Qf N A RIENtEd NS | Sidd & HF@dde a

defect detection apparatus in which |Ilun1nat|ng light can be set” to an
opti mum angl e tof t+loe kB dphfr acwietlle | tigbtpDERESSED Yihege peEEQr IE NG an

i nspection. Another object of the present inventionis to
referred to, the angle of incidence for satisfactorily
taking in the primary diffracted light has to be
obtained to set the inclination angle of the
illuminating unit 3, and much time is required for the

10 inspection.

Moreover, because of a difference of the shape,
direction, or pitch of the pattern of the chip formed
in the semiconductor wafer 2, the angle of incidence
and the direction for the image pickup unit to

15 satisfactorily take in the diffracted light from the
pattern on the semiconductor wafer 2 differ.
Therefore, the illuminating unit 3 cannot necessarily
be set to an angle and direction optimum for taking in
the diffracted light.

20 An object of the present invention is to provide a
defect detection apparatus in which illuminating light
can be set to an optimum angle to take in diffracted
light necessary for performing an inspection.

Another object of the present invention is to

25 provide a storage medium readable by a computer, in
which a program for setting the illuminating light to

the optimum angle to take in the diffracted light



25 provide a storage nedi umreadable by a conputer, in which a programfor
settifng the illumnating light to the optinumangle to take in the
-diffracted light 4 necessary for performng the inspection is stored.

Di scl osure of Invention According to the present invention, there is
_provided a defect detection apparatus conprising: an 5 iIIuninating uni t
which irradiates an inspection object wth an illumnating |ight; and an

i mge pickup unit which picks up an inage of a diffracted Iight fromthe

i nspection object to performdefect inspection of the inspection object

fromimage datgpicked iy JOeAG IIRYS LG WYy fhe annaratus

further conprising:. a i'on"angl e cal’cu i on uni ain the

diffraction angle of the illum ect to the inspection
obj ect, which is optinum for pﬁﬁﬁﬁééFﬁ$#§h%fY%éiﬁpffﬁphe diffracted |ight,

based on 15 design AdHHdB{d Wb Gind herdSEpeciin o eCitnand aa
iIlum nating setting unit which sets the angle of i nci dence of the

iI'lumi nating upjdowtiidde ddfdRctdearectant e it e esbripyr tdiendgh fd action
angle calculation wunit. 20 Brief Description of Drawings FIG 1 is a

di agr am show ng 14 wnanfdtguraturoint: efhiach defrerti aeiecin dmsappariadr soaosar di ng
to an enbodi nent of the present invention;

with an illuminating light; and an image pickup unit
which picks up an image of a diffracted light from the
inspection object to perform defect inspection of the
inspection object from image data picked up by the

10 image pickup unit, the apparatus further comprising: a
diffraction angle calculation unit to obtain the
diffraction angle of the illuminating light with
respect to the inspection object, which is optimum for
picking up the image of the diffracted light, based on

15 design information of the inspection object; and an
illuminating setting unit which sets the angle of
incidence of the illuminating unit to the diffraction
angle calculated by the diffraction angle calculation
unit.

20 Brief Description of Drawings

FIG. 1 is a diagram showing a configuration of a
defect detection apparatus according to an embodiment
of the present invention;
FIG. 2 is a luminance distribution diagram

25 obtained when the angle of an illuminating light is

varied in the defect detection apparatus according to

the embodiment of the present invention; and




FIG 2 is a lumnance distribution diagram 25 obtai ned when the angle of an
illuminating light is varied in the defect detection apparatus according
-to the enbodi nent of the present invention; and 5 FIG 3 is a schematic

di agram of a 'macro inspection apparatus according to a rel ated-art
~exanple. Best Mode for Carrying Qut the Invention 5 An enbodi nent of the
present invention will be described hereighafter with reference to the
drawings. FIG 1 is a diagramshowi ng a configuration of a defect
detection apparatus according to the enbodi nent of the present invention.

In FIG 1, the sane %g cq nﬁgn%n% na%ha gq%sgl%frghcbe a%%d@%noted wth the

sane reference nunerals he de ect detectl n apparatus shown in FIG 1
detect s defect§n§bEEtESEpsgbakgtugneegekueﬂgo@beeteeuatweL%Qta regul ar
pattern is forne I'n a subStrate surface, Such as a sem conductor wafer,

15 and a gl asscg4h ante of a flat panel display such as a liquid crystal.

A sem conductor wa 2 which is an inspection object is laid on a stage
1. Above the stage 1, Bestimeas Ebluohpaying ontttBeandvantiomge pickup
unit 4 20 including a line sensor canera are disposed. The illum nating

unit 3 i 5 disposed 2m tehdbddment iofalthaxipgresent riciviemed cat wai 1dr écet er m ned
angle with respect to
described hereinafter with reference to the drawings.
FIG. 1 is a diagram showing a configuration of a

defect detection apparatus according to the embodiment
of the present invention. In FIG. 1, the same

10 components as those of FIG. 3 are denoted with the same
reference numerals. The defect detection apparatus
shown in FIG. 1 detects defects with respect to
inspection objects in which a regular pattern is formed
in a substrate surface, such as a semiconductor wafer,

15 and a glass substrate of a flat panel display such as a
liquid crystal.

A semiconductor wafer 2 which is an inspection

object is laid on a stage 1. Above the stage 1, a
linear illuminating unit 3 and an image pickup unit 4

20 including a line sensor camera are disposed. The
illuminating unit 3 is disposed so that an optical axis
is inclined at a predetermined angle with respect to
the surface of the semiconductor wafer 2, and
irradiates the semiconductor wafer 2 surface with a

25 linear illuminating light. The image pickup unit 4 is
disposed so that the optical axis is inclined at the

predetermined angle with respect to the surface of the



the surface of the sem conductor wafer 2, and irradiates the sem conductor
wafer 2 surface with a 25 linear illumnating light. The imge pickup unit
-4 is disposed so that the optical axis is inclined at the predeterm ned
angle with respect to the surface of the 6 sem conductor wafer 2, and picks
up an image of diffracted Iight fromthe sem conductor wafer 2 surface
generated by the illumnating fromthe illumnating wunit 3 for each |line.
It is to be noted that the inage 5 pickup unit 4 is fixed in an inclined
state of the optical axis at the predeterm ned angle. Mreover, the
illumnating unit .3 is,rqtatahly dispased so,th an .nclination angle
wth respec'? t6 lecosnt(a:1 C%éjnrdglc f%)érr 2\7/2@& flscd(rsfgl ea@aﬁnﬁ(geaé)jafhsted in a

n respect | afBi " 2°Sill &
br edet or m ned 41 A30%e AN AN 9] ol Joh R ARRIdEA PRSI Of A A

el ectric or nechanical stoppe / tection apparatus main bod
connected 10  RJTRIRLPILEK WML i IFRGRy Hro BhdINilt Bnir3iagRy transfer

rotation control unit 6, optical system 15 control unit 7, illum’ating
angl e control uwiitt 8 fdeazibStinat.e qanveyancediMdted tHa aMd GMagystem
control unit 7 and illum nating angle control unit 8 are connected to the

i I'lum natti ng umitckip e tstiage flikaasfier drotialdldmerbt=0le W ttHe i S
connected to the 20 stage 1. The detection apparatus main body 10 has a
optical axis at the predetermined angle. Moreover, the
illuminating unit 3 is rotatably disposed so that an
inclination angle with respect to the semiconductor
wafer 2 surface can be adjusted in a predetermined
10 range, and can be fixed in a desired position by an
electric or mechanical stopper.

A detection apparatus main body 10 is connected to
an image pickup unit 4, image display unit 5, stage
transfer rotation control unit 6, optical system

15 control unit 7, illuminating angle control unit 8, and
substrate conveyance unit 9. The optical system
control unit 7 and illuminating angle control unit 8
are connected to the illuminating unit 3. The stage
transfer rotation control unit 6 is connected to the

20 stage 1.

The detection apparatus main body 10 has a
function of executing various types of control
necessary for automatically setting an angle of
incidence (inclination angle) and illuminating

25 direction with respect to the semiconductor wafer 2
surface of the illuminating unit 3. The detection

apparatus main body 10 sets an angle of incidence and



function of executing various types of control necessary for automatically
setting an angle of incidence (inclination angle) and illum nating 25
-direction with respect to the sem conductor wafer 2 surface of the
illumnating unit 3. The detection apparatus main body 10 sets an angl e of
‘incidence ,and 7 illumnating direction of the illumnating unit 3, which
are optimumfor picking up an image of n-dinensional (natural number, n =
1, 2, ...) diffracted light necessary for performng the defect 5

i nspection of the sem conductor wafer 2. In the detection apparatus mai n

body 10, a main ontrol unit.. 11 i.nclu uter onnected to
a program memﬁTJXC]L aitr’?'é1 dr%@r?ocrts}of‘s %q%lﬁ 13% b‘JhT nit 15, and
i nspection resth éﬂergqrey ‘%’ té’&eﬁr rcq(ln\(%ng g?q}fracgtoe{%am stored in the

pr ogram nmenory exe func I"ons on angle

cal cul ation uandJlgl,enlsqryn@aan(@lacyu%tarll Bt} c @) culjation unipt 17,
illumnating setting unit 18, and defect |nspect|on unit T mnrk 15 The

program menory dhZ fearkthey rneaththhddies S t 0P io titlidg kdhe Idb Adre: program
menory 12, a control programrelating to the defect detectlon is stored

conpri si nsg obtiaigpetg itdie off ffHeaadidnditariletf Wdwer id ) unimaihieang |ight with
respect to the sem conductor 20 wafer 2, which is optinmum for picking up
the i mage of detection apparatus main body 10, a main control unit

11 including a computer (CPU) is connected to a program

memory 12, image memory 13, input unit 14, output unit

15, and inspection result memory 20. Furthermore, when

10 the program stored in the program memory 12 is
executed, functions of a diffraction angle calculation
unit 16, luminance distribution calculation unit 17,
illuminating setting unit 18, and defect inspection
unit 19 work.

15 The program memory 12 can be read by the main
control unit 11. In the program memory 12, a control
program relating to the defect detection is stored
comprising: obtaining the diffraction angle of the
illuminating light with respect to the semiconductor

20 wafer 2, which is optimum for picking up the image of
the diffracted light, based on design information of
the semiconductor wafer 2; and executing a control to
set the angle of incidence of the illuminating unit 3
to the diffraction angle. An image signal output from

25 the image pickup unit 4 is digitized by an A/D
converter (not shown), and the image data is stored in

the image memory 13.



the diffracted |light, based on design information of the sem conductor

waf er 2; and executing a control to set the angle of incidence of the
“illumnating unit 3 to the diffraction angle. An inmage signal output from
25 the image 'pickup unit 4 is digitized by an AAD converter (not shown),
~and the image data is stored in the image nenory 13. 8 The input unit 14
has a function of taking in various inforgmtion such as design infornmation
of the sem conductor wafer 2 input froma predeterm ned database or

i nput, for exanple, using a keyboard or 5 nouse by an inspector, and a

wavel engt h of the i’ﬂg’{e”{‘}]n%%&g%i@ Qﬂff Haut pauthr{co{(j}otrpeof' Iéaqgiir{]ftiirpg unit 3.

It is to be noted th sign information 1 ncludes a pattern pitch

refl ectance, p%?goﬁfrmi&%m#etugﬁ %iu%n%%s’d ot Qgﬂ&ﬂﬁ%t%& R the

sem conduct or raction angl'e calculation unit 16

obtains the diglehfiaGniR G fr e dddtuia 10 HddHHe il g T €Spect to
the sem conductor wafer 2, which is optinmum for picking up the inage of

the diffracteddadtaiMase @F itnpertSefororduelille WafB @ Dkdyd>drmas pi ckup
unit 4, 15 based on the design information of the sem conductor wafer 2
taken i n5from to@senpuyt amniinshdctdar,eevrl a Wigre ldiddttactii atheangl e
calculation unit 16 obtains the diffraction angle of the desired
n- di nensi onal idilfuhviacttechd ilghght outpertdiffamadthed illilghtisaftriorg tumeit 3.
It is to be noted that the design information includes
a pattern pitch, reflectance, pattern shape, film
thickness, and the like of the semiconductor wafer 2.
10 The diffraction angle calculation unit 16 obtains
the diffraction angle of the illuminating light with
respect to the semiconductor wafer 2, which is optimum
for picking up the image of the diffracted light from
the semiconductor wafer 2 by the image pickup unit 4,
15 based on the design information of the semiconductor
wafer 2 taken in from the input unit 14. Moreover, the
diffraction angle calculation unit 16 obtains the
diffraction angle of the desired *n-dimensional
diffracted light in the diffracted lights from the
20 semiconductor wafer 2. In this case, the inspector
operates the keyboard or mouse of the input unit 14 to
set the desired tn-dimensional diffracted light.
The diffraction angle calculation unit 16 has a
function of calculating the diffraction angle of the
25 optimum illuminating light with respect to the

semiconductor wafer 2 as described above. Concretely,

for example, the primary diffraction angle can be



20 sem conductor wafer 2. In this case, the inspector operates the
keyboard or nobuse of the input unit 14 to set the desired n-di nensional
-diffracted light. The diffraction angle calculation unit 16 has a function
of calculating the diffraction angle of the 25 optimumillum nating |ight
‘With respect to the sem conductor wafer 2 as described above. Concretely,
for exanple, the primary diffraction angl g can be 9 obtai ned by cal cul ation
of the following equation (1). That is, assuming that the diffraction
angle is 0d, the angle of incidence of the illumnating light is 0i, a

di ff ti d h 1 _pitch

Ot 0", 8B au BT, "EaR L EGRoR BENCR, ERE15,380' SRNdMOLr uafer 2 1o
equat i on resu&bé& $knQy hﬂth ggépthe d&%kraZ@goﬁ'BB%QEthgne ngkﬁe

cal cul ati on uni 6 célcu ates E the above equation (1) to obfain the

diffraction apgheeOds hhchiaeheebernehadithahihheiagoveqaeuaki 0n,(3d) is
derived as follows. For diffraction conditions, the diffracted Ilght

generated fromyarpkaneibat biraerlss( pat teenpaitnetrudpngca bgotdiemensi onal
period structure satisfies the followng condition. Kd' = +Ki' G ... (2)
Ki': conponent spaiabhéucterawh@keti ceipl apeadtl ahe wavelength of the
illuminating light is A, the following equation
results:

sinBq-sinB; = mA/p ce. (1),

The diffraction angle calculation unit 16 calculates
10 the above equation (1) to obtain the diffraction
angle 04.

It is to be noted that the above equation (1) is
derived as follows. For diffraction conditions, the
diffracted light generated from a plane lattice

15 (pattern) including a two-dimensional period structure
satisfies the following condition.

Kgq' = +Ki’G cee (2)

Ki{’: component parallel to a lattice plane of a

wave number vector Kji of the incident light

20 (illuminating light)

Kgq’: component parallel to the lattice plane of a

wave number vector Kq of the diffracted light

G: inverted lattice vector of the plane lattice
Here, when the plane lattice is limited to a one-

25 dimensional lattice, and an incidence surface is a
plane vertical to a length direction of the lattice,

the equation (2) turns to the following:



wave nunber vector Ki
conponent parall el
-dlffracted light G

of the incident

when the plane lattice is linited to a one 25 di mensi onal

“incidence surface is a plane vertical
lattice,

light 20 (illumnnating light) Kd':

to the lattice plane of a wave nunber vector Kd of the
inverted lattice vector of the plane lattice Here,
| attice, and an

to a length direction of the

the equation (2) turns to the fgllowing: 10 5 10 ndkosinGd =

ni kosi n0i +MK . (3), ni: refractive index on t he incidence side, nd:
aefractlve i ndex on the diffraction S|de . angle of incidence, d:
iffraction angle, ko, 2 . mavelength the light (in
vaguun) dK 2Q p, p: nﬁeglghQGf Ia% % tern pitch); 9&1 diffraction
order; nd =ni =1, and Lhe.eqyuabi 0Rg6R) ohukhs tAckRentel kewend;
§|nCd-§|30| m/ p. “When t Eg angle ?nc?dence of “the |Ilun1na?|ng unit 3
is varie

for exa"PE?rabﬂléer@HQ@xan+%ﬂe HO fifrsac®Q@on EhEel, UG nance

di stribution calculation unit

10

15

20

25

angle of 1nc1dence, Gd. diffraction angle,
wherein:

ko = 2Q0/Ag, Ag: wavelength of the light (in

vacuum) ;
K = 2Q0/p, p: period of lattice (pattern pitch);
m: diffraction order;
ng = nj = 1,
and the equation

(3)
mA/p.

turns to the following:
sinBgq-sinB; =
When the angle of incidence of the illuminating
in a range of +20° to

unit 3 is varied, for example,

-20°, the luminance distribution calculation unit 17
reads the image data obtained by the image pickup in
the image pickup unit 4 from the image memory 13, and
obtains an actual luminance distribution with respect
to the angle of incidence of the illuminating light

shown in FIG. 2 from the image data.

The illuminating setting unit 18 sends a command

for setting the illuminating unit 3 to the diffraction

angle calculated by the diffraction angle calculation
unit 16 to the illuminating angle control unit 8 via
the output unit 15. Moreover,

unit 18 compares the actual luminance distribution

the illuminating setting

obtained by the luminance distribution calculation unit



reads the inmage data obtained by the inmage pickup in the inmage pickup unit
4 fromthe imge nenory 13, and obtains an actual |um nance distribution

-Wth respect to the angle of incidence of the illumnating |ight 20 shown
in FIG 2 fromthe inmage data. The illumnating setting unit 18 sends a
command for setting the illumnating unit 3 to the diffraction angle

‘calculated by the diffraction angle calcukation unit 16 to the
illumnating angle control unit 8 via 2S the output unit 15. Mreover, the
illumnpnating setting unit 18 conpares the actual |um nance distribution

obt ai ned by the. um.nance dj. i_but.i on cal.cul ati o nitf.11.17 with the
diffraction angl7e wclé:lhcﬂﬁ%aet éicfs#g/rat#elondiafnfq'laectclaolﬁ:uar?;;ﬁee& c? ctu Stion unit 16,

and sel ect's an 4,310l Qfo,A Jyinanse. Aeak d:n e 1 nanee Al alid by i on

whi ch agrees w IS closest to I'S i on '5 angl'e as

diffraction anghen ot id LUFAAHD0 pl Wil furkfhSR0 S8 GOMTANG] Of

setting the an of 1 ncidence of the tllumnating unit 3 to the selected

diffracti on angg dip ddiedd hWmmadd NG aNHRHOMd AhidMtrB-ad@dhe out put
unit 15. 10 The illumnating angle control unit 8 changes the angle of

i nci dence of thedlld Wy natd ni Afvdct3 dh araficor danee M vnihes idid fracti on
angle instructed from the illumnating setting unit 18, and sets the angle
of incidence cfetitheng lunim N isehdmid Smmdrd riespendttting the angle

of incidence of the illuminating unit 3 to the selected

diffraction angle to the illuminating angle control

unit 8 via the output unit 15.

10 The illuminating angle control unit 8 changes the
angle of incidence of the illuminating unit 3 in
accordance with the diffraction angle instructed from
the illuminating setting unit 18, and sets the angle of
incidence of the illuminating unit 3 with respect to

15 the semiconductor wafer 2 to the instructed diffraction
angle. Moreover, the illuminating angle control unit 8
and stage transfer rotation control unit 6 also have a
function of integrally rotating the illuminating unit 3
in a parallel state with the semiconductor wafer 2

20 above the semiconductor wafer 2 and two-dimensionally
varying a direction in which the semiconductor wafer 2
is irradiated with the illuminating light. It is to be
noted that instead of varying the direction for
irradiating the semiconductor wafer 2 with the

25 illuminating light by the illuminating angle control
unit 8, the stage transfer rotation control unit 6

rotates the stage 1, and the direction in which the



15 the sem conductor wafer 2 to the instructed diffraction angle.
Moredver, the illum nating angle control unit 8 and stage transfer
-rotation control unit 6 also have a function of integrally rotating the
illumnating unit 3 in a parallel state with the sem conductor wafer 2 20
above the sem conductor wafer 2 and two-dinensionally varying a direction

“in which the seniconductor wafer 2 is irradiated with the illuninating
light. It is to be noted that instead of varying the direction for
irradiating the sem conductor wafer 2 with the 25 illumnating |light by the

i1lum nating angl e %g‘t%télé%of, vathlg B ti%,e iR attre%“ﬂiecrhh rtt%:]eatii UGl

unit 6 rotates th the “direction in whicC e

serm conduct of At S ey Al St ) Al wdiad Tght may also

t wo- di nensi ona e “vari ed. ter the um nat i unit s set to the

opti mum di ffraction pngle 9fe tihe ddildyaingl i d iphts S tdy, riagpect to the
sem conduct or wafer 2, the defect 1nspection unit 19 reads the inage data

obt ai ned by theptifRee dAifFdR tibrl RRJIEAGE MHeKUR 1WiiinaA iffmitdre: | mage
menory 13, and image-processes the imge data to detect the defects such
as the danmage, wdu$t resicfac e ol @ he rsegiilcandustcandiadiert 3,n tihee dafidcce of
the sem conductor wafer 2. The inspection result nenory 20 stores
i nformati on sudmsgecd itoppeyn inurit®e e guizs ittheoni,ma gen dladrae avbdfa itrteed def ddtes
detected by the defect
image pickup in the image pickup unit 4 from the image
memory 13, and image-processes the image data to detect
the defects such as the damage, dust, surface
10 irregularity, and dirt in the surface of the
semiconductor wafer 2. The inspection result memory 20
stores information such as a type, number, position,
and area of the defects detected by the defect
inspection unit 19. The image display unit 5 displays
15 the information such as the type, number, position, and
area of the defects detected by the defect inspection
unit 19.
The stage transfer rotation control unit 6 moves
the stage 1 on which the semiconductor wafer 2 is laid
20 in one direction (X direction) at a pitch synchronized
with the image pickup in the image pickup unit 4, and
also controls the rotating and positioning of the stage
1. To rotate the semiconductor wafer 2, the stage 1
itself can also be rotated, but it is preferable to
25 dispose a rotary stage on which the semiconductor wafer

2 is to be laid on the stage 1 movable along one axis

and to rotate the rotary stage.



i nspection unit 19. The inmage display unit 5 displays 15 the information
such-'as the type, nunber, position, and area of the defects detected by
-the defect inspection wunit 19. The stage transfer rotation control unit 6
noves the stage 1 on which the sem conductor wafer 2 is laid 20 in one
‘direction (X direction) at a pitch synchronized with the inmage pickup in
the i mage pickup unit 4, and also contro the rotating and positioning of
the stage 1. To rotate the sem conductor wafer 2, the stage 1 itself can
al so be rotated, but it is preferable to 25 dispose a rotary stage on which

t he sem conduct or waIf}%; Olpg'iiiat?faylt gstyl)sq:elmaifgj?r%rl}eotlgg{nls%tglgp c%r{@)rvoalbé ?ﬁ}% ong one

axis and to rotate 't age. systemcontrol unit 7

control's the higt: agpunt: ofc W Wiluginating wail 3 anh e Tnserting

of an interferén er (not N acquiring arf interference inmage.

The illum nati qgls%r%trigﬂgeo?fo%tnr ln dii e BNl o NG ANGIR, ) 11361 dence of

the illum nating uni Wth respect to the sem conductor wafer 2 surface

in response to s dite HHCHindR rie AR dMBinA deONt M@le UNittumlihASirdescri bed
above. The substrate conveyance unit 9 takes the 10 sem conductor wafers 2

one by ose fromngls @oageolstackers (asseilise)tHancinghow) imrildashdae faf er
on the stage 1, and returns the sem conductor wafer 2 on the
the illuminating unit 3 with respect to the
semliconductor wafer 2 surface in response to the
instruction of the main control unit 11 as described
above. The substrate conveyance unit 9 takes the

10 semiconductor wafers 2 one by one from a storage
stacker (cassette) (not shown) to lay the wafer on the
stage 1, and returns the semiconductor wafer 2 on the
stage 1 into the stacker after the defect inspection.

Operation of the defect detection apparatus

15 configured as described above will be described
hereinafter. First, the substrate conveyance unit 9
removes the semiconductor wafer 2 which is the
inspection object from the stacker (not shown), and
conveys and lays the wafer onto the stage 1.

20 Subsequently, the stage transfer rotation control unit
6 positions the stage 1 on which the semiconductor
wafer 2 is laid. Thereafter, the following defect
inspection method is executed with respect to the
semiconductor wafer 2.

25 A first defect inspection method will be
described. First, the method comprises: taking the

design information of the semiconductor wafer 2, such



stage 1 into the stacker after the defect inspection. Operation of the

def ect detection apparatus 15 configured as described above wll be
~described hereinafter. First, the substrate conveyance unit 9 renoves the
sem conductor wafer 2 which is the inspection object fromthe stacker (not
~shown), and conveys and | ays the wafer onto the stage 1. 20 Subsequently,
the stage transfer rotation control unit ;% positions the stage 1 on which
the sem conductor wafer 2 is laid. Thereafter, the follow ng defect

i nspection nmethod is executed with respect to the sem conductor wafer 2.

25 A first defgat (Laspection prihRd yleh e nigscrbied, Fihabe, ! Badmet hod

conprises: taking esign intormation of the Sem condu waf er 2,

such 14 as thepaft %mcn&g%%e, orethectanseonRabternwaltarer, andg flem
t hi ckness of the sem conductor watfer 2, and the wavelength of the

illumnating |i,ght1eubRut offr @Met BE 1 ukli hufiinat il'i?hlﬁnioht%uitnthoEnh%h‘éEt ection
apparatus nmain 5 body 10 via the input unit 14 froma predeterm ned

dat abase or byithem@petabigonnat Bhenkeybkaar dedecitovse appyriafitisi REpAct or.
This design information of the sem conductor wafer 2 is sent to the

di ffractbon anpbdy ¢al eibatihen inputt 16.1it1Q4THeomaian perectertelrmimetd 11 r eads
the programin the programnenory 12, and instructs the diffraction angle
database or by the operation of the keyboard or mouse
by the inspector. This design information of the
semiconductor wafer 2 is sent to the diffraction angle
calculation unit 16.

10 The main control unit 11 reads the program in the
program memory 12, and instructs the diffraction angle
calculation unit 16, illuminating setting unit 18, and
defect inspection unit 19 to operate. The diffraction
angle calculation unit 16 calculates the equation (1)

15 based on the design information of the semiconductor
wafer 2 taken in from the input unit 14, and obtains
the diffraction angle and illuminating direction of the
illuminating light with respect to the semiconductor
wafer 2, which are optimum for picking up the image of

20 the primary diffracted light from the semiconductor
wafer 2 by the image pickup unit 4. For example, with
respect to the semiconductor wafer 2 in which patterns
such as DRAM are regularly arranged, the diffraction
angle calculation unit 16 performs the calculation

25 corresponding to a narrowest pattern pitch. Moreover,
with respect to the semiconductor wafer 2 in which the

patterns such as LSI are irregularly arranged, the



calculation unit 16, illum nating setting unit 18, and defect inspection
unit-'19 to operate. The diffraction angle calculation unit 16 cal cul ates
-the equation (1) 15 based on the design information of the sem conduct or
waf er 2 taken in fromthe input unit 14, and obtains the diffraction angle
cand illumnating direction of the illumnating light with respect to the
sem conductor wafer 2, which are optinumyfor picking up the image of 20
the primary diffracted Iight fromthe sem conductor wafer 2 by the inage
pi ckup unit 4. For exanple, with respect to the sem conductor wafer 2 in

whi ch patterns dtisf%réﬁgfifo%l\rﬂlg[ re cra%%li'll ar Iiyonaruré‘glntgeld6 é)tet}efo 'H%r?lget Lon angl e

cal cul ation uni or s e calculation corr espondi

narrowest patt el Lo RIS pon i) P HRESL i SE SAE Nyt on, VAl er

2 in which the atterns suc S are irregulrarly ‘arranged, the 1

diffraction angl ¢ calculaldn Wl ti L@ lerfiprdts the calculation
corresponding to the pattérn pitch at which a broad inspection is

possi bl e. Next, the nditimad i o etid tihginddt ddhd ageitvess Heddibves
n-di mensi onal diffraction angle calculated by the diffraction angle
cal cul atison unighel &-cintbrsaings It ke f fooramish eindle o fdulaciddrbangie to the

illumnating angle control unit 8 via the output unit 15. Thereby, the
angl e of i nci dehdef mcttien iddgilm natliowlamidn Jinist 106 ,seind csdrus itist ruct ed
diffraction angle by the driving

command of the diffraction angle to the illuminating

angle control unit 8 via the output unit 15. Thereby,

the angle of incidence of the illuminating unit 3 1is

10 set to the instructed diffraction angle by the driving
of the illuminating angle control unit 8. In this
case, 1if there is an instruction of the two-dimensional
direction to irradiate the semiconductor wafer 2 with
the illuminating light, the illuminating angle control

15 unit 8 integrally rotates the illuminating unit 3 in
the parallel state with the semiconductor wafer 2 above
the semiconductor wafer 2, or rotates the stage 1 and
varies the direction to irradiate the semiconductor
wafer 2 with the illuminating light.

20 In this state, the illuminating light is output
from the illuminating unit 3 under the control of the
optical system control unit 7 by the instruction of the
main control unit 11. Then, the semiconductor wafer 2
is irradiated with the illuminating light with the

25 optimum angle of incidence and illuminating direction

to take in the n-dimensional diffracted light generated

by the pattern of the chip formed in the semiconductor



of the illum nating angle control unit 8 1In this case, if there is an

i nstruction of the two-dinensional direction to irradiate the

-sem conductor wafer 2 with the illumnating light, the illum nating angle
control 15 unit 8 integrally rotates the illumnating unit 3 in the
parallel state with the sem conductor wafer 2 above the sem conductor
‘wafer 2, or rotates the stage 1 and vari the direction to irradiate the
sem conductor wafer 2 with the illumnating light. 20 In this state, the
illumnpnating light is output fromthe illumnating unit 3 under the

trol of th tical t em.control ' by .the i ti f th
mai n Control WHALCELZ FHon S R RN GO PG ey | T 117 i dted with
the illumnati ' i th the 2 ' - f 1NGi
o nat i ng. aresad ot & rige iR Gttt A d AR o,
ted b f ' ; ' | }ueit f
3707 Che i 11 or Geatr o Re. mten P e Ryt e AR W hent

IS someti mes ngRes§Alh g bdthR AN AR Hardd¥eddd W Nadd Nbrilide ok
automatically set by an error between the manufactured sem conductor 5

wafer 2 and desjgied f aBtldyi @S G deihbrabay leddriddd Sas@se, the

i nspector sends the conmand of the fine adjustnent to the illum nating
angl e control umits &adea,omideariayudtamiderids Wtee tdemmnidpwf whd fline
Thereby, the angle of the illumnating unit 3 is

adjustment to the illuminating angle control unit 8
from the input unit 14 via the output unit 15.
Thereby, the angle of the illuminating unit 3 is

10 adjusted in response to the instruction by the driving
of the illuminating angle control unit 8.

The image of the diffracted light or interference
light from the semiconductor wafer 2 is picked up by
the image pickup unit 4, and the image signal is output

15 from the image pickup unit 4. The image signal is
digitized by the A/D converter (not shown), and stored
as the image data in the image memory 13 of the
detection apparatus main body 10.

The defect inspection unit 19 reads the image data

20 obtained by the image pickup of the image pickup
apparatus 4 from the image memory 13, image-processes
the image data, and detects the defects such as the
damage, dust, surface irregularity, and dirt in the
surface of the semiconductor wafer 2. The defect

25 inspection unit 19 stores the information of the
detected defect in the inspection result memory 20, and

displays the information in the image display unit 5.



10 adjusted in response to the instruction by the driving of the
illufmnating angle control unit B. The inage of the diffracted Iight or
~interference light fromthe sem conductor wafer 2 is picked up by the
image pickup 'unit 4, and the i mage signal is output 15 fromthe image
~pickup unit 4. The image signal is digitized by the A/D converter (not
shown), and stored as the inmage data in e image nenory 13 of the
detection apparatus mai n body 10. The deféect inspection unit 19 reads the
i mmge data 20 obtained by the image pickup of the inmage pickup apparatus

4 fromthe image ne na €: processes ata, and detects
the defects such asri%%yt Lf'sntSpe%rJfoa{b eﬁl}n%gf %ltkifé and dirt in
the surface of co or f T {29 )y On unit 19
stores the |ﬂf5¥%£%ﬁ%ﬁﬁ%f Fﬁg%ﬁﬁefﬁgﬁg{t%e#%%%m&ﬁ%gﬁ% |§§be§§fg%{result
memory 20, and gedijgp qxﬁfotﬂﬁeﬂl@nororfatﬂh@ dehild duBes iRy, Uniders. 17

Next, a second inspection nethod be ~ déscribed. First, the nethod

conprises: takigRg tihke aiesgxgﬁplrtf&m&téﬂré&faﬂdée t(é}ﬂfjléq{ e W 2,

such as the pattern pltch reflectance pattern shape and i1 m
thi ckness of 1t lfa 19eMhENGeG 00 Maftey stmiduhduteomaieleangt,h 0id the

illTumnating light output fromthe illumnating unit 3 into the detection
appar at us mai nwavedyentrhvice the iirifdutmioEtti nbd firgr tdhvergarte diadoat mieed
illuminating unit 3 into the detection apparatus main
body 10 wvia the input unit 14 from the predetermined
database or by the operation of the keyboard or mouse
10 by the inspector. This design information of the
semiconductor wafer 2 is sent to the diffraction angle
calculation unit 16.
The main control unit 11 reads the program in the
program memory 12, and instructs the diffraction angle
15 calculation unit 16, luminance distribution calculation
unit 17, illuminating setting unit 18, and defect
inspection unit 19 to operate. The diffraction angle
calculation unit 16 calculates the above equation (1)
to obtain the diffraction angle and diffraction
20 direction of the illuminating light with respect to the
semiconductor wafer 2, which are optimum for picking up
the image of the primary diffracted light from the
semiconductor wafer 2 by the image pickup unit 4, based
on the design information of the semiconductor wafer 2
25 taken in from the input unit 14.
Next, the main control unit 11 issues a command

for varying the angle of incidence of the illuminating



dat abase or by the operation of the keyboard or nouse 10 by the inspector.
Thi s ‘design information of the sem conductor wafer 2 is sent to the
-diffraction angle calculation unit 16. The main control unit 11 reads the
programin the programnenory 12, and instructs the diffraction angle 15
~calculation unit 16, |um nance distribution calculation wunit 17,
illumnating setting unit 18, and defect jRpspection unit 19 to operate. The
diffraction angle calculation unit 16 ca?culates t he above equation (1)

to obtain the diffraction angle and diffraction 20 direction of the

et |Lg0L ¥ hcEeSRegh o Lo SO Rt el o, it o o

opti mum for pi g up romthe

sem conduct or %@E%&i%agxnﬁﬂ%n@q%g%o?%%%gpU%EEE84Vi%§%%% O%QFEQED%Q%ign

i nformati on of "t he Sem conductor wa aken in fromthe input unit

14. Next, the HBi N GRRLEGN, URL thl i3IWE%A FOMRNG 1 k@i nedivigh@rine angl e
of incidence of the illumnating 18 unit 3, for exanple, in a range of +20

to -20 to the donhty@inahiing sanehe eeRlol funinci8letice e tow put unit 15,
Thereby, by the driving of the illumnating angle control unit 8, the
angl e of si nci denqemadhattiedd liilghwmwiathi g ildhgthewistur fsfdec o ft hesur f ace of
the sem conductor wafer 2 is irradiated fromthe illumnating unit 3 is
varied in the sanjeocofdut2®rt wafer 2 is irradiated from the
illuminating unit 3 is varied in the range of +20° to
-20°. At this time, the image pickup unit 4 picks up
the image of the diffracted light from the
10 semiconductor wafer 2, and outputs the image signal.
The image signal is digitized by the A/D converter (not
shown), and stored as the image data in the image
memory 13 of the detection apparatus main body 10.
Next, the luminance distribution calculation unit
15 17 reads the image data at the time when the angle of
the illuminating unit 3 is varied in the range of +20°
to -20° as described above from the image memory 13,
and obtains the actual luminance distribution with
respect to the angle of incidence of the illuminating
20 light from the image data as shown in FIG. 2.
Next, the illuminating setting unit 18 compares
the actual luminance distribution obtained by the
luminance distribution calculation unit 17 with the
diffraction angle calculated by the diffraction angle
25 calculation unit 16, and selects the angle of the

luminance peak in the luminance distribution which

agrees with or is closest to this diffraction angle as



-20. At this tinme, the image pickup unit 4 picks up the inmage of the
diffracted light fromthe 10 sem conductor wafer 2, and outputs the inmage
-signal. The image signal is digitized by the AAD converter (not shown),
ahd stored as the inmage data in the image nenory 13 of the detection
apparatus. mai n body 10. Next, the |um nance distribution calculation unit
15 17 reads the imge data at the tine mh@g the angle of the illumnating
unit 3 is varied in the range of +20 to -20 as descri bed above fromthe

i mge nenory 13, and obtains the actual |um nance distribution with

respect to the_angle .of incidence.of t il lbym nating 20 lLight fr t he
i mage data as §ﬁ8wﬁlF%rﬁFéﬁo§.aﬂg%F; tﬁgeiﬁﬂﬂﬁﬁﬁgﬁFﬁ%gé5FFF%89U#93%18

conpares _the agt ual Jugpanee, dib3f e puide@n ;obf aiaed o o g sl umifance
O R di T

di stribution calculation uni \ t he raction angle cal cul ated by
the diffractioncangle ;33 aAMCHial R i¥Nist 16, rand SRS Jite ardiof the

| um nance peak in the lumnance distribution which agrees with or is

closest to thigndiff racthen jangh8 rat ik thed fdomeldiommnglee vithehe
illumnating setting unit 18 sends the command for setting the angle of

incidence of bhepult wiiratisng uhicrebit,0 thiee asrjileciodd ididildeaid @t targle to
the illumnating angle control unit 8 via the 5 output unit 15. Thereby,
the angl e of inddildercatdhg it 13 ue ettt g whe A3 fifragdtido afige
diffraction angle
instructed by the driving of the illuminating angle
control unit 8. 1In this case, if there is the
instruction of the two-dimensional direction to
10 irradiate the semiconductor wafer 2 with the
illuminating light, the illuminating angle control unit
8 integrally rotates the illuminating unit 3 in the
parallel state with the semiconductor wafer 2 above the
semiconductor wafer 2, or rotates the stage 1 and
15 varies the direction to irradiate the semiconductor
wafer 2 with the illuminating light.

In this state, the illuminating light is output
from the illuminating unit 3 under the control of the
optical system control unit 7 by the instruction of the

20 main control unit 11. Then, the semiconductor wafer 2
is irradiated with the illuminating light with the
optimum angle and direction to take in the diffracted
light generated by the pattern of the chip formed in
the semiconductor wafer 2 or the difference of the

25 pitch. It is to be noted that the fine adjustment is

sometimes nhecessary for the angle of incidence of the

illuminating unit 3 automatically set by the error



instructed by the driving of the illum nating angle <control unit B. In
this case, if there is the instruction of the two-dinensional direction to
-10 irradi ate the sem conductor wafer 2 with the illumnating light, the
i'llum nating angle control unit 8 integrally rotates the illum nating unit
3inthe parallel state with the sem conductor wafer 2 above the

"sem conductor wafer 2, or rotates the sta9§ 1 and 15 varies the direction
to irradiate the sem conductor wafer 2 wth the illumnating light. In
this state, the illumnating light is output fromthe illumnating unit 3

under the control of th optical ,systemcontral unit 7 he instruction
of the 20 mai nPEGHEEB thfi ReprTarnated pedsandistion 8’raf\%§f g o'
irradiated wt he i |, i I li.g e h ti le

direction to_tgﬁélgﬁ ﬁhgggﬁ%%%a%tgé %%thﬁggghgpg&%d g§%;%@g€af?§%H of the
chip formed in thtehgn?:?@c‘%%r}d Uehels WaleClootm@ind RE difd aigfc e Bfusthendd

pitch. It is to be noted that the fine adjustnent is sonetines necessary

for the angle eb ithei daneaiohtify anlglemdeaitrieg whitt 3 @Hoamathecaldpntset by
the error 20 between the manufactured sem conductor wafer 2 and design

i nf or mat son as y@escnisbed aakheve outputhisidases,. (hedaspedther aerids dfhe
command of the fine adjustnent to the illumnating angle control unit 8
fromthe input theuriltl ulvd natd nicherndut Buti surad] uEi.edlher etfmspdrtse drgltdeof
instruction by the driving of the illuminating angle
control unit 8.
The image of the diffracted light or interference
10 light from the semiconductor wafer 2 is picked up by
the image pickup unit 4, and the image signal is output
from the image pickup unit 4. The image signal is
digitized by the A/D converter (not shown), and stored
as the image data in the image memory 13 of the
15 detection apparatus main body 10.

The defect inspection unit 19 reads the image data
obtained by the image pickup of the image pickup
apparatus 4 from the image memory 13, image-processes
the image data, and detects the defects such as the

20 damage, dust, surface irregularity, and dirt in the
surface of the semiconductor wafer 2. The defect
inspection unit 19 stores the information of the
detected defect in the inspection result memory 20, and
displays the information in the image display unit 5.

25 In the first and second inspection methods, the
diffraction angle calculation unit 16 obtains the

optimum diffraction angle and diffraction direction for



the jIlumnating unit 3 is adjusted in response to the instruction by the
driving of the illumnating angle control unit 8. The imge of the
-diffracted light or interference 10 light fromthe sem conductor wafer 2
i's picked up'by the inmage pickup unit 4, and the inmage signal is output
fromthe image pickup unit 4. The image signal is digitized by the AAD

converter (not shown), and stored as the,jmage data in the inmge nenory 13
of the 15 detection apparatus main body 18. The defect inspection unit 19
reads the inmage data obtained by the image pickup of the image pickup

4 f he j 13, | -, the i data, and
Gobotts the dermerand, T S ihias ' b SRR 24 MR o and
dirt inth f f 1 i t fer 2. T te ti

Onit 16 stor ee iriea oo MR RIMA SO i anlM 6l Sleed BP0 o

result memory 20,..Ar4 di namgﬂ%d'ggaorlr%tﬂc}%n d'ttgleetrhg:lgﬁq?gcqléji splay unit 5.

25 In the first and second I nspection netho action angle

cal cul ation unidi fi6 R NS drite MM iMER &y fdaaatimn @ngls @t widfinaet i on
direction for 21 picking up the image of the diffracted |ight based on the

desi gn i if or matdean daff fire: tSeyn conductzare waf=in 2 .ob ddawenerdepdirii i fdir act ed
lights other than the diffracted |light obtained by setting the
automatically the type of the semiconductor wafer 2, the inspector
operates the keyboard or mouse in the input unit 14 to
designate the desired n-dimensional diffracted light to
the effect. Thereby, the diffraction angle calculation
10 unit 16 obtains the optimum diffraction angle and
diffraction direction for picking up the image of the
designated n-dimensional diffracted light based on the
design information of the semiconductor wafer 2.
Moreover, in the chip pattern formed in the
15 semiconductor wafer 2, which has two directions, the
diffraction angle calculation unit 16 can obtain the
diffraction angle and diffraction direction with which
the respective chips can both be observed in both
directions based on the design information of the
20 semiconductor wafer 2.

In such case, the image of the diffracted light
generated by the illuminating light output from the
illuminating unit 3 which has been set to the
corresponding diffraction angle and diffraction

25 direction is picked up by the image pickup unit 4. The
image data is image-processed by the defect inspection

unit 19, and the defects of each chip such as the



5 set diffraction angle are easily observed depending on the type of the
sem conductor wafer 2, the inspector operates the keyboard or nouse in the
-input unit 14 to designate the desired n-dinensional diffracted light to
the effect. Thereby, the diffraction angle calculation 10 unit 16 obtains
the optinumdiffraction angle and diffraction direction for picking up the
i mge of the designated n-dinensional difthracted |ight based on the

design information of the sem conductor warer 2. Moreover, in the chip
pattern formed in the 15 sem conductor wafer 2, which has two directions,

the diffracti (ag r%%l eéﬁ%tcms%t:'f%%eﬁ’l'r& éﬁ‘l t%n’h tcﬂ'?ct di fﬂ‘ rbaectl on

angl e and di ff ract ¢titon wit respectlve chi'ps tan both

be observed i ndg%r&teq; r%“t'h%“%e‘?rﬁ%%‘i‘xcﬁfe& gt Ofrg?hlg?j %@act n o the 20

sem conductor wafer 2. In such case |ght

generated by t Qe iid |p‘é'f't'é%td R ildH e OutRUty fempitddg . i1l uminating unit 3
whi ch has been set to the corresponding diffraction angle and diffraction

25 direction is picheddigvdy, tihe tHmaemidddiudtid whfehhe idmoeidat ais
i mage- processed by the defect inspection wunit 19, and the defects of each

chip such as t h&r22-ddamegeiocthadt hisafrats istregiheard,t \wheand fivdctciam be
detected in the sem conductor wafer 2 surface of the chip pattern which
has two directiagmgde calculation unit 16 can calculate the diffraction
angle in each layer based on the film thickness of the
design information. Thereby, without calculating the
angle of the diffracted light by an influence of a
10 substrate of the semiconductor wafer 2, the diffraction
angle is calculated with respect to the diffracted
light generated by the influence of the surface layer,
and the image can be picked up.
Furthermore, the stage transfer rotation control
15 unit 6 can execute rotation control together with
transfer control of the stage 1 as described above.
For the rotation control of the stage 1, the control is
executed in accordance with the direction of the
pattern of the semiconductor wafer 2 which is the
20 inspection object. While the semiconductor wafer 2
surface is irradiated with the linear illuminating
light from the illuminating unit 3, and the stage 1 is
moved in a linear direction (X direction). In this
case, it is sometimes impossible to pick up the image
25 of the diffracted light depending on the direction of
the pattern of the semiconductor wafer 2. For example,

when the direction of the pattern crosses at 90° with



Moreover, in the sem conductor wafer 2 including a 5 three-dinensional

hi erdrchy structure, the diffraction angle calculation unit 16 can
-calculate the diffraction angle in each |ayer based on the filmthickness
of the design information. Thereby, without calculating the angle of the
diffracted light by an influence of a 10 substrate of the sem conductor
wafer 2, the diffraction angle is calculgked with respect to the
diffracted |ight generated by the influence of the surface |ayer, and the
i mage can be picked up. Furthernore, the stage transfer rotation control

1o UL on SASguL 1ol 3L IOR Coniol LGRSy N s Szl o

e rotation contro ade 1,
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of the sem conduc st I nspecti on object ‘e the

serm conduct of e i 2 B, a0 %l Adhakad ol L i Reacldl Uit | ng

light fromthe illumnating unit 3, "and the stage 1 is noved in a linear
direction (X dig @elit@)ls Ithd HictatG@FE.of tHeS IR iMesridmesstdL e pi ck

up the image 25 of the diffracted |Iight depending on the direction of the
pattern of the s3eigecanduirorexsadidre,2 byF@0°exanpl eespehentbhe detredtiaan of
the pattern crosses at 90 with 23 respect to a |line direction of the
illum nating |ilghte oft tha regeeaf. t thatiddyr,actiedd itgie dbdarewitidoe qii cked up.
the pattern of the semiconductor wafer 2 is the same as
the line direction of the illuminating light, the image
of the diffracted light can be picked up.
10 Additionally, the illuminating angle control unit
8 can three-dimensionally control the inclination angle
of the illuminating unit 3 with respect to the
semiconductor wafer 2 surface. In the above-described
embodiment, since the inclination angle of the
15 illuminating unit 3 with respect to the semiconductor
wafer 2 surface is two-dimensionally controlled, the
image of the diffracted light cannot necessarily be
picked up in a high directivity state. However, since
the illuminating unit 3 is three-dimensionally
20 operated, the image of the diffracted light having a
highest directivity can be picked up in accordance with
the pattern of the semiconductor wafer 2. Thereby, the
image of the diffracted light can be picked up from the
pattern which has not been captured only by two-
25 dimensionally controlling the inclination angle.

Moreover, even when the stage transfer rotation control

unit 6 controls and three-dimensionally rocks the stage



In this case, the stage transfer rotation control unit 6 controls the
rotatiion of the stage 1, and rotates the 5 stage 1, for exanple, by 90 with
-respect to a vertical Iline of the center. Thereby, since the direction of
the pattern of the sem conductor wafer 2 is the sane as the line direction
of the illumnating light, the inage of the diffracted Iight can be picked
‘up. 10 Additionally, the illum nating angbg control unit 8 can
three-dinensionally control the inclination angle of the illumnating unit
3 with respect to the sem conductor wafer 2 surface. In the

above-described .enhodi w3l neethe i.nclination .angl.e of t.he 15
illum nating uﬂi tl%:is at(ﬂ%&tastﬁlercete tdoln{e%1 1303}%121%6:8&%%&1% C‘Lrttl'be surface is

t wo- di [ |l t.r.al 1 [ Qf: 4t ' | ght t
necessar Ty bo - ERRR T Ry PRI e RS sinoe. the

i1lum nating unjdy 343y three-dinensionally 20 operated, the inmage of the
diffracted IighttﬁaV|ng a highest directivity can be picked up in

accordance with thapaddedi ofnd el SeM coNdUe il i wed efar?. bd NgFebYeq t he
imge of the diffracted Iight can be picked up fromthe pattern which has

not been scapt ured iy Yorlay tiMe 25 rdidieatsicanadi th iy riclddayy the inclination
angl e. Moreover, even when the stage transfer rotation control unit 6
control s and t hrlderdinaanisiconaldht rrotk s ltdre Steadge @tilat st edidclofa
t hree-di nensionally controlling the
radial illuminating light. 1In this case, the radial
illuminating light is converted to the line shape in
the lens.

10 It is to be noted that in the above-described
present embodiment the semiconductor wafer 2 has been
described as the inspection object, but the present
defect detection apparatus can also be applied, for
example, to the defect inspection of the damage, dust,

15 surface irregqularity, and dirt in a glass substrate
surface of a flat display such as a liquid crystal
display.

As described above, in the present embodiment,
the method comprises: obtaining the diffraction angle

20 of the illuminating light with respect to the
semiconductor wafer 2, which is optimum for picking up
the image of the diffracted light, based on the design
information of the semiconductor wafer 2 (e.g., the
pattern pitch, reflectance, pattern shape, and film

25 thickness of the semiconductor wafer 2, or the

wavelength of the illuminating light output from the

illuminating unit 3); and setting the angle of



illumnpnating unit 3, the simlar effect can be obtained. Mreover, the
illuminating unit 3 can be applied 5 to not only the irradiation with the
illumnating light but also the irradiation with a radial
i'llumnating'light. In this case, the radial illumnating light is
converted.to the line shape in the lens. 10 It is to be noted
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for taking in the primary diffracted light, and much

10 time is not required in the inspection.

Moreover, when the other n-dimensional diffracted

lights are more easily observed depending on the
of the semiconductor wafer 2, the desired n-—dime
diffraction data is designated by the input unit
15 and thereby the diffraction angle and direction
for picking up the image of the diffracted light
obtained based on the design information of the

semiconductor wafer 2.

type
nsional

14,
optimum

can be

Furthermore, with respect to the chip pattern

20 formed in the semiconductor wafer 2, which has t
directions, the diffraction angle and diffractio
direction with which the respective chips of the
opposite directions can both be observed can be
obtained based on the design information of the

25 semiconductor wafer 2.
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Additionally, the actual luminance distribution

obtained by the luminance distribution calculati

on unit



incidence or illumnating direction of the illumnating unit 3 to the
calculated diffraction angle. Thereby, for exanple, even when the angle
~and direction to take in the primary diffracted |ight change because of
the 5 pattern of the chip formed in the semnm conductor wafer 2 or the
‘difference of the pattern design of the pitch, the illumnating unit 3 can
automatically be set to the optinun1ang|§ of incidence and illum nating
direction for taking in the primary diffracted light, and nmuch 10 tine is
not required in the inspection. Mreover, when the other n-dinensional

diffracted lights _are nore easily, obser.y dependi_ng.on the type f the
seni conduct or Waf ér mePﬁgegegPFédtﬁﬁd%ﬁéﬁgﬁgﬁéPn di lFaéFiéﬁ”ﬁae§=%¥

desi gnated by, the LARY Ayl nls aad diheraiy Le i ragid ancanalog and

direction optinim icking u e inmage o _ fracted t can be
obtai ned based @) i ;deHAN JefiOn FRIHAN 196,118 ¢S SIGI HGNL Yfieh 2.
Furthernore, with respect to the chip pattern 20 formed in the

seni conduct or Wafr@lks?wiMh e has hwWResd HRCHHARS qitfte ditfiforaGtigar angl e and
diffraction direction with which the respective chips of the “opposite

directiosns canskaklthe ekseheed idat bt i@bladigied Rasedhen g des gn
information of the 25 sem conductor wafer 2. Additionally, the actual

I u_m' nance di st inoldteoce olft ahred 1Byntime tiimg maride diist rsddutbdoortheal cul at i on
unt ! diffraction angle. Thereby, for example, even when the
diffraction angle and diffraction direction to take in
the primary diffracted light change because of the
10 pattern of the chip formed in the semiconductor wafer 2
or the difference of the pitch, the illuminating unit 3
can automatically be set to the angle of incidence and
illuminating direction optimum for taking in the
primary diffracted light, and much time is not required
15 in the inspection.

The present invention is not limited only to the
above-described embodiment, and can appropriately be
modified and carried out in a range in which the scope
is not changed.

20 Industrial Applicability

According to the present invention, there can be
provided a defect detection apparatus in which an
illuminating light can be set to an optimum angle for
taking in a diffracted light necessary for performing

25 inspection.

Moreover, according to the present invention,

there can be provided a storage medium readable by a



26 17 is conpared with the diffraction angle calculated by the diffraction
angl e calculation unit 16, the angle of the |um nance peak in the

-lum nance distribution which agrees with or is closest to this diffraction
angle is 5 selected as the diffraction angle, and the angle of incidence
of the illumnating unit 3 is set to the diffraction angle. Thereby, for
“exanpl e, even when the diffraction angl e,and diffraction direction to take
in the primary diffracted |ight change because of the 10 pattern of the
chip formed in the sem conductor wafer 2 or the difference of the pitch
the illumnating unit 3 .can.autonaticall e set . | e .of. ..ncj dence
and illum nati Slpélitreé:dt ilgln W(I)lp}tc’}h m° o%ran} ﬁl?l ngse%;tl%%ettg% ﬁg‘%}ﬁ&?ﬁerlgl ed

| i ght, and nuch .t}J IS t ire i is ti - t
invention is nroltlgllhlrEgittoe(}rP%nIofecﬁgdu?h%ngg%ov%-%g;%cﬁﬁ%g%e odid}er%r%r and can
appropriately B§ Y Jdad 400 (A e8GR the ARGt N Gl the scope

i's not changed. fb I ndustrial” Applicability "According to the present
invention, therggag. be provided a defect detection apparatus in which an
illumnating Iight can be set to an optinumangle for taking in a
diffracted |ight necessary for performng 25 inspection. Mreover,
according to the present invention,



there can be provided a storage nedi umreadable by a 27 conputer, in which

program for setting the illumnating light to the optinum angle for taking
-in the diffracted |[|ight necessary for performng the inspection is stored.
28 CL Al MS 1. A defect detection apparatus conprising: an illum nating
‘unit which irradiates an inspection object wth illumnating light; and an

i mage pickup unit which 5 picks up an imgge of diffracted light fromthe

i nspection object to performdefect inspection of the inspection object
frominmage data picked up by the imge pickup unit, the apparatus
characterized by further conprising: %? f actlon angl e cal cul ati on
unit to obtain a diffraction angle é% he |I unlnatlng Ilght wth respect

to the inspection objecty %gf am gy i mage of the
diffracted |ight, based on esi ?ggéﬁrnu%éﬁeﬁék&{e |nspect|on obj ect ;

and 15 an IIIurﬂﬂ%ﬂﬁ@%{%lmwmmwu%éﬂa%@ ANGlrspft i dici dlenae: of
the illumnating unit to t diffraction angle calculated by the

diffraction angliah Galiaididtdtamginiiight?. hdefrectmapl estdiap appiar aftisch
according to 20 claim1, characterized by further conprising:

5 picks up an image of diffracted light from the
inspection object to perform defect inspection of the
inspection object from image data picked up by the
image pickup unit, the apparatus characterized by
further comprising:

10 a diffraction angle calculation unit to obtain a
diffraction angle of the illuminating light with
respect to the inspection object, which is optimum for
picking up the image of the diffracted light, based on
design information of the inspection object; and

15 an illuminating setting unit which sets an angle
of incidence of the illuminating unit to the
diffraction angle calculated by the diffraction angle
calculation unit.

2. A defect detection apparatus according to

20 claim 1, characterized by further comprising:

a luminance distribution calculation unit which
obtains a luminance distribution from the image data
obtained by image pickup of the image pickup unit, when
the angle of the illuminating unit is varied; and

25 an illuminating setting unit to compare the
luminance distribution obtained by the luminance

distribution calculation unit with the diffraction



a |l um nance distribution calculation unit which obtains a |um nance

di striibution fromthe i nage data obtained by inage pickup of the inmage
-pi ckup unit, when the angle of the illumnating unit is varied; and 25 an
iTlum nating 'setting unit to conpare the |uninance distribution obtained
by the lum nance distribution calculation unit with the diffraction 29
angle calculated by the diffraction angle,galculation unit and to sel ect
the angle of a |um nance peak in the |uninance distribution which agrees
with or which is closest to the diffraction angle as the diffraction 5

h I f d f | | t t. 3., A defect
Getect | on_ appal EHE SEIOHITRET 6Y CR A X AR Gy S AT,

diffraction angkg Bp%la qu n%%eo%%%hns %he quLrag&kpﬁﬁg' Ie qj a 10
n

desired n- dlnenS|ona fracte i §'a%hatira

defect detecti Q'ihnﬁl?il%%%t U ARG WhicH Adheds GRALAGLEY) é{ﬁ:% E % that the

diffraction angle <calculation unit assunes that t he ion angle is

15 0d, the angb@o@%s%n%bd%%%ed@&ﬂﬂ%%ﬂ|dﬂ“§d¥¥é'¥é|ﬂd¥“dﬂf¥ré@bld%
dlffractlon order is m(natural nunber), the pattern pitch of

i nspecti @n obj aeiglies tp, satd the Wavalerdt 1 nefi ddied Idﬂﬂﬂhréatlllrlgudllrmttmgs 7,
cal cul ates sin8d-sinOi = mA/ p,
unit.

3. A defect detection apparatus according to
claim 1, characterized in that the diffraction angle
calculation unit obtains the diffraction angle of a

10 desired in-dimensional diffracted light (n is a natural
number) .

4. A defect detection apparatus according to
claim 3, characterized in that the diffraction angle
calculation unit assumes that the diffraction angle is

15 04, the angle of incidence of the illuminating light is
0i, a diffraction order is m (natural number), the
pattern pitch of the inspection object is p, and a
wavelength of the illuminating light is A, calculates

sinBg-sinB; = mA/p,

20 and obtains the diffraction angle.

5. A defect detection apparatus according to
claim 1, characterized in that the design information
of the inspection object includes at least one of at
least pattern pitch, reflectance, pattern shape, film

25 thickness, and wavelength of the illuminating light.

6. A storage medium readable by a computer,

characterized in that a program is stored to irradiate



20 and obtains the diffraction angle. 5. A defect detection apparatus
according to claiml, characterized in that the design information of the
-|nspect|on obj ect includes at |east one of at |east pattern pitch,

refl ectance, "pattern shape, film 25 thickness, and wavel ength of the
illumnating light. 6. A storage nedium readable by a conmputer,
‘characterized in that a programis storeds;go irradiate 30 an inspection
object with illumnating light, pick up an inage of diffracted |ight from
the inspection object, and inspect the inspection object frominmge data,

th i.sing. . 5 obt he t bl i nat i
[7ght Wt h T osfBet "ohoFRacRnepar N D) bt ERAREARRSISgRE ek D) Cki g
D bocy ] oage Dhn! Mfiadel bEOAI3dradkl 1:0ARCE 00 488 qas;p@fc% tion of the

i nspection objec 0°sett Ing th 'um nating unit to the diffraction
angl e. object, and inspect the inspection object from image

data, the program comprising:

5 obtaining a diffraction angle of the illuminating
light with respect to the inspection object, which is
optimum for picking up the image of the diffracted
light, based on design information of the inspection
object; and

10 setting the illuminating unit to the diffraction

angle.



