US007623698B2

a2y United States Patent (10) Patent No.: US 7,623,698 B2
Soenksen et al. 45) Date of Patent: Nov. 24, 2009
(54) METHOD OF LEARNING A (51) Imt.Cl
KNOWLEDGE-BASED DATABASE USED IN GO6K 9/00 (2006.01)
AUTOMATIC DEFECT CLASSIFICATION (52) US.Cl v 382/145; 382/149; 715/835;
715/837;356/237.1
(75) Inventors: Dirk Soenksen, Schoeffengrund (DE); (58) Field of Classification Search ................. 382/149,
Ralf Friedrich, Giessen (DE); Andreas 382/145, 224,159, 144; 719/310,315; 715/744,
Draeger, Wetzlar (DE); Detlef Schupp, 715/835, 837,764, 841, 210, 839, 762, 809,
Herdorf/Dermbach (DE); Thin Van Luu, 715/804, 973,708, 250, 866; 714/E11.21;
Wetzlar (DE); Wolfgang Langer, 700/110, 121, 103; 702/82, 83, 35, 81; 438/14,
Wetzlar (DE) 438/16, 17, 18; 364/552,468.7; 148/33;
365/552; 710/110, 121, 103; 348/125, 86,
(73) Assignee: KLA-Tencor MIE GmbH, Weilburg 348/87; 356/237.1,237.2, 237.3,237.4,
(DE) 356/237.5; 250/559.01; 717/109, 113, 108
See application file for complete search history.
(*) Notice: Subject. to any disclaimer,. the term of this (56) References Cited
patent is extended or adjusted under 35
U.S.C. 154(b) by 499 days. U.S. PATENT DOCUMENTS
6,104,835 A * 82000 Han ....ccocevevvcenennne 382/225
(21)  Appl. No.: 10/564,454 6,292,582 BL*  9/2001 Linetal ...ccoooccorers. 382/149
. 6,408,219 B2* 6/2002 Lameyetal. ............... 700/110
(22) PCT Filed: Jun. 3, 2004 6,456,899 B1* 9/2002 Gleasonetal. ............. 700/212
6,483,938 B1* 11/2002 Hennessey etal. .......... 382/149
(86) PCT No.: PCT/EP2004/051008 6,792,367 B2* 9/2004 Hosoyaetal. ............. 702/83
6,973,209 B2* 12/2005 Tanaka ......ccccccennennnne 382/149
§371 (o)1), * cited by examiner
(2), (4) Date:  May 10, 2006
Primary Examiner—Sheela C Chawan
(87) PCT Pub. No.: 'WO0O2005/006002 (74) Attorney, Agent, or Firm—Simpson & Simpson, PLLC
PCT Pub. Date: Jan. 20, 2005 &7 ABSTRACT
(65) Prior Publication Data The invention relates to a method of learning a knowledge-
based database used in automatic defect classification.
US 2006/0245634 Al Nov. 2, 2006 According to this method, the user is spared a series of entries
. L L. as the system carries out an automatic learn mode, which
(30) Foreign Application Priority Data requires a reduced number of user entries.
Jul. 12, 2003 (DE) vt 103 31 646
May 7, 2004 (DE) e 102004 022 717 14 Claims, 15 Drawing Sheets
7a




U.S. Patent Nov. 24, 2009 Sheet 1 of 15 US 7,623,698 B2

9
2
1

Fig. 1



US 7,623,698 B2

Sheet 2 of 15

Nov. 24, 2009

U.S. Patent

¢ b1

(uny) spow apy

PIBZIA - M HelS

asegq abpajmouy| as0|D
aseg abpajmou) peo

** 19}i4 940}g abew

- dmag eiawe)
Ayeusbowoy 1By isnipy
J9)3weled aseg afipaimouy
Iayawesed opy |BqOID

e
AR T

i dH DQY ol

(paumno yo918() 12A8] Jndino abew jnsayy
NS Moys

4 sbew; oav
4 sonsneis DAy

- sBumes D@V i

dipH uwieen

oav

mel\

T4

+/




US 7,623,698 B2

Sheet 3 of 15

Nov. 24, 2009

U.S. Patent

v "B

w3

6¢

N

- odiooy uny

A

- adinay puedx3

8¢

- adioay 1p3

L

- adiday uipa]

\l
c
\\

9C

AsaQ oY ~

dH Oav edle]

uels

SWWIASASUIIN

SR

x

vess |

14



US 7,623,698 B2

Sheet 4 of 15

Nov. 24, 2009

U.S. Patent

6¢ L€ 0€¢
N oy
— jPouen __’Aimz |__ yoeg> _ /
// admes o 7V
P J0qJeH WMoY AUO qidels g———€V
NM 8|14 adway 4H DAV 2197 “ .MW%_ = N _.M.v
swaysAsosay
dH DQav eale aweua|l4 adioay \gul-wo
4] do)s :dH DQyv eve
8¢
6% IE 0€
— /_wQ:mﬂrﬁxmfz ﬁ v_o/mva
\\JNN_ P 1ogieH Moy AlUO
Ge /
14
SWAISASOROIN
dH DQv edla |4 poduj uado Q

x

dois :dH DAY eole |

€e

9 "bi-

G 614



US 7,623,698 B2

Sheet 5 of 15

Nov. 24, 2009

U.S. Patent

6¢ LE

\ \

S AN

f_Wo:moJ_ <IXON _

( Indul Jasn Joy Buniepn |

] peubliiy

1Uiod adusualald

it voipsod je aanoaiqo
Buisn uoysod aousiaal

SMEIS JUBLIND Ay} 081100 BSEd|d
uonoy sasn
StUSSASOII
dH Oav eda 2inpaadold juswubiy J'Q.I«'Qw
x doig :dH DAV eoe1 |
09
6t lE (0] €G 20 c

\ _\

\

\

AN AN —
_ _chmol_jAuwa : 1oeg> _

/

/
| )

4 BN O v\
-] 10gJeH MO|IY AlUD | ersoeiao peWwod O
Alod Jayv [@ Alog 8108 pXO [
A0 O 4R80T Ked @ ooy O
INEE) 1s1sey yiM O Aowsi [@ adA] sunponas
49 B spon uoneulwny) 1519y o/m B adA) soheq
SWAsASoUIIY
dH 2Qav eds EleQ dised DAV gﬂu
] dojs :dH DAY eote1 |

0S

g 614



US 7,623,698 B2

Sheet 6 of 15

Nov. 24, 2009

U.S. Patent

6€ L€ 0]

\ _\

AN N AN
_ |Souen : Axwz\_jommv _

l

| - uokeziundo yeis |

/
28

snels

dH OQav ede

uondeye@ DAV dziwndo

SWOISASOIIN

S

&1

doiS :dH OV B0 |

6€ Le o€

\ _\

08

_ /_chmo __ Axw_//_\__ Noeg> _

€L

\\IE

— nysseoons | MEAAREREE |Mowisnipy b ojewoiny wiopad|
/

A4

dH Oayv eole

wawisnlpy 1ybin

swejsisomn

[Ea

do)s :dH DAV edie1|

0L

E



US 7,623,698 B2

Sheet 7 of 15

Nov. 24, 2009

U.S. Patent

€6

88 ™~

Nm../

98

~

e

/

_ _aocmo_ _ >_am< _

A\

)]

) ]

— weeq __ ajeq _

eousIalIq SN0

aouasajey «um.woﬁ aousiajey 198190

85UBIOYIQ SN004

-

auy) 31312p O UOUNG <aIURLBIEYNNAR () BOUDIDYQ SNO0S> BUl oI ‘abeun
e8ouasejal BujpuodsaLoo pue 128)8p BUY) USIMIA] BOUBISYIP B S1 BI8L )|
M uo Buyono Ag abew) 10a)ap paj0alep Auadoidun Yses o31as asImBYID £
"<Alddy> M UUBLOD PRIDAIIP 1PM S) SI99J3P By} JO Auofew a3 ) g

-safiewr jo mos saddn auy ur Alyend vonoalap auyy Ajusp |

uolng <*uonaale( 1vejaQ Buoip>
o1 Bupoio Aq Alenuew paBueyo eq osje Aew sajaweied uopaejap ey) ¢

6 [@]

uopoaeq
109480 9PIH

-ajdwes

v

96

G6

.vj
alsL obewny
\

71‘\
| 8oualssey el
a [ —]
S1Z 8US r 2L OUS [ze=rs)
\ \ (
i Y \
KR \ ' doyskigh o eve

Y16

N

e

L6

L1 "B

c6



US 7,623,698 B2

Sheet 8 of 15

Nov. 24, 2009

U.S. Patent

G8

vl "Bi4

ON SOA

¢ sebew aiow awos geib 0] Juem noA oQg
sobew Auew 00} paddiys aaey no A

uoneoliddy SOT13IN B

AR E

ON SOA

;sbumes snooy abueys o) Juem nok oQ
‘swiajgold snooj ypm sebewd) Auew 003 aue aiay )

]

uoneoyddy SOT3IN  H




US 7,623,698 B2

Sheet 9 of 15

Nov. 24, 2009

U.S. Patent

6e

801}

4
_wo:m01_ Alddy

01

sbews) 818)0Q

0l

pe

%009 - AlAgisues o

'Sjo9jep (|B Jo LoRoep sioaye Masues ey Bulbueyy ejoN

-Bojeip o Bsop 6}
<JBILED> 10 <BBEwW) 8181805 JONP PUND) BQ JOUUED AYAJSUSS [EwRdo UB J| €

“eAiddy> %112 “Anapisuas |EWRde 9yl pauluuzep aney NOA UBYA Z

“uonosep ayy jo Ainisues eu isnipe of smowe Jyby pue ye| s esn 1L

90}

00s

9215 dais Aunpisuss

uonadate g
09§50 BpiH

%008 |

vol I\

col

N

»

%0'0p - Alaysueg sseq

S/

Nl

€0l
7 Aamisueg abueyd gy eoe |

LOL

¢l b

00}



US 7,623,698 B2

Sheet 10 of 15

Nov. 24, 2009

U.S. Patent

6€ 0t

o} b1

L€
L\

_ /_wo:mo _ﬁ AXBN : xomqu

TN

2T~

P4

€cl r 1

_ 1 e1eq Bunoaiod Lelg

Buiureway

sMEIg

dH DAV edia7

ues ] oav

SwivysAsouoIpy

S

1

dojs :dH AV eae7

AON_‘

Gl ‘b1

\J:P

[

‘oZ

SOA

¢, 9NUIUOD 0} Juem NoA oQg

"uoIO3}aP B1eINDIEDAI 0} <USANOY > Ssald ases|d

oLL joBueyo |IIm apjoysaly) uonosiap ay |

H

uojpeo|ddy SO13IN




US 7,623,698 B2

Sheet 11 of 15

Nov. 24, 2009

U.S. Patent

ceEl

| ~~ 62}

jaoue) za%q

u uo Bupjoyo Aq abeun yajep parerep Auadosdug yoes 109jas asiwmiaO €

31— *<Aiddy> UM WLBUOD PEY0JaP (oM S1 £10933p o jo Aolew aul il Z

‘saBewy jo mad 1addn auy u Ayend uonoeiap aun AUap |

GEl

J\) €L

depy

dnoig) sia1aqg

DI

L bl

£l £l

zt 41

1 1l

ot oL

sbon [}
wawisnipy 8
Kuapisusg 1
sobew| 9

.1 B4

i, Ny O e P A e Ty e AT Arﬂw%.]%_@,.;...i.. R /
6el” pey 3 eel
Aeidsiq abeu szuundo ﬂl uwﬁw%h_m m
| eidwes z [adwes z
————— ”IJ
leled ;. sdweg e sdwegg  edwes
O 4 B O D B
aldues 9 a|diseg g aidwes ¢ sidweg ¢ odwes z
A b g B B '
asuag 9 osuag G asuag ¢ 85uag £ asuag 2
O b g g o o
dnaig £ dnoug 9 esed 6 1eped g |eed L
B &8 W _Nﬁ o€t
dnoigy g dnoug & dnwg ¢ dnaioy z dnoug | /
D BB B @ @] [l
1eRsed 9 jened § tened v 1enEd § tened ¢ /
\ D B O B 3O Mg
-] 1 Guyddey 8p0D199)2Q :dH DAY E3eT |



US 7,623,698 B2

Sheet 12 of 15

Nov. 24, 2009

U.S. Patent

6€

\

61 b1

_ ,wucmo = <IX8N __ soegs _

Gl r I 1 I |
Suvieway sNES
swaysAsaipy
dH 0Qv edian uny Davy §Wv
el 840 8 daIS ‘dH DAV edla]
1Gl
gl "bi-
\\I R4
i
ON S8
¢Buiddew ay) jaoueo 0] Juem nok o
‘Buiddew ay) ypm anuUoD 0} <ON> SSa.d
‘Buiuies)
ovlL adivas ay) pue Buiddew ay) |9oUED 0) <STA> SSBId

iierep (e Buisool uy asned |m Buiddew apoo 108jep [@ouen

H.

oavede] H




US 7,623,698 B2

Sheet 13 of 15

Nov. 24, 2009

U.S. Patent

A4

YAMSIE

LE
O
] R
O [ovs] vl smgenssern /IE payise|D §K09jeQ e —— umy 5V VEIS

yodoy

\O froo] s ci sjeQ s8R
uny OQv WEIS uny DaV LS
514" 9l €9 _‘\E Sweeqg eoL L/

‘I YlM $1990p PoIDS|Ss e palysserd pue 8yl dH DAV 8187 ue pajeain Aojnjssanons noA ‘suopejmesbuony 9L

dH OQVv edlaT ysiii4 @

SWSASOUDIN

x]

:dH Dav S_mﬂ_

howv



US 7,623,698 B2

Sheet 14 of 15

Nov. 24, 2009

U.S. Patent

LLY

" 1z b4

L€ €L1
1 i
MO v aneg ud
| ! 1i»
r Y
3SIT 3U3AJ
Z00 400 400 Z00 PAY=S %9'vée 7609 700 Y23 o
0 4 1 0 14 € 0 1 o2 9
L 0 0 0 22 2 0 0 [ 14
L9 0 4 1 2 0 901 [ L2 €
€ c2 02 0 ¥ 1t S 8c £69 2
0 € € 2 0 0 14 0 EY 0
und o1 6 ] S 14 € z ] W/v
uoljeuuoju) adueuuolad
21 9
i ¥
85} €
(Y3 e
29 0
Jaquinn sse|n
SSE|D ONeWOoINY 184 $198)8Q
B 0'v6 [%] Anngewsseld
] B €95 payIsse|d s1ajeq
L1 000l {%] uoposiepay
LJ §20°L pajoaleq siveeq
STO'L spgeq (@oL
1 SIBIEAN
uonEULIa U] JNSREIS
o (%] Ausuapy
¥ : ainesady
03QIA : $noo)
.HL 49 : 15EIU0D
SWasASOIN
dH 2Qav eddT Hoday JDBQ
-

xJ

toamm_

01



US 7,623,698 B2

Sheet 15 of 15

Nov. 24, 2009

U.S. Patent

081

ze b4

i ebegd (paoueapy) voday oav Aseg
VIN (%) _uonoajepay

V/N payoraQ slsjaq

VIN SSE|D/S18eQ

YIN *$9ss€(D DAV

VIN '8199)8Q payisse|n

8Z1 151090 B0 L

! ‘SIBJEM

{UORBULIOU} DNSNES

S8 [5] Ausuanug

€ ‘amnpady

0O3aia :SN204

48 1sebauoo

a8 06'0%00L OdY1d-X00| 16A03IG0

‘UONEWLIOJU| OSEg-obPajMouy|

TA-LA1Od L X OV6EBLO WMOISg\ETEGULNUOSSIAVIIN-VY I \SOlld WEIBoId: M 'Shang
Sl 4BI\S201A50-BOIEUABIY\ MO HEIE A L NUOOSIA\ TNV DIZ T\SBI 3 WEJBOI\ M AUBWUBIEOIY
311 JBIN\Se01A80-BO|EUV\B|\MEINGH\E1E CLLNUOOS IV TIN-VYDIZ Ol 4 LesBoidy M *SWeN el 8y

QA-VATOd- 1 X | OF6E8LA TWRINSH\EIEAQLLNUOISIAVITN-YIIZ NSl wesboidy:m

adiday DQvAseg

UONBULIOJU| Bdi10aY

9] JBIN\SA0IABQ-DOIBUY\BIM\MBINS B\EIB GLLNUOISIAVIIN-VYDIS I\S8lld weiboidi:m *aji4 INAINQ
‘uoneuuojy) a4
snjep Juswnbiy

(paoueapy) Hoday OQy Ase3

€ [ [l [l (=]
malnad juld ejge ._.m




US 7,623,698 B2

1

METHOD OF LEARNING A
KNOWLEDGE-BASED DATABASE USED IN
AUTOMATIC DEFECT CLASSIFICATION

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of International Appli-
cation PCT/EP2004/051008, filed Jun. 3, 2004, which claims
priority from German Application 103 31 646.9, filed Jul. 12,
2003.

BACKGROUND OF THE INVENTION

The invention relates to a method for teaching a knowl-
edge-based database for automatic defect classification.

In semiconductor manufacturing, wafers or masks are pro-
cessed sequentially in a number of process steps during the
manufacturing process. With increasing integration density,
the demands of the quality of the structures formed on the
wafers increase. In order to check the quality of the structures
formed and to be able to find possible defects, the demand for
quality, precision, and reproducibility of the components and
process steps used with the wafer is critical. This means that
during production of a wafer with a number of process steps,
areliable and early recognition of defects is especially impor-
tant. In this process, it is necessary to classify the defects that
occur in order to thus achieve a fast processing and testing of
the wafers.

In earlier versions of “Automatic Defect Classification”
(ADC), it was necessary to proceed with a manual classifica-
tion of the defects on a wafer or on a mask. The teaching of a
knowledge base was thus extremely time consuming.

SUMMARY OF THE INVENTION

The object of this invention is to provide a method with
which a simple and fast possibility is offered for creating all
the data and files (knowledge base, auto alignment, focus
setup) necessary for an “ADC run.”

This object is achieved by a method of learning a knowl-
edge-based database for automatic defect classification
wherein a review data file is selected, and parameters and data
are input by a user on one page of a learning mode, where the
parameters and the data are known to the user. Additionally,
an alignment procedure and a procedure for adjusting light
intensity are used. Optimal light intensity is automatically
adjusted by approaching a few defects and if necessary regu-
lating the optimal illumination. Detection is checked using a
few examples wherein the optimization of the detection
parameters is carried out using pictures. Respective defects
are detected and a descriptor is assigned to the respective
defect by automatically approaching all defects of a wafer or
wafers. Descriptors of the defect are then analyzed and auto-
matically grouped.

It is especially advantageous that Leica ADC HP offers a
simple and fast option for creating data and files (knowledge
base, auto alignment, focus setup) for an ADC run. To do this,
in part specified data and files are used. Since a manual
classification of the defects on a wafer is no longer necessary,
as in earlier ADC versions, the time needed to create a new
ADC protocol for teaching a knowledge base can be reduced
by up to 50%. Additionally, in many cases the quality of the
knowledge base improves because of the “pregrouping func-
tion” that is included, which in turn has a direct influence on
the precision of the ADC run. ADC HP is described as an
independent “learn mode”. In individual steps, the user must
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specify, confirm and if necessary change the required data.
The individual steps are shown as separate pages in the Leica
ADC HP dialog. The user prompts for the individual pages
are in the so-called wizard style, i.e., using <Back> and
<Next> buttons. In contrast to the previous learning mode, the
new learning mode has the advantage that it is uncomplicated
and requires a reduced number of steps that have to be carried
out by the user in the proper sequence. In the previous learn-
ing mode, preclassified defects were required. All the new
learning mode needs is one or more wafers with as many
unclassified defects as possible.

Since during a few of the steps an interaction with the
Viscon interface is necessary, the Leica ADC HP dialog is not
displayed modally, but top-most. The dialog can automati-
cally be hidden or the user can make it hidden or visible again.

The input of parameters and data includes the selection of
the elements present on the semiconductor substrate,
whereby it is possible for memory circuits, logic circuits, and
a blank wafer without resist or with resist to exist as elements.
The parameters or data of the layers on the wafer include the
data of a polymer layer, of an oxide layer, of a contact or of a
metal layer.

The user selects the illumination type, at least one lens and
a focus type. For the illumination type, bright field, UV or
DUV can be selected. The default setting is bright field, and
the default for the lens is 100x magnification.

A manual two-point alignment is carried out, whereby a
first point is aligned manually by approaching a table. During
the learning of the first point, data is automatically stored for
the auto alignment file. Each alignment point is learned with
three different magnifications of the lens. The adjustment of
the optimal intensity of illumination is carried out by random
selection of a specific number of defects. Then the selected
defects are approached and a picture is taken of each defect.
A starting value for the brightness of illumination and the
adjustment of the illumination is achieved using a histogram
evaluation of the pictures. Defects that are no larger than 25%
of the video image width and height are used to adjust the
optimal intensity of the illumination.

Twenty defects will be used to adjust the intensity of illu-
mination. Of the defects on the wafer that are approached,
pictures are taken and stored temporarily until pictures are
taken of all defects. After all the pictures have been taken,
they are shown on the display as thumbnails. A few thumb-
nails are rejected if the thumbnails exceed a threshold value
for the focus. The analysis and automatic grouping of the
descriptors of the defects divides the thumbnails of the
defects that have been produced into groups. On the display,
the first nine examples of a selected group of defects in a
thumbnail representation are shown.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, the invention will be explained in more
detail using embodiment examples that are shown schemati-
cally in the figures. The same reference numbers in the indi-
vidual figures refer to the same elements. The following are
shown in detail:

FIG. 1 shows a schematic structure of a wafer inspection
device as an overview in which the method according to the
invention is implemented,

FIG. 2 shows the ADC HP toolbar button with which the
user calls the function for automatic defect recognition;

FIG. 3 shows the ADC HP call of the “ADC” menu;

FIG. 4 shows a “Leica ADC HP Control Desk” window
that clearly summarizes, in one window, the ADC tasks that
are already partially available in earlier ADC versions;
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FIG. 5 shows a page of a learning mode that the user calls
up and in this process an input file opens, i.e., specifies a
review data file;

FIG. 6 shows a page of the learning mode that the user calls
and thus assigns a name for a “recipe file”;

FIG. 7 shows a page of the learning mode by which the user
specifies the ADC knowledge base data;

FIG. 8 shows a page of the learning mode by which the user
carries out the teaching and an automatic alignment;

FIG. 9 shows a page of the learning mode by which the user
carries out an automatic light adjustment;

FIG. 10 shows a page of the learning mode by which the
user achieves an optimization of the adjustment of the detec-
tion parameters;

FIG. 11 shows a representation of the thumbnails on the
screen,

FIG. 12 shows a representation of a message box;

FIG. 13 shows a representation of a change sensitivity
dialog;

FIG. 14 shows a representation of a window that gives the
user a warning message;

FIG. 15 shows a representation of an information window
for acceptance of the new detection threshold;

FIG. 16 shows a page of the learning mode by which the
user carries out an automatic generation of a knowledge base;

FIG. 17 shows a representation of the “defect code map-
ping” dialog;

FIG. 18 shows a representation of an information dialog;

FIG. 19 shows a representation of a dialog for starting the
“ADC run”;

FIG. 20 shows a representation of a finish dialog;

FIG. 21 shows a representation of a report dialog; and

FIG. 22 shows a representation of the printed Easy ADC
Report.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows a schematic structure of a wafer inspection
device 1 as an overview, in which the method according to the
invention is implemented. On a base frame 2, scanning table
4 is integrated as a placement table for wafer 8. Scanning table
4 can be driven in an X-coordinate direction and a Y-coordi-
nate direction. Wafer 8 to be tested is placed or hooked on
scanning table 4. An observation device that is preferably
equipped with a microscope lens 7 is connected to base frame
2 by way ofa carrier unit 9. Microscope lens 7 makes possible
the enlarged observation of wafer 8. Several microscope
lenses 7 can be provided on a revolving unit (not shown) so
that observation with different enlargements is possible. The
structures of wafer § that are observed when they are enlarged
can be observed directly using eyepiece 5 or by way of a
display 11 that is connected to a CCD camera 13. Addition-
ally, electronic unit 15 is provided with which a system auto-
mation can be achieved. In particular, electronic unit 15 is
used to control scanning table 14, for reading out camera 13
and for controlling display 11. Wafer holder 16 is usually
designed in such a way that it can hold wafer 8 to be tested so
that it is fixed during the testing period. Scanning table 14 is
designed so that it can be driven in each perpendicular X-co-
ordinate direction and one Y-coordinate direction. Inthis way,
each point to be observed on wafer 8 can be brought under
optical axis 7a of microscope lens 7 (FIG. 1).

FIG. 2 shows ADC HP toolbar button 20, with which the
user calls the function for automatic defect recognition. The
ADC HP dialog is called using “ADC” HP toolbar button 20
or using main toolbar 19 of Viscon application 21 in “ADC”
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menu or in the context menu of the “ADC” dialog (see FIG.
3). Every user (starting from the “operator” user level) has
access to this menu entry. Since ADC HP is a separate option,
the menu entry is only visible if ADC HP is also installed.
This option is protected, as before, using a registry entry that
is generated by the installation program when this option is
selected. If a program is already loaded in Viscon, the menu
entry will be shown deactivated.

FIG. 4 shows “Leica ADC HP Control Desk” window 25.
It combines the ADC tasks, some of which were already
available in earlier ADC versions, clearly in a window and is
used as the starting basis to start individual modules 26, 27,
28, and 29. In detail, this includes:

“Learnrecipe”: learning and creation of a new ADC recipe
and a knowledge base with subsequent ADC run (run recipe),
“Edit recipe”: for processing an available knowledge base,
“Expand recipe” for expanding an available knowledge base
and “Run recipe”: to start an ADC run.

One button is provided for each of the individual modules.
In the current embodiment, this includes “learn recipe”—
button 26, “edit recipe”™—button 27, “expand recipe”™—but-
ton 28 and “run recipe”—button 29. When individual buttons
26, 27, 28, 29 are actuated, the individual tasks are executed.
Those tasks that were already present in the earlier ADC
version will only be discussed briefly here.

“Edit recipe™: After pressing is button 27, the user has to
select an available knowledge base file. This is started by the
external application “KB Wizard” and the contents of the file
are displayed. The data can be processed there and the knowl-
edge base as a whole can be tested.

“Expand recipe”: With button 28, the user selects an avail-
able knowledge base file and a review data file. During the
subsequent ADC run, new data are collected and temporarily
stored in the background. Once the run is completed, the
temporary data and the knowledge base (KB) file used will be
loaded by the “KB Wizard” application and displayed. The
user can now take the new data selectively over into the
knowledge base.

“Run recipe”: By selection of button 29, a review data file
and an ADC recipe will be selected and an ADC run will be
started. All defects selected by the user will be detected auto-
matically and classified using the knowledge base file noted
in the ADC recipe. The results will be written again at the end
as a review data file.

The task connected with the actuation of “learn recipe”—
button 26 will be described in detail in the following.

The ADC HP learning mode is displayed as a non-modal
dialog. The user must input the necessary data and/or select
files in eight successive steps, i.e. on eight pages. The last
page only represents the result of the ADC HP learning pro-
cess.

To do this, the user can use <Back> and <Next> buttons 30,
31 (wizard style), as long as the current status allows it, to go
to the previous or to the next step (see FIG. 5).

In general, it is true that the display of the individual pages
is not user-level-dependent. The exceptions are additional
user interface elements that are only visible to the develop-
ment user level. These are now visible during the develop-
ment phase and will be removed in the release version and be
generally invisible for all user levels.

FIG. 5 shows page 33 of the learning mode that the user
calls up and thereby opens an input file 34, i.e., specifies a
review data file. Page 33 is designated with “open input file.”
On page 33, the data file is displayed (without path). Using
file open button 35, the directories are displayed for the user
for data input. If an input file has been determined, it is
temporarily opened, but the Viscon sequencer is not started.
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The file “EasyADCLearn.vs]” is used as the script file, hard
coded. The necessary data for Lotld (lot identification),
Waferld (wafer identification), Stepld (step identification)
and Setupld (setup identification) of the first wafer are read
out from the open file. Then the file is closed again. Any
standard settings (e.g. Auto Start) are not affected by the
process and/or will be put back to the original status. The user
can cancel the procedure with a cancel button 39.

FIG. 6 shows page 38 of the learning mode that the user
calls up and thereby assigns a name for a recipe file. Page 33
is designated with “recipe file.” Actuating back button 30 is
notallowed in page 38. Actuation of next button 31 is allowed
if a valid input file 37 has been selected. The user can cancel
the ADC HP learn mode with cancel button 39. The Leica
ADC HP recipe file is displayed in edit box 40. The previ-
ously read name components are summarized according to
specification, and the resulting file name (with the extension
Svs1”) is displayed. The name components are separated by a
“_” symbol (underscore).

Invalid letters in the resulting file name will be removed
and hyphens will be replaced with underscores. The user also
has the option of changing the specified name (completely or
partially) as desired. The file “EasyADCRun.vsl” isused as a
template for the resulting recipe file (sequence control file
during an ADC run) (hard coded). Page 38 contains several
checkboxes 41, 42, 43 and 44. Checkboxes 41, 42, 43 and 44
are used to determine the name components. In this case,
LotID, StepID and Setupld are used as defaults. The resulting
file name (without the extension .“vsl”) is also used as a
default for other files (auto alignment, focus setup file, etc.).
The data file of the results “result data file” is always written
with the same name as the input file and the same format type
and in the standard result directory. Back button 30 is permit-
ted and next button 31 is permitted if at least one name
component has been selected. Cancel button 39 is permitted.

FIG. 7 is shows page 50 of the learning mode by which the
user specifies data for the ADC knowledge base. Page 50 is
designated as “ADC basic data.” In selection column 51 with
the designation “structure type,” the user can choose between
“memory” and “logic.” An additional selection or a blank,
unstructured wafer “bare wafer” is also possible. To deter-
mine the ADC run mode (repetitive or random mode) and/or
auto alignment modes (normal auto alignment or bare wafer
alignment), the procedure is according to the selection. The
default setting is set to “logic.”

In selection column 52, which has designation layer type,
the user can select whether one or more layers will be applied
to the wafer. Also of interest is which layers will be applied to
the wafer. Without resist is “w/o resist,” with resist is “with
resist” (see FIG. 7). The resists, or also other layers, are
applied on wafer 8 or the semiconductor substrate. The
default setting is “w/o resist.”

In other setting options, the user can select the layer type. A
polymer layer is designated with “poly,” an oxide layer with
“oxide,” a contact with “contact” or a metal layer with
“metal.” The sequence of application of the different layers
can also be selected. For example, an oxide layer (oxide) is
applied before the polymer layer, this is designated with
“before poly.” The selection of the layer type metal allows the
user the choice between a single metal layer (metal 1), a
double metal layer (metal 2) and an n-fold metal layer
(n-metal). The determination of whether a main layer or a
subordinate layer is involved, is used to determine the random
mode and the focus type. The default settings for the layers
are “poly,” for “oxide”: before poly and for “metal”: metal 1.
Oxide and metal sub-layer radio boxes are only activated if
“oxide” or “metal” has previously been selected. Otherwise
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they are shown deactivated. In selection column 53, the user
can select the “illumination mode.” The radio boxes with the
designation BF for bright field, UV for ultraviolet and DUV
for deep UV are available to the user. In a list box 54, the
lenses that are available are displayed to the user, whereby
only the lenses that fit the selected ADC type are displayed.
The default setting is bright field “BF,” and a lens with 100x
or lower magnification is suggested.

The following table (Table 1) shows the resulting focus

setting using the selected data:

Layer/ADC type Focus type Offset value for TV focus
Poly TV focus 400
Poly resist TV focus 0
Oxide before poly Laser —
Oxide before poly resist TV focus 0
Oxide after poly TV focus 2000
Oxide after poly resist TV focus 2000
Contact Laser —
Contact resist Laser —
Metal 1 TV focus 1500
Metal 1 resist TV focus 0
Metal 2 TV focus 1800
Metal 2 resist TV focus a
n-Metal TV focus 2500
n-Metal resist TV focus 0

For TV focus, the default values of the “TV Focus Flexible
2” mode are used. Back button 30, next button 31 and cancel
button 39 are permitted in this window. If next button 31 is
pressed, the ADC HP dialog becomes invisible.

A copy of the “EasyADCLearn” files is created and spe-
cific actions are adapted (auto alignment) and data (grab
setup).

The same changes are made for the named copy of the
“EasyADCRun file (the later ADC run recipe). The input file
is loaded with the adapted script file, and the Viscon NT
sequencer is started. The file is automatically processed up to
wafer selection. The standard wafer selection dialog is used
and displayed.

As a default, all available wafers are selected (default set-
ting in easy ADC script file).

FIG. 8 is a page 60 of the learning mode, by which the user
carriers out the teaching and an automatic, or at least semi-
automatic, alignment, page 60 is designated as “alignment
procedure.” After actuation of the wafer selection by the user,
the first wafer is loaded and the file is processed up to auto
alignment. Depending on the setting of the layers present on
the wafer, the learning mode of the corresponding auto align-
ment will be started (semi-auto or later bare wafer alignment).
The user can carry outa manual two-point alignment whereby
only the very first point is aligned manually (driving of the
table using joystick or by mouse double click in the live video
image) and confirmed. During the teaching of the first point,
data is automatically stored for the auto alignment file. Each
alignment point is taught with three different lens magnifica-
tions, whereby the highest magnification lens is specified by
the selection on page 50 (ADC basic data).

The second point is already taught and aligned automati-
cally using the stored data of the first point. The selected ADC
lens is always specified by the software. This lens must be
used since it will be needed for the later light adjustment
(method used: alignment point).

If the learned structure of the first input point is not found
on the second alignment point, the second point will be “off-
set” toward the center point of the wafer and the structure will
be searched again. The second point is “offset” by a maxi-
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mum of six dies before the alignment aborts with a defect. In
this case, an information window will be displayed to the user
that says that the alignment has been aborted and the wafer is
discharged.

After the end of the alignment, the Viscon sequencer is
paused (incorporated pause action (without message box dis-
play) in the easy ADC script file), the ADC HP dialog
becomes visible again and displays the next page. Next button
31 is not permitted if alignment is carried out and/or has been
aborted due to a defect. Next button 31 is permitted if the
alignment was successful. Cancel button 39 is permitted and
cancels the entire ADC HP learning mode.

FIG. 9 is page 70 of the learning mode by which the user
carries out an automatic light adjustment. This page is desig-
nated as “light adjustment.” After pressing a “perform auto-
matic light adjustment” button 71, a specific number of points
(defects from the data file) will be selected randomly. If size
information is available, only defects will be selected that are
greater than 25% of the video image width and height. These
defects are approached and pictures are taken. A “lamp
brightness” start value is determined using histogram evalu-
ation and adjusted at the microscope. This means that the
brightness will be regulated down so that no defect image is
“overwritten.” To do this, all available color channels will be
tested and adjusted in an appropriate way.

Then an automatic light adjustment is carried out. If it is
successful, the data obtained will be stored in the knowledge
base file. As a default, 20 points (defects) are used for the
“starting value” determination and the “alignment” method
of the light adjustment is used.

Page 70 contains Statusbox 72 (“progress control box™)
and Infobox 73 “read only edit box.” During the automatic
light adjustment, the progress is displayed in Statusbox 72. A
status text is displayed in Infobox 73 whether this is success-
ful or unsuccessful. Back button 30 is not permitted when the
light adjustment is being carried out. Back button 30 is per-
mitted if the light adjustment is rejected. The wafer is dis-
charged, and page 50 “ADC basic data” is displayed. Next
button 31 is permitted if the light adjustment was successful.
The cancel button is permitted if light adjustment has been
carried out and in this process all open files were closed and
deleted.

FIG.101s a page 80 of thelearning mode, by which the user
achieves an optimization of the setting of the detection
parameters. Page 80 is designated as “optimize ADC detec-
tion.” The process is started using a button 81, which is
designated as “start optimization.” The optimization function
will ensure that the standard values for focus adjustment and
detection parameters function on the selected wafer. If this is
notthe case, the user has the option here again of changing the
specified standard values. After button 81 is pressed, the
Viscon sequencer is started, defects are selected, approached
and pictures are taken. The text on button 81 then changes into
“stop optimization.” The progress of the picture taking is
displayed in a status box 82. The user can then cancel the
procedure by pressing it again. If all the necessary pictures
have been taken, they will be displayed in another dialog in an
additional representation on the screen as thumbnails. Ten
defects (hard coded) are used for optimization. The number
can be changed using a registry entry and/or development
user level. Back button 30 is not permitted if the detection
optimization is being carried out. Next button 31 is not per-
mitted if the detection optimization is carried out. Cancel
button 39 is not permitted if the detection optimization is
carried out.
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By pressing <Start Optimization> button 81, the Viscon
sequencer is started again, the button text changes to “stop
optimization” and a specified number of defects ofthe current
wafer is selected.

The defects are approached and in this process a special
ADC action is initiated. This action takes the pictures, detects
the defects using an ADC routine that is already developed
and stores the pictures temporarily until pictures of all the
defects have been taken. The progress of this procedure is
displayed by means of the status box. During picture taking,
the user can cancel the procedure by repeatedly pressing the
button.

FIG. 11 shows a representation of several thumbnails 91,
91,,91;,...,91, ondisplay 11. If all pictures have been taken,
the ADC HP dialog is switched to invisible and the pictures
are displayed in a thumbnail dialog 90 (complete picture
display on the screen). The Viscon sequencer pauses at this
time.

Thumbnail dialog 90 is basically divided into first area 91,
second area 92, third area 93 and a fourth area 94. First area 91
comprises a horizontal list in which thumbnails 91,, 91,,
91,, ..., 91, are represented with detection marking and
defect ID (defect identification). The currently selected pic-
ture is shown in second area 92 with a maximum resolution of
640x480 pixels. If available, the reference pictures are also
shown, reduced, in third area 93. The current picture selection
can be changed using a mouse click, cursor keys and/or
browse buttons 95 under the defect picture.

The defect marking can be switched off and back on again
using <Hide Defect Detection> button 96. Browse buttons 95
are used for selection and display of the next or the previous
defect picture. <Hide Defect Detection> button 96 is
designed as a toggle button, and in this way the detection
marking can be made visible or invisible.

Focus difference—defect/reference button 97 makes it
possible to display a message box 86 (see FIG. 12). During
operation, the selected defect picture (and available reference
pictures) will be thrown away, i.e., deleted from the display. If
an internal threshold value (default: 30%) of the unsatisfac-
tory pictures thrown away (bad focus pictures) is exceeded,
the focus values are changed (i.e., change from laser to TV
focus or change of the TV focus offset in 500 nm steps). The
defects are then approached again and data recorded. To do
this, thumbnail dialog 90 is closed and the ADC HP dialog
will be displayed again during the scan procedure.

Wrong defect detection button 86 makes it possible for the
detection threshold for the selected picture to be determined
again. To do this, a new dialog 80 is displayed (see FIG. 10).

Refresh button 87 makes it possible for the average value of
the threshold of all pictures in the list to be determined, and all
detections will be recalculated with this new average value.
The list will then be set up again. Pictures with “autothresh-
0ld” (-1) are not used to determine the average value.

Default button 88 makes it possible for all the changes in
the detection parameters of all pictures to be reversed. The list
is set up again with the original values.

The dialog is closed with an apply button 89, the average
value of the threshold is calculated and taken over as a global
detection parameter. Pictures with “autothreshold” (-1) are
not included for determining the average value. The opti-
mized dialog is closed, the ADC HP dialog is switched so that
it is visible again and the new overall detection threshold is
entered in the knowledge base.

Cancel button 39 closes the optimize dialog, and the ADC
HP dialog becomes visible again. All changes are rejected.

FIG. 13 is an illustration of a dialog 100 for “change
sensitivity.”” Dialog 100 is used to determine the optimum
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setting for the detection threshold of the selected defect pic-
ture. Defect picture 101 is displayed centrally with the asso-
ciated detection threshold in dialog 100. If indirect automatic
detection threshold has been used due to prior adjustments
(on page 50 “ADC Basic Data”), a value of 50% is assumed.

The sensitivity of the detection can be reduced or increased
using two buttons 102. Defect picture 101 shown in the center
shows the defect recognition with the currently selected sen-
sitivity. The value is shown under defect picture 101. Reduced
picture 103 is shown on the left next to defect picture 101 and
shows the change in detection with reduced sensitivity. Also,
reduced picture 103 is shown at the right next to defect picture
101 and shows the change of the detection with increased
sensitivity. By clicking with the mouse on one of the reduced
pictures and/or by pressing on the buttons 102 lying under
them, the current sensitivity is changed to this value and the
picture is now shown in the center. The changes on the left and
right will then be recalculated.

Hide defect detection button 105 is designed as a toggle
button. In this way, the detection marking is switched to
visible or invisible.

Slider 106 with the designation “sensitivity step size” is
used to change the magnitude of changes of sensitivity during
actuation of button 102. Delete image button 107 is used to
reject a defect for further evaluation. The defect is removed
from the list of the optimization dialog. This dialog is closed,
and the user goes to the previous dialog.

FIG. 14 is a representation of a window 110 that gives the
user a warning message. If an internal threshold (default:
30%) of the “wrong detection” pictures rejected is exceeded,
new defects can be selected (automatically), approached and
data recorded. Apply button 107 starts the application. FIG.
15 is a representation of information window 110 for accep-
tance of the new detection threshold. The information win-
dow informs the user that by acceptance of the new detection
threshold the detection of all the other pictures will also
change. The new value will be applied to all other pictures by
pressing on <Refresh> button 87 in optimize dialog 90.

By operating <Yes> button 111, the detection threshold of
the center image display is taken over and the user goes back
to dialog 100.

By operating cancel button 39 change in dialog 100, all
changes made are rejected and the user goes back to optimi-
zation dialog 90 (see FIG. 11).

FIG. 16 shows page 120 of the learning mode, by which the
user carries out an automatic generation of a knowledge base.
With start collecting data button 121, all the necessary data
for all defects of all selected wafers are accepted and
recorded.

The status is displayed to the user in Statusbox 122 and
Infobox 123. Infobox 123 displays the defects “yet to be
processed” from the total number (e.g. “267 of 750”). Oper-
ating back button 30 is not allowed when the data acceptance
procedure is running. Operating next button 31 is also not
allowed if the data recording procedure is running. Operation
of cancel button 39 is not allowed when the data recording
procedure is running. If the actuation of cancel button 39 is
allowed, all open files will be closed and deleted.

The sequence is as follows: The Viscon sequencer is started
again and all defects of the input file are selected. In a first
step, defects on the wafer or wafers are approached, pictures
are taken, descriptors generated and stored in the ADC result
data on the defect. The pictures of the defects will be stored
with the following settings:
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“Write to Archive File”

“All Images”

“Image Compression”: yes

“Leica-ImageStore”: no

In a second step, the Viscon sequencer pauses on the basket
level (before storing the output file).

In a third step, the generation of the groups from the col-
lection of descriptors occurs (“pregrouping”).

In a fourth step, the pregrouping attempts to create a maxi-
mum of 20 groups. Groups with less than two examples are
rejected. The resulting groups are copied temporarily to the
knowledge base, whereby the defect code and defect descrip-
tion of each group are “numbered” for the first time (1, 2, 3,
etc., or HasyClassl, EasyClass2, EasyClass3, etc.)

In a fifth step, dialog 130 is displayed for dividing the
defects i.e. “defect code mapping” (see FIG. 17). “Defect
code mapping dialog” 130 is essentially represented by first
window 131, a second window 132, third window 133 and a
fourth window 134. In first window 131, a binder icon is
shown for each group generated in the fourth step. Window
132 displays the pictures of the first nine examples of the
selected group in a thumbnail representation. Window 133
displays the actual defect code table. By selecting a defect
code and pressing <Map> button 135, this code is assigned to
the selected classes. The icon of this class changes in that it
gets a green hook 136 and the corresponding defect code text
is displayed. This “mapping” can also be executed by a
double click in the defect code table. When <Delete Group>
button 137 is pressed, the currently displayed group is marked
for deletion. The corresponding binder icon gets a red cross
138.

When pressed, toggle button 139 designated with “opti-
mize image display” makes it possible for a section around
the defect marking in original size of the example pictures to
be shown. If the defect marking in an example picture is too
large, the display does not change. By pressing toggle button
139 on again, you go to the reduced full picture display.
Operation of apply button 129 is allowed if all defect groups
have been handled, i.e., mapped or marked for deletion.

In a sixth step, there is an attempt to reduce the number of
individual examples per mapped group (groups marked as for
deletion will not be used and rejected). This is necessary so
that specific groups with a lot of defects do not dominate the
knowledge base and defects can preferably be assigned to this
class. The result is taken over into the knowledge base, and
the user comes to the ADC learning mode during operation of
cancel button 39 on display 11 of information dialog 140
shown in FIG. 18. After operating <Yes> button 141, the
“mapping” in the entire ADC learning mode will be canceled.

FIG. 19 shows a representation of a dialog 150 for starting
an ADC run. With a start ADC run button 151, after button
151 is pressed there is a classification of all defects of the
selected wafers “offline” (i.e., without approaching them
again). The classification is carried out with the current ADC
knowledge base. Dialog 150 includes a Statusbox 152 and
Infobox 153. The display of the defects yet to be classified of
the total number is displayed in Statusbox 153 (e.g., “123 of
7507).

Operation of back button 30 is not permitted if Offline ADC
is running. Operation of next button 31 is not permitted if
Offline ADC is running. Also the operation of cancel button
39 isnotallowed if Offline ADC is running. If the operation of
cancel button 39 is allowed, all open files will be closed and
deleted. If next button 31 was pressed, the sequencer is started
again. The result data file is written and the sequencer ends
automatically, whereby all files that are still open are closed.
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FIG. 20 shows a representation of a dialog 160 which is the
finish screen. An Infobox 161 is provided for an output file.
Infobox 161 is used to display the stored data files. Only the
file name is displayed.

The Easy ADC VSL file is also displayed in Read Only
Editbox 162. The display of the generated “ADC run” file
appears in Infobox 162. Only the file name is displayed. The
complete path is displayed in a tool tip.

The number of “total defects” is displayed in Infobox 163.
The total number of all defects can be read Infobox 163.

The “defects detected” will be displayed in Infobox 164.
The “redetection” of the defects in percent will also be dis-
played in Infobox 166. The display of the defects detected
with ADC is shown absolutely and as a percentage. LED 149
displays in color whether the percentage lies above the pre-
defined value. If the value lies above the predefined value,
LED 149 is green, otherwise LED 149 is red. The number of
classified defects is displayed in Read Infobox 165. The per-
centage of classified defects “classifiability” is also shown in
Infobox 167. The display of the defects classified with ADC
is shown absolutely and as a percentage. LED 148 shows in
color whether the percentage lies over a predefined value.
Green means that the percentage lies over the predefined
value. If the value lies below that, the display is red.

By operating a report button 147, a report dialog 170 is
displayed (FIG. 21). Report dialog 170 is user-dependent.
Another report is displayed only starting at the ‘engineer’ user
level. The operation of finish button 146 will end the process.

FIG. 21 shows report dialog 170 with the expanded display
of data in an Infobox 171. The following data are output: file
information: (P) output file name (+path), recipe information:
(P), ADC HP recipe file name (+path), knowledge base file
name (+path), auto alignment file name (+path), focus type
“LASER” or “VIDEO” with grab setup file names (+path),
knowledge base information (A) (P), lens used, contrast
method used, focus type, aperture used, light intensity used,
statistical information (P), number of wafers, total number of
defects, number of classified defects, number of ADC classes,
defects per class (in matrix form), number of detected defects,
absolute/percent, number of classified defects, absolute/per-
cent, number of classifications per ADC defect class (P),
performance information: (A) (P), accuracy, purity, confu-
sion matrix (A) (P) and a defect list (A). A sorted table
contains the following data per date record: the slot number,
the event number, the manual classification, the ADC classi-
fication, the ADC classification with confidence value and the
ADC classification with confidence value. In this case, only
the first 300 entries are output. (A) means that these data are
visible only in the expanded report. (P) means that the data
can be printed out.

Report dialog 170 is provided with print button 171. A
preview of the ADC HP report is displayed on display 11. The
printout can be printed out using a standard printer. The
printout is in landscape format since in portrait format the
paths are usually not completely displayed or printed out.

FIG. 22 is a representation of a printed Easy ADC Report
180. When save button 173 is operated (see FIG. 21), the ADC
HP report can be stored as a test file (extension TXT).

We claim:

1. A computer-based method for teaching a knowledge-
based database for automatic defect classification, which
comprises:

(a) accepting, using a specially programmed computer,

selecting a user selection of a review data file;
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(b) accepting, using the specially programmed computer,
inputting parameters and data by a user on one page of a
learning mode whereby the parameters and the data are
known to the user;

(c) starting, using the specially programmed computer, an
alignment procedure and a procedure for adjusting light
intensity, the alignment procedure with respect to at least
one point on a wafer;

(d) automatically adjusting, using the specially pro-
grammed computer, the optimal intensity of the light
intensity accepting a selection of a first specific number
of defects to approach on a first wafer and taking respec-
tive pictures of the first specific number of defects on the
first wafer and if necessary regulating to the optimal
illumination using the respective pictures;

(e) checking, using the specially programmed computer, a
detection, whereby an optimization of the detection
parameters is carried out by accepting a selection of a
second specific number of defects to approach on a
second wafer, taking pictures of the second specific
number of defects on the second wafer, displaying the
pictures, and using the pictures to adjust a detection
threshold using pictures;

(f) automatically approaching all defects of a wafer or
wafers, whereby the respective defect is detected and a
descriptor is assigned, by the specially programmed
computer, to the respective defect; and,

(g) analyzing and automatically grouping, using the spe-
cially programmed computer, the descriptors of the
defect.

2. The method according to claim 1, wherein the input of
parameters and data further comprise the selection of ele-
ments present on a semiconductor substrate, wherein the ele-
ments can be memory circuits, logic circuits, a blank wafer
without resist or with resist.

3. The method according to claim 2, wherein the param-
eters or data of layers on the wafer comprise the data of a
polymer layer, an oxide layer, a contact or a metal layer.

4. The method according to claim 1, wherein the user
selects a lighting type, at least one lens and a focus type.

5. The method according to claim 4, wherein bright field,
UV or DUV is selected as the lighting type.

6. The method according to claim 4, wherein a default
setting is bright field and the lens has a 100x magnification.

7. The method according to claim 4, wherein a manual
two-point alignment is carried out; wherein a first point is
aligned manually by approaching a table; wherein during the
teaching of the first point, data is automatically stored for the
auto alignment file; and each alignment point is taught with
three different magnifications of the lens.

8. The method according to claim 1, wherein the adjusting
ofthe optimal intensity of illumination is achieved by random
selection of a specific number of defects; approaching the
selected defects; taking a picture of each defect; whereby a
start value for the brightness of the illumination and adjust-
ment of the illumination is achieved using a histogram evalu-
ation.

9. The method according to claim 8, wherein defects that
are no larger than 25% of a video image width and height are
used to adjust the optimal intensity of the illumination.

10. The method according to claim 8, wherein 20 defects
are used to adjust the intensity of the illumination.

11. The method according to claim 1, wherein the defects
on the wafer that are automatically approached, have pictures
taken which are temporarily stored until pictures are taken of
all the defects.
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12. The method according to claim 11, wherein after all the divides the thumbnails of the defects recorded into groups,
pictures are taken, they are shown on a display as thumbnails. and on the display the first nine examples of a selected group
13. The method according to claim 12, wherein a few of defects are displayed in a thumbnail representation.
thumbnails are rejected if the thumbnails exceed a threshold
value for the focus. 5

14. The method according to claim 1, wherein the analysis
and automatic grouping of the descriptors of the defects L B



