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image point group of a following line in the line direction by at least one image point in the
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~column direction being adopted in adjoining groups of the following line.

) The invention is used for automated inspeétion of structured surfaces, in
particular in masks, LCD's, printed circuit boards and semiconductor wafers, during their
manufacture. |

One objective in image evaluation is to select image point groups according to
' giQen criteria (characteristics) from an arrangément of image points mainly in the form of a
15 matrix or arfay and to proéess fhem for further evaluation in compressed form for subsequent
evaluation units. | .
For the purpose of data compression, it is known to assemble image points
within a line and then to eliminate the line boundaries. -
. in EP 279 157 A2, characteristic features are extracted from run-length-coded
20 image data. This results in a list of run-length-coded image data which are classified according .
to circular, trapezoidal, convergent and divergent regions. In so doing, horizontal and vertical
intermediate spaces are filtered and disappear from the data record.
This process is not suitable for verifying defects on semiconductor wafers,
since filtering of the intermediate spaces falsifies the defect image resulting in erroneous
25 classification of the semiconductor in defect classes. '

. A more suitablé solution consists iﬁ marking all run-length-coded image data
describing a contiguous region with identical characteristics, e.g., identical gray values, as such
in a uniform manner. |

Identification humbers or counting numbers are introduced for contiguous
30 - image' point groups within a line so that all image point groups starting in the first line receive

a consécutive identification number. In the following line, a new counting number is given
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i mge data. This results in a list of run-Iength-coded i mage data which are
classified according to circular, trapezoidal, convergent and divergent
regions. In so doing, horizontal and vertical internediate spaces are

- filtered and disappear fromthe data record. This process is not suitable
for verifying defects on sem conductor afers, since filtering of the

i ntermedi ate spaces falsifies the defect inage resulting in erroneous
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that all; éﬁmﬂ&phﬁ}hbaqm starting in the first line receive a
consecutlve Identification nunber. In the follow ng line, a new countl ng

nunber is given Ambcgmqesmmmqv@ asreqyivalences; regb Wheneantiguons IagePofhy n
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i dentification nunber is used.
equlvalences result as pairs of distinct identification numbers and describe connections of
image point groups which begin separately and flow together.
10 These ambiguities are resolved by using a computer-assisted search algonthm
whose run time is dependent on the shape of image structures divided into image point groups.
Occurring spiral-shaped or heavily interlaced image structures cause search algorithm run
times which can no longer be processed in video real-time. |

The object of the present invention is to shorten the processing times for

15 resolving equivalences u'respectlve of the shape and characteristics of the i unage structures so
as to ensure processing in video real-time.

According to the invention, this object is met by a process for recogmzmg
topologically contiguous image structures arranged in line form in which image point groups
formed by at least one image point and having identical characteristics within a line receive |

20  consecutive identification numbers and image point groups of a following line adopt already
allocated identification numbers from the image point groups first adjoining them by at least
one image point in the line direction in that, in a first process step, one identification number of
a pair of identification numbers of adjoining image point groups with different identification
numbers serves as an addrees value for a first addressed storage with a marked initial state for

25 each storage location and the other identification number becomes the data value of the
storage location addressed by the first identification number when the storage location has the
marked initial state; otherwise, in a second process step, the other identification number and
the data value of the addressed storage location are used as address values for determining
storage locations wrth a marked initial state for whose address values the first process step is

30 applied, wherein a respective data value determined for an address value once again serves as

an address until a storage location with the marked initial state is found, and pairs of
'3 ' -



5 : Anbi gui ties, also known a i
s equi val ences, result when
| c?ntlguous i mage point groups in the current |ine have connections with a
E urality of contiguous imge point groups having identical characteristics
ut different identification nunbers. Accordingly, these equival ences

result as pairs of distinct identificat3on nunbers and d [ [
_ _ _ _ escri be connections’
of image point groups which begin separately and flow together. 10 >
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a fol | owipgekéd intiabstatel al ready al l ocated identification nunbers fromthe
TR 1 e AR SRR o O
3| f efgln 0&3%#}?3&7 cétlg'g&r'idsnu ers ser ves as aghgébar:n”b}gﬁeq:muﬁpr@em péit b
addr 655 e giffurerg ddestifibatipnmambens of ihageioins greupsich han fave 5f leiist ong image poind
and adjoin one another within the i image structures in adjoining lmes wherein the identification
numbers for the image point groups in a line are allocated consecutively and image pomt
groups of a following line adopt already allocated identification numbers of image point
15 groups first adjoining them by at least one image point in the line direction, in which a first
multiplexer and second multiplexer, one of whose mputs is connected in each instance with the
count value output of a counter, an input of the second multiplexer being connected to fixed
voltage, and a comparator have inputs for the identification. aumbers and, in addition, are
connected to outputs of a first register and second register whose data inputs are connected to
20 an output of a third register which is moreover coupled with an address input of a first storage
and with a first address input of a second storage, the input of the third register being
connected with the output of the first multiplexer.
A data input and data output of the first storage is coupled with an addltlonal
* input of the first multxplexer the data output of the second multiplexer, the input of a null
25 indicator and a first data mput of the second storage which also has a second address input and
a second output, and connections on the output side of an operation control unit with inputs
KN and RESET and outputs ENK and READY lead to control inputs of the first multiplexer
" and second multiplexer, to release inputs of the second multiplexer and first storage and to
write inputs of the first storage and second storage. Fuﬁher there are connections proceeding |
30 from the operation control unit between clock outputs and the first reglster second register

and third register, the counter to a load mput of the counter and to enable or release mputs of
4



25 each storage |ocation and the other identification nunber becones
the data value of the storage location addressed by the first
irdentification nunber when the storage |ocation has the marked initial
state; otherwise, in a second process step, the other identification nunber
and the data value of the addressed stogage |ocation are used as address
val ues for determning storage locations with a marked initial state for

whose adgle g3 kb ddBord fefisieR PSS, thé Oferbfioniéntrol usipisiconsbotedra hen
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storage, storage |ocations correspondin 0 the address val ues fromthe
first prevepaddresspd equivilenee isureatetidicectly pgenemied intermedigtgicadedheie when

t he address value has the 5 d initial , ' . _
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equivalence according to t ré e\%%?xgn Isoerqugﬁg infeH3& factor of the equivalence, the

10 number of steps with a computer-assisted search algorithm for the same task is equal to the
maximum interlace factor for all equivalences.
An embodiment example of the invention is explained more fully in the

following with reference to the schematic drawing.
Fig. 1 shows a circuit arrangement according to the invention;
15 Fig. 2 shows the allocation of identification numbers to groups of image points.

In the circuit arrangement shown ih Fig. 1, a first multiplexer M1 and a second
multiplexer M2, one of whose inputs is connected in each instance with the count value output
of a counter Z, and a comparator C have inputs for identification numbers KN1 and KN2 and
are connected, in addition, to an output of a first register R1 and to an output of a second

20 regiéter R2. _ ' '

Connections lead from the output of a third register R3 to the data inputs of the
first register R1 and second register R2, this third register R3 being coupled with the
‘respective address input of a first storage RAM]1 and secéhd storage RAM2. The input of the

_ third register R3 is connected with the output of the first multiplexer M1. |
25 . Adata input and output D of the first storage RAMI is codpled with another
input of the first multiplexer M1, the data output of the second multiplexef M2, the input of a
null indicator N and a data input D of the second storage RAM2. Another input of the second

multiplexer is connected to fixed voltage.
- <



10 topol ogi cally contiguous imge structures arranged in |ine form by
means of processing a pair of different identification nunbers of inage
podi nt groups which have at |east one inmage point and adjoin one anot her

- wWithin the inmage structures in-adjoining |lines, wherein the identification
nunbers for the image point groups in asline are allocated consecutively
and i mage point groups of a followng |ine adopt already. allocated

i dentification numggeSe@indistBisge RAMDis &nstructeéd as!p dudlipost RAM andrhasg t hem by
at least one image point-in thée line direction, in which a first |

mul ti pl exesondaddressinput Al Fariaplinput signalAL and aesend eytpui 121 for angutent siggal
each instance with the count val ue output of a counter, an input of the
second mile| pl exer being connected to fixed voltage, and a conparator have

inputs for the identifLGRink g%fpﬂle% flsidé Bf @fsPerdtion contrel W STEefthd t o
outputs of a first rt?dé%ll sterﬁ%ﬁ secongﬁirihe | sSter whose data inguts are

conmect egnputs RN and RESED andoutputs ENK and to eantrphinputs of ver coupl ed

with an address input of a first storage and .wit i aput of

a second mstiplexss M1 aed seepnd mﬂ“"iﬁ’f@’ﬁ?? &ﬂ%@?ﬁ?@e@éﬁfé&%‘gﬁg@lﬁh t he
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storage i S coup h an additional input of the first multiplexer, the
dat a out ptéragd RAMZ. SEieve dreroohnéctibasatweerhdodk-miputs of the gperation control ygit . o or

and a first data,i th ond .st o l£h . d '
addressI ifﬁmspaﬁa}egfﬁééﬁaaa Pﬁ?’&ﬁ%‘%giwg‘%égﬁéﬁgu %?Clg]’de of an
opeffit i O Sld e tHlirdVebistel RBUCEK D asid ghe Bomttdr 2,10 adoddinpst IE-bEthacdwREADY

| ead" to control I nputs of ‘the first nultiplexer and second'nulaipl er, to

rel ease iZymd to refeasediaputs Edhof negistersR banst RanBurther.the epesationcantvol pait 34is o
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comparator C and with a line of the null indicator N.
Fig. 2 shows structures of a surface which are cbmposed of image points and
15 ﬁave diﬁ'erént characteristics in the form of gray values. The numbers entered in the drawing
are identificationnumbers which are allocated in a known manner to image point groups as
part of data recofds, the image point groups having at least one image point.
Acéordingly, the two figures on line zero, each of which is formed by one

image point, can be described by means of the following run-length-coded data records:

9 - Datarecord 1 - Datarecord 2
line number: O line number: 0
. starts in column: 4 " starts in column: 10
run length: 1 run length: 1 | |
~ identification number: 1 identification number: 2
25 gray value: 10 - gray value: 10

Analogous data records are associated with the image point groups in the

following lines, e.g., for the image point groups in line 2:

{



30 fromthe-operation control unit between clock outputs and the first
regi ster, second register and third register, the counter, to a |oad input
‘of the counter and to enable or release inputs of - 4 the first register
and second register. Further, the operation control unit is connected on
the input side with an end-nessage |inegof the counter, with two |ines of
the conparator and with a line of the null indicator. Since the allocation
t abl e cont ai nj identificatif pdrgr2 al | ocati onDiatirebord 3 every

addr essed equﬁ\%a Jgﬁgrg r|js created mdl, ?are}g.mal-y froma generated internediate
code, the equlinghwmbers2can be evalinmowubeai2 eady at t hingmumber: 2hey are .

detected. This results in_a shorter processing tine i I SO 0 a
conput er - assi S1BAMEIPMA: 3| gorith f’b‘f??‘g%q%e st artg‘aﬁgﬁ@;\’ﬁ%r?fal I

equi val ences sgnt. The nu lefdthsi2eps for resalnlengthe® equi val ence
according to ?‘?{ﬁe? végtion is equal tegé‘the interlace factor of the

equisval ence, fdentification nambeed of ideafification humberofput eidentification qumbex: dh
algorithmfor the sanmg_task is equal ‘to t maxi mum i nterl ace,factor for
al | equival enB@%’.V"iW dfbodi nent e%ag'eo?&t he i nvent B %% %I ai ned nore
fully in the followwng with reference to the schematic drawing. Fig. |
shows a circuit arrangement according to the invention;- . .
Ambiguities resulting as equivalences, so called, which occur when image point

groups of one line have connections to a plurality of image point groups of the preceding line
which have identical characteristics but different identification numbers, occur, e.g., between

10 the image point groups with identification number 1, identification number 3 or identification

number 2. .
The total number of equivalences from Fig. 2 which are in stored form for

further processing is compiled in Table 1 by identification number. Table 2 and Table 3

anticipate the results achieved by the invention.



15 Fig. 2 shows the allocation.of identification nunbers to groups of
i mage points. In the circuit arrangenent shown in Fig. 1, a first

mul ti pl exer ML and a second nul tipl exer M2, one of whose inputs is .
connected in each instance with the count val ue output of a counter Z, an
a conparator C have inputs for identifigation numbers KN1 and KN2 and are
connected, in addition, to an output of a first register R and to an

out put of a second 20 regi ster R2. Connections |ead fromthe output of a-
third register R3 to the data inputs of the first register RL and second
registerygle t i s third regi ghple 2R3 bei ng coupl e¥abletd the respective

address I nput of a first storage RAML and second storage FAMZ. The i nput of
the thirequieérseer R3 is conintermediatgioodet he out palocgtion tabler i r st nul ti pl exer

ML. 25 A data in d out put D n&iﬁf i cificH age RAM -
is coupled with another i npuf"%?"p#‘?g{gg?i rst mul ti%‘%fgxer. f\gﬁéa% e data out put
of the second mul.tiplexer MRAME input of a nul inseoohdstorageN and a data

i nput D of the second storage RAMR. Another input of the second nultiplexer

is Sonnected to-fixed voltage. 5 The second s%e RAM2 is constructed

as a dual: por " has a d adgress inpu .o Or amgiput signal AL
and a setond &ﬁsw for aﬁﬁg&?%ut s?sgtgal Adtest Dat

1 1 3 1 0 1 1

2 1 2 2 1 2 1

10 3 6 4 3 1 3 1
4 6 5 4 0 4 4

5 4- 6 5 4 5 4

6 8 4 6 4 6 4

7 10 8 7 0 7 7

15 8 4 1z 8 4 8 4
9 10 9 0 9 9

10 17 15 10 8 10 4

n 15 1 11 7 11 7

12 11 7 12 4 12 4

) 13 0 13 13
14 0 14 14

15 11 15 7

16 0 16 16

17 15 17 7

25 18 0 18 18

By means of a RESET signal at the operation control unit ST, the latter causes

the counter Z to apply a null address to the first multiplexer M1. At the same time, the

operati%n control unit ST controls the first multiplexer M1 and second multiplexers M2 via



DL. Connections |ead fromthe output side of an operation control unit ST
wth 5 I nputs KN and RESET and out puts ENK and READY to control inputs
of the first nmultiplexer ML and second multiplexer M2, to release inputs EN
of the second nultiplexer M2 and first storage RAM and to wite inputs W
of the first storage RAM and second st @8rage RAM2. There are connections
bet ween cl ock outputs of the operation control unit ST, respectively,

CLK- Rl agghtd19inkd so5thaf e icstnstér Value dflcbuiter Zfgiset hieths dﬁrlmtgisteg RStfeom B2 10
CLK-R3 and the third register R3, CLK-Z and the counter to a | oad input
L of t heoutpuhoftheMultiplexes Mleamhwﬂl idputification l@mrﬁselyua&ﬂ@r@tmpamf g

Further, t he ti.on t it
o eng. mstomasdeRMl, 1Y mreeR iR slgpal CLS.Z GFRE EbeiiG odetS) ST, 717 711 1
and wt hvﬁ.‘f‘ﬂt b Wahst oft doBnteH Zlis W@ﬁh@ég@ﬁerﬁ find i3 padseivsat shie first stomage RAMI1

surface ch are conposed of inmage points and 15 have different
charSact ems address. i n t he f orm of gray val ues. The nunbers entered in the

drawi ng are identifjication-nu manner to
i mage poi nt groups 8PP BfFo l&"ﬁ%ﬁaﬂ'ﬁﬁ%éh?&n%lggbm n A&%&ﬁgs having -
at | east ygfQsdedBeR b&uon&ﬁﬂwﬂﬁrmbﬁgekmlmmmmwunmbérm each
of which is forned one ‘i mage point, can be described gly nmeans of the

- fol | owi ngroasss isematedcoglégtomeéoqagemquhe figst storage KAMI until the entire figgt; ,
gte g?{ S ?ﬁiclgggmle ‘wrilten with the null {daiStABE " ARCr &téHirpthé Rulf fMletfitatibn in all

10 - storage locations of the first storage RAM], a change of state is effected as is required for

processing the equivalences.
A signal KN from a storage, not shown, activated at the input of the
arrangement indicates that equivalences have been stored in the storage.
Asthe result of a signal ENK of the operation control unit ST, a pair of

15 identification numbers KN1 and KN2 describing an equivalence is applied to the respective
inputs. The comparator C compares the two identification numbers KN1 énd KN2. If the two
identiﬁ_cation numbers KN1 and KN2 are identical, no evaluation takes. place. Otherwise, a
control signal is applied to the 6perati‘on control unit ST which, after évaluating this signal,
switches through the identification number with the greater value to the multiplexer M1 as first

20  identification number via its control lines. Of course, the process according to the invention
can also be realized when the smaller of the two identification numbers is always used as the
first identification number. Accordingly, this identification number is present at register R3 as
input value and is stored in register R3 by a subsequent clock signal of the operation control
unit ST. Since the output of register R3 is constantly enabled or released, the identification

25 number is also present at the address inputs of the first storage RAM1 and second storage
RAM2 as well as at registers R1 and R2. The Operzition contfol unit ST then actuates the read
mode of the first storage RAM1 v1a its control lines. '
| The storage contents of the storage location of the first storage RAM1, which
storage location is addressed with the first identiﬂcétion number, that is, in the present

30 example, the larger identification number, are present at the data output of storage RAM1 and

proceed from the latter to the input of the multiplexer M1, the output of the multiplexer M2,
< : .



run length: | _ ~run length: | identification nunber: |

I dentification nunber: 2 25 gray value: 10 gray val ue:
10 Anal ogous data records are associated with the image point groups in t he
following lines, e.g., for the inmage point groups in line 2: 6 Data
record 1 _ - Data record 2 9 Data record 3 |ine nunber: 2
i ne nunber: 2 i ne nunber: 2 starts . in colum: 5 starts in

colum: 16 . star i n ' i indieq th: 12
run | engY}"f*?_:datLa 1sput B tie seco&f%ﬁ%g? fca #‘gun{hgﬁl%zhr@&iorl}tdgﬁ? imfllillcat i todﬁwngrrb'er: :
4 i dent ikl eRlhOppdaitiféontrél GEEST ¥etd whethér or not the storage contents have a3mil

gray val ue: 30 A iguities resulting as equivalences, .sq | 1 ed L ch
occur whidentification.pBf anulljdentification is peesent, the Rperation, ¢kl p%é%tcﬁg’s Hf%’gtl ity

of inage poi ; _ . e A .
char act e?tggﬁgmt{géwq?ﬁ’%ﬁ?%@g@% tﬂ]ﬁgg ?%ﬁ@ﬁﬁ@%?@&ﬁé%%ﬁiﬁbg»@égn d bet ween -

10 t hRyehfifion Alimberd fHRsRRAIIE drié ih tprédentraiample, tatheeutpiit of twitipléxecM2 on
nunber 3 or identification nunber 2.
so that it is present at the data input of the first storage RAMI. The value of the smaller
identification number is storéd m the storage 1_ocation of the first storage RAM1 addressed
with the larger identiﬁcatibn number fo_f the null identification by means of a write pulse of the
operatioh control unit ST. '

10 If there is no null identification, a search process is initiated in the first storage
RAM]1 by the following operation sequence:

Via its control lines, the operation control unit ST switches the multiplexer M1 to a state in
which the value present at the output of the first storage RAM1 is released to register R3 and
enters this value in register R3 by a clock signal CLK-R3. In the manner already described,

15 the null indicator N checks whether or not a null identification has been entered in the
addressed storagé location. This operation is repeated until a null identification is reported by
the null indicator N to the operation control unit ST. The search process is then interrupted.
The addreés in register R3 is stored in register R1 by the operation control unit ST in that the
latter generates a clock signal CLOCK-R1. The smaller identification number is then applied

20 to the first storage RAMI by the operation control unit ST in the same way and a search
process for a null identification is initiated in the manner described above. The address of the
null identification of the smaller identification number is then stored in register R2. The source
of the identification numbers is subsequently switched to inactive by means of control signal
ENK and the outputs of registers R1 and R2 are applied to the inputs KN1 and KN2 so that

25 the register valueé are now treated as identification numbers KN1 and KN2.

| As soon as an entry has been made in the first storage RAM1 for all _
_équivaiences identifiable in the input signal KN, a change of state occurs in the circuit |
arrangement for the purpose of generating an allocaﬁon table. The counter Z is started and a
value is transmitted as null address fo the first storage RAM1. The storage contents of the

30 addressed storage location are read by the null indicator N. If the null identification is still

entered {in the storage location, the operation control unit ST switches the first storage RAM1



The total nunber of equivalences fromFig. 2 which are in stored formfor

further

processing is conpiled in Table 1 by identification nunber. Table 2

and Table 3 anticipate the results achieved by the invention. 7 Table |

Table 2

Tabl e 3 equi val ences _ I nt ermedi ate code

allocation table in first storage 10 according to classificati on RAML

OrPELNE

10

15

20

25

in second storage 5
RAI\/QNO
3

int& e dﬁ&ve state via its con‘tﬂﬂl lissand causetzhamultiplexer Madarelease the caumtes 1
value it its output EN. The counter value ig engered Jl'n storage RAM2 ]by a vyj_nte pulse W. 2 3

- The cgmg.er state As then i]né%mented%nd thespr}ocess is repeated“for all storage lo&txons

%avm% a‘hull |dent1ﬁcat18n th the first storage4{AMl Ifa sto;a@ location having ﬂo mll 10
identification in storage RAM1 is determmed the operation control unit ST sets the
multiplexer M1 to a setting in which the storage contents of the first storage RAM1 are
present at the output of the multiplexer M1 and accordingly at the input of register R3.

The address previously present at the first storage RAM1 is stored in register
R1 by a signal CLK-R1 and CLK-R3 and the contents of the first storage RAM1 are entered
in register R3 as a new address for the ﬁrst storage RAMI. The first storage RAMI is again |
checked by the null indicator N for the presence of a null identification. If there is no null
identification, the contents of the addressed storage location qf the first storage RAMI1 are
once again entered as subsequent address in register R3. This process is repeated until a
storage location with a null identification has been found | '

The address of this storage location is entered in register R2 by a control signal
CLK-R2. At the-same time, register R1 is released by operation control unit ST to input KN1
and, By controlling the multiplexer M1, input KN1 is released to register R3. The contents of
register R1 are transferred to register R3 by a control signal CLK-R3 of the operation control
unit ST. _

The output of register R2 is then released to the input of the multiplexer M2 by
means of the operation control unit ST and the multiplexer M2 is caused to release the
contents of register R2 to its output. This value is entered in the Second storage RAM2 by a
write pulse of the operation control unit ST.

_ The counter value is then incremented and the test for null identification of the
subsequent storage location in the first storage RAM1 is restarted in the manner described .
above until all storage locations of the allocation table are entered in the second storage
RAM?2. The operation control unit ST detects this state by means of a status signal U of

counter Z, terminates the operation and reports this state with a READY signal via the

~ READY line.
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18 0 18 18.By means of a RESET signal at the

ggg; Ztsiso?oc?nt r ]9: r unit ST, It Qe I a}wtler Af[:auses ‘the count er Zto apply a null
control hni t hﬁﬂa %??Mé’??@ <Al £9 e?(%? [{g:t%r%conﬁﬁnuﬁwexers
lvEeVIt ﬁl rd r egl st (rar %Md?@%éébl%ﬁ%ﬁ?%[}ts “ﬁ%ﬁ“ﬁﬁmﬁgﬁfﬂﬂﬁg&ﬁﬁuf Iet “
i denti fi cati odenticabchnsaztaristics within d dineréceive consecutive identifieation numbers and

image point groups of a following fine adopt already allocated identification numbers

from the image point groups first adjoining them by at least one image point in the line

direction, charactenzed in that,

in a first process step, one identification number of a pair of 1dentlﬁcatlon numbers of

adjoining image point groups with different identification numbers serves as an address

value for a first addressed storage with a marked initial state for each stdragé'location

and the other identification number becomes the data value of the storage location

addressed with the first identification number when the storage location has the marked

initial state, | '

otherwise, in a second process step, the other identification number and the data value

of the addressed storage location are used as address values for determining storage |

locations with a marked initial state whose address values become identiﬁcation.

numbers to which the first process step is applied, |

wherein a respective data value determined for an address value once again serves as

an address until a storage location with the marked initial state is found, and péirs of

identification numbers leading to identical address values in the second process step are

~ ignored, '

and in that, in a third process step for forming an allocation table in the form of a

.second addressable storage, Stbrage locations corresponding to the address values

from the first process step receive the address value itself as a data value when the

address value has the marked initial state, | | '

otherwise, when the address value does not have the marked initial state, a contained

data value is used as address value until a storage location with the marked initial state

is found whose address value becomes the data value for the address value without the

marked initial state.




storage RAM. By neans of a clock .signal CLK-Z of the oper atiom contT ol

unit ST, the counter value of counter Z is adopted in regi s

present at the first storage RAML 5 as address. The opedl lmﬂ"mi“m"l“l
unit ST then wites the null identification to the addresse

_Iocatlon in the first storage RAML and jancrenents the counter .Z. Th| S
process i's repeated in all storage Iocatrons of the first storage RAML

until the entg ?éﬂ'ﬁ{geﬁ'kﬂtr t%g?ecgﬁt%n% dgidafly coitfgliond ithabe kdructliroes

|dent|f|cat|on Aiter "entering the entification in all
st orage | ocat arpanged in lirecfofrn rbytmeanmﬁ;;gecdmtsga pair oﬁdaﬁ'gnnbﬁemmeon gumbérect ed

d. f
Rt Shov.  ncotipREs RO STovE: MHshegs HipAst Gs iage Aot SeCAsOI pat A" © 29°
equi val ences Lt i 'sHuetirdn hdinil i’ 96ng W hefiin B Sucfthfon e fBal ENK

of the operation contr I dentification nunbers
KN1 and [err]théemagemmt;gmnpsqwlmlamﬁbcatedawpbcmely@n imageqoint @roups of

i nputs. The co rat oy ar es et tificat nb KN1 d
K. 1T the t omfmq y alasatscifoptiton eyl SF HR RO EXPUPS
eval uation t SctidaPeHapatt
operation con ro unr ngnwﬁ Y"Le'iﬁo tetlaﬁr:l \Pal ué‘ﬁ'ﬁéﬁt&ﬁ?s Si ng:taI ésﬁegth:‘ﬁes

t hrough t he iﬂﬁﬂtlflcatlon nunber with the greater value to the rrultlpl exer

ML as first 20 nt|f| I 0 er. Vi contr | i ne

t he process aé@fﬁtéﬂ @ﬁgﬂfsﬁf’? ‘ﬁ""]é‘g é”iz)b%“er‘goa’f'}f IEPR%FFe‘ﬁ tﬁgurse
smal 'er of theqdy %eh%?&{ fihgra ith'Hhi¢ ot valie S a%%%ﬂte?%l)t Bff irfput 6f

i dentification nu ccordingly, 1S | dentl cat ion numbeér i s present

at regi ster Rfhesecond multiplexer (M2) being connected to ﬁxed voltage, and a comparator (C)
have inputs for the identification numbers (KN 1) and (KN2) and, in addition, are
connected to outputs of a first register (R1) and second register (R2) whose data
inputs are connected to an output of a third register (R3) which is further coupled with
the respective add_reé's input of a first storage (RAM]) and a second storage (RAM2),
the input of the third register (R3) being connected with tlte output of the first
multiplexer (M1),
in that a data input and data output (D) of the first stomge (RAM]) is coupled with an
additional input of the first multiplexer (M1), the data output of the second multiplexer
(M2), the input of a null indicator (N) and a data input (D) of the second storage
(RAM2) which also has an address input (A1) for an input signal (AL) and an output

~ (D1) for an output signal (DL)
and in that connections on the output side of an opera’aon control unit (ST) with inputs
(KN) and (RESET) and outputs (ENK) and (READY) lead to control mputs of the
first multiplexer (M1) and second multiplexer (M2), to release inputs (EN) of the
seeond multiplexer (M2) and first sto.rage. (RAM1) and to write inputs (W) of the first
sterage (RAMI) .a_nd second storage (RAM2), as well as connections between a clock
output (CLK-R1) and the first register (R1), a clock output (CLK-R2) and the second
register (R2), a clock output (CLK-R3) and the third register (R3), a clock output
(CLK-Z) and the counter (Z), to.a load input (L) of the counter (Z) and to release
_(_inputs (EN) of the first register (R1) and second register (R2), and the operation



input value and is stored in register R3 by a subsequemﬂd’c')flz/l gnal
the operation control unit ST. Since the output of regis ‘“\U\ \j“\
constantly enabled or released, the identification 25 \K

present at the address inputs of the first storage RAML am Sec‘ond‘ storage
RAMZ as well as at registers Rl and R2.13The operation control unit ST then
actuates the read node of the first storage RAML via its control lines. The
storage conte E g&,‘a idd Wih fih esd-meésagalise @YIf thevhi ch
storage | ocat P%'ﬁréigm% grzfggé vvlétd%\l{'stﬁéeHl }]‘r)it i dentifi catlgn nunher,, that

i's, in the preagér (@), with tveo lingsiof thet dompacatore(C) iand with g of the milliadicator, ¢
present at the data output of storage RAM and proceed fromthe latter to
the input of Nk nultiplexer M, the output of the nultiplexer M, 9 the
data i nput of the second storage RAM2 and the null indicator N. The null
indicator Ninforns the operation control unit ST as to whether or not the
storage contents have a null identification. If a null identification is
present, the operation control unit ST causes the first storage RAML to
swtch off this null identification at its output and rel eases the second 5 °
identification nunber, the snmaller one in the present exanple, to the
output of multiplexer M so that it is present at the data input of the
first storage RAML. The value of the smaller identification nunber is
stored in the storage location of the first storage RAM addressed



with the larger identification nunber for the null identification by nmeans

of .a wite pulse of the operation control unit ST. 10 | f
there is no null identification, a search process is initiated in the first
storage RAML by the follow ng operati on sequence: Via its control—tines—

the operation control unit ST switchesyghe multiplexer Mis3$hSet Basiedl Kepjsh

whi ch the value present at the output of the first stora | Hsed
to regi s*er@% and enters this value in register R3 by afﬂlfﬁ%”ﬂm

CLK- R3. Abst manner al ready descri bed, 15 t he null

whet her or not a null identification has been entered in the addressed

storage location. This operation is repeated until nul | J | fikGatd.on 1S
reported by the nuFhe Objent@ﬁﬂ(woqqssc%‘ﬁ%%‘ﬁ%ﬁ%%%ﬁﬁ%i’%t%ﬁbgﬁk
search process i.s then interr . Srtén thé Bedceisiig e for stored in
r egi sterW%?“ﬁ‘ﬁ@g%ﬁéqwe%ﬁ"W%olfﬂEﬁﬁ%%lﬁn t hat $t he Ia%tte'r generates a
cl ock si&gabingasmnmes ifEpeativeldf eie shapedridf charstiedistiosioffther contigeusimagd| i ed 20
to the first Storage-RAM by the operatign control unit ST in the sane way
and a sestruciures sEasto ensyre propgssing inyidepreal:¥Me is initiated in the manner

descri bed above. The addres Pedlatt of bédtiof lof Bonseéutiveedentifitdtion
identification nungﬁ?aﬁng' [ ﬁéﬁgésﬁ"}é?%%l I'n ng?glgéa%&:rhe_soqrce of the

| dent.i fi ﬁaﬁﬁé}gt@hﬁﬂgerpsidt %rﬁipb%ﬂhmﬂewmmwwmwmlﬁ@hw nphers aps
control signal ENK-and the outputs of, rﬁgeigt er.s Rl and R? satz?rgtﬁg&% dto

t he i npuadoptediforiniagepoingreypstof adollowing iI0AES PR, FRUPS & oW t reat ed
as identificatiqn nunbers K : oon as an entry has. been nmade in
the fi rstheg’c@%%fa Rﬁ“‘?“&?l’%ﬁ‘ggﬁ@%?’é%@‘e’@ identifiable in the jnput
signal KN, a changecebrdiigitbeh@imeeiition] the ambignities aretevaluated already at the

moment they are recognized and are entered in a list in the form of an intermediate code. An

allocation table is generated direcﬂy from this intermediate code at the conclusion of the

ecks

=

process of assembling the image point groups in the lines.
The invention is used mainly for automated inspection of s;ructured surfaces, in

particular in masks, LCD's, printed circuit boards and semiconductor wafers, during their

. manufacture.
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arrangenment for the purpose of generating an allocation table. The counter
Zis started and a value is transmtted as null address to the first
sttorage RAM 1. The storage contents of the 30 addr essed storage

| ocation are read by the null indicator N. If the null i HH fon is

still entered in the storage |ocation, the operation control qiagBe%IRe laced
swi'tches the first storage RAM 10 into the inactive I
control line and causes the nmultiplexer M2 to rel ease themm“\j“\\at
its output EN. The counter value is entered i-n storage RA e

pul se W The counter state is then increnented and the process is repeated .
for all storage locations having a null identification in the first storage
RAML. |If a storage |ocation having no null 5 identification in storage -
RAML is determ ned, the operatio.r_l_lcontrol uni,t ST sets the nultiplexer ML
to a setting in which the storage(-c-crte_nq'r't_ﬁ‘ the first storage RAML are
present at the output of the nultipldxer IMI and accordi-ngly at the input of
regi ster R3. The address previously |Egsent| at the first storage RAML is

stored in register Rl, al CjL 1 and CLK-R3 and the contents of
the first storage RAMI red 140 iJ] regi ster R3_.as a new address
for the first storage ™ gt éor ge | |sagsn checked by the
nul | indicator N for tlhe f pEll identifidategin. If there is no
nul | identification, tjhe ¢of tfhe jaddressed stijorigle | ocation of the
first storage RAM are*
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once again entered as subsequent address in register
a storage location with a nul

repeat‘ed unti |
found. 15

R3 This process is

The address of this storage—rﬂlps;l@gthgsrhe% RtQr ed
in register R2 by a control signal CLK-R2. At the sane Rl S
rel eased by operation control unit ST to input KNl and, the
mul tiplexer ML, input KNI is released to register R3. T
register R are transferred to register RS by a control S|gnal CLK—R3 of
t he opera1i§% control unit ST. 20 : The output of register
R2 is then eps nput}o hl ulltijpl exer |M3 Ry jmejpng pf |t he
operation con e it ptexiery | S|cauged t(p [€| epse the
contents of r oHH-pu FRi-s—vptet-3—gnteredrthe second
storage RAMR |b Ltle | S the B eriati opn toptdoll Unik-STL he counter
value is theny i d teglfar hull}identiifijcatibnlo he 25
subsequent gt [oT I O n stprpgp RAML |i § riestaltedfin the
manner descY™H rocaf 1 pn$ of [tHe Jal] okati ¢n tabl e
are entered i freroperatgnconty it ST
detects this |st Lgha L& loduntef—Z1t-p+i nat es
the operationf a rtjs th afe jw al READY!silgnall vialt hei RFADY N
l'i ne. : :
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Pat ent CI ainms 1. | Pr ocess for recogni zi ng topol ogr cal l yr é‘iﬁﬁ'—f‘& ﬁ‘gér |
“structures arranged inline.-formin which i mage point . grogpbs;a fdrﬂeBE[ﬁ)ﬂg

 least one imge" poi nt and havi ng identi.cal characteristic R Hrinas e
recei.ve consecutive identification nunb rs and inage poi nt_groups of a
followi ng line adopt already-allocated tification nunbers fromthe

i mage point .groups first adjoining themby at |east one inmm e point in the
Line di r RROGESSANDAIREUTT ARRANGEMENT FQR RECOGNIZINESTOBDEPGIGALLY

| mage poi GONHGUDS PR SPRDETRERT L BRI hor s serves as an.

address value for a first addressed storage with a marked initial state for

- each storage |l ocation and the other identifi cation nunber becomes the data

val ue of Desription age | ocati on addressed with the first identification
nunber when the storage |ocation has the marked initial state, otherw se,
I n a second process step, the other identification nunber and the data
val ue of the addreseplinglioRe6 %édg'ﬁnﬁah%vﬁedre%ﬁuﬁﬂ%fm allgs for
determ ni ng storage ocat@gns t\)& a marked initial state V\hdogzde j:lddr ess
val ues becatiguouicintagé stouctiresinitberfoemof fiesiniwhich groups of émage dnteeximage goints

D0l o, Phet ol SSREGHRLS 8 el U o) SBSoh il it
initial Sbeé dttfer] the Rintifdafion Arhber OF thedfabé poifiegroap oﬂuméardteqdinea byen

| dent i cal ress values 1 n the second process step are
xmage point group of a following line in the line direction by at least one image point in the

column direction being adopted in adjoining groups of the following line.

The invention is used for automated inspection of structured surfaces, in
particular in masks, LCD's, printed circuit boards and semiconductor wafers, during their
manufacture.

One objective in image evaluation is to select image point groups according to
given criteria (characteristics) from an arrangement of image points mainly in the form of a
matrix or array and to process them for further evaluation in compressed form for subsequent
evaluation units.

For the purpose of data compression, it is known to assemble image points
within a line and then to eliminate the line boundaries.

In EP 279 157 A2, characteristic features are extracted from run-length-coded
image data. This results in a list of run-length-coded image data which are classified according
to circular, trapezoidal, convergent and divergent regions. In so doing, horizontal and vertical
intermediate spaces are filtered and disappear from the data record.

This process is not suitable for verifying defects on semiconductor wafers, .
since filtering of the intermediate spaces falsifies the defect image resulting in erroneous
classification of the semiconductor in defect classes.

A more suitable solution consists in marking all run-length-coded image data
describing a contiguous region with identical characteristics, e.g., identical gray values, as such
in a uniform manner.

Identiﬂéation numbers or counting numbers are introduced for contiguous
image point groups within a line so that all image point groups starting in the first line receive

a consecutive identification number. In the following line, a new counting number is given



hgnd?ed, and in that, in a third process step for formng a
table in the formof a second addressabl e storage, storage |
correspondi ng to the address val ues from the first process

address value itself as a data.val A @as t he mar ked
initial st S ; %N”‘ e #ve the marked
initial st 1 FhEd—aro—a— t et as address value until a

storage location with the marked |n|t|al state i s found whose address val ue
becones the data value for the address value w thout the marked initial
state. 12 2. Circuit arrangenent for recognizing topologically
contiguous inmage structures arranged in line formby neans of processing a
pair of different identification nunbers of image point groups which have
at | east one image point and adjoin one another within the inmage structures
in adjoining lines, wherein the identification nunbers for the inage point
groups in a line are allocated conseAbstragtl y and i nage poi nt groups of a
following |ine adopt already allocated identification nunbers of inmge
poi nt groups first adjoining themby at |east one inmage point in the line
direction, characterized in

In a process and a circuit arrangement for recognizing topologically contiguous image
structures in line form the pi'ocessing time for resolving ambiguities shall be shortened
irrespective of shape and characteristics of the contiguous image structures so as to

ensure processing in video real-time.

~ The ambiguities result from the allocation of consecutive identification numbers to image
point groups within a line when already allocated identification numbers are adopted for
image point groups of a following line from image point groups first adjoining them by at

least one image point in the line direction.

According to the invention, the ambiguities are evaluated already at the moment they are
recognized and are entered in a list in the form of an intermediate code. An allocation table
is generated directly from this intermediate code at the conclusion of the process of
assembling the image point groups in the lines.



that*a first nmultiplexer (M) and second nultiplexer (M)
: inputs is connected in each instance :w th the count val ueio 3{891..@-? ____________________
r-ecounter (Z), an input- of the second nultiplexer (M) heingL
“ fixed voltage, and a conparator (C) have inputs-for -the identification.
~ nunbers (KN1) and (KN2) and, in addition, -are connected to outputs of a
- first register (Rl) and second regi st qr (R2) whose data inputs are
connected to an output of a third register (R3) which is further coupl ed
“with the respective address input of a first storage (RAML) and a second
storage (RAM2), the input of the third register (R3) being connected with
the output of the first nmultiplexer (M), in that a data input and data
output (D) of the first storage (RAML) is coupled with an additional input
. of the first multiplexer (M), the data outjput of the second nultiplexer .
- (M), the input of a null indica®r (N 4nd @ data input (D) of the second
'storage (RAM2) which al so has an addressmput (A) for an input signal
(AL) and an output (D1) for an outpuyt<eyfhal (DL), and in that connections

-on the output side of ion cdonsgjol unit (ST) with inputs (KN) and
(RESET) and out puts ( BNK) DY agzfta control igputs of the first
mul tipl exer (ML) and

second mul ti pl exer (M) f gt orfagg ( RAML) and |t o ite inputs (W of
the first storage (RAMIf_an® sécorld stjorage (RAMR), ds @Ml | as connections
bet ween a cl ock

exel-i@@r), to releas%’i'nputs (EN) of the

CLK-R2
-M1
M2
— EN

N -J
I * 3 5l
z & e |
Lu—l g —
LT
5_J 4 ‘J l NN
1 ]
o L 4 Ay A
A
%! =
4 NI
3 B -
! % )
5 O n L
S 2% E
i



. the second register (R2), a ¢l ock output (CLK-R3) and. thg third gedGe85

eut plit (CLK-RI) and the fi r'-st"re'gi ster (Rl), a cl ock outglfﬁﬂ(ld_qg“ NT SHEET
' (R3),- a-clock out.put (CLK-Z) and the counter (Z), to.a | % nput ) gfe

the counter (Z) and to release i.nputs (EN) .of the first regrster (RI) and-
second register (R2), and the operation 13 control unit(ST)
connected on the input side with an ene~message line (U of the counter

(2), with tyw lines of ‘the conparator (C) and with a |ine of the null
i ndi cator < ' :
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