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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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2

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;






