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MEMORY TESTER PROVIDING FAST REPAIR OF MEMORY CHIPS

This invention relates generally to the manufacture of
semiconductor memories and more specifically to repairing
defective memory cells.

Virtually all computers use semiconductor memory
chips. As computer processors have gotten more powerful,
the amount of memory needed in a computer has increased.
As a result, the number of bits of information that can be
stored in one memory chip has increased.

As more memory has been used, market demands have
forced memory manufacturers to reduce the price of memory.
Historically, the price per bit of storage has decreased
significantly. Increasing size and decreasing price have
combined to make a very difficult challenge for
manufacturers of semiconductor memories. Namely, they must
reduce their cost of making memories.

One difficulty in reducing the cost of making larger
memories is that the chance of a defective semiconductor
memory increases as the size of the memory increases.
Thus, lower vields are to be expected as memory size
increases. Yield is, however, a very significant factor
affecting the production cost of a semiconductor circuit.

To boost yields, memory manufacturers include
redundant cells as part of each semiconductor memory.
Defective cells are replaced by the redundant cells to make
a completely functioning memory. Provided the repair can
be performed quickly, production costs can be reduced by
repairing defective dies.

The repair is typically made as part of the wafer
level test. Each die on a wafer is tested with a high
speed memory tester, such as the J993 sold by Teradymne,
Inc. of Aguora Hills, CA, USA. The tester identifies dies
with faulty memory cells and makes a record of which cells
are faulty. The tester then computes which memory cells
should be replaced by redundant cells to repair the
defective memories. This information is passed on to a
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repair station, typically as an electronic data file. The
repair station makes the required connections on the die,
typically using a laser to permanently alter the die.

The cells in the memory are arranged in rows and
columns. The redundant cells are also arranged in rows and
columns. Repairs are made by replacing either the entire
row or the entire column containing a defective cell.

There are only a limited number of redundant rows and
columns, which limits the number of defective cells that
can be repaired. If there are more defective cells than
can be repaired, the entire die is typically discarded.

Very often, deféctive cells occur in clusters. Thus,
it is often possible to repair several defective cells by
replacing a single row or a single column. By appropriate
usage of the redundant rows and columns, even memories with
nany defects can be repaired using a few redundant rows and
columns. To get the best usage of the redundant rows and
columns, many memory testers are programmed to try
different ways to use the redundant rows and columns until
they find one that repairs all defective cells. This
technique is called a "brute force® technique. If there is
any solution that allows all defective cells to be
replaced, this technique will eventually find it. The
technique is, however, relatively slow. For large
memories, this technique is likely to be too slow.

An alternative method for determining how to allocate
the redundant rows and columns to repair specific defects
is called the "Most." With this technique, the tester
jdentifies the row or column with the highest number of
defective memory cells. One redundant element is used to
repair that row or column. The row or column with the next
highest number of defective cells is then repaired. The
process is repeated until all the redundant elements are
used. This method often works and is much faster than a
brute force technique. However, there are some patterns of
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defective cells which could be repaired that will not be
repaired by allocating redundant elements in this fashion.

One technique for increasing the speed at which memory
repairs can be made is called the "Must” technique. The
Must takes advantage of the fact that any row which
contains more faulty cells than there are redundant columns
must be repaired, if at all, with a redundant row.
Likewise, any columns which contains more faulty cells than
there are redundant rows must be repaired, if at all, with
a redundant column. Therefore, the Must is typically used
as a preprocessing step to accurately allocate redundant
elements to those faulty cells which must be repaired with
those redundant elements.

Even with the Must used for preprocessing, brute force
processes can be very slow and the Most processes might not
repair all repairable memories. It would be highly
desirable if there were a method to repair memory cells
which quickly found a way to repair all the defects in the
memory cell if such a repair were possible.
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SUMMARY OF THE INVENTION

With the foregoing background in mind, it is an object
of the invention to quickly repair all defects in a memory
chip using redundant rows and columns.

It is also an object to quickly repair memories in
which regions have multiple segments.

The foregoing and other objects are achieved by
processing failure information obtained from a memory test.
The failure information is processed by assigning a row,
column pair to each defective cell in the cluster. The row
number represents the number of defective cells in the same
row and the column number represents the number of
defective cells in the same column as the defective cell.
The cell with the smallest number in its row column pair is
selected to be repaired. Where multiple cells have the
same smallest number, the cell with the highest combined
row and.column numbers is selected. The cell is repaired
by a redundant row if the row number is larger or by a
redundant column if the column number is larger. The
process is then repeated.

In one embodiment, the cells are grouped into clusters
of more than one cell in which each cell is cocllinear with
another cell in the cluster. One cluster of defective
cells is processed at a time. Clusters that cannot be
repaired using either redundant rows only or redundant
columns only are processed first.

In another embodiment, when the memory is organized
into segments which share redundant rows or columns, a
segment which can not be repaired using only redundant rows
or columns is first selected for processing.

In another embodiment, the first step in the process
is to allocate redundant rows or columns to those rows or
columns using the industry standard "Must" process.
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BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be better understood by reference
to the following more detailed description and accompanying
drawings in which
5 FIG. 1 is a block diagram of a memory test system
incorporating the invention;
FIG. 2A is a diagram illustrating a region of a
semiconductor memory;
FIG. 2B is a diagram illustrating clusters of faults
10 in a memory region with multiple segments;
FIG. 3 is a flow chart illustrating the méthod of the
invention;
FIG. 4A-4E are diagrams illustrating one example of
the operation of the method of FIG. 3; and
15 FIC. S5A-E are diagrams illustrating a second example
of the operation of the method of FIG. 3.
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DESCRIPTION OF THE PREFERRED EMBODIMENT

FIG. 1 shows a test system such as might be used in
the manufacture of semiconductor memory chips. Memories
are fabricated on a wafer 110A according to any known
process. Wafer 110A is presented to a test head 112 where
each memory on wafer 110A is tested in response to commands
from test system controller 114.

Test head 112 and test system controller 114 are part
of any commercially available memory test system. The J9%93
from Teradyne, Inc. is one example of such a test system,
but any commercially available memory test system could be
used.

Test head 112 interfaces to wafer 110A so that test
signals may be written to and read back from each memory on
wafer 110A. Test head 112 and test system controller 114
operate, as is known in the art, to detect cells of each
memory on wafer 110A that do not operate properly.

As is known in the art, test system controller 114
processes the information about faulty cells in each
memory. When the memories contain redundant rows and
columns, test system controller 114 computes how the
redundant rows and columns can be used to repair the
defective cells. Test system controller 114 includes a
computer and the computation is performed in accordance
with instructions programmed into the computer.

Once test system controller 114 determines how the
defective cells in a memory can be repaired using the
redundant rows and columns in the memory, this information
is passed to a laser repair station 116. Wafer 110A is
moved to position 110B at the laser repair station 116.
Laser repair station 116 uses the information provided by
test system controller 114 to repair the memories on wafer
110B. The repairs are made by directing the laser to alter
portions of the memory chip, causing the defective rows and
columns to be disconnected from the memory and connecting
redundant rows or columns in their place.
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FIG. 2A illustrates schematically the organization of
one region 200 of a memory. A region typically contains
thousands of cells organized into rows and columns. Each
memory might have one or multiple regions. Each region is
the portion of a memory which can be repaired independently
of any other region. Region 200 includes redundant rows
212A and 212B and redundant columns 214A and 214B, which
are used to repair defective cells in region 200.

Region 200 is divided into segments, S0, S1, S2 and
S3. Redundant rows 212A can replace rows in segments S0
and S1. Redundant rows 212B can be used to replace
defective cells in segments S2 and S3. Redundant columns
214A can be used to replace defective cells in segments S0
and S2. Redundant columns 214B can be used to replace
defective cells in segments S1 and S3.

The number éhd arrangements of regions, segments and
redundant rows or columns is selected by the memory
manufacturer. The numbers and arrangements shown herein
are illustrative rather than limiting.

FIG. 2B illustrates the formation of clusters of
faulty cells in region 200. As will be described below,
the faulty cells will be processed by clusters. A cluster
is a group of faulty cells, which must contain at least two
faulty cells. Any two faulty cells that could be replaced
by a single spare are in the same cluster. Grouping of
cells in this fashion is associative. For example, faulty
cells 250 and 252 would be replaced by use of one of the
redundant rows 212A. Thus, faulty cells 250 and 252 are in
the same cluster. Faulty cell 250 and faulty cell 254
could both be replaced by use of one redundant column 214A.
Thus, faulty cells 250, 252 and 254 are all in cluster 260.

On the other hand, faulty cell 256 is not in the same
row or column as any cell in cluster 260. It would not be
replaced by the same redundant element as any cell in
cluster 260. Therefore, faulty cell 256 falls into a
different cluster, cluster 262.
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The cells in a cluster are "mutually co-linear."
"Mutually co-linear" means that each cell in a cluster is
co-linear with at least one other cell in the cluster. For
purposes of defining clusters, “co-linear" means that two
cells would be replaced by the same spare. Thus, it should
be noted that grouping of cells into clusters is a function
of the distribution of the faulty cells as well as the
arrangement of spares.

A faulty cell which is not mutually co-linear with
another faulty cell is not assigned to any cluster. A
faulty cell which has not been assigned to a cluster is
termed a "singlet." Singlets are processed differently
than clusters. If a region contains only singlets, no
spare can possibly repair more than one faulty cell.
Therefore, certain steps which serve to allocate redundant
elements to repair multiple failures in a cluster are not
needed for singlets.

The cells in a cluster are also "exclusively co-
linear." "Exclusively co-linear®" means that all cells that
are co-linear are always in the same cluster. No cell in
one cluster is "co-linear" with a cell in a different
cluster. Thus, clusters are defined as groups of mutually
and exclusively co-linear fault cells.

Turning now to FIG. 3, a flow chart of the memory
repair process of the invention is shown. As described
above, test system controller 114 determines which cells of
the memory under test are faulty. Also, as described
above, an industry standard Must preprocess is used to
allocate redundant elements to some of the faulty cells.
This fault information remaining after the preprocessing is
further processed as shown in FIG. 3.

The process shown in FIG. 3 is an iterative process.
Each pass through the process results in one redundant row
or column (hereafter more simply called a “spare") being
assigned to replace one row or column of the region 200.
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In a preferred embodiment, the process of FIG. 3 is
performed in a computer in test system controller 114.

The process of FIG. 3 is repeatea iteratively until
all rows or columns containing faulty cells are replaced or
until all spares are used. The process starts at step 310,
which Adetermines whether all faulty cells have been
replaced. If all fails have been replaced, the process is
completed.

If fails remain, execution continues at step 312.

Step 312 determines whether there are more spares
remaining. If there are no spares remaining, execution
also terminates. However, execution terminates in an
exception or error condition because the memory region can
not be repaired.

Execution proceeds to step 314. At step 314, the
number of "co-linear" faulty cells in each row and column
is counted. The numbers are stored for later use.

Processing then continues at step 316. At step 316, a
check is made to determine whether the current pass is the
first pass through the process. In computer software, such
a check can be made in any number of ways, such as by
setting a flag before execution of the process and then
clearing it at the end of the process. During the first
pass, the execution proceeds to step 320.

For each pass other than the first, execution proceeds
to step 318. At step 318, a check is made whether any row
or column must be replaced with either a redundant row or
column. Step 318 uses the industry standard Must process
described above. Step 318 is skipped in the first pass
through the process because, as described above, the
failure information is preprocessed with the Must process
and this process does not need to be repeated until the
failure information changes, i.e. by allocating a redundant
element to repair some cells as described below.
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The rows and columns identified for replacement are
passed as parameters to step 338, where spares are assigned
to those rows and columns as described below.

If no rows or columns are identified for replacement
at step 318, execution proceeds to step 320. At step 320,
clusters are identified. Various methods might be used to
group cells into clusters. One process might be to
construct multiple linked list data structures in computer
memory. Each faulty cell is processed in turn. Each cell
is checked to determine whether it is co-linear_with a cell
in each list already started. If the cell is not co-linear
with any cell in any list, it is used to start a new list.
If the cell is co-linear with a cell on a list, it is added
to that list. However, if the cell is co-linear with cells
on multiple lists, those lists are combined into one list
and the cell is added to the combined list. Once all
faulty cells are processed, each list with two or more
cells represents one cluster.

It is known in the art that linked lists are a
convenient data structure for quickly sorting or grouping
items. However, linked lists require a large amount of
memory because each entry in a list contains, in addition
to the data values for that entry, pointers to the next
entry in the list. If computer memory space is limited in
test system controller 114, it might be preferable to
construct non-linked lists in memory. A non-linked list is
created by storing grouped values in consecutive locations
in memory. Such a list uses less space, but to combine
lists, it is necessary that data values be reorganized in
memory to have all entries in the combined lists stored in
consecutive memory locations.

It should be noted that cells in rows or columns
which have, because of processing at prior steps, already
been designated as being replaced by a redundant eleménc
are no longer treated as faulty cells and are not included
in the clusters. Thus, as rows and columns are identified

- 10 -
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for replacement with redundant elements, the clusters may
change.

Processing continues at step 322. At this step, an
{(r,c) value is assigned to each cluster. The (r,c) value
represents a pair of Boolean values. When the r value is
true, which herein is designated R, it indicates that the
cluster can be repaired with the number of available
redundant rows without using any redundant columns.
Conversely, when the r value is false, which herein is
designated R*, the cluster can not be repaired with the
available redundant rows. Likewise, the ¢ value will be
true or false, indicating whether the clucster can be
repaired with the available redundant columns, without
using redundant rows.

An available redundant row or column is one that has
not already been designated for use in repairing the memory
under test. As the process of FIG. 3 is performed,
redundant elements are designated one by one. Thus, the
{(r,c) value assigned to each cluster can change at each
pass through the process of FIG. 3.

For example, FIG. 4B shows two clusters 414 and 416.
In the example of FIG. 4, the segment has three redundant
rows and three redundant columns. One column has been
used, leaving three redundant rows and two redundant
columns. As clusters 414 and 416 could each be repaired by
using no more than the three available redundant rows ox
two available columns, they are each assigned a value of
{R,C).

The (r,c) values are stored as part of the data
structure for the clusters. In addition to assigning an
{(r,c) value to each cluster, an (r,c) value is assigned to
each segment. The (r,c) value for a segment indicates
whether the faulty cells in the segment can be repaired
using only available redundant rows or columns,
respectively. The segment of FIG., 4B has a total of five
rows with faulty cells and four columns. As there are only

- 11 -
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three available redundant rows and two available redundant
columns, this segment is assigned an (r,c) value of
(R*,C*).

For memories in which redundant elements span multiple
segments, the cells associated with each set of redundant
elements is considered separately. For example, FIG. 2B
shows that redundant columns 214B are the only columns
available to repair cells in segments S1 and S3. Since
cluster 260 contains cells in four columns in segment S1
{more than the available three column spares), a row spare
must be used to repair cluster 260 and cluster 260 gets a
C* value.

Cluster 262 also has four fails in a row, but, because
of the placement of those faulty cells, does not require a
row be used to repair the cluster. Specifically, cluster
262 has three faulty cells in a row in segment S2 and
another faulty cell in the same row in cluster S83. The
three faulty cells in segment S2 can be repaired with
redundant columns 214A. The faulty cell in segment S3 can
be repaired with a redundant column 214B. Thus, those four
cells in a row can be repaired with available column

_ spares.

Once {(r,c) values are assigned for each cluster,
execution proceeds to step 324. At step 324 a
determination is made whether any clusters are "eligible"
for repair. &4 cluster is "eligible® for repair when it has
an R* or a C* value. Where any cluster has such a value,
execution proceeds to step 330. In a preferred embodiment,
a flag is set at step 320 when any cluster has a value of
{R*,C), (R,C*) or (R*,C*) and step 324 branches to step 330
when that flag is set.

At step 330, those clusters which are eligible for
repair are selected for further processing. In this
further processing one redundant element will be allocated
to replace a row or a column %n one of the eligible
clusters. Clusters with an R* value will require at some

- 12 -
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point a redundant column be used for repair. Therefore,
step 330 specifies that the further processing should only
apply a column to a cluster with an R* value. Likewise,
step 330 specifies that the clusters with a C* value will
only be repaired with a redundant row. Clusters with both
an R* and a C* value could be repaired with either a
redundant row or a redundant column. In that case, step
330 designates that further processing could select either
a redundant row or a redundant column to repair failures in
that cluster.

Step 330 constructs a data structure in the computer
memory of test system controller 114. The clusters -
eligible for further processing are identified in the data
structure. Where clusters are identified by linked lists,
the data structure representing eligible clusters could be
merely a list of pointers to the selected lists. Howevar,
many other ways to represent selected values are commonly
used in computers. In addition to the list of eligible
clusters, an indication of whether a redundant row or
redundant column should be allocated to the cluster is also
included in the data structure.

The data structure representing the eligible clusters
is then passed to step 334 for further processing. Step
334 selects from the eligible clusters those clusters
meeting a first level criteria, termed a “narrowness"
criteria. *Narrowness" refers to the minimum number of
rows or columns which contain faulty cells within a
cluster. For example, if a first cluster has faulty cells
in three rows and two columns, it has a column narrowness
of two and a row narrowness of three. A cluster with
faulty cells in a single column and five rows is more
narrow in the row direction, but less narrow in the celumn
direction. It has a column narrowness of one but a row
narrowness of five.

Step 334 selects only the clusters which are the most

narrow in the row direction and those which are most narrow

- 13 -~
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in the column direction. It first selects only those
clusters with faulty cells in a single row or a single
column; i.e. those with a narrowness of one. If there are
no such clusters, it selects only those clusters with
faulty cells in two rows or two columns; i.e. with a
narrowness of two. Step 334 continues in this fashion
until it identifies the minimum narrowness of all the
eligible clusters. The data structure representing the
clusters eligible for replacement is reduced to just those
clusters having the minimum narrowness in the row direction

"and those clusters having the minimum narrowness in the

column direction. The row and coliumn narrowness values are
also stored in that data structure for later use.

Execution then proceeds to step 335 where the
selection of eligible clusters is further processed. At
step 335, each faulty cell within an eligible cluster is
assigned a rank in the form of {n,m), where n is the number
of faulty cells in the cluster in the same row as that
faulty cell and m is the number of faulty cells in the
cluster in the same column as that cell. For example, FIG.
4B shows two clusters, 414 and 416. The faulty cells in
cluster 414 have ranks of (1,3) (2,3) (2,1) (1,3). The
faulty cells in cluster 416 have ranks of (2,2) (2.1) and
(1,2).

At step 335, the best rows and the best coclumns are
selected for replacement based on the ranks. The best row
is the row containing the faulty cell with the smallest m
{column value). Where there are multiple faulty cells with
the same smallest m value, the best of these is the one
with the largest n value. The best column is the column
containing the faulty cell with the smallest n {(row value).
Where there are multiple faulty cells with the smallest n
value, the best of these is the one with the largest m
value.

As described above, each cluster eligible for repair
has associated with it an indication of whether a row could

- 14 -
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be replaced or a column could be replaced or either could
be replaced with a redundant element. For clusters which
are eligible for repair with a row, only the best row is
selected. For clusters eligible for repair with a column,
only the best column is selected. For clusters eligible
for repair with either a row or a column, the best row or
column is selécted. In this last scenario, the m (column)
value of the best row cell is compared to the n {(row) value
of the best column cell, as a first argument. The n value
of the best row cell is compared to the m value of the best
column cell as a co-argument. As before, the selection is
made based on the smallest argument and the largest
coargument.

Once the best element or elements are identified for
each cluster eligible for replacement, the over all best
element or elements are selected. As above, the element
with the smallest argument is selected. If multiple rows
or columns all have the smallest argument, then the one
with the largest coargument is selected as the best.

It is pcssible that multiple rows or columns will have
the same rank such that there are multiple best rows or
columns. In that case, all of them are retained with a
single best being selected during later processing. As
before, the designation of selected rows and columns is
made by constructing a data structure within the computer
memory in test system controller 114. Any convenient data
structure might be used, such as a linked list or an
unlinked list.

Processing then proceeds to step 336 where a single
best row or column is selected for replacement. If a
single best row or column has already been selected, then
this step is not necessary. O©Of the rows and columns
selected at step 335, those which are *"uncrossed" are
preferred for replacement. "Crossed" rows or columns share
at least one faulty cell with another selected element.
Thus, step 336 determines for each row or column selected

- 15 -
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at step 336 the number of faulty cells that are common to
that row or column and the other rows or columns selected
at step 335. The row or column with the fewest shared such
faulty cells is selected as the single best.

In cases where there are multiple rows or columns
meeting the criteria for the single best, one of those
elements can be selected arbitrarily. Alternatively, a
preference for replacing a row or column might be included
in the processing at step 336. For example, step 336 might
choose as the single best element for replacement, a row
when there are more redundant rows available or a column
where there are more redundant columns available. 1In
situations where there are only rows or only columns
available, then step 336 must select an element for
replacement for which there is a redundant element
available. Alternatively, test system controller 114 might
accept as an input a preference for a row or column to be
replaced when there are multiple best rows or columns. A
user might then specify this preference based on the
architecture of memory 200.

Regardless of the criteria used for selecting between
rows and columns, if no single best element is selected,
one of the best can be selected randomly. The selected
single best row or column is then passed on for actual
repair.

Processing continues at step 338 where spares are
applied. In the system shown in FIG. 1, the processing
shown in FIG. 3 is performed in test system controller 114,
which is separate from repair station 116. Thus, spares
are applied &t step 338 by creating a data structure which
indicates which of the spares is allocated to a specific
row or column. That data structure is later passed to
laser repair station 116 where the indicated spares are
used to repair the indicated rows. However, if the
processing of FIG. 3 were performed within laser repair
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station 116, then a spare could be appliea by actually
physically altering the memory 200 at that time.

When a spare is applied, step 338 also updates data
structures used in other steps of FIG. 3. 1In particular,
the data structure recording the number of available spares
must be changed to reflect that a spare has been used. 1In
addition, the data structure recording the faulty cells
must also be changed to remove all faulty cells in the row
or column replaced with the spare.

Once a spare is applied at step 338, processing then
returns to step 310. The process is repeated to select
another row or column for replacement. The process repeats
in this fashion, applying one spare in each pass, until all
fails are replaced or there are no more spares.

The processing described above was for the case when
step 324 determined that there were clusters eligible for
repair. Similar processing is performed when step 324
determines that no clusters are eligible for repair. 1In
that case, though, processing proceeds from step 324 to
step 326.

Step 326 determines (r,c) values for each segment.
These values have the same significance as for clusters.

An r value of R* implies that a segment can not be repaired
with only available redundant rows. A c¢ value of C*
indicates that a segment can not be repaired with only
available redundant columns. For example, the segment
shown in FIG. 4A has faulty cells in seven rows and five
columns. If that segment had three redundant rows and
three redundant columns, it would have an (r,c) value of
(R*,C*) .

Once {(r,c) values are determined for each segment in
the region, processing proceeds to step 328. Step 328
determines whether any of the segments has an R* or a C*
value. Any such segment is eligible for repair. In a
preferred embodiment, a flag is set at step 322 when any
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segment has a value of (R*,C), {R,C*) or (R*,C*) and step
328 branches to step 332 when that flag is set.

When at least one segment is eligible for repair,
processing proceeds to step 332. Step 332 is similar to
step 330 in that it builds a data structure of faulty cells
eligible for repair. However, the data structure includes
all faulty cells within the eligible segments.

When the allocation of spares has repaired all
failures within clusters, all remaining failures will be
*singlets.” In the case that no clusters remain, step 332
places the singlets rather than clusters in the data
structure of eligible choices.. The processing for
singlets is & simplified version of the processing for
clusters. All singlets will have the same narrowness
criteria and same maximin criteria. Alsoc, no singlets can
be crossed. Therefore, steps 334, 335 and 336 do not -
choose among singlets in a segment.

However, if the (r,c) value of a segment indicates a
row should be used or a column should be used, then that
type of redundant element is chosen for application to a
singlet in that segment. Likewise, if there is a user
preference or other mechanism for determining whether a
redundant row or column could be used, then that type of
redundant element is used. Once the type of redundant
element to be applied to a segment is selected, which one
of the singlets that redundant element is applied to can be
selected arbitrarily.

As above, the data structure made at step 332 also
includes an indication of whether the clusters could be
repaired with a redundant row or a redundant column. 1In a
segment with an R* value, the repair is constrained to be
done with a redundant column. In a segment with a C*
value, the repair is constrained to be done with a row.
For segments with a value of (R*,C*), the repair could be

done with either a row or a column.

- 18 -

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

35

WO 97/07459 PCT/US96/12894

Once the faulty cells in the eligible segments are
identified, processing proceeds to step 334. As described
above, the processing at steps 334, 335 and 336 selects,
from all the faulty cells eligible for repair, the single
best row or column to repair and a redundant element is
applied at step 338.

When no clusters and no segments are eligible for
repair as determined at steps 324 and 328, processing
proceeds from step 328 to step 334. This process path
bypasses steps 330 and 332, which constrain the choices
eligible for repair. Thus, when processing proceeds from
step 328 directly to step 334, any cluster is eligible for
repair and repair could be made with either a redundant row
or a redundant column. When all clusters are repaired,
then, as discussed above, the singlets are repaired using
the same selection processes.

The processing on these clusters is otherwise
identical to the processing described above. The single
best row or column for replacement is selected at steps
334, 335 and 336. A spare is applied at step 338 to make
that best replacement.

FIG. 4 shows an example of the application of the
processing described in conjunction with FIG. 3. For
memory 200 as shown in FIG. 2, there are a maximum of three
redundant rows and columns available per segment. FIG. 4A
shows an example of a pattern of redundant cells 410 in one
segment. FIG. 4B shows that the column 412 must be
replaced with a redundant column. This redundant column is
allocated, as in the prior art, as part of Must
preprocessing before the steps of FIG. 3 are performed.

FIG. 4B shows two clusters 414 and 416. These are
identified at step 320. Cluster 414 spans three fows and
two columns. Cluster 416 spans two rows and two columns.
In the example of FIG. 4, the segment has three redundant
rows and columns. One cclumn has been used, leaving three
redundant rows and two redundant columns. As each of the
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clusters 414 and 416 could be repaired by using no more
than three redundant rows or two columns, they are both
assigned a value of (R,C). Therefore, processing passes
through step 324 to 326.

The segment of FIG. 4B has a total of five rows with
faulty cells and four columns. As there are only three
available redundant rows and two available redundant
columns, this segment is assigned an {(r,c) value of
{R*,C*).

Processing then proceeds to step 332. At step 332,
the clusters 414 and 416 are selected for further
processing. S.nce the (r,c¢) wvalue of the segment is
{R*,C*), either a row or column might be replaced in one of
these clusters. '

At step 334, the narrowness criteria are applied.
Cluster 416 is the narrowest in the row dimension, spanning
only two fows. Clusters 414 and 416 each have a column
dimension of 2 and so are both retained for further
processing.

For Maximin processing at step 335 in the row
direction, the minimum number of unrepaired faulty cells in
any column is one. Two of the cells in FIG. 4B share this
number. Each of these is one of two in its row. Thus,
each has a rank, as indicated of (2,1). Thus, both rows
413A and 413B are identified as possible row replacements
at step 335.

Only cluster 414 is eligible for a column replacement.
Of the cells in cluster 414, two cells have a rwo count of
one, which is the lowest row count. These occur in the
same column, with a column count of three. Thus, they each
have a rank of (1,3). As both of the cells of rank (1,3)
fall in column 420, column 420 is the single best column
for replacement.

Thus, column 420 and rows 413A and 413B are possible
replacement targets. However, a column with a rank of
{1,3) has a larger co-argument than a row of rank (2,1).
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Thus, column 420 is selected as the single best candidate
for replacement and step 336 is not necessary. A column
spare is therefore allocated at step 338.

In the next pass through the processing of FIG. 3,
there is one remaining redundant column. Thus, at step
318, any row with more than one faulty element will be
identified as an element which must be replaced with a row.
Therefore, row 422 containing two faulty cells is replaced.

As shown in FIG. 4D, after this allocation is made,
there are only two singlet failures left. 1In the next pass
through the processing of FIG. 3, there will be one
remaining redundant column and two remaining redundant
rows. As there are no rows or coclumns which contain more
faults than there are redundant elements, none must be
repaired. There are also no clusters identified.
Therefore, processing proceeds to step 326.

The segment shown in FIG: 4D has a value of (R,C*).
Therefore,'execution proceeds through step 332, where a
replacement row is specified. 1In this case, it does not
matter which of the singlets receives the row. Row 426 is
allocated.

In the next pass, only one singlet remains and there
is one redundant row and one redundant column. Therefore,
the segment value is (R,C) such that either redundant
element might be used. In the example of FIG. 4, there is
a preference for column replacement. Thus, column 424 is
applied to repair the remaining failure.

In the simple example of FIG. 4, there is no need to
determine the segment (r,c) values since only one segment
is illustrated. However, were there are multiple segments
which share spares, using the segment (r,c) values to
select segments ensures that a redundant element is not
used in one segment if that redundant element is needed to
make repairs in another segment.

Another example is given in FIG. 5. FIG. 5A shows a
pattern of faulty cells in a memory segment. 1In FIG. 5B,
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it is shown that a redundant column 512 is used to repair a
column with more than three defective cells in it,
according to Must preprocessing.

FIG. 5B also shows two clusters 514 and 516. Cluster
514 has a value of (R,é*). Cluster 516 has a value of
{R,C). Thus, at step 324, it is determined that cluster
514 is eligible for repair. The C* value indicates that a
row must be allocated for repair. Thus, step 330
constrains the choice of repairs to a row in cluster 514.

Since there is only one cluster identified, step 334
does not further narrow the choices.

The faulty cells in cluster 514 have ranks, in left to
right, top to bottom order, of (2,3), (2,1), (2,3), (2,1)
and (1,3). Of these, the minimum column argument is 1.

The maximum coargument is 2. Two of the cells share the
rank of (2,1). Thus, at step 335, rows 518A and 518BB are
each identified as a possible row for replacement.

The uncrossed criterion at step 336 does not narrow
the choice, since there is no column choice and neither row
crosses a column choice. Therefore, one of the rows is
selected randomly. Row 518 is allocated.

FIG. 5C that after this repair, three faulty cells are
in column 520. As there are only then two remaining
redundant rows, these three faulty cells must be repaired
with a column. Thus, in the next pass, execution passes
through step 318 to step 328, where column 520 is applied.

In the next pass, as shown in FIG. 5D, there is ocne
remaining redundant column and two remaining redundant
fows. Row 524 contains two faulty cells. It therefore
must be repaired by a row. Again, execution passes through
step 318 to step 338 where a redundant row 524 is applied.

FIG. S5E shows that the remaining single faulty cell
which is not part of a cluster is repaired using a
redundant column. As in the example of FIG. 4, either a
redundant row or column could be used for the repair, but
the example shows a preference for a column replacement.
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According to the process of the invention, redundant
elements are quickly allocated for use in repairing
defective memory cells. The allocation is also efficient.
In this way, the manufacturing time for memories is
significantly reduced.'

It is believed that the process of the invention works
well because it quickly identifies those cells which will
eventually require a redundant row or a column to repair
and then allocates that redundant element for the repair.
If it is possible to repair the memory with the limited
number of redundant elements, processing the faulty cells
in this order will result in that repair being made. .

On the other hand, if there are more defective cells
which will eventually require a redundant row than there
are redundant rows, the method of the invention will
quickly .yield this result. The same is true if there arxe
more cells that will eventually regquire a redundant row
than there are redundant rows. Thus, the invention also
reduces processing time attempting to repair a memory which
can not be repaired.

These advantages are obtained

Having described one embodiment, numerous alternative
embodiments or variations might be made. For example, step
318 might be omitted.

Also, it is possible that the order of various
processing steps might be reversed. For example steps 320,
322 and 324 dealing with cluster processing might be
performed after steps 326 and 328 dealing with segments.

Also, the processing might be embellished with steps
to identify when a solution will not be reached. For
example, if there are more clusters than there are
redundant elements, no repair is possible. Alternatively,
if there are more C* clusters than there are redundant
rows, no repair will be found. If there are more R*
clusters than there are redundant columns, no repair will
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be found either. These conditions might be checked to
reduce processing time.

Another embellishment might be to modify step 312 in
FIG. 3 to detect when the entire process need not be
repeated. Even though there are redundant memory
structures remaining, if there are only one type, it might
not be necessary to repeat the entire process. There is in
that case no need to check whether a row or column should
be used to make repair as there is one type to choose from.

Also, it should be noted that the memory test system
pictured in FIG. 1 is illustrative of commercially
available memory manufacturing equipment. Variations are.
possible. For example, the processing described in
conjunction with FIG. 3 could be performed in laser repair
station 116 instead of in test system controller 114. 1In
such an embodiment, test system controller 114 would pass
data depicting failure locations to laser repair station
116 rather than a data file instructing laser repair
station 116 to make the required substitutions of redundant
rows and columns. In this embodiment, the repairs could be
made as the redundant rows and columns were allocated
rather than all being made at the end of the processing.

In another arrangement, the process of FIG. 3 could be
performed in a separate computer. Such an embodiment might
be preferred if the test system controller 114 and the
laser repair station 116 do not have adeguate memory or
processing ability to perform the required steps of the
method.

Also, it should be appreciated that the specific data
structures mer.tioned for procegsing according to the
invention are illustrative. Many data structures are
possible for implementing the invention.

Further, the disclosed embodiment of the invention
employs two processes which might be used separately. 1In
one process, rows and columns are selected for replacement
by identifying rows or columns (which might generally be
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referred to as "memory structures") of minimum width and
maximum length (i.e. with the minimum argument and maximum
cocargument). This process is called a ‘maximin process."

A second part of the process is the use of (r,c)
values for clusters and segments. These values modify the
selection of which segment or cluster should be processed
first. The (r,c) logic could be used with other
conventional memory repair processes. Alternatively, the
minimal process could be used without (r,c) logic. .

Therefore, the invention should be limited only by the
spirit and scope of the appended claims.

THIS SHEET HAS BEEN
REPLACED

This Sheet Has Been Repl

T
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What is claimed is
1 1. A method of repairing a semiconductor memory having a
2 plurality of memory structures including rows and
3 columns of memory cells and redundant rows and
4 columns, the method comprising:
5 a) testing the memory to identify faulty cells and
6 creating in a computer a representation of the
7 faulty cells;
8 b) assigning to selected ones of the faulty cells
9 in the representation a first argument
10 representing the number of faulty cells in the
11 same row and a second argument representing the
12 number of faulty cells in the same column as
13 that cell;
14 c) prioritizing faulty cells in the representation
15 based
16 i) primarily on one of either the first or
17 second arguments, with lower arguments
18 receiving a higher priority; and
19 ii) secondarily on the other of the first or
20 second arguments, with larger arguments
21 receiving a higher priority;
22 d) selecting, based at least in part on the
23 assigned priority, a faulty cell;
24 e) allocating a redundant memory structure to
25 repair the selected faulty cell, the redundant
26 structure being a row when the argument used in
27 the step of primarily prioritizing represents
28 the number of faulty cells in the same column as
29 the selected faulty cell and the redundant
30 structure being a column when the argument used
31 in the step of primarily prioritizing represents
32 the number of faulty cells in the same row as
33 the selected faulty cell.

This Sheet Has Been Replaced
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2. The method of claim 1 additionally comprising the
steps of
a) altering the representation of the faulty cells
to remove faulty cells replaced by the allocated
memory structure;

U W N

b) repeating steps b) through e) of claim 1.

3. The method of claim 2 wherein steps a) and b) of claim
2 are repeated until no faulty cells remain in the
representation or all redundant rows and columns are

- W N

allocated.

4. The method of claim 2 wherein the step of allocating
comprises constructing in a computer memory a data
structure indicating which memory structure of the
semiconductor memory being repaired are to be replaced

Ul e W N e

by redundant memory structures.

5. The method of making a semiconductor memory using the
method of claim 4, and additionally comprising the
steps of:

a) providing the data structure to a repair
station; and

b) physically altering the semiconductor memory in
accordance with the replacement information in

W 3 < U s W NP

the data structure.

6. The method of claim 1 wherein the steps of claim 1 are
repeated for each region of the semiconductor memory.

7. The method of claim 1 wherein the step of assigning
arguments to selected faulty cells comprises:
a) identifying clusters of mutually, exclusively

s W N

collinear faulty cells; and

This Sheet Has Been R

Ry T
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b) selecting at least one cluster and assigning

6 values to faulty cells within the selected

7 cluster.

| | THIS SHEET HAS BEEN

1 8. The method of claim 7: REPLACED

2 a) additionally comprising the step of assigning to

3 each cluster logic values indicating whether the

4 cluster can be repaired using only unallocated

5 redundant rows or repaired using only

6 unallocated redundant columns; and

7 b) wherein the step of selecting a cluster _

8 conmpr .ses, when any of the clusters has a logic

9 value indicating it can not be repaired with
10 either only unallocated redundant rows or only
11 unallocated redundant columns, selecting at
12 least one such cluster.

1 9. The method of claim 1 wherein the semiconductor memory

2 is organized into at least one region with each region

3’ having a plurality of segments, each segment

4 containing memory structures, and each segment having

5 associated with it redundant memory structures, with

6 the redundant memory structures associated with each

7 segment being associated with at least one other

8 segment in the region:

] a) additionally comprising the step of assigning to
10 each segment logic values indicating whether the
11 segment can be repaired using only unallocated
12 redundant rows or repaired using only
13 uﬁallocated redundant columns;

14 b) wherein the step of selecting a faulty cell

15 comprises the step of, when at least one of the
16 segments has a logic value indicating it can not
17 be repaired with either only unallocated

i8 redundant rows or only unallocated redundant

his Sheet Has Been Replaced
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13 columns, selecting a faulty cell in one of such
20 , segments.

21

1 10. 1In a process for manufacturing a semiconductor memory
2 organized into rows and columns of memory cells, a

3 method of replacing faulty memory cells with redundant
4 rows and columns, the method comprising the steps of:

5 a) selecting a row or column to replace with a

6 redundant element according to the steps of:

7 I) identifying clusters of faulty segments,

8 each cluster containing mutually,

9 exclusively co-linear cells,

10 ii} selecting as candidates for a column

11 replacement those clusters which can not be
12 repaired using only unallocated redundant
13 YOWS;

14 iii) selecting as candidates for a row

15 replacement those clusters which can not be
16 repaired using only unallocated redundant
17 columns;

18 iv) prioritizing the rows in each cluster

1% selected as a candidate for row replacement
20 and prioritizing the columns in each

21 cluster selected as a candidate for column
22 replacement; and

23 v) selecting a row or column with the highest
24 priority;

25 b) allocating a redundant row or column to replace
26 the selected row or column and repeating steps
27 a) and b) until all rows and columns containing
28 faulty cells have been selected for replacement
29 at step a).

1 1l1. The method of manufacturing a semiconductor memory of

2 claim 10 wherein
Sheet Has Been Replaced
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3 a) the memory 1s organized into segments, each

4 segment having a unique combination of redundant
5 rows and redundant columns which can be used to
6 replace rows and columns in that segment; and

7 b) the step of selecting a redundant row or column
B additionally comprises, when there are no

9 clusters selected as candidates for row

10 replacement or candidates for column

11 replacement,

12 I) selecting as candidates for row replacement
13 those segments having faulty cells which
14 can not be repaired with only unallocated
15 redundant columns;

ié ii) selecting as candidates for column

17 replacement those segments having faulty
18 cells which can not be repaired using

19 unallocated redundant rows:
20 iii) prioritizing the rows in each segment
21 selected as a candidate for row replacement
22 and prioritizing the columns in each

23 segment selected as a candidate for column
24 replacement; and

25 iv} selecting a row or column with the highest
26 priority.

1l 12. The method of manufacturing a semiconductor memory of
2 claim 10 wherein the step of prioritizing rows and

3 columns comprises:

4 a) assigning a first value and a second value to

5 each faulty cell within the row or column,

6 which are

7 i) in the case of a row, the first being the

8 number of faulty cells in the same column

9 as the faulty cell and the second being the
10 number of faulty cells in the same row as
11 the faulty cell; and
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13.

14.

ii) 1in the case of a column, the first being
the number of faulty cells in the same row
as the faulty cell and the second being the
number of faulty cells in the same column
as the'faulty cell;

b) assigning a priority to the cells in each row
and column, with the highest priority going to
the cells with the lowest first value, and, when
multiple cells have the same first value, the
highest priority going to those with the highest
second wvalue,

c) using the priority of the highest priority cell
in each row as the priority of that row and the
highest priority cell in each column as the
priority of that column.

The method of manufacturing a semiconductor memory of
claim 12 wherein the step of selecting a row or column
for replacement comprises separately selecting the
highest priority row and the highest priority column
and then selecting the row or column with the higher
priority. '

The method of manufacturing a semiconductor memory of
claim 13 wherein the step of selecting the row or
column with the higher priority comprises:

a) comparing the first value of the highest
priority faulty cell in each row and column to
select the row or column containing a cell with
the lowest first value; and

b} when multiple rows or columns have highest
priority cells having the same first wvalue,
selecting the row or column with the highest
priority faulty cell having the highest second
value.

LR
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1 15. The method of claim 14 wherein thé step of selecting
2 the row or column with the higher priority

> additionally comprises:

4 a) when multiple rows or columns have highest

5 priority faulty cells having the same lowest

6 first value and highst second value; selecting

7 the row or column which shares the fewest faulty
8 cells with other rows or columns having highest
9 priority faulty cells with the lowest first
10 value and highest second value.

1 16. The method of claim 10 additionally comprising the

2 steps, prior to the step of selecting a row or column
3 to replace, of

4 a) determining which rows must be replaced because
5 they contain more faulty cells than there are

6 unallocated redundant columns and allocating a

7 redundant row to those rows; and

8 b) determining which columns must be replaced

9 because they contain more faulty cells than

10 there are unallocated redundant rows and

11 allocating a redundant column to those columns.
1 17. A method of repairing a semiconductor memory having a
2 plurality of rows and columns of cells, organized into
3 segments, each segment having a unique combination of
4 redundant rows and redundant columns, with certain of
5 the cells in the memory being faulty, the method

6 comprising the steps of:

7 a) sele~ting a row by:

8 i) . for a first selected group of faulty cells,
) assigning a first value to each faulty cell
10 representing the number of faulty cells in
11 the same column and co-linear with the

12 faulty cell and a second value representing

U WL -
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iii)

iv)
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the number of faulty cells in the same row
and co-linear with the faulty cell;
selecting the faulty cel. with the lowest
first value,

when multiple faulty cells have the same
first value, selecting the faulty cell that
also has the highest second value;
selecting the row containing the selected
faulty cell

selecting a column by:

i}

ii)

iii)

iv}

for a second selected group of faulty
rells, assigning a first value to each
faulty cell representing the number of
faulty cells in the same row and co-linear
with the faulty cell and a second value
representing the number of faulty cells in
the same column and co-linear with the
faulty cell;

selecting the faulty cell with the lowest
first value,

when multiple faulty cells have the same
first value, selecting the faulty cell that
also has the highest second value;
selecting the column containing the
selected faulty cell;

selecting from the selected row and the selected

column the element having a faulty cell with the

lowest first value and, when multiple elements

contains faulty cell with the lowest first

value, the highest second value.

The method of claim 17 wherein the first selected
group of faulty cells and the second selected group of

faulty cells are not identical.

O
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19.

20.

21.

22.

The method of claim 18 wherein the first selected
group of faulty cells comprises those faulty cells in

In a process of manufacturing a semiconductor memory
having numerous cells organized into rows and columns
with redundant elements organized as rows and columns,
in which the redundant rows and columns are used to
replace faulty cells within the memory, the method
comprising the steps of:

a) segmenting at least a portion of the faulty
cells into groups;

b) selecting as row groups those which contain more
faulty cells in a row than there are unassigned
redundant columns and selecting as column groups
those which contain more faulty cells in a

_ column than there are redundant row;

c) prioritizing the rows of faulty cells within the
row groups and prioritizing the columns of
faulty cells within the column groups to select
the row or ceclumn with the highest priority; and

a) assigning a redundant element to the highest
priority row or column; and

e) repeating steps a) through e) to assign another
redundant element to faulty cells which are not
included in a row a column to which a redundant
element has been assigned.

The method of claim 20 wherein the groups of cells
comprise clusters of faulty cells which are mutually

and exclusinvely co-linear.

The method of claim 20 wherein the groups of cells
comprise cells within a segment of the memory.
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23.

24.

The method of claim 20 wherein the groups of cells
comprise cells in clusters of faulty cells which are
mutually and exclusively co-linear.

The method of claim 23 wherein the groups of cells are

constrained to those cells in clusters which

a) have more faulty cells in a row then there are
unassigned redundant columns or more faulty
cells in a column than there are unassigned
redundant rows, when there is at least one such
cluster;

b) are in segments which have more faulty cells in
a row then there are unassigned redundant
columns or more faulty cells in a column than
there are unassigned redundant rows, when there
is at least one such segment.
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