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DETERMINATION AND DISPLAY OF THE PHYSICAL LOCATION OF A FAILED CELL IN AN
ARRAY OF MEMORY CELLS  5 TECHNICAL FIELD The present invention relates
generally to testing of IC (integrated circuit) dies during manufacture of
. IC (integrated circuit) packages, and more particularly, to a method and
system for automatically determining and displaying the physical location
of a failed cell of an array of memory cells on magnified images of a
memory IC (integrated circuit) die having the azray of memory cells. 10
BACKGROUND ART Referring to Fig. 1, a memory IC (integrated circuit) die
has a memory device fabricated therein such as a non-volatile flash memory
device comprised of an array of flash memory cells 20, as known to one of
ordinary skill in the art of electronics. In Fig. 1, a first flash memory
cell 22 and a second flash memory cell 24 form a first row of flash memory
cells, and a third flash memory cell 26 and a fourth flash memory cell 28
I5 form a second row of flash memory cells. The first flash memory cell 22
and the third flash memory cell 26 form a first column of flash memory
cells, and the second flash memory cell 24 and the fourth flash memory cell
28 form a second column of flash memory cells An array of memory cells for
a typical non-volatile memory device has more numerous flash memory cells
(such as millions of flash memory cells) with more numerous rows and
columns of flash memory cells. 20 However, four memory cells 22, 24, 26,
and 28 in an array of two rows by two columns are illustrated in Fig. 1 for
clarity of illustration. Referring to Fig. 2, a cross sectional view 100 is
shown of one of the flash memory cells 22, 24, 26, and 28. A flash memory
cell is a floating gate MOS (metal oxide semiconductor) type of device for
a non volatile flash memory device, as known to one of ordinary skill in
the art of electronics. The cross section 100 25 of a flash memory cell
includes a control gate 102 which typically is comprised of polysilicon. A
drain junction 104 that is doped with a junction dopant, such as arsenic
(As) or phosphorous (P) for example, is formed within a semiconductor
substrate 106. A source junction 108 that is doped with the junction dopant
is v formed within the semiconductor substrate 106. A control dielectric
structure is formed over a control gate area 110 within the semiconductor
30 substrate 106 that is disposed between the drain junction 104 and the
source junction 108. The control dielectric structure is comprised of a
stack of a first dielectric layer 112 disposed on the semiconductor
substrate I06, a second dielectric layer 114 disposed on the first
dielectric layer I 12, and a third dielectric 



0 1 O~C ZOO~a WO 02/03450 PCT/ITSOl/18729 layer 1 I6 disposed on the second
dielectric layer 114. In one example of the control dielectric structure,
the first dielectric layer 112 is comprised of silicon dioxide (Si02), the
second dielectric layer l I4 is comprised of silicon nitride (SiI~, and the
third dielectric layer 116 is comprised of silicon dioxide (Si02). A first
field oxide 118 is formed within the drain junction 104, and a second field
oxide 120 is formed within the source 5 junction l08 for electrically
isolating the gate dielectric structure comprised of the first, second, and
third . dielectric layers 112, 114, and 116 and the control gate 102.
Referring to Figs. 1 and 2, the drain junction of each of the memory cells
in a column are coupled together to form a bit-line , as known to one of
ordinary skill in the art of electronics. In Fig, l, the first column of
memory cells 22 and 26 are coupled to a first bit-line 32, and the second
column of memory cells 10 24 and 28 are coupled to a second bit-line 34,
for example. The control gate of each of the memory cells in a row are
coupled together to form a word-line , as known to one of ordinary skill in
the art of electronics. In Fig. 1, the first row of memory cells 22 and 24
are coupled to a first word-line 42, and the second row of memory cells 26
and 28 are coupled to a second word-line 44, for example. Referring to Fig.
2, during a program operation or an erase operation of a cell of a flash
memory 15 device, charge carriers are injected into or injected out of the
second dielectric layer 114. Such variation of the amount of charge
carriers within the second dielectric layer 114 alters the threshold
voltage of the control gate 102, as known to one of ordinary skill in the
art of electronics. For example, when electrons are the charge carriers
that are injected into the second dielectric layer 114, the threshold
voltage increases. Alternatively, when electrons are the charge carriers
that are injected out of the second dielectric layer I14, the threshold 20
voltage decreases. The charge carriers are injected into or injected out of
the second dielectric layer 114 from the drain junction 104 to the control
dielectric structure when bias voltages are applied on the control gate 102
via a control gate terminal 122 (i.e., the word-line coupled to the control
gate 102), as known to one of ordinary skill in the art of electronics. For
example, when a bias voltage of approximately +12V is applied on the 25
control gate terminal 122 for programming the memory cell, electrons are
injected into the second dielectric r layer 114 from the drain junction 104
by hot carrier injection effect, as known to one of ordinary skill in the
art of electronics. Alternatively, when a bias voltage of approximately
-12V is applied on the control gate terminal 122 for erasing the memory
cell, electrons ate injected out of the second dielectric layer 114 and to
the drain junction 104 by hot Garner injection effect, as known to one of
ordinary skill in the art of electronics. 2   01 DEC 200 WO 02/03450
PCT/US01/18729 For reading digital bit information from a memory cell, a
gate-to-source voltage of approximately 5.0V and a drain-to-source voltage
of approximately 1.5V are applied to the memory cell. With such bias) the
memory cell conducts current or does not conduct current depending on
whether the memory cell has been programmed or erased. These two conditions
are used as the two states for storing digital bit information 5 within the
flash memory cell 100, as known to one of ordinary skill in the art of
electronics. During manufacture of a non-volatile flash memory device, the
memory IC die for the non-vblatile flash memory device is tested for proper
functionality. Systems for testing the functionality of the memory IC dies
are known to one of ordinary skill in the art of IC package manufacture.
Such a testing system outputs label information of a failed memory cell
that does not function properly during such testing for indicating the 10
physical location of such a failed memory cell on the memory IC die. Label
information for a memory IC die is devised during layout of the integrated
circuit of the memory IC die, and such label information is recorded in a
design book) as known to one of ordinary skill in the art of integrated
circuit design. For example, referring to Fig. 3, an array of memory cells
are fabricated in 



a memory IC die 202. The memory IC die 202 of Fig. 3 includes a plurality
of contact pads 204, 206, 208, 15 210, 212, 214, 2l6, 218, 220, and 222 fox
providing connection to nodes of the flash memory integrated circuit -
fabricated on the IC die 202. A typical memory IC die includes more
numerous contact pads, but ten contact - pads 204, 2p6, 208, 210, 212, 214,
216, 2l8, 220, and 222 are illustrated in Fig. 3 for clarity of
illustration. Further referring to Fig. 3, the array of memory cells are
divided into a plurality of sectors, including a first sector 232, a second
sector 234, a third sector 236, and a fourth sector 238, on the memory IC
die 202. 20 A typical memory IC die includes more numerous sectors, but
four sectors 232, 234, 236, and 238 are illustrated in Fig. 3 for clarity
of illustration. The reason for designing the memory IC die 202 with a
plurality of sectors is that during layout of the memory IC die 202, the
layout for each sector may be stamped for easier layout of the memory IC
die 202, as known to one of ordinary skill in the art of integrated circuit
design. Thus, each of the sectors 232, 234, 236, and 238 on the memory IC
die 202 have substantially identical layout. 25 Referring to Figs. 3 and 4,
each sector has a respective array of memory cells fabricated therein.
Referring to Fig. 4, the first sector 232 for example includes a plurality
of rows and a plurality of columns of memory cells. Referring to Fig. 1)
the control gate of each memory cell in a row of memory cells is coupled to
a word-line for that row. Referring to Fig. 4, a word-Line for a row of
memory cells is formed by a horizontal conductive structure including a
first horizontal conductive structure 242, a second horizontal conductive
30 structure 244, a third horizontal conductive structure 246, and a fourth
horizontal conductive structure 248.   0 1 O~C 2~~ WO 02/03450
PCT/US01/18729 A horizontal conductive structure may be comprised of
polysilicon for example when the horizontal conductive structure forms a
word-line coupled to the control gate of each memory cell in a row of
memory cells. A sector typically has more numerous horizontal conductive
structures such as thousands of horizontal conductive structures for a
higher number of rows of memory cells. However, four horizontal conductive
structures 242, 244, 246, and 248 are shown in Fig. 4 for clarity of
illustration. Similarly, referring to Fig. 1, the drain of each memory cell
in a column of memory cells is coupled to a bit-Line for that column. An
example vertical conductive structure 250 is referred to in Fig. 4 (but the
other vertical conductive structures in Fig. 4 are not labeled with a
number label for clarity of illustration). A vertical conductive structure
typically is a metal line, as known to one of ordinary skill in the art of
integrated 10 circuit design. A sector is typically comprised of a higher
number of vertical conductive structures than illustrated in Fig. 4 (such
as thousands of vertical conductive structures), but fewer vertical
conductive structures are illustrated in Fig. 4 for clarity of
illustration. The sector 232 is typically divided into a plurality of I/O
regions including a first I/O region 262, a second 1/O region 264, a third
1l0 region 266) and a fourth I/O region 268 15 (shown within dashed lines
in Fig. 4). Each I/O region has a set pattern of vertical conductive
structures therein. A typical sector 232 has more numerous I/O regions for
more numerous vertical conductive structures in a sector, but four 1l0
regions 262, 264, 266, and 268 are illustrated in Fig. 4 for clarity of
illustration. In addition, a typical I/O region has more numerous vertical
conductive structures than illustrated in Fig. 4, but six vertical
conductive structures are illustrated within each I/O region in Fig. 4 for
clarity of illustration. 20 The reason for designing the sector 232 with a
plurality of 1/O regions is that during layout of the memory IC die 202,
the layout for each I/O region may be stamped for easier layout of the
memory IC die 202, as known to one of ordinary skill in the art of
integrated circuit design. Thus, each of the 1l0 regions 262) 264, 266, and
268 have substantially identical layout. In addition, at least one vertical
conductive structure is fabricated as a redundancy region between two
adjacent Il0 regions such that the adjacent 1/O 25 regions are visually
distinct from each other. Por example, in Fig. 4, a first vertical
conductive structure 272 forms a first redundancy region disposed between
the first I/O region 262 and the second I/O region 264, a second vertical
conductive structure 274 forms a second redundancy region disposed between
the second IIO region 264 and the third 1/O region 266, and a third
vertical conductive structure 276 forms a third redundancy region disposed
between the third I/O region 266 and the fourth 1l0 region 268. 4  



01 O~C 200 wo 02~o3~so PCT/USOl/18729 During testing of a memory IC die
having an array of memory cells, a test station indicates the physical
location of a failed memory cell by outputting a sector label, an UO label)
a row label, and a column label of the failed memory cell. Referring to
Fig. 3, the sector label refers to one of the sectors 232, 234, 236, and
238 having the failed memory cell located therein. Referring to Fig. 4, the
UO label refers to one of the 5 UO regions 262, 264, 266 and 268 having the
failed memory cell located therein within the sector corresponding to the
sector label. The column label refers to one of the vertical conductive
structures coupled to the drain of the failed memory cell within the UO
region corresponding to the UO label. The row label indicates one of the
horizontal conductive structures 242, 244, 246, and 248 coupled to the
control gate of the failed memory cell. 10 When the test station determines
the label information, including the sector label, the UO label, the row
label, and the column label of a failed memory cell, an operator locates
the horizontal conductive structure and the vertical conductive structure
coupled to such a failed memory cell to determine the physical location of
the failed memory cell on the memory IC die. Further testing may be
performed on the failed memory cell with determination of the location of
the horizontal conductive structure and of the vertical conductive 15
structure corresponding to the failed memory cell and of the physical
location of the failed memory cell on the (:..memory IC die to further
determine the cause of failure of the memory cell. With determination of
the cause ...~ of failure of the memory cell, corrective action may be
undertaken to prevent the occurrence of failed memory cells during
manufacture of memory IC dies. In the prior art, when a test station
outputs the label information of a sector label, an UO label, a row 20
label, and a column label of the failed memory cell, the operator studies
the design book of how the memory IC die has been laid out to translate the
label information to the physical location of the failed memory cell on the
memory IC die. The operator views a magnified image of the memory IC die
and counts the horizontal conductive structures and the vertical conductive
structures to manually translate the label information of a sector label,
an UO label, a row label, and a column label of the failed memory cell to
the physical location of 25 the failed memory cell on the memory IC die.
Such a manual determination of the physical location of the failed memory
cell requires the operator to count thousands of horizontal conductive
structures and vertical conductive structures. As a result, manual
determination of the physical location of the failed memory cell in the
prior art is time consuming and is prone to human error. 5   01 DEC 2~D0~
, , Thus, a mechanism is desired for automatically determining and
displaying ~ the p hysical location of a failed memory cell of an array of
memory cells on magnified images of a memory IC (integrated circuit) die.
US-A-5,720g31 discloses a method for testing a semiconductor device in 5
v~rhich error data is displayed in real time based on the physical
locations of the errors o n the semiconductor device. A. router circuit
converts logical addresses employed by the semiconductor device to physical
addresses employed by an error catch memory sa that error data is routed
fiom locations in the semiconductor device to corresponding locations in
the error catch memory. A topological circuit then 10 converts .the
physical addresses of the error data in the error catch memory to spatial
address so that a host computer is able to display such errors as a hit map
display on a visual display device. In a general aspect of the present
invention, a software application is used with a computer system for
automatically determining and displaying the physical location 15 of a
failed , memory cell of as array of memory cells on magnified images of a
memory IC (integrated. circuit) die from label information of the failed
memory cell generated by a test station. According to the present invention
there is provided a method for automatically determining and displaying a
physical location of a failed ~cell~ of as w ~ ~  20 array of memory cells
on a ~ memory IC (integrated circuit) die, the method including ih a steps
o~ accepting, by a data processor, a memory IC (integrated circuit) die
name corresponding to said memory IC die; accepting, by said data
processor, a sector la bel, wherein said memory IC die is comprised of a
plurality of sectors, and wherein 



said failed cell is o fed within a sector corresponding to said sector
Iabel. retrieving -25 b; % said data processor, a first magnified image of
said memory IC die corresponding to said memory IC die name from a data
storage unit; and mapping, by said data processor, said sector label to a
sector corresponding to said sector label on said first magnified image of
said memory IC die; displaying, by said data processor, said first
magnified image of said memory IC die with said sector corresponding to
said sector 30 label highlighted, on a GUI {graphical user interface);
accepting, by said data processor, an I/O (input/output) label, wherein
said sector corresponding to said sector    01 SEC 200 .` l abet is
comprised of a plurality of I/O (input/output) regions, and wherein said
failed c:eil is located within an I!O region corresponding to said 1/O
label; retrieving, by said clata processor, a second magnified image of
said sector corresponding to said sector l abet fi~om said data storage
unit; mapping, by said data processor, said UO label to as 5 1!O region
.corresponding to said I!O label on said second magnified image of said
:sector corresponding to said sector label; displaying, by said data
processor, said :second magnified image of said sector corresponding to
said sector Label with said UO region corresponding to said 1/O label
highlighted, on said GUI (graphical user interface); accepting, by said
data processor, a column label, wherein said 1l0 .region I0 corresponding
to said,1/O label is comprised of a plurality of columns. of memory cells,
and wherein each column of memory cells has a vertical conductive structure
coupled to ~ a node of each. of said plurality of memory cells in said
column, and wherein said failed. cell is located within. a column of memory
cells corresponding to said column label; retrieving, by said data
processor, a third magnified image of said I'S Il0 region corresponding to
said I/O label from said data storage unit; mapping, by said data
processor, said column label to a vertical conductive structure
corresponding i~ said column label on said third .magnified image of said
Il0 region corresponding to said I/O label; displaying, by said data
processor, said third magnified image of said v0~ region corresponding to
said T/O label with said vertical 'conductive structure 20 corresponding to
said column label highlighted, on said GUI (graphical user i nterface);
accepting, by said data processor, a row label, wherein said UO . region
corresponding to said 1I0 label is comprised of a plurality of rows of
memory cells, and wherein each raw of memory cells has a horizontal
conductive structure coupled t~~ a node of each of said plurality o memory
cells in said-row, and wherein said 25 . failed cell is Located within a
row of memory cells corresponding to said row label; mapping, by said data
processor, said row Label to a horizontal conductive structure
corresponding to said row Label on said third magnified image of said UO
region corresponding to said T/O label; and displaying, by said data
processor, said third magnified image of said I/O region corresponding to
said I/O label with said 30 horizontal conductive structure corresponding
to said row label highlighted, on said C iUl (graphical user interface);
the second magnified image of the sector being at a r nf~cND`D SH`
~mGfG~oJ~em io.ur;~. .~~   Q 1 DEC 2004 lugher magnification than the first
magnified image of the memory IC die, and the t bird magnified image of the
I/O region being at a higher magnification than the second magnif ed image
of the sector. The present invention may be used to particular advantage
when the memory 5 1 C die is a non-volatile flash memory device comprised
of an array of floating gate IvIOS (metal oxide semiconductor) memory
cells. In that case, the :horizontal conductive structure may be a
polysilicon line that is coupled to a control gate of each t~f a row of
floating gate. MOS memory cells, and the vertical conductive structure may
be a metal line that is coupled to a drain of each of a column of floating
gate 10 PvlOS memory cells. In this manner, the physical location of the
horizontal conductive structure and ~~f the vertical conductive structure
and of the failed memory cell on magnified i wages of the memory IC die is
automatically determined and displayed. on the GLTI graphical user
interface) from the label information of the failed memory cell within 15
:~ relatively short period of time (such as a fraction of a minute, for
example). Thus,..an operator is saved from the time-consuming, labor of
counting thousands of conductive :..fractures of the prior art -manual
determination process. In addition, the presentinvention avoids the human
error of the prior art manual determination process. These and other
features and advantages of the present invention will be better ZO t
understood by considering the following detailed description of one example
of the invention with reference to the attached drawings wherein: Fig. 1
shows an array of memory cells of an example non-volatile memory device;
Fig. 2 shows a cross-sectional view o 0 0 the memory cells of dig; -1
------- - 25 fabricated within a semiconductor substrate; Fig. 3 shows an
example layout of a memory IC (integrated circuit) die having 



a. plurality of sectors; a, !`itt~=~D~~ jH==T ~IIIGI8f1$~crm m.vm m   01
DEC 200# WO 02/03450 PCT/USOl/18729 Fig. 4 shows an example sector of Fig.
3 having a plurality of I/O regions, with each UO region having a plurality
of horizontal conductive structures and a plurality of vertical conductive
structures; Fig. 5 shows components of a computer system for executing the
sequences of the software application for automatically determining and
displaying the physical location of a failed memory cell of an array of
memory cells on magnified images of a memory IC (integrated circuit) die
from label information generated by a test station, according to an
embodiment of the present invention; Fig. 6 shows a flowchart for
illustrating the steps of operation of the software application for
automatically determining and displaying tire physical Location of a failed
memory cell of an array of memory cells on magnified images of a memory IC
(integrated circuit) die from label information generated by a test 10
station, according to one embodiment of the present invention; Fig. 7
illustrates the use of a pull-down menu for inputting by the operator the
memory IC die name on a GUI {graphical user interface), according to one
embodiment of the present invention; Fig. 8 illustrates the inputting by
the operator of the label information including the sector label, the I/O
label, the row label, and the column label of the failed memory cell on the
GUI (graphical user interface), 15 according to one embodiment of the
present invention; Fig. 9 illustrates the display of the magnified image of
the memory IC die with .the sector corresponding to the sector label
highlighted on the GUI (graphical user interface), according to one
embodiment of the present invention; Fig. IO illustrates the display of the
magnified image of the sector corresponding to the sector label 20 with the
I/O region corresponding to the 1l0 label highlighted on the GUI (graphical
user interface), according to an embodiment of the present invention; and
Fig. 11 illustrates the display of the magnified image of the I/O region
corresponding to the I/O label with the horizontal conductive structure
corresponding to the raw label highlighted and with the vertical conductive
structure corresponding to the column label highlighted on the GUI
(graphical user interface), 25 according to an embodiment of the present
invention. The figures referred to herein are drawn for clarity of
illustration and are not necessarily drawn to scale. Elements having the
same reference number in Figs. 1, 2, 3, 4, 5, 6, 7, 8, 9,10, and I 1 refer
to elements 



having similar structure and function. MODE FOR CARRYING OUT THE INVENTION
01 DEC 200a WO 02/03450 PCT/USOl/18729 Referring to Fig. 5, a block diagram
of an example computer system 300 includes a data processor 302 and a data
storage unit 304. The data storage unit 304 may include a static storage
device of the computer system 200 such a ROM (Read Only Memory) device, a
main memory of the computer system 300 such as a RAM (Random Access Memory)
device, and/or any other type of data storage device such as a floppy disk
or 5 a compact disc, as known to one of ordinary skill in the art of
electronics. The data storage unit 304 stores data and instructions to be
executed by the data, processor 302, and may also store temporary variables
during execution of instructions by the data processor 302, as known to one
of ordinary skill in the art of electronics. The computer system 300 also
includes external data input devices such as a keyboard 306 and a mouse 308
which are known to one of ordinary skill in the art of electronics. In
addition, the computer system 10 300 also includes a display 3I0 such as a
GUI (graphical user interface) screen as known to one of ordinary skill in
the art of electronics. In a general aspect of the present invention, the
computer system 300 is used for automatically determining and displaying
the physical location of a failed memory cell of an array of memory cells
on magnified images of a memory IC (integrated circuit) die from label
information of the failed memory cell 15 generated by a test station. The
data processor 302 of the computer system 300 executes sequences of
instructions contained in the data storage unit 304. Such instructions may
be programmed into the main memory of the computer system 300 or may be
written into the main memory of the computer system 300 from another
computer-readable medium such as a floppy disk or a compact disc. Execution
of such sequences of instructions causes the data processor 302 to perform
the steps of an embodiment of the present 20 invention as described herein.
Fig. 6 shows a flowchart including the general steps of an embodiment of
the present invention for automatically determining and displaying the
physical location of a failed memory cell of an array of memory cells on
magnified images of a memory IC (integrated circuit) die from label
information of the failed memory cell generated by a test station. 25 Many
types of memory IC dies are manufactured for providing a variety of memory
capacity. The various types of memory IC dies have different layouts. For
example, a non-volatile memory IC die that provides for higher memory
capacity would have a larger die size with a higher number of sectors with
each sector being larger. Referring to Figs. 5 and 6) the operation of an
embodiment of the present invention includes a step of accepting by the
data processor 302 a memory IC die name of the memory IC die having the 30
failed memory cell to be located (step 402 in Fig. 6). 9   0 1 DEC 2004 



WO 02/03450 PCT/USOl/18729 Referring to Fig. 7, the data processor 302 may
provide a pull-down menu 312 on the GUI (graphical user interface) screen
310 with display of the possible memory IC die names. An operator, using
the keyboard 306 or the mouse 308, selects a memory IC die name from the
pull-down menu 312. For the example of the pull-down menu 312 of Fig. 7,
the possible memory IC die names are ACC4888", DOC9867", LS 1432",
KHJJ0011", and TFJ10000". Programming applications, such as the Authorware
Professional Macromedia Program from Macromedia, Inc. located in San
Francisco, California) for creating the pull-down menu 3I2 are known and
commercially available to one of ordinary skill in the art of software
programming. Referring to Fig. 6, the label information of the failed
memory cell is accepted by the data processor 302 (step 404 of Fig. 6). As
described herein with reference to Figs. 3 and 4, the label information may
10 include the sector label, the I/O label, the column label; and the row
label of the failed memory cell in an array of memory cells. Referring to
Fig. 8, the operator may input such label information on the GUI (graphical
user interface) screen 310 using the keyboard 306 according to one
embodiment of the present invention. In another embodiment of the present
invention, the test station that generates such label information of the
failed memory cell may send such label information to the data processor
302. 15 Referring to Fig. 6, the data processor 302 then retrieves a first
magnified image of the memory IC die corresponding to the memory IC die
name from the data storage unit 304 (step 406 of Fig. 6). Systems for
generating magnified images of a memory IC die for various magnification
factors and for various locations of the memory IC die are known to one of
ordinary skill in the art of IC package manufacture. In addition,
mechanisms for storing such magnified images of a memory IC die in the data
storage unit 304 of the 20 computer system 300 are known to one of ordinary
skill in the art of electronics. Magnified images of various memory IC dies
are generated and stored within the data storage unit 304. Referring to
Fig. 6, the data processor 302 then maps the sector Label to the sector
corresponding to the sector label on the first magnified image of the
memory IC die (step 408 of Fig. 6). Programming applications) such as the
Authorware Professional Macromedia Program from Macromedia, Inc. located in
San 25 Francisco, California, for mapping information to an area on a
graphical image are lmown and commercially available to one of ordinary
skill in the art of software programming. Such a programming application is
used to program the mapping of the sector label to the sector corresponding
to the sector label on the first magnified image of the memory IC die.
Refernng to Fig. 9, the data processor 302 displays the first magnified
image of the memory IC die 30 on the GUI (graphical user interface) screen
3i0 with the sector corresponding to the sector label highlighted 10   01
DEC 2004 WO 02/03450 PCTlUS01/I8723 (step 4I0 of Fig. 6). In Fig. 9, for
the example memory IC die 202 of Fig. 3, assume that the sector label is 3"
corresponding to the third sector 236. In that case, a magnified image of
the IC memory die 202 of Fig. 3 is displayed on the GUI (graphical user
interface) screen 310 with the third sector 236 highlighted. Referring to
Fig. 6, the data processor 302 then retrieves a second magnified image of
the sector 5 corresponding to the sector label from the data storage unit
304 (step 412 of Fig. 6). The second magnified image is a graphical image
of the sector corresponding to the sector Label with a higher magnification
factor 



than the first magnified image of the whole memory IC die. The data
processor then maps the 1/O label to an I/O region corresponding to the 1/0
label on the second magnified image of the sector corresponding to the
sector label (step 414 of Fig. 6). Programming 10 applications, such as the
Authorware Professional Macromedia Program from Macromedia, Inc. located in
San Francisco, California, for mapping information to an area on a
graphical image are known and commercially available to one of ordinary
skill in the art of software programming. Such a programming application is
used to program the mapping of the 1/O label to an 1/O region corresponding
to the 1/O label on the second magnified image of the sector corresponding
to the sector label. 15 As described herein with reference to Fig. 4, a
sector is comprised of a plurality of 1l0 regions. The I/O label
corresponds to the I/O region having the failed memory cell located
therein. Referring to Fig. 10, the data processor 302 displays the second
magnified image 350 of the sector corresponding to the sector label on the
GUI (graphical user interface) screen 310 with the I/O region corresponding
to the 1l0 label highlighted (step 4Z6 of Fig. 6). In Fig. 10, for the
example sector 232 of Fig. 4, assume that the 1/O label is 4" 20
corresponding to the fourth I/O region 268 within the sector 232. In that
case, a magnified image of the sector 232 of Fig. 4 is displayed on the GUI
(graphical user interface) screen 310 with the fourth UO region 268
highlighted. Referring to Fig. 6, the data processor 302 then retrieves a
third magnified image of the I/O region corresponding to the 1/O label from
the data storage unit 304 (step 418 of Fig. 6). The thixd magnified image
25 is a graphical image of the 1/O region corresponding to the 1l0 label
with a higher magnification factor than the second magnified image of the
sector corresponding to the sector label. The data processor 302 then maps
the column label to a vertical conductive structure corresponding to the
column label on the third magnified image of the 1/O region corresponding
to the 1/O label (step 420 of Fig. 6). Programming applications, such as
the Authorware Professional Macromedia Program from 30 Macromedia, Inc.
located in San Francisco, California, fox mapping information to an area on
a graphical 11   Q 1 DEC 2DD4 WO 02/03450 PCT/USOl/18729 image are known
and commercially available to one of ordinary skill in the art of software
programming. Such a programming application is used to program the mapping
of.the column label to a vertical conductive structure corresponding to the
column label on the third magnified image of the Jl0 region corresponding
to the UO label. 5 As described herein with reference to Fig. 4, an I/O
region is comprised of a plurality of vertical conductive structures with
each vertical conductive structure coupled to the drain of a column of MOS
(metal oxide semiconductor) type of flash memory cells. The column label
corresponds to the vertical conductive structure coupled to the column of
flash memory cells having the failed memory cell. Referring to Fig. I 1,
the data processor 302 displays the third magnified image of the 1/O region
10 corresponding to the I/O Iabel on the GUI (graphical user interface)
screen 310 with the vertical conductive structure corresponding to the
column label highlighted (step 422 of Fig. 6). In Fig. 11, for example, a
left IIO region 352 is separated from a right I/O region 354 by a
redundancy region 356 (with the regions 352, 354, and 356 being within
dashed lines in Fig. 11). The left 1l0 region 352 is the 1/O region
corresponding to the I/O label having the failed memory cell located
therein, and the third magnified image of this I/O region 352 is 15
displayed on the GUI (graphical user interface) screen 310. A redundancy
region is formed between two adjacent I/O regions such that the adjacent
I/O regions are visually distinct from each other in the magnified image of
the Il0 regions. 



Referring to Fig. 1 I, each I/O region has a group of vertical conductive
structures with further spacing between two adjacent groups of vertical
conductive structures such that the adjacent groups of vertical 20
conductive structures are visually distinct from each other in the
magnified image of the 1/O regions. In the example of Fig. 11, the UO
region 352 has a first group 362 of ten vertical conductive structures and
a second group 364 of ten vertical conductive structures (with the groups
362 and 364 of conductive structures being within dashed lines in Fig. 11).
The first group 362 and the second group 364 of vertical conductive
structures are adjacent and separated by relatively further spacing. In the
example of Fig. 11, the column label 25 is mapped to the fifth vertical
conductive structure from the left in the second group 364 of vertical
conductive structures, and this vertical conductive structure corresponding
to the column label is highlighted on the GUI (graphical user interface)
screen 310. Referring to Fig. 6, the data processor 302 also maps the row
label to a horizontal conductive structure corresponding to the row label
on the third magnified image of the I/O region corresponding to the 30 I/O
label (step 424 of Fig. 6). Programming applications, such as the
Authorware Professional Macromedia 12   01 ~~C 2~0~ WO 02/03450
PCT/USOll18729 Program from Macromedia, Inc. located in San Francisco,
California, for mapping information to an area on a graphical image are
known and commercially available to one of ordinary skill in the art of
software programming. Such a programming application is used to program the
mapping of the row label to a horizontal conductive structure corresponding
to the row label on the third magnified image of the I/O region 5
corresponding to the I/O label. .As described herein with reference to Pig.
4, an Il0 region is comprised of a plurality of horizontal conductive
structures with each horizontal conductive structure coupled to the control
gate of a row of MOS (metal oxide semiconductor) type of memory cells. The
row label corresponds to the horizontal conductive structure coupled to the
row of memory cells having the failed memory cell. 10 Referring to Fig. I1,
the data processor 302 displays the third magnifted image of the I/O region
corresponding to the I/O label on the GUI (graphical user interface) screen
310 with the horizontal conductive structure corresponding to the row label
highlighted (step 426 of Fig. 6). In Fig: 11, for example, the row label is
mapped to the fourth horizontal conductive structure from the top, and this
horizontal conductive structure corresponding to the row label is
highlighted on the GUI (graphical user interface) screen 310. 15 In this
manner, the first magnified image of the memory IC die is generated with
the sector :: corresponding to the sector label highlighted (as illustrated
in Fig. 9 for example). In addition, the second magnified image of the
sector corresponding to the sector label is generated with the Il0 region
corresponding to the I/O label highlighted (as illustrated in Fig. 10 for
example). Furthermore, the third magnified image of the IJO region
corresponding to the I/O label is generated with the vertical conductive
structure corresponding 20 to fhe column label.and the horizontat
conductive structure corresponding to the row label highlighted (as
illustrated in Fig. I 1 for example). The computer system 300 automatically
generates such magnified images from the label information of the failed
memory cell of a memory IC die. In this manner, the physical location of
the horizontal conductive structure and of the vertical conductive
structure and of the failed memory cell on magnified 25 images of the
memory IC die is automatically determined and displayed on the GUI
(graphical user interface) from the label information of the failed memory
cell within a relatively short period of time (such as a fraction of a
minute, for example). Thus, an operator is saved from the time-consuming
labor of counting thousands of conductive structures of the prior art
manual determination process. In addition, the present invention avoids the
human error of the prior art manual determination process. I3   01 ~ DEC
2004 WO 02/03.150 PCT/USOl/18729 An operator then uses such images as an
aid in determining the physical location of the structures of the failed
memory cell on the memory IC die when the memory IC die is under a
microscope of another testing system for further determining the cause of
the failure of the failed memory cell. With determination of the cause of
failure of the memory cell, corrective action may be undertaken to prevent
the occurrence of 5 failed memory cells during manufacture of memory IC
dies. 



The foregoing is by way of example only and is not intended to be limiting.
For example, the present invention is described fox example layouts of
memory IC dies. However, the present invention may be used with various
types of layouts for various memory IC dies,. as would be apparent to one
of ordinary skill in the art from the description herein. 10 In addition,
the present invention may be used to generate any combination of the first
magnified image of the memory IC die with the sector corresponding to the
sector label highlighted, andlor the second magnified image of the sector
corresponding to the sector label with the I/O region corresponding to the
I/O label highlighted) and/or the third magnified image of the I/O region
corresponding to the I/O label with the vertical conductive structure
corresponding to the column label and/or the horizontal conductive
structure 15 corresponding to the row label highlighted. Furthermore, as
will be understood by those skilled in the art, the structures described
herein may be made or used in the same way regardless of their position and
orientation. Accordingly, it is to be understood that terms and phrases
such as left , top , column , and row as used herein refer to relative
location and orientation of various portions of the structures with respect
to one another, and are not intended to suggest 20 that any particular
absolute orientation with respect to external objects is necessary or
required. The present invention is limited only as defined in the following
claims and equivalents thereof. 25 I4   01 I~EC 2004  CLAIMS: 3 . A method
for automatically determining and displaying a physical location of a
failed cell of an array of memory cells on a memory IC (integrated circuit)
die 5 (202), the method including the steps of accepting, by a data
processor (302), a memory IC (integrated circuit) die name corresponding to
said memory IC die (202); accepting, by said data processor (302), a sector
label, wherein said. memory IC die (202) is comprised of a plurality of
sectors {232, 234, 23G, 238), and wherein 10 said failed cell is located
within a sector corresponding to said sector label; retrieving, by said
data processor, a first magnified image of said memory IC die corresponding
to said memory IC die name from a data storage unit (304); and mapping, by
said data processor (302), said sector label to a sector corresponding to
said sector label on said first magnified image of said memory IC 15 d ie
(202); displaying, by said data processor (302), said first magnified image
of said memory IC die with said sector corresponding to said sector label
highlighted, on a GIJI (graphical user interface) (310); . accepting, by
said data processor (302), an I/O (input/output) label,. wherein 20 sad
sector corresponding to said sector label is comprised of a plurality of
I/O (input/output) regions (262, 264, 266, - 268), and wherein said failed
cell is located within-ithin an I/O region corresponding to said UO label;
retrieving, by said data processor (302), a second magnified image. of said
sG~ctor coaespondin;g to sai sector a a from said-data storage unit (3-04);
~- 25 mapping, by said data processor (302), said Il0 Iabel to an I/O
region a corresponding to said T/O label on said second magnified image of
said sector 



corresponding to said sector label; displaying, by said data processor
(302), said second magnified image. of said sector corresponding to said
sector label with said I/~ region corresponding to said 30 IlG label
highlighted, on said GUI (graphical user interface); 1~ ~(u~f~D~~ S.W~
~mPfaAo~~e~!   01 DEC 2004 accepting, by said data processor, a column
label, wherein said I/O region corresponding to said I/O label is comprised
of a plurality of columns of memory cells (.'~62, 364), and wherein each
column of memory cells has a vertical conductive structure 5 coupled to a
node of each of said plurality of memory cells in said column, and '
t~rherein said failed cell is located within a column of memory cells
corresponding to said column label; retrieving, by said data processor
(302), a third magnified image of said Il0 region corresponding to said I/4
label from said data storage unit (304); 14 mapping, by said data processor
(302), said column label to a vertical conductive structure , corresponding
to said column label on said third -magnified image of said.UO region
corresponding to said I/U Label; displaying, by said data processor (302),
said third magnified image of said ILO region coaesponding to said I/O
label with said vertical conductive structure 15 corresponding to said
column label highlighted,- on . said GUI (graphical user i nterface);
accepting, by said data processor (302), a row label; wherein said. I/O
region c:osesponding to said Il0 label is comprised of a plurality of rows
of memory cells i 242, 244, 246, 248), . . - . . 20 and wherein each row of
memory cells has a horizontal conductive structure coupled to a node of
each of said plurality of memory cells in said row, and wherein :,aid
failed. cell. is located within a row of memory cells corresponding to said
row label; --mapping; by said data process (302); said roar v label-to- a
horizontal 25 conductive structure corresponding to said row label on said
third magnified image of said I/O region corresponding to said I/O Label;
and displaying, by said data processor (302), said third magnified image of
said 7l0 region corresponding to said I/O label with said horizontal
conductive structure corresponding to said row label highlighted, on said
GUI (graphical user interface) _ 30 ~ 310); I6 ~mt~~ an~~~i~~I~D~D SH~~T
' 0 1 DEC 2004 the second magnified image of the sector being at a higher
magnification than the first magnified image of the memory IC die, and the
third magnified image of the 10 region being at a higher magnification than
the second magnified image of the sector. 5 A computer system comprising: a
processor (302); and a data storage unit (304) having stored therein a
respective set of images corresponding to each of a plurality of memory IC
(integrated circuit) die names; 10 and wherein said data. storage unit
(304) has sequences of instructions stored 1 herein, and wherein execution
of said sequences of instructions by said processor t 302) causes said
processor to automatically determine and display a physical location s ~f a
failed cell of an array of memory cells on a memory IC (integrated circuit)
die by performing the steps of  15 accepting a memory IC (integrated
circuit) die name corresponding to said 



memory IC die having said failed memory cell; accepting a sector label,
wherein said memory IC die (202) is comprised of a Plurality of sectors
(232, 234, 236, 238); and wherein said failed cell is located within a
sector corresponding to said sector label; 20 retrieving a first magnified
image of said memory IC die (202) corresponding to said memory IC die name
from said data storage unit (304); mapping said sector label to a sector
corresponding to said sector label on said t first magnified image of said
memory IC die; displaying said first magnified image of said memory IC die
with said sector 25 corresponding to said sector label highlighted, on a
GUI (graphical user interface) i 310) of said computer system; accepting an
I/O (input/output) label, wherein said sector corresponding to said sector
label is comprised of a plurality of UO (input/output) regions (262, 264,
'?66, 268), and wherein said 'failed cell is located within an UO region
corresponding 30 ~ o said Il4 label; ~7 - Af~Ewn~~~ SHEET CmE~ldfl~$L"~~
,~....~,~ ~-.   01 DEC 2004 retrieving a second magnified image of said
sector corresponding to said sector label from said data storage unit
{304); mapping said Il0 label to an I/O region corresponding to said I/O
label on said second magnified image of said sector coaesponding to said
sector label; 5 displaying . said second magnified image of . said sector
corresponding to said sector label with said I/O region corresponding to
said I/O label highlighted on said (~iIJI (graphical user interface).
accepting a columcz label, wherein said 1l0 region corresponding to said
1/O label is comprised of a plurality of columns of memory cells (362,
364), 10 and wherein each column of memory cells has a vertical conductive
.structure c oupled to a node of each of said plurality of memory cells in
said- column, and tvherein said failed cell is located within a column of
memory cells corresponding to aid column label; retrieving a third
magnified image of said UO region corresponding to said 1/O IS label from
said data storage unit; mapping said column label to a vertical conductive
structure corresponding to said column label on said third magnified image
of said TJO region corresponding to ;;aid I!O label; displaying said third
magnified image of said IlO region cozresponding to said . 20 IIO label
with said vertical conductive structure corresponding to said column label
lughiighted, on said GUl (graphical user interface); accepting a row label,
wherein said I/O region corresponding to said I/O label is comprised of a
plurality of rows of memory cells (242, 244, 246, 248); and wherein each
row of memory cells has ~a horizontal conductive structure 25 coupled to a
node of each of said plurality of memory cells in said row, and wherein
::aid failed cell is located within a row of memory cells corresponding to
said row l abet; 



mapping said row label to a horizontal conductive structure corresponding
to ;,aid row label on said third magnified image of said I/O region
corresponding to said 30 J!O label; and 1~ ~,fvEIVDED SHEET Wl~ld~l~$ccm
mvm mvr   0 1 DEC 2004 displaying said third magnified image of said I/O
region corresponding to said Il0 label with said horizontal conductive
structure corzesponding to said row label hi ghlighted, on said GUI
(graphical user interface); the second magnified image of the sector being
at a higher magnification than 5 the first magnified image of the memory IC
die, and the third magnified image ~ of the 3!O region being at a higher
magnification than the second magnified image of the sector. ~ . 19 ~EhIDED
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