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MEMORY ARRAY PERIPHERAL 
STRUCTURES AND USE 

FIELD OF THE INVENTION 

[0001] The present invention relates to the ?eld of inte 
grated circuits; more speci?cally, it relates to an integrated 
circuit memory array, a circuit and physical structure for the 
memory array and a method of testing the memory array. 

BACKGROUND OF THE INVENTION 

[0002] The use of photolithographic printing aids in inte 
grated circuit fabrication is Well knoWn. Speci?cally, dummy 
cells are Widely used as an important photolithographic print 
ing aid in memory arrays: a typical memory array is divided 
into many small blocks and each small block is surrounded by 
periphery circuits such as sense ampli?ers, drivers, and 
decoders (the siZe of the block is dependent on memory speed 
and other design considerations). In order to help the edge 
cells in each small block to print properly, dummy cells are 
placed right next to the edge cells. HoWever, these dummy 
cells consume large amounts of chip real estate and the inte 
grated circuit chip siZes must be increased. Larger chips mean 
feWer chips per Wafer and thus higher costs of manufacture 
per chip. Therefore, the semiconductor industry is alWays 
looking to techniques to reduce integrated circuit chip siZe 
Without compromising yield and reliability. 

SUMMARY OF THE INVENTION 

[0003] A ?rst aspect of the present invention is a method 
comprising: fabricating a memory array comprising one or 
more memory blocks, each memory block of the one or more 
memory blocks comprising memory cells arranged in roWs 
and columns; for each memory block of the one or more 
memory blocks, designating memory cells in one or more 
adjacent rings of memory cells nearest a perimeter of the 
memory block as dummy memory cells; selecting a set of one 
to all of the one or more memory blocks to create a set of 

selected memory blocks; for each memory block of the set of 
selected memory blocks and before a ?nal fabrication level of 
the memory array, electrically connecting dummy memory 
cells of selected roWs together, electrically connecting 
dummy memory cells of selected columns together or both 
electrically connecting dummy memory cells of selected 
roWs together and electrically connecting dummy memory 
cells of selected columns together; for each memory block of 
the of the set of selected memory blocks and before the ?nal 
fabrication level, testing the selected roWs, selected columns 
or selected roWs and columns of dummy memory cells of the; 
and for each memory block of the of the set of selected 
memory blocks and after the testing, completing fabrication 
of the memory block to the ?nal fabrication level. 
[0004] A second aspect of the present invention is a method 
comprising: fabricating a memory array comprising an array 
of one or more memory blocks, each memory block of the one 
or more memory blocks comprising an array of memory cells 
arranged in roWs and columns; for each memory block of the 
one or more memory blocks, designating memory cells in one 
or more adjacent rings of memory cells nearest a perimeter of 
the memory block as dummy memory cells; selecting a set of 
one to all of the one or more memory blocks to create a set of 

selected memory blocks; for each memory block of the one or 
more memory blocks, except for dummy memory cells, elec 
trically connecting each memory cell in each roW to a respec 
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tive Wordline and each Wordline to a respective Wordline 
driver; for each memory block of the one or more memory 
blocks, except for dummy memory cells, electrically con 
necting each memory cell in each column to a respective 
bitline and each bitline to a respective bitline decoder; for 
each memory block of the set of selected memory blocks, 
electrically connecting a selected roW or column of the 
dummy memory cells together and to selected pads of the 
memory array; applying a voltage at a ?rst level to the 
selected pads; for each memory block of the one or more 
memory blocks, selecting a Wordline or bitline that is adjacent 
to the selected roW or column and applying a voltage at a 
second level to the selected Wordline or bitline, the ?rst level 
different from the second level; and for each memory block of 
the set of selected memory blocks, measuring any current 
?oW betWeen the selected pads and the selected Wordline or 
bitline. 
[0005] A third aspect of the present invention is a memory 
array comprising: an array of one or more memory blocks, 
each memory block comprising an array of memory cells 
arranged in roWs and columns, memory cells in one or more 
adjacent rings of memory cells nearest a perimeter of each 
memory block of the one or more memory blocks designated 
as dummy memory cells; for at least one of the one or more 
memory blocks, dummy memory cells in a roW or column 
electrically connected together into a dummy roW or dummy 
column, a ?rst end of the dummy roW or dummy column 
connected to a ?rst pad of the memory array; for each memory 
block of the one or more memory blocks, except for dummy 
memory cells, memory cells in each roW connected to a 
respective Wordline and each Wordline connected to a respec 
tive Wordline driver; and for each memory block of the one or 
more memory blocks, except for dummy memory cells, 
memory cells in each column of the memory array connected 
to a respective bitline and each bitline connected to a respec 
tive bitline decoder. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The features of the invention are set forth in the 
appended claims. The invention itself, hoWever, Will be best 
understood by reference to the folloWing detailed description 
of an illustrative embodiment When read in conjunction With 
the accompanying draWings, Wherein: 
[0007] FIG. 1 is a schematic diagram of an exemplary 
memory array to be modi?ed according to the embodiments 
of the present invention; 
[0008] FIG. 2 is schematic diagram of an exemplary base 
memory block to be modi?ed according to the embodiments 
of the present invention; 
[0009] FIG. 3 is a schematic diagram of a ?rst memory 
block according to embodiments of the present invention; 
[0010] FIGS. 4A and 4B are cross-sectional vieWs illustrat 
ing hoW to form an exemplary test structure in the memory 
array of FIG. 3; 
[0011] FIG. 5 is a schematic diagram of a second memory 
block according to embodiments of the present invention; 
[0012] FIGS. 5A and 5B are cross-sectional vieWs illustrat 
ing exemplary test structures that may be embedded in the 
memory block of FIG. 5; 
[0013] FIG. 7 is a diagram of an exemplary memory array 
according to embodiments of the present invention; 
[0014] FIGS. 8A, 8B and 8C are ?oWcharts illustrating 
methods of testing the memory block of FIG. 7 according to 
embodiments of the present invention; and 
[0015] FIG. 9 is a schematic diagram of a third memory 
block according embodiments of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0016] FIG. 1 is a schematic diagram of an exemplary 
memory array to be modi?ed according to the embodiments 
of the present invention. In FIG. 1, a memory array 90 
includes an array of memory blocks 95 in roWs and columns. 
Each memory block 95 includes a memory cell array 105, a 
local Wordline driver circuit 110 and a local bitline decode 
circuit 115. Wordline driver circuit 110 and bitline decode 
circuits 115 are examples of local support circuits. In one 
example, all memory blocks 95 are identical. In one example, 
memory blocks 95 are similar but may differ in siZe (i.e., the 
number of memory cells in memory cell arrays 105 and 
supporting circuits) or geometric layout. In one example, 
there is only one memory block in memory array 90 in Which 
case the memory block is the memory array. 
[0017] FIG. 2 is schematic diagram of an exemplary base 
memory block to be modi?ed according to the embodiments 
of the present invention. In FIG. 2, memory block 100 
includes memory cell array 105, Wordline driver circuit 110 
and bitline decode circuit 115. Memory cell array 105 com 
prises an m roW by n column matrix of primary memory cells 
Cxy With the cell in the ?rst roW and ?rst column designated 
C00 and the cell in the last roW and last column designated 
Cmn. Adjacent to the ?rst column of primary memory cells 
C00 to Cm0 are tWo roWs of dummy memory cells Dum. 
Adjacent to the last column of primary memory cells C0n to 
Cmn are tWo roWs of dummy memory cells Dum. Adjacent to 
the ?rst roW of primary memory cells C00 to C0n are tWo 
roWs of dummy memory cells Dum. Adjacent to the last roW 
of primary memory cells Cm0 to Cmn are tWo roWs of dummy 
memory cells Dum. Additionally in each corner of memory 
cell array 105 are four dummy memory cells Dum to make 
memory block 100 a rectangular matrix. Wordline driver 
circuit 110 includes a set of Wordline drivers Dr0 to Drm, 
there being a corresponding Wordline driver for each roW of 
primary memory cells Cxy. Bitline decode circuit 115 
includes a set of bitline decoders CDO to CDn, there being a 
corresponding bitline decoder for each column of primary 
memory cells Cxy. Wordline drivers Dr0 though Drm are 
connected to respective Wordlines WLO through WLm. All 
primary memory cells Cxy in a particular roW of memory 
block 100 are connected to a same Wordline. Bitline decoders 
CDO though CDn are connected to respective bitlines BLO 
through BLn. All primary memory cells Cxy in a particular 
column of memory block 100 are connected to a same bitline. 
In FIG. 2, no dummy memory cells Dum are connected to any 
Wordline or bitline. While tWo roWs and columns of dummy 
memory cells Dum are illustrated around the periphery of the 
primary memory cell matrix in FIG. 2 (the dummy memory 
cells are arranged in tWo concentric peripheral rings around 
the primary memory cells), there may be a feW as one or more 
than tWo roWs and columns of dummy memory cells around 
the periphery of the primary memory cells. 
[0018] Dummy memory cells Dum are identical to primary 
memory cells Cxy up to a predetermined fabrication level of 
an integrated circuit chip containing memory block 100. The 
predetermined fabrication level may be the last fabrication 
level of the integrated circuit chip or a fabrication level before 
the last fabrication level. In one example, fabrication levels 
correspond to the photomasks of the photolithography pro 
cesses used to de?ne the geometries of elements of memory 
block 100. Examples of fabrication/masking levels include, 
but are not limited to, those de?ning dielectric isolation in a 
substrate, P-Wells and N-Wells in the substrate, source/ drains 
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of ?eld effect transistors (FETs) in the substrate, gate dielec 
trics and gate electrodes of the FETs above the substrate, 
contacts to the source/drains, gates and N-Wells and P-Wells 
through a passivation layer formed on the substrate, a ?rst 
Wiring level in a ?rst interlevel dielectric layer (ILD) formed 
on the passivation layer, and other Wiring levels formed in 
other ILD layers above the ?rst Wiring level. One purpose of 
dummy memory cells is to prevent photolithographic distor 
tions (e.g., proximity effects) that may occur in primary 
memory cells Cxy located at the periphery of the array of 
primary memory cells When very small and closely spaced 
photoresist images are formed to de?ne the primary memory 
cells. 

[0019] For the purposes of describing the present invention, 
electrically conductive Wiring levels Will be designated from 
that level closest to the substrate to that level furthest aWay as: 
contact level (CA), ?rst Wiring level (M1), second Wiring 
level (M2), third Wiring level (M3) though last Wiring level 
(LM) and ?nally a terminal pad level (TM). TM level provide 
connection points for structures such as Wirebonds or solder 
bumps that alloW poWer and signal connections off-chip. 
Thus, a “higher” Wiring level is de?ned as alWays further 
aWay from the substrate than a “loWer” Wiring layer. Struc 
tures such as gate electrodes of ?eld effect transistors and 
local Wordlines (e.g., formed from polysilicon) are located 
beloW CA level. Generally there are respective electrically 
conductive via levels connecting adjacent pairs of M1 
through TM levels. Via levels may be separate or integral to 
the upper Wiring level of the adjacent pairs of Wiring levels. 
Vias are designated by the loWer Wiring level of the adjacent 
pair. Thus, a via connecting M1 and M2 is a V1 via, a via 
connecting M2 and M3 is a V2 via, etc. On one examples 
contacts, Wires and vias comprise metals and/or metal 
nitrides. 

[0020] Examples of primary memory cells include static 
random access memory (SRAM) cells and dynamic access 
memory (DRAM) cells. While memory block 100 of FIG. 2 
shoWs each primary memory cell C connected to a single 
Wordline and a single bitline, depending upon the type of 
memory block, each memory cell may be connected to more 
than one Wordline and/ or more than one bitline. For example, 
simple SRAM arrays have a single Wordline and tWo bitlines 
(a bitline true and a bitline not) connected to each SRAM cell. 
Multi-port SRAM arrays can have multiple “Wordlines” and 
“bitlines” connected to each SRAM cell. 

[0021] FIG. 3 is a schematic diagram of a ?rst memory 
block according to embodiments of the present invention. In 
FIG. 3 only one block is shoWn as otherblocks Wouldhave the 
same or a similar design. In FIG. 3, a memory block 100A is 
similar to memory block 100 of FIG. 2 except dummy Word 
lines DWO through DW3 are connected respectively to the 
one of four roWs of dummy memory cells Dum. Each dummy 
Wordline DWO through DW3 is connected betWeen a respec 
tive pad setsA0/B0, A1/B1, A2/B2 andA3/B3. Fuses DWLFO 
through DWLF3 connected betWeen pads A0 through A3 and 
dummy Wordlines DWLO through DWL3 are optional. 
Though not shoWn in FIG. 3, there may be additional optional 
fuses betWeen A0 through A3 and dummy Wordlines DWLO 
through DWL3. One or more additional pads may be con 
nected to each dummy Wordline DWLO through DWL3. In 
one example, pads A0 through A3 and B0 through B3 are 
internal pads otherWise used for other purposes by memory 
block 100A after fabrication of memory block 100A is com 
plete, such as VDD (poWer) or GND pads. By internal pads, it 
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is meant pads at an intermediate Wiring level, such as a M1, 
M2, etc, but not LM or TM. In an example Where both the “A” 
pad and the “B” pad are the same function pad (such as both 
are VDD pads or both are GND pads) then When fabrication 
of memory block 100A is complete, those internal pads can 
still be used for their normal function of connecting to higher 
Wiring levels. Where connection of the dummy Wordlines to 
internal pads Would prevent normal operation of memory 
block 100A or present a reliability risk, fuses DWLFO 
through DWLF3 may be “blown” to disconnect the dummy 
Wordlines from the internal pads. 
[0022] By appropriate electrical probing of pads A0/ B0 
through A3/B3, before further fabrication of memory block 
100A, various open failure, short failure or leakage current 
failure tests can be performed. Dummy memory cells Dum 
serve a dual role of providing test structures as Well as a 

proximity correction. Thus, many dedicated test structures 
can be eliminated saving integrated circuit chip real estate or 
increased test coverage can be provided Without increasing 
the area of the integrated circuit chip. It is advantageous that 
pads A0 through A3 and B0 through B3 be normally fabri 
cated pads of memory block 100A and not specially added to 
alloW testing of the dummy cells of memory block 100A. 
[0023] An advantage of connecting each of the dummy 
Wordlines to its oWn pad or pair of pads as shoWn in FIG. 3 is 
to identify Where the failure is Within the memory block, 
Which can provide further insights about the failure mecha 
nism. HoWever this can require a large number of internal 
pads With large memory arrays. Alternatively, the number of 
internal pads required may be reduced by connecting dummy 
Wordlines of different groups of memory blocks to respective 
sets of single internal pads or to respective sets of pairs of 
internal pads the memory array. Alternatively the number of 
internal pads required may be further reduced by connecting 
all dummy Wordlines of all memory blocks to a single internal 
pad or to a single pair of internal pads of the memory array. 
Both of these alternatives have the advantages of saving the 
number of internal pads needed (available internal pads are 
often limited because they take up chip real estate) as Well as 
speeding up the tests so that all dummy cells can be tested one 
time. 
[0024] It should be understood that not all memory blocks 
of a memory array are required to practice the embodiments 
of the present invention and that a selected set of memory 
blocks may be used. 
[0025] It should also be pointed out that the layout of the 
dummy cells may be modi?ed as needed to detect certain 
defect or systematic failure mechanism. For example, poly 
silicon gates in dummy cells may not normally be connected 
together. In order to test polysilicon gate open or polysilicon 
gate short failure mechanisms, polysilicon gates in dummy 
cells in the same roWs can be connected together. HoWever, 
the layout of the dummy cells should not be modi?ed so 
dramatically that the dummy cells no longer function for 
proximity correction. A check of Whether a modi?cation of 
the dummy cell layout has effected proximity correction can 
be veri?ed by lithographic simulation during the design stage 
of the integrated circuit chip. 
[0026] FIGS. 4A and 4B are cross-sectional vieW illustrat 
ing hoW to form an exemplary test structure in the memory 
block of FIG. 3. In one example, Wordlines are formed of 
local Wordlines integrally formed With polysilicon gates of 
FETs, Which are connected by Wires in second or third Wiring 
levels into global Wordlines. In FIG. 4A, dummy memory 
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cells 120 include a substrate portion and a polysilicon portion 
130. As described supra, silicon portion 125 may include the 
source/drains of FETs and polysilicon portion 130 may 
include gate electrodes of the FETs and local Wordlines. In 
FIG. 4B, CA contacts 135, M1 Wires 140 and a M2 dummy 
Wordline 145 have been added to the structures illustrated in 
FIG. 4A. Wordline 145 includes integral vias 150 electrically 
connecting M1 Wires to an internal pad 155. Because of the 
complexity of memory cells such a SRAM cells there exist 
many different possible connections points betWeen dummy 
Wordline 145 and dummy memory cells 120. In variations of 
FIGS. 4A and 4B, some or all of contacts 135 and/or Wires 
140 may be part of dummy cells 120. Alternatively, dummy 
Wordline 145 may be formed in an M1 Wiring level or an M3 
Wiring level. Alternatively, dummy Wordline 145 may be 
formed as part of dummy cells 120, but not connected to 
internal pad 155, in Which case only the connection betWeen 
dummy Wordline 145 and internal pad 155 must be made. 

[0027] FIG. 5 is a schematic diagram of a second memory 
block according to embodiments of the present invention. In 
FIG. 5, a memory block 100B is similar to memory block 100 
of FIG. 2 except dummy bitlines BDLO through DBL3 are 
connected respectively to the one of four columns of dummy 
memory cells Dum. Each dummy bitline DBLO through 
DBL3 is connected betWeen a respective pad set A4/B4, 
A5/B5, A6/B6 andA7/B7. Fuses DBLFO through DBLF3 are 
connected betWeen pads A4 throughA7. Though not shoWn in 
FIG. 5, there may be additional optional fuses betWeen pads 
A4 through A7 and dummy bitlines DBLO through DBL3. 
One or more additional pads may be connected to each 
dummy bitline DBLO through DBL3. In one example, pads 
A4 throughA7 and B4 through B7 are internal pads otherWise 
used for other purposes by memory block 100B When fabri 
cation of memory block 100B is complete, such as VDD 
(power) or GND pads. In an example Where both the “A” pad 
and the “B” pad are the same function pad (such as both are 
VDD pads or both are GND pads) then When fabrication of 
memory block 100B is complete, those internal pads can still 
be used for their normal function of connecting to higher 
Wiring levels. Where connection of the dummy bitlines to 
internal pads Would prevent normal operation of memory 
block 100B or present a reliability risk, fuses DBLFO through 
DBLF3 may be “bloWn” to disconnect the dummy bitlines 
from the internal pads. 
[0028] By appropriate electrical probing of pads A4/B4 
through A7/B7, before further fabrication of memory block 
100B, various open failure, short failure or leakage current 
failure tests can be performed. As described supra, the 
dummy memory cells noW serve a dual role of providing test 
structures as Well as a proximity correction. Thus, separate 
test structures can be eliminated saving integrated circuit chip 
real estate or increased test coverage can be provided Without 
increasing the area of the integrated circuit chip. It is advan 
tageous that pads A4 through A7 and B4 through B7 be 
normally fabricated pads of memory block 100B and not 
specially added to alloW testing of the dummy cells of 
memory block 100B. 

[0029] An advantage of connecting each of the dummy 
bitlines to its oWn pad or pair ofpads as shoWn in FIG. 5 is to 
identify Where the failure is Within the memory block, Which 
can provide further insights about the failure mechanism. 
HoWever this can require a large number of internal pads With 
large memory arrays. Alternatively, the number of internal 
pads required may be reduced by connecting dummy bitlines 
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of different groups of memory blocks to respective sets of 
single internal pads or to respective sets of pairs of internal 
pads the memory array. Alternatively the number of internal 
pads required may be further reduced by connecting all 
dummy bitlines of all memory blocks to a single internal pad 
or to a single pair of internal pads of the memory array. Both 
of these alternatives have the advantages of saving the number 
of internal pads needed (available internal pads are often 
limited because they take up chip real estate) as Well as 
speeding up the tests so that all dummy cells can be tested one 
time. 
[0030] FIGS. 6A and 6B are cross-sectional vieW illustrat 
ing exemplary test structures that may be embedded in the 
memory block of FIG. 5. FIG. 6A is similar to FIG. 4A except 
dummy Wordline 145 and pad 155 of FIG. 4A are replaced 
With dummy bitline 160 connecting dummy cells 120 to pad 
165 by vias 170. Alternatively, dummy bitline 160 may be 
formed as part of dummy cells 120, but not connected to 
internal pad 165, in Which case only the connection betWeen 
dummy bitline 160 and internal pad 165 must be made. 
[0031] In FIG. 6B, the dummy test cells are used to con 
struct a via chain test structure. A via chain comprises a set of 
serially connected vias. In FIG. 6B, either the normal M1 
Wires of dummy cells 130 or specially designed M1 Wires are 
used as Wire segments 175. Pads 180A and 180B and Wire 
segments 175 are formed in M2. An integral via 185A con 
nects a Wire segment 175 to pad 180A. An integral via 185B 
connects a Wire segment 175 to pad 180B. Integral vias 185C 
connect Wire segments into a via chain. In FIG. 6B, current 
passing from pad 180A to pad 180B must pass through all 
vias 185C, thus the term via chain. 
[0032] It should be understood, that the features of memory 
block 100A and memory block 100B may be combined into 
a single array having dummy Wordlines and dummy bitlines 
electrically testable using corresponding internal pads as 
described supra. 

[0033] FIG. 7 is a diagram of an exemplary memory array 
according to embodiments of the present invention. In FIG. 7, 
a memory array 190 includes memory blocks 195A, 195B, 
195C and 195D and support circuits 200A, 200B, 200C and 
200D. Support circuits 200A, 200B, 200C and 200D are 
connected to a redundant Wordline/bitline control circuit 
200E. Memory block 195A includes dummy Wordlines 
DWLO and DWL1, Wordlines WLO through WL3, dummy 
bitlines DBLO and DBL1 and bitlines BLO through BL3. 
Dummy Wordlines DWLO and DWL1 and dummy bitlines 
DBLO and DBL1 connect to dummy memory cells (not 
shoWn) in the periphery of memory block 195A around the 
primary memory cells (not shoWn) and terminate in internal 
pads P. WLO through WL3 and bitlines BLO through BL3 are 
connected to primary memory cells (not shoWn). Wordlines 
WL1 through WL3 are driven by support circuits 200A. Bit 
lines BLO through BL3 are decoded by support circuits 200C. 
[0034] Memory block 195B includes dummy Wordlines 
DWL2 and DWL3, Wordlines WL4 through WL7, dummy 
bitlines DBLO and DBL1 and bitlines BLO through BL3. 
Dummy Wordlines DWLO and DWL1 and dummy bitlines 
DBLO and DBL1 connect to dummy memory cells (not 
shoWn) in the periphery of memory block 195B around the 
primary memory cells (not shoWn) and terminate in internal 
pads P. WL4 through WL7 and bitlines BLO through BL3 are 
connected to primary memory cells (not shoWn). Wordlines 
WL4 through WL7 are driven by support circuits 200B. Bit 
lines BLO through BL3 are decoded by support circuits 200C. 
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[0035] Memory block 195C includes dummy Wordlines 
DWLO and DWL1, Wordlines WLO through WL3, dummy 
bitlines DBL2 and DBL3 and bitlines BL4 through BL7. 
Dummy Wordlines DWLO and DWL1 and dummy bitlines 
DBL2 and DBL3 connect to dummy memory cells (not 
shoWn) in the periphery of memory block 195C around the 
primary memory cells (not shoWn) and terminate in internal 
pads P. WLO through WL2 and bitlines BL4 through BL7 are 
connected to primary memory cells (not shoWn). Wordlines 
WLO through WL3 are driven by support circuits 200A. Bit 
lines BL4 through BL7 are decoded by support circuits 200D. 
[0036] Memory block 195D includes dummy Wordlines 
DWL2 and DWL3, Wordlines WL4 through WL7, dummy 
bitlines DBL2 and DBL3 and bitlines BL4 through BL7. 
Dummy Wordlines DWL2 and DWL3 and dummy bitlines 
DBL2 and DBL3 connect to dummy memory cells (not 
shoWn) in the periphery of memory block 195D around the 
primary memory cells (not shoWn) and terminate in internal 
pads P. WL4 through WL7 and bitlines BL4 through BL7 are 
connected to primary memory cells (not shoWn). Wordlines 
WL4 through WL7 are driven by support circuits 200B. Bit 
lines BL4 through BL7 are decoded by support circuits 200D. 
[0037] Redundant Wordline/bitline control circuit 200E 
directs data from knoWn defective Wordlines and bitlines to 
knoWn good dummy Wordlines and bitlines. In one example, 
redundant Wordline/bitline control circuit 200E replaces 
addressing information of knoW defective Wordlines and bit 
lines With addressing information of known good dummy 
Wordlines or bitlines. Thus, exclusive use redundant Word 
lines and bitlines can be eliminated saving integrated circuit 
chip real estate or increased redundancy can be provided 
Without increasing the area of the integrated circuit chip. 
[0038] FIGS. 8A, 8B and 8C are ?oWcharts illustrating 
methods of testing the memory block of FIG. 7 according to 
embodiments of the present invention to alloW more precise 
localiZation of failures. Turning to FIG. 8A, in step 205, all 
the dummy Wordlines are coupled to ground. These are 
dummy Wordlines DWLO through DWL3 of FIG. 7. In step 
210, the ?rst/next Wordline adjacent to a dummy Wordline is 
selected. This is Wordline WLO ofFIG. 7. In step 215, VDD is 
applied to the selected Wordline and leakage current mea 
sured betWeen the dummy Wordlines and the selected Word 
line. In step 220, it is determined if there is another Wordline 
adjacent to a dummy Wordline. If there is another Wordline 
adjacent to a dummy Wordline, then the method loops back to 
step 210 as the next adjacent Wordline is be Wordline WL3 
(see FIG. 7). Steps 210 through 215 repeat until there are no 
longer any other Wordlines adjacent to a dummy Wordline 
(this is Wordline WL7 of FIG. 7). 
[0039] Turning to FIG. 8B, in step 225, all the dummy 
bitlines are coupled to ground. These are dummy bitlines 
DBLO through DBL3 of FIG. 7. In step 230, the ?rst/next 
bitline adjacent to a dummy bitline is selected. This is bitline 
BLO of FIG. 7. In step 255, VDD is applied to the selected 
Wordline and leakage current measured betWeen the dummy 
bitlines and the selected Wordline. In step 240, it is deter 
mined if there is another bitline adjacent to a dummy bitline. 
If there is another bitline adjacent to a dummy bitline, then the 
method loops back to step 230 as the next adjacent bitline is 
bitline BL3 (see FIG. 7). Steps 230 through 235 repeat until 
there are no longer any other bitlines adjacent to a dummy 
bitline (this is bitline BL7 of FIG. 7). 
[0040] Turning to FIG. 8C, in step 245, all the dummy 
bitlines are coupled to ground. These are dummy bitlines 
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DBLO through DBL3 of FIG. 7. In step 250, the ?rst/next 
Wordline is selected. This is Wordline WLO of FIG. 7. In step 
255, VDD is applied to the selected Wordline and leakage 
current measured betWeen the dummy bitlines and the 
selected Wordline. In step 260, it is determined if there is 
another Wordline. If there is another Wordline, then the 
method loops back to step 250 as the next Wordline is Word 
line WL1 (see FIG. 7). Steps 250 through 260 repeat until 
there are no longer any other Wordlines to select (the last 
Wordline is Wordline WL7 FIG. 7). 

[0041] In the alternative of FIG. SC, in step 245, all the 
dummy Wordlines are coupled to ground. These are dummy 
Wordlines DWLO through DWL3 of FIG. 7. In step 250, the 
?rst/next bitline is selected. This is bitline BLO of FIG. 7. In 
step 255, VDD is applied to the selected bitline and leakage 
current measured betWeen the dummy Wordlines and the 
selected bitline. In step 260, it is determined if there is another 
bitline. If there is another bitline, then the method loops back 
to step 250 as the next bitline is bitline BL1 (see FIG. 7). Steps 
250 through 260 repeat until there are no longer any other 
bitlines to select (the last bitline is bitline BL7 of FIG. 7). 

[0042] The methods described in FIGS. 8A, 8B and 8B 
alloW more precise physical location of defects causing short 
or leakage fails as an aid to physical failure analysis. The tests 
of FIGS. 8A, 8B, and 8C may be performed in any order and 
in any combination. 

[0043] It should be understood that alternative versions of 
memory block 190 of FIG. 7, may include dummy bitlines but 
not dummy Wordlines or include dummy Wordlines but not 
dummy bitlines, in both cases including all the peripheral 
dummy memory cells. In Which case, corresponding test 
methods illustrated in FIGS. 8A, 8B and 8C Would not be 
performable. 
[0044] FIG. 9 is a schematic diagram of a third memory 
block according embodiments of the present invention. In 
FIG. 9, a memory block 100C is similar to memory block 
110B of FIG. 5, except, dummy cell decoders DCDO through 
DCD3 have been added and connected to respective dummy 
bitlines DLBO and DBL3, and dummy Wordline drivers DDr0 
through DDr3 have been added and connected to added and 
respective dummy Wordlines DWLO through DWL3. The 
restrictions on dummy bitlines DBLO through DBL3, dummy 
Wordlines DWLO through DWL3 and all dummy memory 
cells Dum is that they be capable of functioning in a manner 
similar to normal Wordlines and bitlines and primary memory 
cells Cxy. The restrictions on dummy Wordline drivers DDr0 
through DDr3 and dummy cell decoders DCDO through 
DCD3 include that they be addressable as redundant Word 
lines andbitlines. Redundant Wordlines andbitlines are Word 
lines and bitlines that permanently replace failed Wordlines 
and bitlines, usually using a fusing technique. Dummy Word 
lines DWLO through DWL3 and dummy bitlines DBLO 
through DBL3 are distinguishable by there connection to 
internal pads A4 through A7 and B4 through B7 and fuses 
DBLFO through DBLF3, if present. 
[0045] It should be understood that method described in 
FIG. 9, of Wiring of dummy memory cells to dummy bitlines 
and dummy Wordlines and the use of dummy Wordlines and 
bitlines as redundant Wordlines and bitlines is applicable to 
memory block 110A of FIG. 3 or a memory block that is a 
combination of memory block 1 00A and memory block 1 00B 
of FIG. 5. 

Mar. 19, 2009 

[0046] Thus the embodiments of the present invention pro 
vide the semiconductor industry With techniques to reduce 
integrated circuit chip siZe Without compromising yield and 
reliability. 
[0047] The description of the embodiments of the present 
invention is given above for the understanding of the present 
invention. It Will be understood that the invention is not lim 
ited to the particular embodiments described herein, but is 
capable of various modi?cations, rearrangements and substi 
tutions as Will noW become apparent to those skilled in the art 
Without departing from the scope of the invention. Therefore, 
it is intended that the folloWing claims cover all such modi 
?cations and changes as fall Within the true spirit and scope of 
the invention. 

1. A method comprising: 
fabricating a memory array comprising one or more 
memory blocks, each memory block of said one or more 
memory blocks comprising memory cells arranged in 
roWs and columns; 

for each memory block of said one or more memory 
blocks, designating memory cells in one or more adja 
cent rings of memory cells nearest a perimeter of said 
memory block as dummy memory cells; 

selecting a set of one to all of said one or more memory 

blocks to create a set of selected memory blocks; 
for each memory block of said set of selected memory 

blocks and before a ?nal fabrication level of said 
memory array, electrically connecting dummy memory 
cells of selected roWs together, electrically connecting 
dummy memory cells of selected columns together or 
both electrically connecting dummy memory cells of 
selected roWs together and electrically connecting 
dummy memory cells of selected columns together; 

for each memory block of said of said set of selected 
memory blocks and before said ?nal fabrication level, 
testing said selected roWs, selected columns or selected 
roWs and columns of dummy memory cells of said; 

for each memory block of said of said set of selected 
memory blocks and after said testing, completing fabri 
cation of said memory block to said ?nal fabrication 
level; 

for each memory block of said of said set of selected 
memory blocks, connecting said dummy cells at oppo 
site ends of said selected roWs of dummy memory cells 
to normally fabricated ?rst pads of said memory array; 

for each memory block of said set of selected memory 
blocks, connecting dummy cells at opposites ends of 
said selected columns of dummy memory cells to nor 
mally fabricated second pads of said memory array of 
said memory array; 

forming a fuse betWeen one or more of said ?rst pads and 
said selected roWs of dummy memory cells; 

forming a fuse betWeen one or more of said second pads 
and said selected roWs of dummy memory cells; 

for each memory block of said one or more memory 

blocks, except for dummy memory cells, electrically 
connecting each memory cell in each roW of said 
memory array to a respective Wordline and each Word 
line to a respective Wordline driver; 

for each memory block of said one or more memory 

blocks, except for dummy memory cells, electrically 
connecting each memory cell in each column of said 
memory array to a respective bitline and each bitline to 
a respective bitline decoder; 
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wherein said selected roWs, selected columns or selected 
roWs and columns of dummy memory cells are roWs, 
columns or roWs and columns along said perimeter of 
said memory blocks of said set of selected memory 
blocks; and 

Wherein said memory cells are selected from the group 
consisting of static random access memory cells and 
dynamic access memory cells. 

2-8. (canceled) 
9. A method comprising: 
fabricating a memory array comprising an array of one or 
more memory blocks, each memory block of said one or 
more memory blocks comprising an array of memory 
cells arranged in roWs and columns; 

for each memory block of said one or more memory 
blocks, designating memory cells in one or more adja 
cent rings of memory cells nearest a perimeter of said 
memory block as dummy memory cells; 

selecting a set of one to all of said one or more memory 

blocks to create a set of selected memory blocks; 
for each memory block of said one or more memory 

blocks, except for dummy memory cells, electrically 
connecting each memory cell in each roW to a respective 
Wordline and each Wordline to a respective Wordline 
driver; 

for each memory block of said one or more memory 
blocks, except for dummy memory cells, electrically 
connecting each memory cell in each column to a 
respective bitline and each bitline to a respective bitline 
decoder; 

for each memory block of said set of selected memory 
blocks, electrically connecting a selected roW or column 
of said dummy memory cells together and to selected 
pads of said memory array; 

applying a voltage at a ?rst level to said selected pads; 
for each memory block of said one or more memory 

blocks, selecting a Wordline or bitline that is adjacent to 
said selected roW or column and applying a voltage at a 
second level to said selected Wordline or bitline, said ?rst 
level different from said second level; 

for each memory block of said set of selected memory 
blocks, measuring any current ?oW betWeen said 
selected pads and said selected Wordline or bitline; 

connecting said selected pads to a terminal ground pad or a 
terminal poWer pad of an integrated circuit chip contain 
ing said memory array; 

for each memory block of said set of selected memory 
blocks, (i) forming a fuse betWeen one or more of said 
?rst pads and said selected roW of dummy memory cells; 
or (ii) forming a fuse betWeen one or more of said second 
pads and said selected roW of dummy memory cells; and 
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Wherein said memory cells are selected from the group 
consisting of static random access memory cells and 
dynamic access memory cells. 

10-13. (canceled) 
14. A memory array comprising: 
an array of one or more memory blocks, each memory 

block comprising an array of memory cells arranged in 
roWs and columns, memory cells in one or more adjacent 
rings of memory cells nearest a perimeter of each 
memory block of said one or more memory blocks des 
ignated as dummy memory cells; 

for at least one of said one or more memory blocks, dummy 
memory cells in a roW or column electrically connected 
together into a dummy roW or dummy column, a ?rst end 
of said dummy roW or dummy column connected to a 
?rst pad of said memory array; 

for each memory block of said one or more memory 
blocks, except for dummy memory cells, memory cells 
in each roW connected to a respective Wordline and each 
Wordline connected to a respective Wordline driver; 

for each memory block of said one or more memory 
blocks, except for dummy memory cells, memory cells 
in each column of said memory array connected to a 
respective bitline and each bitline connected to a respec 
tive bitline decoder; 

a second end of said dummy roW or dummy column con 
nected to a second pad of said memory array; 

a fuse betWeen said roW or column of said dummy memory 
cells and said ?rst pad; for each memory block of said 
one or more memory blocks, all dummy memory cells in 
each roW of dummy memory cells connected to respec 
tive dummy Wordlines and each dummy Wordline of said 
dummy Wordlines connected to a respective dummy 
Wordline driver; 

for each memory block of said one or more memory 
blocks, all dummy memory cells in each column of 
dummy memory cells connected to respective dummy 
bitlines and each dummy bitline of said dummy bitlines 
connected to a respective dummy bitline decoder; 

for each memory block of said one or more memory 
blocks, all dummy Wordline drivers and all dummy bit 
line decoders connected to a redundant Wordline/bitline 
control circuit; 

Wherein said ?rst and second pads are both connected to 
terminal ground pads or both connected to terminal 
poWer pads of an integrated circuit chip containing said 
memory array; and 

Wherein said memory cells are selected from the group 
consisting of static random access memory cells and 
dynamic access memory cells. 

15-21. (canceled) 


