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HIERARCHICAL CROSS-POINT ARRAY OF NON-VOLATILE MEMORY

Background

Data storage devices generally operate to store and retricve data i a fast and
efficient manner. Some storage devices utilize a semiconductor array of solid-state
merory cells to store individual bits of data. Such memory cells can be volatile (e.g.,
DRAM, SRAM) or non-volatile (RRAM, STRAM, flash, etc.).

As will be appreciated, volatile memory cells generally retain data stored in memory
only so long as operational power continues 1o be supplied to the device, while nou-volatie
memory cells generally retain data storage in memory oven in the absence of the application
of operational power. However, an array of non-volatile vaemory cells can generate an
unwanted current during various operations. Such unwanted current can be problematic in
guickly and consistently reading data from the array of memory cells,

As such, in these and other types of data storage devices it is often desirable to
increase efficiency and reliability, particularly by troproving the utilization of memory

space by reducing overhead storage space associated with updating data.

Summary

Various embodiments of the present invention are directed to a2 method and
apparatus for reading data from a non-volatile memory cell.

In some embodiments, a cross-point array of non-volatile memory cells is arranged
mto rows and colummns, A selection circuit 1s provided that 1s capable of activating the first
block of memory cells while deactivating the second block of memory cells. Further, a read
circuil 18 provided that is capable of reading a logical state of a predetermined memory cell
in the fivst block of memory cells with a reduced leak current by prograraming a first
resistive state to the block selection clements corresponding to the first block of memory
cells while programming a second resistive state to the block selection elements
corresponding to the second block of memory cells.

In other embodiruents, a cross-point array of non-volatile memory cells arranged

into rows and columns, a selection circuit capable of activating the first block of memory
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cells while deactivating the second block of memory cells, and 4 read circuit are provided.
A logical state of a predetermined memory cell in the first block of memory cells is then
read with a reduced leak current by programming a first resistive state to the block selection
elements corresponding to the first block of memory cells while programming a second
resistive state to the block selection elements corresponding to the second block of memory
cells.

These and various other features and advantages which characterize the various
embodiments of the present invention can be understood in view of the following detailed

discussion and the accompanying drawings.

Brief Description of the Drawings

FIG. 1 is a generalized functional representation of an exemplary data storage device
coustructed and operated 1u accordance with various embodiments of the present invention.

Fi(G. 2 shows circuitry used to read data from and write data to a memory array of
the device of FIG. 1,

FIG. 3 displays an exemplary cross-point array of memory cells.

FIG. 4 graphs cxemplary charactenistics of the cross-point array of FIG, 3.

FIG. 5 displays an exemplary block of memory cells constructed and operated in
accordance with various embodiments of the present invention.

FIG. 6 illustrates an exemplary array of memory cells constructed and operated 1n
accordance with various embodiments of the present invention.

FIG. 7 provides an exernplary operation of the array of memory cells of FIGS. 5 and
6 performed in accordance with various embodiments of the present invention.

FIG. § illustrates an exemplary block selection element capable of being used in the
memory array of FIGS. 5.7,

FIG. 9 displays an excraplary array of mernory cells constructed and operated in
accordance with various embodiments of the present invention.

FIG. 10 provides a flowchart of a page read routine performed in accordance with

various embodiments of the present invention.

N2
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Pretailed Description

FIG. 1 provides a functional block representation of a data storage device 100
constructed and operated in accordance with various embodiments of the present mvention.
Top level control of the device 100 s carried out by a suitable controller 102, which may be
a programmable or hardware based microcontroller. The controller 102 communicates with
a host device via a controller interface (I/F) curcnit 104, A vaemory space s shown at 106 to
comprise a number of memory arrays 108 {(denoted Array 0-N), although it will be
appreciated that a single array can be utilized as desired. Each array 108 comprises a block
of semiconductor memory of selected storage capacity. Communications between the
controller 102 and the mernory space 106 arc coordinated via the UF 104,

It can be appreciated that the memory space 106 can be configured in variouns
different ways with a variety of write and read circuitry. One such configuration can be a
crosa-point array of memory 110 shown in FIG, 2. A plurality of memory cells 112 can
each be connected between a word line 114 and a bit line 116. In some embodiments, the
word lines can be controlied by column drivers 118 and the bit ines can be controlled by
row drivers 120,

Further, the word lines |14 and bit lines 116 can be oriented in an orthogonal
relationship to each other, but such configuration is not required or limiting. The
configuration of the cross-point array 110 can be characterized as being arranged i rows
and columns 1n which each word line 114 connects multiple memory cells along an aligne
column to the column drivers 118 while each bit line 116 connects multiple memory cells
along an aligned row to the row drivers 120,

However, it should be noted that the orientation of bit lines 174 and word lines 176
shown tn FIG. 2 is purcly exemplary and 1n no way himiting to the possible configurations
of the cross-point array of memory cells 118, That is, a bit line 116 can connect memory
cells along a colurn while a word line 114 connects memory cells along a row. Likewise,
the number, size, and orientation of the various line drivers 118 and 120 arc not limited and
can be modified from the displayed configuration, as desired. For example, line drivers
gither alone or in combination can be used to configure the bit and word lines 116 and 114

to direct current through a one, or many, memory cells at a time.

52
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In various embodiments of the present invention, cach memory cell 112 of the
cross-point array of memory can be configured with a non~-chmic switching device. Such a
switching device can provide increased reliability that memory cells are not being
inadvertently accessed. The addition of a switching device to the memory device can be
configured in a variety of ways such as, but not limited to, a transistor connected in series
with a resistive sense element (RSE) at cach crossing pount of the word hne 114 and bt hine
116.

As can be appreciated, the addition of a switching device to cach memory cell can
be controlied by a separate control line. As such, the countrol line can be configured to
provide a signal to activate the switching device and allow current to flow through a
selected memory cell by a selection driver. However, in various embodiments a switching
device can be connected to the bit line 116 or word line 114 to effectively eliminate the
need for a selection duver, Regardless, the incorporation of a swiiching device can provide
additional selection capabilities for a cross-point array of memory cells 110 that can allow
mereased precision for data access.

FIG. 3 generally illustrates an exemplary operation of a cross-point array of memory
130, In operation, current tlowing through a selected memory cell 132 produces a voltage
that can indicate a corresponding reststive state, Such reststive state can then be sensed 1o
determine a logical state for the selected memory cell 132, A bt line driver 134 and a word
fine driver 136 correspounding to the bit line 138 and word hine 140 connected to the
sclected memory cell 132 can be configured to different read voltages, as shown, to allow
current to pass from one line driver through the memory celi 132 to the other line driver to
measure a voltage. It can be appreciated that such current path is merely exemplary as the
current can flow from word line 140 to bit line 138,

Farther in an exemplary operation, the remaining non-selected memory cells 142
can be precharged with a predetermined voltage, such as .SVec, to avoid producing noise in
the non-selected bit lines 144 and word lines 146, As illustrated in FIG. 3, a non-selected
row line drivers 148 and bit line drivers 150 can be used to precharge the non-selected

memory cells 142,
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However, operation of a cross-point array of memory cells 130 can have
disadvantages, such as the presence of unwanted leak current 152 during read operations.
For example, unwanted leak current 152 can be produced from the selected word line 138
due to the potential differeuce between the precharged non-selected roemory cells 142 and
the read voltage created by the word line driver 136, As such, the higher number of memory
cells counected to the selected word line 138 can result 1o an icreased probability of error
when reading the predetermined memory cell 132,

Accordingly, vnwanted leak current 152 can be controlied and reduced during a
read operation by including a selection circuit to the cross-point array 130 to allow current
access to a predetermined nummber of memory cells along a colunn and block of memory
cells while restricting access to the remaining memory cells in other blocks along the
column. The addition of a block selection clement that is connected between a global
control line and a global selection line for each coluran and block of merory cells can
provide such advantageous memory cell selection. That is, programming a block selection
clement correspounding to a sclected block of mermory cells to a first resistive state can
allow current access to a selected memory cell in the block. Meanwhile, current can be
restricted from accessing memory cells along the selected columm in other blocks by
programming the block selection elements corresponding to the other blocks to a second
resistive state,

FIG. 4 provides a graphical lustration 150 of the characteristics of a memory cell
operated in the cross-point array of memory cells shown in FIG. 3. In operation, a memory
cell configured with a non-ohmic switching device provides increased selectivity by
restricting current from passing through the memory cell unless a predetermined amount of
voltage s present. As displaved i FIG. 3, a precharge voltage less than the switching
device’s limit can produce unwanted leak current 152, The presence of the unwanted leak
current corresponds to point 152 1 FIG. 4 as non-selected merory cells are madvertently
reaching the switching device’s Himit. Such events can cause the activation of the switching
device and the production of read voltages for non-selected memory cells.

fa FIG. 3, an exeraplary block of memory cells 160 1s shown as constructed in

accordance with various embodiments of the present invention. A phurality of memory celis

A
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162 are connected to word lines 164 and bit lines 166 at the cross-point of the arranged
rows and columus, In various embodiments, the bit lines 166 are controlied by one, or many
row drivers 168 while the word lines 164 are controlled by one, or many, column drivers
170, The presence of unwanted leak current can be reduced in the block of memory cells
160 with the addition of a selection circuit that includes at least a block selection element
172 conuected between a global control line 174 and a global selection line 176.

Control of the global control line 174 may be facilitated by at least one global
control line drivers 178 while the global sclection hine 176 1s controlled by at least one
selection driver 180. The global control line and selection drivers 178 and 180 can be
configured to program a first or second resistive state to one, or all, the block selection
clemeunts 172 by passing a program current through the desired element(s) 172, As a result,
current passing through the memory cells 162 of the block 160 can be manipulated so that
only a desired word Hue 164 recetves current. For exarple, a high resistive state can be
progranumed to the block selection elements 172 of non-selected word lines 164 through
signals sent exclusively through the global countrol hines 174 and the global sclection line
176 to prevent current from passing through the memory cells 162 connected to the word
Hnes 164 corresponding to the programmed block selection elements 172.

In contrast, the programming of a block selection element 172 to a low resistive
state can allow current to pass through the word line 164 connected to the programmed
block selection element 172, During the reading of a logical state from a merory cell 162,
a current can possibly pass through the global selection line 176. Some embodiments of the
present invention prevent such flow of current with the connection of a uni-flow device 182
between cach word line 164 and the global selection line 176. As displayed, a plarality of
uni-flow devices 182 can be oriented tn opposing directions and connected in serics to cach
word line 164. It can be appreciated that such uni-flow device orientation can be
characterized in various embodiments as a magic diode,

It should be noted that while each memory cell 162 in the array of memory cells 160
is shown with only an RSE, such configuration is not limiting as a switching device can be
connected n series with one, or many, of the RSE, as desired. Similarly, the ortentation of

the block selection elements 172 and uni-flow devices 182 is not restricted to the
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configuration shown in FIG. 5, For example, a separate sccond global selection line (not
shown) can be connected to each word line 164 with 2 uni-flow device while the block
selection element 172 is connected in scories with a uni-flow device 182 to the original
global selection line 172,

FIG. 6 generally illustrates an array of memory cells 190 constructed in accordance
with various embodiments of the present invention. A first and second block of memory
cells 192 and 194, such as the block of memory cells 160 of FIG. 5, can be connected by
common word lines 164 and global control lines 174 to construct the array 190, However,
the displayed configuration is not limiting as blocks of memory cells can be connected ina
varicty of ways while keeping with the spirit of the present invention,

The selection of the memory cells counected to the bit lines 166 of the first block
can be facilitated by the combination of block 1 row drivers 196, first block 1 global
selection control hne 198, second block 1 global selection control hine 199, and the
progranumed state of the block | selection elements 200. Consequently, memory cells of a
particular word line 164, but only in the first block 192, can be accessed with a particular
programming configuration of the resistive states of the block selection elements 200
corresponding to the first block of memory cells 192,

In various embodiments, such programming configuration has a plurality of uni-
flow devices 183 connected between a word line 164 and either of the first or second block
1 global selection control lines 198 or 199 and oriented in opposing directions. This
configuration can allow for the first and second block | global selection lines 198 and 199
to be activated once per access to block 1 while preveunting current from inadvertently
passing to the memory cells 162, In contrast, the combination of the block 2 row drivers
202, first block 2 global selection control line 204, second block 2 global selection control
fine 205, and one, or many, of the biock 2 selection elements 206 corresponding to the
sccond block 194 can provide access to only predetermined second block memory cells
while excluding current from passing through the first block memory cells.

As shown, the array of memory cells 190 can be configured to allow access to a
predetermined number of wemory cells 162 while restricting access to other roemory cells

162. However, the possible configurations of the various block selection clements 198 and

3
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202 are not lirntted. For example, a memory cells from both the first and second blocks 192
and 194 can be accessed simultaneously or consecutively with the configuration of the
corresponding block 1 and block 2 selection elements 200 and 206 by the respective block
1 and block 2 global selection control fines 198 and 204 in combination with the global

5 control line drivers 178.

Furthermore, the size of the array 190 shown in FIG. 6 does not restrict or mit the
numercus configurations of rows, columns, and blocks of memory cells. That is, each block
of memory can be oriented with any number of word Huoes, bit hines, memory cells, and
global control lines. Likewise, the number of blocks of memory cells can vary, as desired,

10 to create an array of mermory cells. For example, ten blocks of memory cells can be
connecied via common global conirol lines and word lines can be created just as two blocks
of memory cells can have ten global control lines.

In sum, the ontentation of the array of memory cells 190 can vary greatly, but the
selection circuitry at least comprises a number of block selection elements equal to the

I5 nurnber of overall blocks of memory cclis and colummns as well as a number of global
selection control lines equal to the number of blocks of memory. An example of the
operation of such an aliernative array of memory cells can be found in FIG. 7.
An exermplary operation of an array of memory celis 210 s provided in FIG. 7 in
accordance with various embodiments of the present invention. A selection of a particular
20 memory cell 212 to read corresponds, in some emvbodiments, with a selected bit line 214,
word line 216, block 21¥, global block | selection control line 220, global control line 222,
and block 1 selection element 224, A read current 226 can pass through the selectle
memory cell 212 once the block 1 selection element 224 connected to the global control

tine 222 conuected to the word line 216 15 programmed to & low resistive state. Such

N2
(9

programming can be facilitated by passing a program current from the global block 1
selection control ine 220 through the block 1 selection element 224 to the global control
lne 222, or vice versa,

Further in various embodiments, in combination with the programming of the
selected block 1 selection element 224, the non-selecied block 1 and block 2 selection

30 elements 228 are to be programmed 1o a high resistive state. The programming of the non-
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selected selection elements 230 can be accomplished in a variety of times. That 15, the
programming of all the non-selected selection elements 230 can be performed successively
or sinultancously with the global selection control lines to prevent unwanted leak current
from being induced n the nou-selected memory cells 232, Regardless, as the read current
226 passes through the selected memory cell 212, unwanted leak current 232 is greatly
reduced when the nou-selecied selection elements 230 are programmed to a high resistive
state betore the read current 226 is generated.

However, it can be appreciated that a residual amount of unwanted leak current 234
can be present and affect the read current 226 due to the connection of multiple memory
cells along the word line 216 configured to allow current to pass, as shown in F1G. 3. While
a residual amount of leak current woay be present in the vead current 226, the very low
number of memory cells leaking current will likely not practically affect the efficiency or
reliability of reading the selected memory cell 212.

It should be noted that the read operation depicted in FIG. 7 18 merely exemplary
and can be modified in scope, duration, and frequency. As such, the array of memory cells
210 can readily and quickly be reconfigured to pass a read current through one, or many,
mermory cells. Such efficiency can be aided by the connection of all the block selection
elements along a block of memory to a single global selection control line. Hence, all the
block selection clements can be programmed to a common resistive state with the activation
of the global selection countrol hines and the global control lines concurrently, or in
SUCCESSIOoN.

In FIG. B, an exemplary block selection element 240 constructed as a prograromable
metallization cell (PMC) is shown as constructed in accordance with various embodiments
of the present invention. A first electrode 242 and a second electrode 244 bound a metal
fayer 246, an embedded layer 248, and a dielectric layer 250. The relative potential between
the first and second clectrodes 242 and 244 can be adjusted with a switching device 252 to
allow a write current 254 to pass through the PMC 240 and form a filament 256.

With a forward bias through the PMC 240, the filament 256 forms a connection
between the metal layer 246 and the secoud electrode 244 1o the embedded laver 248 by the

nigration of ions from the metal layer 246 and electrons from the second clectrode 244,
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Further, a dielectric layer 250 focuses a small arca of possible electron migration from the
second electrode 244 to the embedded layer 248 in order to contain the position of the
formed filament 256. The resultant resistive relationship of the embedded layer 248 to the
metal layer 246 defines the logical state of the PMC 240 through the existence of a high or
low resistive state depending on the existence of a formed filament 256.

o operation, a reverse bias divection of the current pulse 254 that causes a
dissipation of the previously formed filament 256, The dissipation is facilitated through
reversing the polarization of the clectrodes and causing the ions to migrate towards the
electrodes 244 and 246, The use of currents with either positive or negative polarity to set
different resistance state displays the bipolar nature of a PMC 240.

In some embodiments, the PMC 248 1s constructed in reverse sequence so that the
filament forming current pulse and filament dissipating pulse arc the reverse of the pulses
shown i FIG, 8. Further in some erabodiruents, the direction of the current pulse 254 can
opposc the migration direction of the metal tons that form the filament 256,

Further in some embodiments, the embedded layer 248 1s constructed of a thin film
composite of Praseodymium, Calcium, Manganese, and Oxygen PrCaMnO {(PCMO). The
application and function of a PCMO 1n a PMC 240 docs not substantially change the ability
to store resistive states or be configured as a switching device with bipolar characteristics.

It should be noted that the various memory cells depicted throughout the figures are
not Hmited to a particular type or consiruction. For example, a roemory cell, such as
memory cell 162 of FIG. 5, can be configured as a resistive random access memory
{RRAM) cell that 1ucludes a resistive storage layer that 1s disposed between a first electrode
layer and a second electrode layer. An RRAM cell has a naturally high resistive value due
to the composttion and properties of the storage layer, which can be an oxide (such as
magnesium oxide, Mg() with normally high electrical resistance.

However, a low resistive value s oreated when a predetermined pulse is applied so
that a predetermined amount of current passes through the storage iayver and one or more
filaments are formed therein. The formed filament functions to electrically interconnect the
first electrode layer and the second electrode layer. The filament {ormation process will

generally depend on the respective compositions of the layers, but generally, a filament

10



10

20

N2
(9

30

WO 2011/008652 PCT/US2010/041552

such as can be formed through the controlled metal migration (e.g., Ag, etc.} from a
selected electrode layer into the oxide storage layer,

The subsequent application of a voltage pulse of increased current across them
mernory cell will generally drive the metal frow the storage layer back into the associated
clectrode layers, removing the filament from the storage layer and returning the memory
cell 260 to the 1mtial hugh resistance state. Such application of voltage can be {acilitated, in
some embodiments, by the selection of a switching device.

Another possible configuration of a memory cell can be as a spin-torque transfer
random access memory {STRAM). In such a memory cell, a fixed reference layerand a
programumable free layer (recording layer) are separated by an intervening tunneling
{(barrier) layer. The refercuce layer has a fixed magnetic orientation n a selected divection,
as indicated by arrow. The free layer has a selectively programmable magnetic orientation
that can be parallel or anti~paraliel with the selected direction of the refereuce layer.

A low resistance state for the STRAM cell can be achieved when the magnetization
of the free layer is oriented to be substantially 1n the same direction (parallel) as the
magnetization of the reference layer. To orient the cell in the parallel low resistance state, a
write current passes through the cell so that the magnetization direction of the refercnce
fayer sets the magnetic orientation of the free layer. Since electrons flow in the direction
oppostie to the direction of current, the write current direction passes from the free layer to
the reference layer, and the electrons travel from the reference layer to the free layer.

In contrast, a high resistance state for the cell can established in the anti-parallel
orientation 1n which the magnetization direction of the free layer is substantially opposite
that of the reference layer. To orient the cell in the anti-paraliel resistance state, a write
current passes through the cell from the reference layer to the free layer so that spin-
polarized electrons flow into the free layer in the opposite direction.

An alternative embodiment an array of memory cell 280 1s shown mn FIG. 10, A
plurality of word lines 282 can be connected to a single global control line 284, As shown,
cach global control line 284 can be connected to multipie word lines 282 through a block
selection element 286, Further, the each word line 282 can be connected to a memory cell

288 and a bit line 290, respectively. The selection of a predetermined one, or many, of the

1§
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block selection clements 286 can be facilitated with one or more of the global sclection
control line 292 and the uni-flow device 294 connected to cach word ling 282, As a result,
the number of global control lines present in the array of memory cells 280 can be reduced
while providing advaniageous selection and restriction of current through predeterronned
memory cells,

However, it should be noted that the number and ortentation of the uni-flow devices
294 and global selection control lines 292 can vary, as displayed. For example, the first
global sclection control line (SEL1) can be sct to a low voliage while the first global control
fine (GCL1) 284 1s set to a high voltage to connect the GCL1 to the first word line (WL1)
282. Conversely, setting SELT to 4 low voltage and GCL2 1o a high voltage may result in
GCL2 connecting to the fifth word line (WLS). In other embodiments of the present
invention, the global selection control lines 292 can be coupled to a plurality of uni-flow
devices 294 connecting the global control lines 284 to the word lines 282,

FIG. 11 provides a flowchart of a data read routine 300 performed in accordance
with various embodiments of the present invention, The data read routine 300 inutially
provides a cross-point array of memory cells arranged into columns and rows in step 302,
Subseguently in step 304, a selected block selection element corresponding to a
predetermined memory cell is programmed to a first resistive state with the global control
lines and global selection countrol hines. The remaining non-selected block selection
clemeunts corresponding to non-selected memory cells are programmed to a second resistive
state with the global control lines and global selection control lines at step 306. It should be
noted that the timing of steps 304 and 306 1s not limtied and the steps can be performed
any order ¢ither concurrently or successively.

Furthermore in step 308, a voltage a measured from the predetermined memory cell
with a read current that can include an amount of leak current generated by non-selected
mermory cells along the sclected word line. The measured voltage 1s subsequently evaluated
to determine a logical state of the predetermined memory cell at step 310. Finally, the
selected block selection element is reprogramimed to the second resistive state to restrict

current from passing through any memory cells at step 312,
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As can be appreciated by one skilled m the art, the various embodiments illustrated
herein provide advantageous reading of data from a memory cell in an efficient manner.
The use of block seiection elements to allow current to pass through only a predetermined
number of memory cells along a columnp allows for a redaction in unwanted leak current
that leads to increased reliability of memory array operation. With several global control
fines, access 1o particular rows, columns, and blocks of memory cells can be efficiently
manipulated to provide functional bandwidth and data throughput. However, it will be
appreciated that the various embodiments discussed herein have numerous potential
applications and are not limited to a certain figld of electronic media or type of data storage
devices.

It 1s to be understood that even though numerous characteristics and advantages of
varigus embodiments of the present invention have been set forth in the foregoing
description, together with details of the structure and function of various embodiments of
the invention, this detatled description is tlustrative only, and changes may be made in
detail, especially m matters of structure and arrangements of parts within the principles of
the present invention to the full extent indicated by the broad general meaning of the terms

in which the appended claims are expressed.
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What s claimed is;

I. An apparatus comprising
5 a cross-point array of non-volatile memory cells arranged into rows and columns;

a selection circuit capable of activating a first block of memory cells while
deactivating a second block of memory cells; and
a read circuit capable of reading a logical state of a predetermined memory cell in
the first block of memory cclis with a reduced leak current by programming
10 a first resistive state to the at least one first block selection element while

programming a second resistive state to at least one second block selection

element.
2. The apparatus of claim 1, wherein a phluraiity of rows define the first block
5 of memory cells and the second block of memory cells.
3. The apparatus of claim 1, wherein the first and second blocks of memory

cells are connected in series along cach column,

20 4, The apparatus of clairn 1, wherein the selection circuit comprises a block
selection element counected between a global coutrol line aund a global selection coutrol

line for each block and column,

5. The apparatus of claim 4, wherein each global control line is connected to
25 only the nurnber of block selection elements equal to the number of blocks of memory cells,
&. The apparatus of claim 4, wherein a single global selection control line

programs the resistive state of all the block selection elements of a selected block of
memory cells,

30
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7
7

The apparatus of claimn 4, wheretn the block selection clement is

characterized as a programmable metallization cell (PMC).

8. The apparatus of claim 4, wherein the block selection element is connected

in series with a diode

9. The apparatus of claim 1, wherein the non-volatile memory cells comprise

resistive sense elements (RSE).

10, The apparatus of claira 7, wherein the RSE is characterized as resistive

random access ruemory {RRAM) cells.

1. The apparatus of claum 1, further comprising a uvmi-flow device that prevents

current below a predetermined threshold from passing through the block selection clement.

12. A method comprising the steps of providing a cross-point array of non-
volatile memory cells arranged into rows and columus, a selection circuit capable of
activating a first block of memory cells while deactivating a second block of memory cells,
and a read circuit, and reading a logical state of a predetermined memory cell in the first
block of memory cells with a reduced leak current by programming a first resistive state to
at least one first block selection element while programming a second resistive state to at

least one second block selection element.
13, The method of claim 12, wherewn the sclection circutt comprises a block
selection element connected between a global control line and a global selection control

line for each block and column,

t4.  The method of claim 13, wherein each global control line is connected to

only the nuruober of block selection elements equal to the vursber of blocks of memory cells.

5
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15, The method of claim 13, wherein a single global selection control line
programs the resistive state of all the block selection elements of a selected block of

memory celis.

16, The method of claim 13, wherein the block selection element i

characterized as a programiuable wetallization cell (PMC).

17. The method of claim 13, wherein the block selection element 18 programmed

by passing a current through the global control line and the global selection control line.

18.  The method of claim 12, wherein a resistive sense element (RSE) is

connected between a row and column,

14, The method of claim 12, wherein an amount of leak current is measured

while reading the predetermined memory cell.

20, An apparatus comprising:

a cross~-point array of non-volatile memory cells arranged into rows and columns;

a selection circuit capable of activating a first block of memory cells while
deactivating a second block of memory cells, wherein a number of selection
lines are coupled to the first and second blocks of memory cells; and

a read circuit capable of reading a logical state of a predetermined memory cell in
the first block of memory cells with a reduced leak current by programming
a first resistive state to the at least onc first block sclection element while
programming a second resistive state to at least one second block selection
clement, wherein a first global control ine manages cach of the first block
selection elements and a second global control line manages cach of the
second block selection elements, and wherein each first and the second
selection element resides in a coramon horizontal plane between the non-

volatile memory cells and the global control lines.

f6
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