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(57) Abstract: Example implementations relate to memory array drivers. For example, a memory array includes a memory cell. The
memory array also includes a bit line coupled to the memory cell and a word line coupled to the memory cell. The memory array tur-
ther includes a first memory array driver having a first terminal and a second terminal. The first terminal is coupled to the bit line.

o The second terminal is coupled to the word line. The memory array further includes a second memory array driver having a third ter -

W

minal and a fourth terminal. The third terminal is coupled to the bit line. The fourth terminal is coupled to the word line.
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MEMORY ARRAY DRIVER

BACKGROUND
{8601} Non-volatile memory may be a storage device that refains data
even whean power is not provided o the storage device. There are different
types of non-volatile memory, such as flash memory, ferrcelectric memory,

and resistive memory.

BRIEF DESCRIPTION OF THE DRAWINGS

{6002} Some sxamples of the present application are described with
respect {o the following figures:

{8603} FIG. 1 Is 3 block diagram of a memory array including a memory
array driver, according 1o an example;

[B004] FIG. 2 is a block diagram of a memory array including a memory
array driver, according to an example;

16005) FIG. 3 is a block diagram of a memory array controller to direct
operation of a memory array including a memory array driver, according (o an
axample;

{8006} FIG. 4 is 3 flowchart iHlustrating a method of operaling a memory
array including a memory array driver, according o an example; and

{3007} FIG. 5 is a flowchart illusirating a method of operating a memory
array controlier {o direct operation of a memory array including a8 memory

array driver, according to an example.

DETAILED DESCRIPTION

[B008] As described above, a type of non-volatile memory may be resistive
memory. A resistive memory cell may store different logic values based on
the electrical resisiance in the resistive memory cell. For example, to slore a
fogical O, the electrical resistance of a resistive memory celi may be setio g
high resistive state. To siore a logic 1, the electrical resistance of a resistive
memeory cell may be set to a low resistive state. One type of resistive memory

cell is a bidirectional resistive memory cell. The elecirical resistance of a
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bidirectional resistive memory cell may be set by varying a polarity of an
applied voltage. For example, a first voliage having a first polarity {i.e., a first
direction) may be applied to a bidirectional resistive memory celi to set the
electrical resistance o a high resistive state. A second voltage having a
second polarity {(i.e., a second direction) may be applied to the bidirectional

resistive memory cell to set the electrical resistance to a low resistive state.

[3009] When a memory array is implemented using at least one
bidirectional resistive mamory cell, multiple drive circuits extemnal (o the
memory array may be used {o provide vollage sources having different
polarities. For example, two drive circuits may be used o provide voltage
sources having different polarities to bit lines of the memory array. Thus, the

device area associated with the memuory array may be increased.

[018] Examples described herein provide a memory array driver to
reduce the amount of supporting circuitry, such as a drive circuil, extemnal fo a
memory array. For example, a memory array may include a memory cell,
such as a bidirectional resistive memory cell. The memory array may also
include a bit line coupled to the mamory cell and a word line coupled to the
memory cell. The memory array further inciudes a first memory array driver
having a first terminal and a second terminal. The first terminal may be
coupled o the bit line and the second terminal may be coupled to the word
fine. The memory array may further include a second memory array driver
having a third terminal and a fourth terminal. The third ferminal may be
coupled o the bit line and the fourth terminal may be coupled {o the word line.
The first memory array driver and the second memory array driver may set a
direction of an operation associated with the memory cell in paraliel. in this
manner, exampies described herein may reduce the device area associated

with the memory array.

16011} Referring now to the figures, FIG. 1 is a block diagram of @ memory
array 100 including a memory array driver, according 1o an exampie. Memory
array 100 may be a storage device or circuit that includes at leasi one
memory cell. Memory array 100 may inciude a8 memory cell 102. Memory
cell 102 may be a storage device or circuit. In some examples, memory cell

102 may be a bidirectional resistive memory cell implemented using at least
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one memyistor. Memory array 100 may also include a bit fine 104 and g word
fine 106. Bit line 104 and word line 106 may be coupled to memory cell 102.
Bit line 104 and word line 106 may be implemented as conductive metal
traces. Bit line 104 may correspond to a column of memory array 100 and
word line 106 may correspond to a row of memory array 100.

{8612} Memory array 100 may further include a first memory array driver
108 and a second memory array driver 110, Memory array drivers 108 and
100 may be circuitry that directs current io pass through memory cell 102,
First memory array driver 108 may include a first terminal 112 that is coupled
o bit line 104, First memory array driver 108 may also include a second
terminal 114 that is coupled to word line 106. Second memory array driver
110 may include a third terminal 116 that is coupled to bit line 104. Second
memory array driver 110 may also include g fourih terminal 118 thatis
coupled io word line 106.

[B013] During operation, memory array drivers 108 and 110 may, in
parallel, set a direction of an operation associated with memory cell 102, such
as a write operation associated with memory cell 102, That is, memory array
drivers 108 and 110 may set the polarily of a voltage applied to memory cell
102 by directing the manner in which current passes through memory celi
102, Thus, by utilizing memory array drivers 108 and 110 that are internal 1o
meamory array 100 to set the direction of an operation, the number of drive
circuits external to memory array 100 may be reduced and the device area
associated with memory array 100 may be reduced. Operations of an
example memory array are described in more detall in FIG. 2

{8014} In some examples, memory array 100 may be a cross point
memory array. In a cross point memory array, bif lines and word lines may be
implemented in distinct layaers so that the bit lines and the word lines form a
matrix. For example, bit line 104 may be implementead in a first metal layer
that is orientated in a first direction on a substrate. Word line 106 may be
implemenied in a second metal layer that is orientaled in a second direction
such that the second metal layer may form a cross with the first metal layer.
Memory cell 102 may be implemented using at least one dielectric layer that
is sandwiched between the first metal laver and the second metal layer. The

at least one dielectric layer may be coupled to the metal layers using vias.
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[B815] FIG. 2 is a biock diagram of a memory array 200 including a
memory array driver, according to an example. Memory array 200 may be
similar {0 memory array 100 of FIG. 1. Memory array 200 may include a
plurality of memory celis, such as memory celis 202, 204, 206, and 208.
Memory cells 202-208 may be similar fo memory cell 102. As described in
more detail below, a distinct current path of sach of the pluraility of memory
cells may be determined via al least one memory array driver.

[B016] Memory array 200 may also include a plurality of bit lines and word
fines. For example, memory array 200 may include a bit line 210 and a bit
ine 212, Bitlines 210 and 212 may be similar to bit line 104, Memory array
200 may also include a word line 214 and a word line 216, Word lines 214
and 216 may be similar to word line 106, Memory celi 202 may be coupled to
bit line 210 and to word line 214, Memory cell 204 may be coupled to bit line
210 and to word line 216. Memory cell 206 may be coupled to bit line 212
and o word line 214, Memory cell 208 may be coupled io be coupled to bit
fine 212 and to word line 216.

10037} Memory array 200 may further include a plurality of memory array
drivers. For example, memory array 200 may include a first memory amray
driver 218, a second memory array driver 220, g third memory array driver
222, and g fourth memory array driver 224. Memory array drivers 218 and
220 may be coupled o bit line 210 and to word line 214. Memory array
drivers 222 and 224 may be coupled to bit line 212 and to word line 216.
Thus, each bit line of memory array 200 may be coupled {o a distinct pair of
memeory array drivers and each word line of memory array 200 may also be
coupled to a distinct pair of memory array drivers. Memory array drivers 218-
224 may be similar o memory array drivers 108-110.

{8618} Each of memory array drivers 218-224 may include 3 pair of
transistors coupled in series. For example, first memory array driver 218 may
include a first transistor 226 and a second transistor 228. A first source
terminal 51 of first transistor 226 may be coupled {o bit line 210, A first drain
terminal D1 of first transistor 226 may be coupled o a second source terminal
$2 of second fransistor 228. A second drain terminal D2 of second transisior

228 may be coupled to word line 214,
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[6819] Second mermnory array driver 220 may include a third transistor 230
and a fourth fransistor 232 coupled in series. A third drain terminal D3 of third
fransistor 230 may be coupled o word line 214. A third source terminal 83 of
third transistor 230 may be coupled to a fourth drain terminal B4 of fourth
transistor 232. A fourth source terminal 4 of fourth transistor 232 may be
coupled {o bit line 210.

16028} Third memory array driver 222 may include a {ifth iransistor 234
and a sixth transistor 238 coupled in series. A fifth source terminal 35 of fifth
transistor 234 may be coupled fo bitline 212, A fifth drain terminal DS may be
coupled to a sixth source terminal 56 of sixth fransistor 236, A sixth drain
terminal D6 of sixth transistor 236 may be coupled to word line 216.

{8028} Fourth memory array driver 224 may include a seventh transistor
238 and an eighth transistor 240, A seventh drain terminal D7 of seventh
transistor 238 may be coupled to word line 216, A seventh source terminal
57 of seventh fransistor 238 may be coupled o an eighth drain terminal D8 of
eighth transisior 240. An eighth source terminal 58 of eighth transistor 240
may be coupled to bit line 212,

{8022 A first drive circuit 242 may be coupled to first memory array driver
218 via first drain terminal D1 and via second source terminal 82. First drive
circuit 242 may also be coupled o third memory array driver 222 via fifth drain
terminal D5 and via sixth source terminal 56, First drive circuit 242 may
provide a first voltage source having a first polarity {e.g., a positive polarity} to
memory array drivers 218 and 222, Thus, first drive circuit 242 may also be a
first current source. First drive circuil 242 may include additional circuity (not
shown in FIG. 2), such as a sensing circuit, a current mirror, etc.

{8023} A second drive circuit 244 may be coupled o second memory array
driver 220 via third source terminal S3 and via fourth drain terminal D4,
Second drive circuit 244 may be coupled o Tourth memory array driver 224
via seventh source terminal 87 and via eighth drain ferminal D8. Second
drive circuit 244 may provide a second voltage source having a second
polarity (2.g., a negalive polarity} opposite to the first polarity to memory array
drivars 220 and 224. Thus, second drive circuit 244 may also be a second
current source. Second drive circuit 244 may include additional circuity (not

shown in FIG. 2}, such s a sensing circuit, a current mirror, eto.
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{6024} A memory array coniroller 246 may be coupled {o transistors 226-
240 via a respeciive gate lerminal, such as a first gale tferminal G1 of first
fransistor 226, a second gate terminal G2 of second fransistor 228, a third
gate terminal G3 of third transistor 230, a fourth gate terminal G4 of fourth
transistor 232, a fifth gate terminal G5 of fifth fransisior 234, a sixth gate
terminal GB of sixth transistor 236, a seventh gale lerminal G7 of seventh
transistor 238, and an sighth gate terminal 8 of eighth transistor 240.

[B025] During operation, memory array coniroiler 246 may receive an
address selection signal 248, for example, from a host device that may initiate
an operation associated with a memory cell in memory array 200. Address
selection signal 248 may include an address of a memory cell and a direction
bit of the operation. The direction bit may indicate a direction of the operation.
[6026] In some examples, drive circuils 242 and 244 may also receive
operation signals 250 and 252, respectively, from the host device. Operation
signais 280 and 252 may indicate the type of operation that is to be
performed, such as a wrile operation and a read operalion. Based on
operation signals 250 and 252, drive circuils 242 and 244 may sef the
magnitudes of the voliage and/or current {o be applied to memory array 200,
respectively.

{8627} As an example, address selection signal 248 may include the
address of memory cell 202 and the dirgction bit may indicate a first direction
{e.g., a forward direction}. Operation signals 250 and 252 may indicale a
write operation. Thus, a wrile operation in the first direction is {0 be performed
on memory cell 202.

{6028} Based on address selection signal 248, memory array controller
245 may assert direction signals to memory array drivers 218 and 220 to set
the direction of the write operation. Based on the respective direction signals,
memory array drivers 218 and 220 may set current paths {e.g., a first current
path and a second current path) that are associated with the write operation in
paraliel. For example, memory array controller 246 may assert a first
direction signal DS1 to a first gate lerminal G1 of first transisior 226 and an
inverted first direction signal IDS1 to a second gate terminal G2 of second
transistor 228. First direction signal DS1 may set the operation state of first

transistor 226 {o a first operation state (e.g., tumning first transistor 226 on).



WO 2016/072974 PCT/US2014/063842

inverted first direction signal IDS1 may set the operation state of second
fransistor 228 (0 a second operation state that is opposite to the first operation
state (e.g., turning second transistor 228 off and/or not turning on second
transistor 228). Thus, first transistor 226 may set the first current path
associated with the wrile operation.

{8629} Memory arragy controlier 246 may aiso assert a second direction
signai D32 to a third gate terminal G3 of third transistor 230 and an inveried
second direction signal IBSZ 1o a fourth gate terminal G4 of fourth fransisior
232. Second direction signal DS2 may set the operation state of third
fransistor 230 o the first operation state. Inveried second direction signal
1082 may set the operation state of fourth transistor 232 to the second
gperation state. Thus, third transistor 230 may set the second current path
associated with the write operation. In some examples, memory array
controller 246 may asseri any combination of direction signals D51, 1IDE1,
D52, and D52 in parailsl.

RERH Based on the first current path and the second current path, a
current M generated using first drive circuit 242 may flow from first drive circuit
242 to first fransisior 226. Current {1 may then flow from first transisior 226 {o
memory cell 202 via bit line 210. Current 11 may then flow from memory cell
202 to third transistor 230 via word line 214. Current 11 may further flow from
third tfransistor 230 to second drive circuil 244 to complete the write operation.
{6031} As another example, a second write operation is to be performed
on memory cail 202 in a second direction that is opposite to the first direction.
To perform the second write operation, second transistor 228 and fourth
tfransistor 232 may be turned on using direction signals IDS1 and IDE2,
respectively. First transisior 226 and third transistor 230 may be turned off
using direclion signals DS1 and DS2Z, respectively. Thus, current i1 may flow
from first drive circuit 242 to second transistor 228. Current 1 may then flow
from second transistor 228 to memory cell 202 via word line 214, Current 11
may then flow from memory cell 202 to fourth transistor 232 via bit line 210
Current {1 may further flow from fourth transistor 232 to second drive circuit
244 o complete the second write operation.

{8632} Thus, by controlling the operation siates of transistors 226-232 via

memory array controller 246, connections from drive circuits 242 and 244 o
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bit lines and word lines of memory array 200 may be swapped to set a
direction of an operation associated with a memory cell. The direction may be
changed for each distinct operation. Hence, the amount of exiernal circuitry,
such as additional drive circuits, may be reduced.

{8033} in some examples, a read operation may be performad on memaory
cell 202 in the same direction as a wrile operation associated with memory
cell 202, In some examples, a read operation may be performed on memory
cell 202 in the opposite direction as a write operation associated with memory
cell 202.

16034} As ancther example, an operation io be performed on memory cell
204 in the first direction is described. Based on address selection signal 248,
memory array controller 2485 may assert a third direction signal DS3 to a fifth
gate terminal G5 of fifth transistor 234 and an inverted third direction signal
IDE3 to a sixth gate terminal GO of sixth fransistor 238. Further, memory
array controlier 246 may assert second direction signal DS2 to third transisior
230 and inverted second direction signal 1DSZ {o fourth {ransistor 232, Based
on direction signals D52, 1082, DS3, and IDS3, fransistors 232 and 236 may
be turned on and fransistors 230 and 234 may be turmned off.

{6835} Thus, current 11 may flow from first drive circuit 242 to sixth
transistor 236, Current {1 may then flow from sixth fransistor 236 to memory
cell 204 via bit fine 216. Current 11 may then flow from memory cell 204 to
fourth fransistor 232 via bit line 210. Current 11 may further flow from fourth
transistor 232 o second drive circuit 244 {0 complete the operation.

18036} When the operation is 1o be performed on memory cell in the
second direction, first transistor 226 may be iurned on via first direction signal
D81 and seventh fransisior 238 may be turned on via a fourth direction signal
D54 received at a seventh gate terminal G7 of seventh transistor 238.
Second transistor 228 may be furned off via inverted first direction signal IDS1
and eighth transistor 240 may be turned off via an inverted fourth direction
signai 1084 received at an eighth gale terminal G8 of eighth fransisior 240.
16637] Thus, current 11 may flow from first drive circuit 242 to first
fransistor 226. Current 1 may then flow from first fransistor 226 {0 memory

cell 204 via bit iine 210. Current 1 may then flow from memory cell 204 to
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seventh transistor 238 via word line 216, Current 11 may further flow from
seventh transistor 238 to second drive circuit 244 to complete the operation.
16038) Although four memory calis are shown in FIG. 2, it should be
understood that memory array 200 may include any number of memory cells.
{8039} FiG. 3 is a block diagram of a memory array controller 300 to direct
operation of a memory array including a memory array driver, according to an
example. Memory array coniroller 300 may implement memory array
controller 246 of FIG. 2. Memory array controlier 300 may include a processor
302 and a computer-readable storage medium 304.

16048} Processor 302 may be a central processing unit (CPU), a
samiconductor-based microprocessor, andfor other hardware devices suitable
for retrieval and execution of instructions stored in computer-readabie storage
medium 304. Processor 302 may felech, decode, and executs instructions
306, 308, and 310 to control a process of seiting a direction of an operation
associated with a memory cell of a memory array. As an alternative orin
addition to refrieving and executing instructions, processor 302 may include at
least one elecironic circuit that includes electronic components for performing
the functionalily of instructions 308, 308, 310, or a combination therect.

{8041} Computer-readable storage medium 304 may be any electronic,
magnetic, optical, or other physical slorage device that coniains or stores
executable instructions. Thus, computer-readable storage medium 304 may
be, for example, Random Access Memory (RAM), an Electrically Erasable
Programmable Read-Oniy Memory (EEPROM]}, a storage device, an optical
disc, etc. In some examples, computsr-readable storage medium 304 may be
a non-transitory storage medium, where the ferm “non-transitory” does not
encompass transitory propagating signals. As described in detfail below,
computer-readable storage medium 304 may be encoded with g series of
processor exgcutable instructions 306-310 for sefting a direction of an
operation associated with a memory cell of a memory array.

{68421 Address selection signal receplion instructions 308 may receive
address selection signal, such as address selection signal 248, from a host
device. First direction signal assertion instructions 308 may assert a first
direction signal, such as first direction signal D&1, to a memory array driver.

Second direction signal assertion instructions 310 may assert a second
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direction signal, such as second direction signal DSZ, to another memory
array driver.

16043} FIG. 4 is a flowchart jllustrating a method 400 of operating a
memory array including a memory array driver, according to an example.
Method 400 may be implemented using memory array 100 of FIG. 1 and/or
memory array 200 of FIG. 2. Method 400 includes receiving a voltage at a
first memory array driver of a memaory array from a first volfage source, where
the first memory array driver is coupled to a bit line of a memory array and {o
a word line of the memory array, and where the bit line and the word line are
coupled to a memory cell of the memory array, at 402. For example, referring
to FIG. 2, first drive circuit 242 may be coupled to first memory array driver
218 via first drain terminal D1 and via second source terminal 82. First
memory array driver 218 may include first transistor 226 and second transistor
228, First source {erminal S1 of first transistor 226 may be coupled fo bit line
210, First drain terminal D1 of first transistor 226 may be coupled to a second
source terminal 52 of second transistor 228, Second drain terminal DZ of
second transistor 228 may be coupled o word ling 214. Memory cell 202 may
be coupled fo bit tine 210 and o word ling 214.

{8044} Method 400 also includes receiving a second voltage at a second
memory array driver of the memory array from a second vollage source,
where the second memory array driver is coupled {o the bit line and to the
word line, at 404. For example, referring to FIG. 2, sscond memory array
driver 220 may be coupled fo bit line 210 and to word line 214. Second drive
circuit 244 may be coupled to second memory array driver 220 via third
source terminal 83 and via fourth drain terminal D4.

{6345} Method 400 further includes setling a direction of an operation
associated with the memory cell using the first memory array driver and the
second memory array driver in parallel, at 406. For example, referring to FIG.
2, based on the respective direction signals, memory array drivers 218 and
220 may set current paths {e.g., a first current path and a second current
path) that are associated with the write operation in paraliel.

16045) FIG. 5 is a flowchart jllustrating a method 500 of operating a
memory array controller to direct operation of a memory array including a

memory array driver, according 1o an example. Method 500 may be
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implemented using memory array conirolier 248 of FIG. 2 and/or memory
array controlier 300 of FiG. 3.

16047} Method 500 includes receiving an address selection signal
associated with a memory cell of a memory array, where the address
selection signal includes an address of the memory cell and a direction bit of
an operation associated with the memory cell, at 502. For example, referring
to FIG. 2, memory array confroller 246 may receive address selection signal
248, for example, from a host device that may initiate an operation associated
with & memory cell in memory array 200, Address selection signal 248 may
include an address of a memory cell and a direction bit of the operation. The
direction bit may indicate a direction of the operation.

{6G48] Method 500 also includes, in response to the direction bit, assert a
first direction signal to direct a first memory array driver of the memory array
to set a first current path via one of a bit line coupled o the memory cell and a
word line coupled to the memory cell, at 504, For example, referring to FIG.
2, memory array controfler 246 may assert first direction signat DS1 to first
gate terminal G1 of first fransistor 226 and inverted first direction signal 1DS1
to second gate ferminal G2 of second transistor 228.

18G49] Method 500 further includes, In response 10 the direction bit, assert
a second direction signal to direct a second memory array driver of the
memory array 1o setf a second current path via the other of the bit line and the
word line, at 506. For example, referring to FIG. 2, memory array controller
246 may also assert second direction signal DSZ to a third gate terminal G3 of
third transistor 230 and inverted second direction signal IDS2 to g fourth gate
terminal G4 of fourth fransistor 232.

{80581 The use of "comprising”, "including” or "having” are synonymous
and variations thereof herein are meant to be inclusive or open-ended and do

not exclude additional unrecited elemenis or method steps.
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Claims

What is claimed is:

1. A memory array comprising:

a memory cell;

a bit line coupled 1o the mamory cell;

a word line coupled o the memory cell;

a first memory array driver having a first {erminal and a second
terminal, wherein the firsi terminal is coupled to the bit line, and
whersin the second terminal is coupled o the word line; and

a second memory array driver having a third terminal and a fourth
terminal, wherein the third terminal is coupled to the bit line, and

wherein the fourth terminal is coupled o the word line.

2. The memory array of claim 1, wherein the memory cellis a
bidirectional resistive memeory celi, wherein the first memory array driver is
coupled to a first voltage source having a first polarity, and wherein the
second memory array driver is coupled o a second voltage source having a

second polarity opposite to the first polarity.

3. The memory array of claim 1, wherein the first memory array driver
includes:
a firet transistor having a first drain terminal and a first source terminal;
and
a second transistor coupled o the first fransistor, wherein the second
transistor includes a second drain terminal and a second source
terminal; and
wherein the second memory array driver includes:
a third fransisfor having a third drain terminal and a third source
tarminal; and
a fourth transistor coupled o the third transistor, wherein the
second transistor includes a fourth drain terminal and a

fourth source terminal.
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4. The memory array of claim 3, wherein the first transistor and the
third transistor have a first operation state, wherein the second transistor and
the fourth transistor have a second operation state that is opposite o the first
operation staie, whersin the first transistor is coupled to the sscond transistor
in series, and wherein the third fransistor is coupled to the fourth transistor in

series.

5. The memeory array of claim 3, wherein the first source terminal and
the fourth source terminal are coupled to the bit line, wherein the first drain
terminal is coupled 1o the second source terminal, wherein the second drain
terminal and the third drain terminal are coupled to the word line, and wherein

the third source terminal is coupled to the fourth drain ferminal.

8. The memory array of claim §, wherein the first drain terminal and the
second source terminal are coupled to a first voltage source having a first
polarity, wherain the third source terminal and the fourth drain terminal are
coupled to a second voltage source having a second polarity that is opposite

of the first polarity.

7. The memory array of claim 1, further comprising a pluraiity of bit
fines, wherein each of the plurality of bit lines is coupled 1o a distinct pair of
memory array drivers, and wherein the memory array is a cross point memory

array.

8. The memory array of claim 1, further comprising a pluraiity of
memory cells couplad 1o the bit line, wherein a distinet current path of each of
the plurality of memory celis is determined via one of the first memory array

driver and the second memory array driver.

8. A method comprising:
receiving a voltage ai g first memory array driver of a memory array
from a first voliage source, wherein the first memory array driver

is coupled to a bit line of a memory array and to a word line of
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the memory array, and wherein the bit line and the word line are
coupled to a memory cell of the memory array;

receiving a second voltage at a second memory array driver of the
memory array from a second voltage source, wherein the
second memory array driver is coupled {o the bitline and o the
word line; and

setting a direclion of an operation associaied with the memory cell
using the first memory array driver and the second memory

array driver in parailel.

10. The method of claim 9, further comprising:
receiving, af the first memory array driver, a first direction signal from a
memory array controller; and
receiving, at the second memory array driver, a second direction signal
from the memory array coniroller, wherain the first direction
signal and the second direction signal are indicative of the
direction, and wherein setling the direction using the first
memory array driver and the second memory array driver in
parallel includes:
setling a first current path associated with the operation via the
first memory array driver based on the first direction
signal; and
satting a second current path associated with the operation via
the second memory array driver based on the second

direction signal.

11. The mathod of claim 10, whersin whan the first direction signal and
the second direction signal are indicative of a first direction of the operation,
the first current path includes the bit line and the second cumrent path includes
the word line, and wherein when the first direction signal and the second
direction signal are indicative of a second direction of the operation, the first
current path includes the word line and the second current path inciudes the

bit line.
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12. The method of claim 10, further comprising wherein during a write
aperation of the memaory cell, the first current path includes the bit line and the
second current path includes the word line, and during a read operation of the
memory cell, the first current path includes the word line and the second

current path includes the bit line.

13. A computer-readable storage medium comprising instructions that
when execuled cause g processor of 3 memory array controiler {o:

receive an address selection signal associated with a memory celiof a
memory array, wherein the address selection signal includes an
address of the memory celi and a direction bit of an operation
associated with the mamory cell;

in response {o the direction bit, assert a first direction signal o direct a
first memory array driver of the memory array o set a first
current path via one of a bit line coupled o the memory cell and
a word line coupled 1o the mamory cell; and

in responses to the direction bit, assert a second direction signal to
direct a second mermory array driver of the memory array o set
a second current path via the other of the bit line and the word

line.

14. The computer-readabie storage medium of claim 13, wherein
during a write operation associated with the memory cell, the first current path
includes the bit line and the second current path includes the word line, and
during a read operation associated with the memory cell, the first current path

includes the word line and the second current path includes the bit line.

15. The computer-readable storage medium of 13, wherein the
instructions when execuied further cause the processor to assert the first

direction signal and the second direction signal in parallel.
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400

402~ Receive a voltage at a first memory array driver of 8 memory array from a

first vollage source, where the first memory array driver is coupled to a bit

line of a memory array and {o a word line of the memory array, and wherg

the bit line and the word line are coupled 1o a8 memory cell of the memory
array

'

Receive a second voltage at a second memory array driver of the memory
404~ array from a second vollage source, where the second memory array driver
is coupled to the bit line and to the word line

l

Set a direction of an operation associated with the memory cell using the

406~ first mermory array driver and the second memory array driver in parallel

FIG. 4
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500

5/5

502~

Receive an address seleclion signal associated with a memory cell of a
memory array, where the address selection signal includes an addrass of
the memory cell and a direction bit of an operation associated with the
memory cell

'

504 ~—~_

in response to the direction bit, assert a first direction signal to direct a first
memory array driver of the memory array 1o set a first current path via one
of a bit line coupled to the memory cell and a word line coupled to the
memory cell

l

506—~_|

in response o the direction bit, assert a second direction signal to direct a
second memaory array driver of the memaory array ¢ set a second current
path via the other of the bil line and the word ling

FIG. 5
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