
WRITE OPERATION FOR SPIN TRANSFER TORQUE MAGNETORESISTIVE RANDOM ACCESS
MEMORY WITH REDUCED BIT CELL SIZE Field of Disclosure [0001] Embodiments of
the invention are related to random access memory (RAM). More particularly,
embodiments of the invention are related to write operations in Spin
Transfer Torque Magnetoresistive Random Access Memory (STT-MRAM).
Background [0002] Random access memory (RAM) is a ubiquitous component of
modern digital architectures. RAM can be stand alone devices or can be
integrated or embedded within devices that use the RAM, such as
microprocessors, microcontrollers, application specific integrated circuits
(ASICs), system-on-chip (SoC), and other like devices as will be
appreciated. RAM can be volatile or non-volatile. Volatile RAM loses its
stored information whenever power is removed. Non-volatile RAM can maintain
its memory contents even when power is removed from the memory. Although
non volatile RAM has advantages in the ability to maintain its contents
without having power applied, conventional non-volatile RAM has slower read
/ write times than volatile RAM. [0003] Magnetoresistive Random Access
Memory (MRAM) is a non-volatile memory technology that has response (read /
write) times comparable to volatile memory. In contrast to conventional RAM
technologies which store data as electric charges or current flows, MRAM
uses magnetic elements. As illustrated in FIGs. IA and IB, a magnetic
tunnel junction (MTJ) storage element 100 can be formed from two magnetic
layers 110 and 130, each of which can hold a magnetic field, separated by
an insulating (tunnel barrier) layer 120. One of the two layers (e.g.,
fixed layer 110), is set to a particular polarity. The other layer's (e.g.,
free layer 130) polarity 132 is free to change to match that of an external
field that can be applied. A change in the polarity 132 of 



the free layer 130 will change the resistance of the MTJ storage element
100. For example, when the polarities are aligned, FIG. IA, a low
resistance state exists. When the polarities are not aligned, FIG. IB, then
a high resistance state exists. Theillustration of MTJ 100 has been
simplified and it will be appreciate that each layer illustrated may
comprise one or more layers of materials, as is known in the art. [0004]
Referring to FIG. 2A, a memory cell 200 of a conventional MRAM is
illustrated for a read operation. The cell 200 includes a transistor 210,
bit line 220, digit line 230 and word line 240. The cell 200 can be read by
measuring the electrical resistance of the MTJ 100. For example, a
particular MTJ 100 can be selected by activating an associated transistor
210, which can switch current from a bit line 220 through the MTJ 100. Due
to the tunnel magnetoresistive effect, the electrical resistance of the MTJ
100 changes based on the orientation of the polarities in the two magnetic
layers (e.g., 110, 130), as discussed above. The resistance inside any
particular MTJ 100 can be determined from the current, resulting from the
polarity of the free layer. Conventionally, if the fixed layer 110 and free
layer 130 have the same polarity, the resistance is low and a "0" is read.
If the fixed layer 110 and free layer 130 have opposite polarity, the
resistance is higher and a "1" is read. [0005] Referring to FIG. 2B, the
memory cell 200 of a conventional MRAM is illustrated for a write
operation. The write operation of the MRAM is a magnetic operation.
Accordingly, transistor 210 is off during the write operation. Current is
propagated through the bit line 220 and digit line 230 to establish
magnetic fields 250 and 260 that can affect the polarity of the free layer
of the MTJ 100 and consequently the logic state of the cell 200.
Accordingly, data can be written to and stored in the MTJ 100. [0006] MRAM
has several desirable characteristics that make it a candidate for a
universal memory, such as high speed, high density (i.e., small bitcell
size), low power consumption, and no degradation over time. However, MRAM
has scalability issues. Specifically, as the bit cells become smaller, the
magnetic fields used for switching the 



memory state increase. Accordingly, current density and power consumption
increase to provide the higher magnetic fields, thus limiting the
scalability of the MRAM. [0007] Unlike conventional MRAM, Spin Transfer
Torque Magnetoresistive Random Access Memory (STT-MRAM) uses electrons that
become spin-polarized as the electrons pass through a thin film (spin
filter). STT-MRAM is also known as Spin Transfer Torque RAM (STT-RAM), Spin
Torque Transfer Magnetization Switching RAM (Spin-RAM), and Spin Momentum
Transfer (SMT-RAM). During the write operation, the spin-polarized
electrons exert a torque on the free layer, which can switch the polarity
of the free layer. The read operation is similar to conventional MRAM
inthat a current is used to detect the resistance / logic state of the MTJ
storage element, as discussed in the foregoing. As illustrated in FIG. 3A,
a STT-MRAM bit cell 300 includes MTJ 305, transistor 310, bit line 320 and
word line 330. The transistor 310 is switched on for both read and write
operations to allow current to flow through the MTJ 305, so that the logic
state can be read or written. [0008] Referring to FIG. 3B, a more detailed
diagram of a STT-MRAM cell 301 is illustrated, for further discussion of
the read / write operations. In addition to the previously discussed
elements such as MTJ 305, transistor 310, bit line 320 and word line 330, a
source line 340, sense amplifier 350, read / write circuitry 360 and bit
line reference 370 are illustrated. As discussed above, the write operation
in an STTMRAM is electrical. Read / write circuitry 360 generates a write
voltage between the bit line 320 and the source line 340. Depending on the
polarity of the voltage between bit line 320 and source line 340, the
polarity of the free layer of the MTJ 305 can be changed and
correspondingly the logic state can be written to the cell 301. Likewise,
during a read operation, a read current is generated, which flows between
the bit line 320 and source line 340 through MTJ 305. When the current is
permitted to flow via transistor 310, the resistance (logic state) of the
MTJ 305 can be determined based on the voltage differential between the bit
line 320 and source line 340, which is compared to a reference 370 and then
amplified by sense amplifier 350. It will be appreciated that 



the operation and construction of the memory cell 301 is known in the art.
Additional details are provided, for example, in M. Hosomi, et al., A Novel
Nonvolatile Memory with Spin Transfer Torque Magnetoresistive Magnetization
Switching: Spin-RAM, proceedings of IEDM conference (2005), which is
incorporated herein by reference in its entirety. [0009] The electrical
write operation of STT-MRAM eliminates the scaling problem due to the
magnetic write operation in MRAM. Further, the circuit design is less
complicated for STT-MRAM. In a conventional arrangement of the STT-MRAM
array, such as illustrated in FIG. 4A, the source line (SL) is orthogonal
to word line (WL) and is parallel with the bit line (BL). This arrangement
increases the area used for the bit cell array and results in large bit
cell size. The conventional arrangement promotes a stable write operation.
For example, during the write operation, for a state" 1" write (or "1"
write) WL=H, BL=L and SL=H for the selected bit cell 410 and a proper write
operation can be performed. As used herein H represents a high voltage /
logic level and L represents a low voltage / logic level. For the
unselected bit cells 420, the WL=H,BL=L and SL=L and thus there is no
invalid write operation on the unselected bit cells. However, while aiding
in preventing invalid write operations, the conventional arrangement is
inefficient in the area used per bit cell since the line cannot be shared
which results in additional metal 1 (e.g., SL(Ml) as illustrated) for
source line as shown in FIG. 4B. As further, illustrated in the circuit
layout of FIG. 4B, each bit line (BL) can be located on another metal layer
(e.g., Mx) running substantially in parallel with the source lines. SUMMARY
[0010] Exemplary embodiments of the invention are directed to systems,
circuits and methods for improved write stability and reduced bit cell size
in STT-MRAM. [0011] An embodiment of the invention can include a Spin
Transfer Torque Magnetoresistive Random Access Memory (STT-MRAM)
comprising: a bit cell array having a source line substantially parallel to
a word line coupled to a first row of bit 



cells, wherein the source line is substantially perpendicular to bit lines
coupled to the first row of bit cells. [0012] Another embodiment of the
invention can include a method comprising: forming a Spin Transfer Torque
Magnetoresistive Random Access Memory (STT-MRAM) bit cell array having a
source line substantially parallel to a word line of a first row of bit
cells and substantially perpendicular to bit lines coupled to the first row
of bit cells. [0013] An embodiment of the invention can include a method
for writing data in a Spin Transfer Torque Magnetoresistive Random Access
Memory (STT-MRAM) having a source line substantially parallel to a word
line coupled to a first row of bit cells, wherein the source line is
substantially perpendicular to bit lines coupled to the first row of bit
cells, the method comprising: establishing a low voltage on a bit line of a
selected bit cell coupled to the word line of the first row of bit cells
and the source line; and establishing a high voltage on bit lines of
unselected bit cells coupled to the word line of the first row of bit cells
and the source line. [0014] Another embodiment of the invention can include
a Spin Transfer Torque Magnetoresistive Random Access Memory (STT-MRAM)
having a source line substantially parallel to a word line coupled to a
first row of bit cells, wherein the source line is substantially
perpendicular to bit lines coupled to the first row of bit cells, the
STT-MRAM comprising: means for establishing a low voltage on a bit line of
a selected bit cell coupled to the word line of the first row of bit cells
and the source line; andmeans for establishing a high voltage on bit lines
of unselected bit cells coupled to the word line of the first row of bit
cells and the source line. BRIEF DESCRIPTION OF THE DRAWINGS [0015] The
accompanying drawings are presented to aid in the description of
embodiments of the invention and are provided solely for illustration of
the embodiments and not limitation thereof. [0016] FIGs. IA and IB are
illustrations of a magnetic tunnel junction (MTJ) storage element. 



[0017] FIGs. 2A and 2B are illustrations of a Magnetoresistive Random
Access Memory (MRAM) cell during read and write operations, respectively.
[0018] FIGs. 3A and 3B are illustrations of Spin Transfer Torque
Magnetoresistive Random Access Memory (STT-MRAM) bit cells. [0019] FIG. 4A
is a schematic illustration of a conventional bit cell arrangement for a
STT-MRAM and FIG. 4B is a layout of a conventional bit cell arrangement for
a STTMRAM. [0020] FIG. 5 is a simplified schematic of a STT-MRAM bit cell.
[0021] FIG. 6A is a schematic illustration of a reduced size bit cell
arrangement for a STT-MRAM using conventional write logic and FIG. 6B is a
layout of a reduced size bit cell arrangement. [0022] FIG. 7 is an
illustration of a reduced size bit cell arrangement for a STT-MRAM
including write logic levels. [0023] FIG. 8 is a illustration of an
STT-MRAM array. [0024] FIG. 9 is an illustration of signaling timing for a
block memory in the STTMRAM array of FIG. 8. [0025] FIG. 1OA is an
illustration of a bit line selector that could be used in the STTMRAM array
of FIG. 8. [0026] FIG. 1OB is an illustration of a bit line driver that
could be used in the STTMRAM array of FIG. 8. [0027] FIG. HA is an
illustration of a combined word line driver and source line selector that
could be used in the STT-MRAM array of FIG. 8. [0028] FIG. 1IB is an
illustration of a source line driver that could be used in the STTMRAM
array of FIG. 8.DETAILED DESCRIPTION [0029] Aspects of embodiments of the
invention are disclosed in the following description and related drawings
directed to specific embodiments of the invention. Alternate embodiments
may be devised without departing from the scope of the invention.
Additionally, well-known elements of the invention will not be described in



detail or will be omitted so as not to obscure the relevant details of
embodiments of the invention. [0030] The word "exemplary" is used herein to
mean "serving as an example, instance, or illustration." Any embodiment
described herein as "exemplary" is not necessarily to be construed as
preferred or advantageous over other embodiments. Likewise, the term
"embodiments of the invention" does not require that all embodiments of the
invention include the discussed feature, advantage or mode of operation.
[0031] The terminology used herein is for the purpose of describing
particular embodiments only and is not intended to be limiting of
embodiments of the invention. As used herein, the singular forms "a", "an"
and "the" are intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further understood that the
terms "comprises", "comprising,", "includes" and/or "including", when used
herein, specify the presence of stated features, integers, steps,
operations, elements, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof. [0032] Further, embodiments
may be described in terms of sequences of actions to be performed by, for
example, elements of a computing device. It will be recognized that various
actions described herein can be performed by specific circuits (e.g.,
application specific integrated circuits (ASICs)), by program instructions
being executed by one or more processors, or by a combination of both.
Additionally, these sequence of actions described herein can be considered
to be embodied entirely within any form of computer readable storage medium
having stored therein a corresponding set of computer instructions that
upon execution would cause an associated processor to perform the
functionality described herein. Thus, the various aspects of the invention
may be embodied in a number of different forms, all of which have been
contemplated to be within the scope of the claimed subject matter. In
addition, for each of theembodiments described herein, the corresponding
form of any such embodiments may 



be described herein as, for example, "logic configured to" perform the
described action. [0033] FIG. 5 illustrates a simplified schematic of a
STT-MRAM bit cell. The bit cell includes a word line (WL) coupled to a word
line transistor, 510. A storage element 520 (e.g., MTJ) is represented as a
simple resistance. The transistor 510 and storage element 520 are disposed
between a bit line (BL) and a source line (SL). During the write operation
for state "0", WL=H, BL=H and SL=L and for state "1", WL=H, BL=L and SL=H.
As used herein, H is a high voltage / logic level and L is a low voltage /
logic level. The voltage levels may be supply voltage levels (e.g., Vdd and
0) or may be higher or lower than the supply voltages levels. It will be
appreciated that the foregoing arrangement and state conditions are
provided merely for discussion of embodiments of the invention and are not
intended to limit the embodiments to the illustrated arrangements or state
conditions discussed. [0034] Referring to FIG. 6A, an arrangement of a
STT-MRAM bit cell array according to an embodiment of the invention is
illustrated that produces a reduced or minimum bit cell size. In contrast
to the conventional design, such as illustrated in FIG. 4, the word lines
(WL) and source lines (SL) are arranged substantially in parallel and
substantially perpendicular to the bit lines (BL). For example, when
compared to the layout illustrated in FIG.4B, the vertical metal 1, which
is parallel the bit line and perpendicular to the word line, used for the
source line can be eliminated and thus bit cell area can be significantly
reduced, as illustrated in FIG. 6B. In comparison to Fig. 4B, it is clear
that the source lines (e.g., SL (Ml) are no longer parallel with the bit
lines. Accordingly, the configuration of Fig. 6B provides for the reduced
cell size by allowing for the removal of the additional parallel metal
lines and connections used for the source line of Fig.4B. Further, using
the illustrated arrangement, the source line can be shared for all cells
along a given word line direction. In some embodiments of the invention,
the source line can be shared between two adjacent bit cells and can be
positioned between the word lines (e.g., WL (Gp)) as illustrated. 



[0035] However, using the conventional logic for write operations creates a
potential invalid write operation on the unselected cells 620. For example,
in a write operation of a "1", the selected cell 610 has WL=H, BL=L and
SL=H. However, the unselected bit cells 620 will also be subject to an
invalid write because each will have similar signals applied (i.e., WL=H,
BL=L and SL=H). Accordingly, using conventional write logic in a reduced
bit cell size design can lead to problems during memory write
operations.[0036] FIG. 7 illustrates a solution to the aforementioned
problems for write operations in reduced bit cell designs (e.g., parallel
WL and SL) for STT-MRAM according to embodiments of the invention.
Referring to FIG. 7, the unselected bit lines 725 can be driven to a high
state during write "1" operations to resolve invalid write operations for
unselected bit-cells 720. For example, when writing a "1" to the selected
bit cell 710, the write logic sets WL(730)=H, BL(715)=L and SL(740)=H.
Accordingly, unselected bit-cells 720 also have WL(730)=H, and SL(740)=H
during the write operation of bit cell 710. Then, to prevent an invalid
write operation in the unselected bit cells 720, unselected BLs 725 are set
to H during the write cycle for writing "1" to the selected bit cell 710.
It can be appreciated that the write control logic for the unselected bit
lines will be designed to apply a high (H) voltage / logic signal during
the write operations. Alternatively, the unselected bit lines can be placed
in a high impedance state, which would prevent any current flow through the
unselected bit lines. The write control logic can be implemented using any
device or combination of devices that can perform the functionality
described herein. Accordingly, embodiments of the invention are not limited
to the specific circuits or logic illustrated herein to perform the
functionality described. [0037] Referring to FIG. 8, an example of a
STT-MRAM array is illustrated. As noted above, the unselected bit lines
(BLs) in the array are set to a high state while the selected BLs
associated with cells 801 and 8 11 are set to a low state in one write
configuration. The selected signals are denoted with a rectangular box and
the selected cells are denoted with a circle. Accordingly, for bit cells
801 and 8 11 to be selected, the 



word line (WL) driver 820 activates WLl 821. WLl 821 activates the access
(word line) transistor associated with cells 801, 8 11 and other cells
along the word line 821. Likewise, source line selector 830 activates a
select line 831 coupled to source lines SLOl and SLl 1. Specifically,
select line 831 activates transistors associated with source lines SLOl and
SLI l , which are coupled to source line drivers 803 and 813, respectively.
Additionally, bit line selectors 804 and 814 select bit line drivers 802
and 812, respectively. As discussed above, for this example, bit line
drivers 802 and 812 could be set to a low level and the remaining
unselected bit line drivers could be set to a high level. Accordingly, bit
cells 801 and 8 11 can be selected out of array 800. Although, the example
discussed above describes specific cells being selected in the array for
blockO and blockl, it will be appreciated that any cell could have been
selected using the illustrated logic. Further, cells in both blocks do not
have to be selected.Additionally, it will be appreciated that the array
dimensions are arbitrary and can be scaled up or down as needed and the
various drivers / selectors can be reconfigured to provide more or less
resolution in selecting the individual bit cells. A more detailed
discussion of specific implementations of the logical blocks illustrated is
provided below. However, these details are being provided as examples and
are not intended to limit embodiments of the invention to the illustrated
circuits, logic or discussed features. [0038] FIG. 9 illustrates a timing
diagram for signaling related to blockO of FIG. 8. Additionally, following
is a list of conditions for the various signals based on the assumptions
that the bit line (BL) / source line (SL) are precharged to 0 or a low
level and that the cells are selected as illustrated in FIG. 8.  Write data
L o Selected BL = H o Unselected BLs = Floating L o BL selection signal for
selected BL = H o BL selection signal for unselected BL = L o Selected SL =
L 



o Unselected SL = Floating L o SL selection signal for selected SL = H o SL
selection signal for unselected SL = L  Write data H o Selected BL = L o
Unselected BLs = H o BL selection signal for selected BL = H o BL selection
signal for unselected BL = H o Selected SL = H o Unselected SL = Floating L
o SL selection signal for selected SL = H o SL selection signal for
unselected SL = L As noted above, H is a high voltage / logic level and L
is a low voltage / logic level and these levels may be supply voltage
levels or may be higher or lower than the supply voltage levels. The term
Floating L generally indicates the line was at a low voltage prior to being
decoupled from the low voltage source. [0039] The foregoing listing is
provided merely for illustration and it in conjunction with the illustrated
timing signals of FIG. 9 illustrate the discussed selection of bit cellsof
Block 0 in FIG. 8. For example, as discussed above, the unselected bit
lines (e.g., BLOO, BL02, BL03) are set to a high level, the selected bit
line (e.g., BLOl) is set to a low level and the associated source line
(SLOO) is set to a high level, when writing a data "H" or "1". In contrast,
when writing data "L" or "0", the unselected bit lines (e.g., BLOO, BL02,
BL03) are set to a low level, the selected bit line (e.g., BLOl) is set to
a high level and the associated source line (SLOO) is set to a low level.
The corresponding signals for the bit line driver (BL Driver), bit line
select signals (BL Select), source line driver (SL Driver), and source line
select (SL Select) are also illustrated. Circuits and logic for
implementing these functions will be described in greater detail below.
Accordingly, a detailed description of each signal will not be 



provided. It should also be noted that different data (data L or data H)
can be written to blockO and blockl. For example, to write data L to blockO
and data H to blockl, write data L signals and timing of Fig. 9 can be
applied to blockO and write data H signals and timing of Fig. 9 can be
applied to blockl. [0040] FIG. 1OA illustrates an example of a bit line
selector circuit. For example, using column address inputs (CAi and CAj)
and their complements (CAib, CAjb), as inputs to NAND gates 841, in
combination with the inverters 842, NOR gates 843, inverters 844 and data
signal DHO (data high (H) at blockO), the appropriate bit line can be
selected and level (e.g., H/L) can be provided. For example, the two bit
input of CAi,j (00, 01, 10, 11) can be used to select one of the four bit
lines. The data high logic signal can be buffered by inverters 845 and then
provided to NOR gates 843 along with the output of inverters 842.
Accordingly, when the data signal DHO is high, the output of all NOR gates
843 will be 0 (low) and the corresponding output of the inverters 844 will
be high. However, when the output data signal DHO is low, the output of NOR
gates 843 will be controlled by the output of inverters 842 (based on the
column address inputs), which will also control the output of inverters
844. Accordingly, the signals can be configured so that output of NOR gates
843 are provided to inverters 844, so only one bit cell is selected (or set
to a different value than the remaining bit line select signals). The
outputs (BLsel00-BLsel03) of bit line selector 804 are provided to
transistors in series with corresponding bit line drivers (e.g., BL driver
00-03) to enable the respective bit lines. [0041] For example, when DHO is
low, the circuit is configured to write data "0" to the cell. The selected
BL is high and source line is low. Additionally, all source lines of cells
which uses selected WL are low. For the unselected cells, the bit line
should below to prevent invalid data "0" write into unselected cells. Thus,
the selected bit line is high while remaining lines are low, which is the
opposite state of that illustrated in Fig. 7. [0042] FIG. 1OB illustrates
an example of a bit line driver. The signals (e.g., CAibjb, 



CAibj, CAijb, CAij) derived from column address inputs (CAi and CAj) and
their complements (CAib, CAjb), can be provided as inputs to the bit line
drivers (e.g., 802). For example, these signals could be separately derived
or could be obtained from the out of gates 841 from Fig. 1OA. Inverters 852
are coupled between input nodes 851 and transistors (or switches) 853(b).
Another pathway is provided between input nodes 851 and transistors 853(a).
The transistors 853(a) and 853(b) are also coupled to inverters 854. Data
signal DHO is used to provide both a complement (DHOb) and noncomplement
signal (DhOd), which are provided to the inputs (gates) of transistors
853(b) and 853(a), respectively. Accordingly, when DHO is low, the
complement path through 853(b) is active and when DHO is high, the
non-complement path through 853(a) is active. Thus, the appropriate bit
line level (e.g., H/L) can be provided from each bit line driver (BL driver
00/01/02/03). For example, IfDHO=O (when write data is L), then
BL00d=CAibjb / BL01d=CAibj / BL02d=CAijb / CA03d=CAij. Only one of
BL00d/01d/02d/03d is high since only one of CAibjb/CAibj/CAijb/Caij is
high. However, if DHO=I (when write data is H) BLOOd= complement(CAibjb) /
BLOId= complement(CAibj) / BL02d= complement(CAijb) / CA03d=
complement(CAij). Accordingly, only one of BL00d/01d/02d/03d will be low,
since only one of CAibjb/CAibj/CAijb/Caij is high. [0043] FIG. 1IA
illustrates an example of a circuit that can be used for word line driver
(e.g., 820) and also for the source line selector (e.g., 830). For example
assuming four word lines and two source select lines, as illustrated, NAND
gates 825 can receive row address i and j inputs (RAi and RAj) and
complements thereof. The outputs of NAND gates 825 are provided to
inverters 826 to invert and buffer the signal and drive the respective word
line. The outputs of NAND gates 825 are also provided in pairs to NAND
gates 835 to select the appropriate source line. Since the source lines are
shared between two cells, the source line selector can be configured to be
enabled when any of the two adjacent word lines are enabled. However, the
foregoing circuit could also be 



arranged into two or more independent circuits. For example, the row
address i and j inputs (RAi and RAj) could be provided directly to a source
select circuit comprising NAND gates 825 and NAND gates 835 and the NAND
gates 835 could be removedfrom the word line driver circuit. Accordingly,
embodiments of the invention are not limited to the illustrated
configurations contained herein. [0044] FIG. 1IB illustrates an example of
a source line driver. The driver can receive signal DHO, which is buffered
by inverters 836. Since there are two inverters in series, DHO is not
inverted by the source line driver 803 as illustrated. However, it will be
appreciated that this configuration could be replaced by a single
non-inverting amplifier / driver. Likewise, any of the foregoing circuits
can be modified using components known in the art to achieve a similar
functionality. Accordingly, the embodiments illustrated herein are merely
for the convenience of providing examples and explanation and are not
intended to limit the scope of embodiments of the invention. [0045] In view
of the foregoing, it will also be appreciated that embodiments of the
invention include methods, steps, actions, sequences, algorithms and/or
processes to achieve the functionalities discussed herein. For example, an
embodiment can include a method for forming an STT-MRAM array having a
shared source line configuration. Accordingly, an embodiment can include a
method comprising forming a Spin Transfer Torque Magnetoresistive Random
Access Memory (STT-MRAM) bit cell array having a source line substantially
parallel to a word line of the first row of bit cells and substantially
perpendicular to a bit line. Aspects can further include forming a word
line of a second row of bit cells substantially in parallel with the word
line; and coupling the source line to bit cells that are coupled to one of
the word lines of the first and second row of bit cells. Embodiments for
writing to the memory array can include establishing a low voltage on a bit
line of a selected bit cell coupled to the word line and the source line
and establishing a high voltage on bit lines of unselected bit cells
coupled to the word line of the first bit cells and the source line (see,
e.g., Figs 7 and 9). [0046] While the foregoing disclosure shows
illustrative embodiments of the invention, 



it should be noted that various changes and modifications could be made
herein without departing from the scope of embodiments of the invention as
defined by the appended claims. The functions, steps and/or actions of the
methods in accordance with the embodiments of the invention described
herein need not be performed in any particular order. Furthermore, although
elements of the invention may be described or claimed in the singular, the
plural is contemplated unless limitation to the singular is explicitly
stated.CLAIMS WHAT IS CLAIMED IS: 1. A Spin Transfer Torque
Magnetoresistive Random Access Memory (STT-MRAM) comprising: a bit cell
array having a source line substantially parallel to a word line coupled to
a first row of bit cells, wherein the source line is substantially
perpendicular to bit lines coupled to the first row of bit cells. 2. The
STT-MRAM of claim 1, further comprising: a word line coupled to a second
row of bit cells, wherein the source line is coupled to the second row of
bit cells. 3. The STT-MRAM of claim 1, wherein the source line is disposed
between the word line of the first row of bit cells and the word line of
second row of bit cells. 4. The STT-MRAM of claim 1, further comprising:
logic configured to establish a low voltage on a bit line of a selected bit
cell in the first row of bit cells coupled to the word line and the source
line and configured to establish a high voltage on bit lines of unselected
bit cells in the first row of bit cells coupled to the word line and the
source line. 5. The STT-MRAM of claim 4, wherein the high voltage is a
supply voltage level and the low voltage is a ground level.6. The STT-MRAM
of claim 4, wherein the logic configured to establish a low voltage on the
bit line of the selected cell comprises: bit line select logic coupled to a
plurality of bit line drivers. 



7. The STT-MRAM of claim 6, wherein the bit line select logic is configured
to receive a plurality of column address signals and a data high signal. 8.
The STT-MRAM of claim 7, wherein each of the plurality of bit line drivers
is coupled to an associated bit line based on a select signal from the bit
line select logic. 9. The STT-MRAM of claim 8, wherein the select signals
are derived from the column select address signals and complements of the
column select signals. 10. The STT-MRAM of claim 9, wherein the column
select address signals and their complements are provided to NAND gates and
the outputs of the NAND gates are input to respective bit line drivers. 11.
The STT-MRAM of claim 2, further comprising: logic configured to drive the
word lines of the first and second row of bit cells and logic configured to
select the source line. 12. The STT-MRAM of claim 11, wherein the logic to
drive the word lines and the logic configured to select the source line are
combined.13. The STT-MRAM of claim 12, wherein the logic configured to
drive the word lines of the first and second row of bit cells are coupled
to row address inputs and logic configured to select the source line is
coupled to the logic configured to drive the word lines. 14. The STT-MRAM
of claim 13, wherein the logic configured to drive the word lines of the
first and second row of bit cells comprises: a first NAND gate coupled to
two row address inputs and having an output coupled to a first inverter to
drive the word line of the first row of bit cells; and a second NAND gate
coupled to two row address inputs and having an output coupled to a second
inverter to drive the word line of the second row of bit cells. 15. The
STT-MRAM of claim 13, wherein the logic configured to select the source
line comprises a third NAND gate having inputs coupled to the outputs of
the first and second NAND gate and an output to generate a source line
select signal. 



16. A method comprising : forming a Spin Transfer Torque Magnetoresistive
Random Access Memory (STT-MRAM) bit cell array having a source line
substantially parallel to a word line of a first row of bit cells and
substantially perpendicular to bit lines coupled to the first row of bit
cells. 17. The method of claim 16, further comprising: forming a word line
coupled to a second row of bit cells substantially in parallel with the
first row of bit cells; and coupling the source line to the second row of
bit cells.18. The method of claim 16, further comprising: disposing the
source line between the word lines of the first and second row of bit
cells. 19. A method for writing data in a Spin Transfer Torque
Magnetoresistive Random Access Memory (STT-MRAM) having a source line
substantially parallel to a word line coupled to a first row of bit cells,
wherein the source line is substantially perpendicular to bit lines coupled
to the first row of bit cells, the method comprising: establishing a low
voltage on a bit line of a selected bit cell coupled to the word line of
the first row of bit cells and the source line; and establishing a high
voltage on bit lines of unselected bit cells coupled to the word line of
the first row of bit cells and the source line. 20. The method of claim 19,
wherein the high voltage is a supply voltage level and the low voltage is a
ground level. 21. The method of claim 19, wherein establishing a low
voltage on the bit line of the selected cell comprises: generating bit line
select signals; and activating or deactivating bit line drivers based on
the bit line select signals. 22. The method of claim 21, wherein the bit
line select signals are generated from a plurality of column address
signals and a data high signal.23. The method of claim 22, wherein each of
the plurality of bit line drivers 



is coupled to an associated bit line based on one of the bit line select
signals. 24. The method of claim 22, wherein the bit line select signals
are derived from the column address signals and complements of the column
address signals. 25. The method of claim 24, wherein the column select
addresses signals and their complements are provided to NAND gates and the
outputs of the NAND gates are input to respective bit line drivers. 26. A
Spin Transfer Torque Magnetoresistive Random Access Memory (STTMRAM) having
a source line substantially parallel to a word line coupled to a first row
of bit cells, wherein the source line is substantially perpendicular to bit
lines coupled to the first row of bit cells, the STT-MRAM comprising: means
for establishing a low voltage on a bit line of a selected bit cell coupled
to the word line of the first row of bit cells and the source line; and
means for establishing a high voltage on bit lines of unselected bit cells
coupled to the word line of the first row of bit cells and the source line.
27. The STT-MRAM of claim 26, wherein the means for establishing a low
voltage on the bit line of the selected cell comprises: means for
generating bit line select signals; and means for activating or
deactivating bit line drivers based on the bit line select signals.28. The
STT-MRAM of claim 27, wherein the means for generating the bit line select
signals receives a plurality of column address signals and a data high
signal. 29. The STT-MRAM of claim 27, wherein the bit line drivers are
coupled to column address signals and complements of the column address
signals. 


