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Abstract—Spin-Transfer Torque Magnetic RAM (STT-MRAM)
technology requires a high current in order to write data into
memory cells, which gives rise to large access transistors in con-
ventional MOS-accessed cells. On the other hand, FinFET devices
offer higher ON current and denser layout compared with planar
CMOS transistors. This paper thus proposes the design of an
energy-efficient STT-MRAM cell which utilizes a FinFET access
transistor. To assess the performance of the new cell, optimal
layout-related parameters of the FinFET access transistor and
the MTJ are analytically derived in order to minimize the STT-
MRAM cell area. Afterwards, detailed cell- and architecture-level
comparisons between FinFET- vs. MOS-accessed STT-MRAMs
are performed. According to the comparison results, while the
area of the MOS-accessed STT-MRAM increases significantly
under 3ns write pulse width (7,,), the FinFET-based design can
effectively function under 7,, = 2ns, at the cost of slight increase
in the memory area. Hence, the FinFET-accessed STT-MRAM
offers denser area and higher energy efficiency compared with
the conventional MOS-accessed counterpart.

I. INTRODUCTION

Non-volatility, high endurance, low leakage and CMOS
compatibility are attractive features of STI-MRAMSs which
have turned STT-MRAMs into a strong candidate for low
power and high performance memory designs [11], [15], [18].
The storage element of an STT-MRAM cell is a magnetic
device which is accessed through an NMOS transistor. Unfor-
tunately, the magnetic element requires a high current in order
to change its stored data. Accordingly, the NMOS transistor
should be scaled-up to support such current levels, resulting
in a large access transistor.

STT-MRAM cells are denser than their SRAM counterparts
[3], but due to the requirement of having large access tran-
sistors, they are not competitive with the flash and DRAM
designs in terms of their density. The access transistor of
an STT-MRAM cell may be 56 times larger than that of
the magnetic storage element [20], and 9 times larger than
the entire DRAM cell [13]. To alleviate this effect, a cross-
point architecture was proposed [20], which amortizes the cost
of large access transistors by sharing them among a number
of storage elements. However, this architecture requires more
sophisticated and specially-designed peripheral circuitry.

On the other hand, the structure of a FinFET device [17]
allows more effective gate control (and less control by source
and drain terminals) on the channel, which mitigates short
channel effects and enhances the ON/OFF current ratio and
soft-error immunity [10]. A FinFET device is also more
compact than the CMOS counterpart, since its channel width
can be adjusted by the fin height without impacting the device
area. Moreover, FinFETs offer higher ON current under the
same channel width compared with CMOS transistors. In other
words, to obtain a specific current requirement, a FinFET with
smaller width than that of the CMOS transistor can be used.

Since both STT-MRAM and FinFET technologies are com-
patible with the CMOS process [7], [17], utilizing a FinFET
device instead of a CMOS access transistor in the STT-MRAM
cell emerges as a potential solution to achieve a denser cell
layout. This paper thus presents the design of a FinFET-
accessed STT-MRAM cell. Layout of this new cell under
various FinFET-specific parameters is analyzed in order to
find the optimal cell design with minimum area for different
process- and geometry-related variables. The impact of process
variation on the access transistor and the magnetic element has
also been investigated. Comparison with an optimized MOS-
accessed design [6] shows that under practical process tech-
nologies and considering process variations, FinFET-accessed
STT-MRAM cell is 34% and 85% smaller for 5Sns and 3ns
write pulse widths, respectively.

In order to assess the proposed cell in memory designs,
FinFET support is added to NVSim [4], a circuit-level model
for emerging nonvolatile memories. Accordingly, performance,
energy consumption, and area of the FinFET-accessed STT-
MRAM for various memory subarray designs are calculated
and reported. Detailed comparison with MOS-accessed cell
design proves the effectiveness of utilizing a FinFET device
as the access transistor in STT-MRAM designs. In particular,
in the range of write current requirements, the area of the
FinFET-accessed STT-MRAM design varies slightly, whereas
write latency and write energy consumption which are the
main issues associated with STT-MRAMs reduce significantly.
More precisely, the FinFET-accessed STT-MRAM design can
effectively function under 2ns write pulse width, with a slight
increase in the memory area.

The rest of the paper is organized as follows. Section II
provides basic concepts of STT-MRAMs and FinFET devices.
Layout of the FinFET-accessed STT-MRAM cell is analyzed
in Section III. Cell- and architecture-level comparisons of
FinFET- vs. MOS-accessed STT-MRAMSs are presented in
Section IV. Finally, Section V concludes the paper.

II. BAsIC CONCEPTS

In the following section, we briefly review related concepts
in STT-MRAM cells and FinFET devices.

A. STI-MRAM

An STT-MRAM cell is composed of a magnetic storage
element, also known as the magnetic tunneling junction (MTJ),
which is serially connected to an access transistor as shown
in Figure 1(c). The MTJ contains two ferromagnetic layers,
fixed and free layers, which are separated by an insulating
layer. While the fixed layer has a fixed magnetic direction,
the free layer’s magnetic direction can be programmed to be
either parallel (Figure 1(a)) or anti-parallel (Figure 1(b)) to
the magnetic direction of the fixed layer, resulting in low ('0’),
Rp, or high ('1"), Rap, resistance states, respectively.
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Fig. 1. MT]J in (a) parallel (low resistance, Rp), and (b) anti-parallel (high
resistance, R A p) states. (¢) STT-MRAM cell.
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Fig. 2. FinFET device: (a) structure, (b) layout.

The access transistor is controlled by a word-line (WL),
which itself is activated by the row address decoder, and
provides a mechanism to write into or read from a desired
memory cell. For writing into a cell, a high write current (Iyy)
is needed to successfully change the state of the MTJ cell
(i.e., changing the free layer’s direction). This is achieved by
applying a large voltage difference between source-line (SL)
and bit-line (BL). Based on the polarity of this write voltage,
MT]J is set to ‘0" (for positive voltage) or ‘1’ (for negative
voltage). Moreover, the minimum current that can change the
state of the MTJ is called the critical switching current, Io.
Hence, in order to ensure the write-ability, we should have
Iw > Ic.

To read from a cell, a small voltage difference between SL
and BL is applied. The resultant read current (Ir) is then
compared to a reference current to determine the state of the
MT]J (higher current reads-out '0’, whereas lower current reads-
out '1"). The read voltage should be small enough such that it
does not change the free layer’s magnetic direction (to ensure
read stability, Ir < I¢), but large enough such that it produces
a distinguishable current between low and high resistances.

B. FinFET Devices

FinFET device is a quasi-planar double-gate transistor [17].
This structure allows FinFETs to enhance the energy efficiency,
ON/OFF current ratio, and soft-error immunity compared with
bulk CMOS counterparts. As a result, FinFET technology is
currently viewed as the substitute for the bulk CMOS for
technology nodes from 32 nm and below [10], [12].

Figure 2(a) shows the structure of a three-terminal FinFET
device. The main component is the fin which provides the
channel for conducting current when the device is switched
on. This vertical fin is surrounded by the gate, and hence a
more efficient control over the channel is achieved which in
turn helps to suppress short channel effects.

Key geometric parameters of a FinFET are related to the fin
which include the height (Hryp), Silicon thickness (7s7), and

length (Lrn) of the fin (Figure 2(a)). The effective channel
width of a single fin, W,,;,, is thus (approximately) equal to

Wmin 2 X HFIN~ (1)

Increasing the width (strength) of a FinFET device is
achieved by connecting more fins in parallel. Hence, the layout
area of a FinFET device is proportional to the number of fins.

III. FINFET-ACCESSED STT-MRAM CELL

To provide the high write current in an STT-MRAM cell, the
width of the access transistor should be increased, leading to an
access transistor with larger area than the MTJ [20]. Therefore,
the area (density) of the STT-MRAM cell is determined by the
access transistor width as well as the process design rules.
Replacing the MOS-based access transistor with a FinFET
device is beneficial for two reasons: (1) The area (footprint)
of a FinFET device may be reduced by increasing Hpry,
which is along the z-axis. (2) FinFET offers higher ON current
than CMOS transistors under the same channel width. This
means that for the same write current of the STT-MRAM
cell, FinFET requires smaller channel width compared with the
CMOS counterpart. More details on the layout of the FinFET-
accessed STT-MRAM cell are presented below.

Layout of a three-terminal FinFET device with four fins
is shown in Figure 2(b) [1]. A single strip is used for the
gate terminal. Moreover, source (and also drain) terminals
of multiple fins are connected together through a metal 1
wire to make a wider FinFET device. A critical process-
related geometry in Figure 2(b) is the fin pitch, Prry, which
is defined as the minimum center-to-center distance of two
adjacent parallel fins. The value of Pp;y is determined by
the underlying FinFET technology. More precisely, there are
two types of FinFET technologies: (1) Lithography-defined
technology where lithographic constraints limit the fin pitch
spacing, and (2) spacer-defined technology which relaxes the
constraints on Pgypy, and obtains 2x reduction in the value of
Prrn at the cost of a more elaborate and costly lithographic
process [2]. The area of a FinFET device is thus proportional
to (Nprny — 1) - Prin.

Major process-related FinFET geometries for 32nm and
45nm technologies are reported in Table I. As mentioned
earlier, the cell area is inversely proportional to Hpypy, but
the value of Hpry is bounded by the Hrin/Tg, parameter
whose practical values range from 1 to 4 (depending on the
etching technology). Accordingly, Hp;ny cannot be increased
arbitrarily. Table I also includes process design rules which are
similar for FinFET and CMOS technologies (their difference
is in the fin fabrication, which does not influence design rules
[1]). Values of design rules are taken from [6] for comparison
with CMOS baseline layout described next.

Gupta et al. [6] proposed an optimized layout for a MOS-
accessed STT-MRAM cell, which will serve as our CMOS
baseline. Following [6], the gate strip is shared among all cells
in a row. Moreover, SL contacts of two neighboring cells in a
column are shared, and thus half of the SL contact and spacing
is considered in height calculations. Additionally, SL and BL
are routed through a distinct metal layer, which connects the
access transistor to the MTJ. Some possible layouts of FinFET-
accessed STT-MRAM cells are shown in Figure 3.

Cell Width. Width of the STT-MRAM cell is constrained
by metal-related design rules or the number of fins, which are
referred to as metal-constrained (MC) and fin-constrained (FC)
widths, respectively. Since SL and BL are vertically routed
through two parallel metal wires, the cell width may be limited



TABLE L.

PROCESS-RELATED FINFET GEOMETRIES AND DESIGN RULES

Parameter

Value in 32nm | Value in 45nm [ C

[ Reference

Lrin 35nm 45nm Fin Tength

Tsr 23nm 30nm Silicon thickness

Hpin/Tsr {1,2,3,4} {1,2,3,4} Determines the fin height [1]
Prn (lithography) 80nm 120nm Fin pitch in lithography-defined technology

Prin (spacer) 40nm 60nm Fin pitch in spacer-defined technology

W 3\ = 48nm 3\ = 67.5nm Minimum width of metal wires

Waram 3\ = 48nm 3X = 67.5nm Minimum spacing between metal wires 6]
We 2 = 32nm 2\ = 45nm Minimum contact size

Waac 2) = 32nm 2\ = 45nm Minimum spacing between gate and contact
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Fig. 3. Layout of the STT-MRAM cell for (a) single-finger, metal-constrained,
(b) single-finger, fin-constrained, (c) two-finger, metal-constrained, and (d)
two-finger, fin-constrained FinFET access transistors.

by metal width and metal spacing design rules (Figure 3(a) and
Figure 3(c)):

Wyae =2 x Wy 4+ 2 X Wapan
=2(3\) +2(3X) = 12A. 2)
On the other hand, the number of fins is another factor that

can limit the cell width. Given that a FinFET transistor with
width of W is needed, the number of fins, Nrjy, is given by

N = |—
FIN ’—szn : wa’ 3)

where Ny is the number of fingers if a multi-finger device
is used. For a fin-constrained STT-MRAM cell, the width is
given by (Figure 3(b) and Figure 3(d)):
Wre = (Npin — 1) - Pein + We + Waran
= (Npin — 1) - Prry + 5. (€]
As a result, the maximum of Wj;c and Wge determines
the cell width, Wee:
Ween = max(Ware, Wre)
= max(l?)\, (NF[N — 1) - Prin + 5)\) (&)
_f12a if Nerv < [1+4 50—
- (Npin —1) - Prrn + 5\ otherwise

Cell Height. The number of fingers is the main factor that
determines the cell height. The height of a single-finger STT-
MRAM cell, as shown in Figures 3(a) and 3(b), is given by

Hlf =Lpin+We + WM/2 + WMQM/Q + 2 x Waac
= Lrin + 92, (6)
whereas the height of a two-finger cell, as shown in Figure
3(c) and Figure 3(d), can be computed as follows:
Hyy =2X Lpiy +2x Wo 4+ 4 x Waac
=2X Lpry + 12X, @)
In general, the height of an STT-MRAM cell with N fingers

is calculated by:

Nf ~H2f/2 :Nf . (LFIN +6)\) if Nf is even

Heen = 3

(Ny —1)- Hap/2 + Hyy =
Ny (Lriv +6X) +3X

if Ny is odd

Process-related and Design Variables. According to (3),
(5), and (8), values of Hrin/Ts;, Ppyn, A, and Ny dictate the
cell area. Hrin/Ts;, Ppry, and \ are process-related variables
imposed by the technology, whereas Ny is a design variable
of the cell.

Decreasing Pryy and )\, and increasing Hrin/Ts; always
reduce the cell area (i.e., improve the cell density). In order to
observe the effect of each of these process-dependent variables,
we consider a baseline FinFET-accessed STT-MRAM with
W = 250nm, Ny = 1, and Hrin/Ts; = 1 in 45nm
lithography-defined technology. The cell area is reduced by
43% when scaling down from 45nm to 32nm, and by 42%
when the spacer-defined technology is used. Furthermore,
compared to Hrin/Ts; = 1, setting Hrin/Ts; to 2 and 4
reduces the cell area by 50% and 60%, respectively. On the
other hand, increasing Ny causes the cell height to be dom-
inated by the design rules overhead. Thus, FinFET-accessed
STT-MRAM cells with Ny > 3 never appear as the minimum
area under any transistor width values.

Minimum Cell Area. Figure 4(a) shows the area of an
STT-MRAM cell using single- and two-finger FinFET devices
under various transistor width values. Results are based on
the 32nm spacer-defined technology with Hrin/Ts; = 2. The
optimal MOS-accessed STT-MRAM cell [6] is also included
in the figure for comparison. Additionally, the piecewise linear
behavior of FinFET-accessed cells is due to the width quanti-
zation property of FinFET devices (i.e., the FinFET width can
only take discrete values).

As can be seen in Figure 4(a), the cell width is initially
constrained by metal-related design rules when the transistor
width is relatively small. As a result, single- and two-finger
STT-MRAM cells have the same width. However, since Hy 5 <
Hsy, single-finger STT-MRAM cell achieves the minimum
area. At the point specified by the blue dashed line in the
figure, which will be referred to as the threshold transistor
width (W,y,), the area of the two-finger STT-MRAM cell
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becomes smaller than that of the single-finger device. At Wy,
the single-finger device becomes fin-constrained, whereas the
two-finger device is still metal-constrained, and hence Wy, is

obtained as follows.
Hyy - Wpe = Haoy - Wiyc,

which results in A\

H.
Wth = szn . (1 + 2f -

Therefore, for a given Hrin/Ts; value, if W < Wy, then
using a single-finger STT-MRAM cell leads to the minimum
cell area; otherwise, a two-finger cell has to be employed to
obtain the minimum area.

The minimum achievable cell areas for the following three
cases are presented in Figure 4(b): (1) lithography-defined
FinFET technology is used and the value of Hrin/Ts; is
limited to at most 2, (2) constraint on FinFET technology is
relaxed but still 71~ /7s; < 2, and (3) no constraint is imposed
on FinFET-specific parameters. As shown in the figure, under
the same transistor width, the area of the FinFET-accessed
STT-MRAM cell in all three cases is smaller than the area of
the MOS-accessed cell. In particular, for the range of transistor
widths specified in the figure (0 < W < 1200nm), cases (1),
(2), and (3) on average reduce the MOS-accessed cell area by
11%, 37%, and 48%, respectively. The minimum area in case
(3) is achieved by an aggressive value of Hrin/Ts; = 4, using
the spacer-defined FinFET technology.
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IV. COMPARISON RESULTS

In this section, we provide detailed comparisons of FinFET-
vs. MOS-accessed STT-MRAM s at cell and architecture levels.

A. Cell-level Comparison

So far, we compared the cell area of FinFET- vs. MOS-
accessed STT-MRAMs under the same transistor width. How-
ever, for a certain width, a FinFET device delivers higher
ON current than the CMOS counterpart. This is due to
the improved gate control mechanism in FinFET devices,
which mitigates short channel effects and hence enhances the
ON/OFF current ratio. On the other hand, an STT-MRAM cell
requires a specific write current in order to change its internal
state, which is the main requirement of the cell (the access
transistor width is the effect of this requirement). Hence, area
comparison of FinFET- vs. MOS-accessed STT-MRAM cells
should be done under the same write current, as presented next.

Write Current. We measure the write current of FinFET-
and MOS-accessed STT-MRAM cells using 32nm Predictive

Technology Model (PTM) [19] in HSpice for various tran-
sistor widths. For this purpose, we considered the worst-case
scenario for writing into the cell. That is, the SL and WL
are connected to V4, BL to GN D, and the MT]J resistance is
high [4]. Results are plotted in Figure 5(a). Under the specified
range of transistor widths, FinFET-accessed cell delivers on
average 28% higher current than the MOS-accessed cell.
Additionally, while the maximum write current delivered by
the MOS-accessed cell is 50u A, FinFET-accessed counterpart
can generate a maximum write current of 62uA (24% higher).

Process Variation. We also considered the effect of process
variations on the FinFET and CMOS transistors, as well as
on the MTJ. Both CMOS and FinFET devices have non-
negligible process variations, i.e., random dopant fluctuation
(RDF) and line edge roughness (LER) for CMOS devices,
and work function variation and LER for FinFETs. However,
FinFETs experience less significant process variation than
CMOS devices because the channel can be undoped [9].

Various types of process variations will induce variation in
the threshold voltage Vi, and thereby the ON current and
switching speed. We assume 2.5% variation in the V;; of
FinFETs, 5% variation in Vi, of CMOS devices, and 10%
variation in the MTJ resistance values, which are common
values in the previous work [8], [16]. Considering process
variations, the worst-case ON current for both FinFET- and
MOS-accessed cells are shown in Figure 5(a). However, for the
desired range of ON currents, the width of the FinFET access
transistor does not increase significantly, and still a relatively
small FinFET device is needed.

Cell Area. More compact layout and higher ON current are
two features of FinFET devices that lead to significant area
reduction in STT-MRAM cells. This is shown in Figure 5(b),
which plots the cell area of FinFET- vs. MOS-accessed STT-
MRAMSs, with and without considering process variations, for
possible write current requirements from 32 A up to 5S0pA. A
FinFET-accessed cell with the minimum width in 32nm PTM
produces 44.811 A, so for currents between 32uA and 44.8uA
a minimum width FinFET is adopted. As can be seen, the cell
area of the MOS-accessed STT-MRAM rises dramatically as
current increases above 40uA, whereas for FinFET-accessed
STT-MRAM cell, even after considering the effect of process
variation, the area remains unchanged.

To be more specific, we present cell area for various STT-
MRAM write pulse widths in Table II. Each write pulse
width requires a specific write current to ensure a successful
write operation. For each write pulse width, we also report
the access transistor width, the cell area and its aspect ratio
(defined as cell height divided by cell width) along with the
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leakage current for FinFET- and MOS-accessed STT-MRAM
cells. Leakage currents are calculated using 32nm PTM by
connecting gate to GN D, and drain to Vgy4. For write pulse
widths between 10ns and 3ns, area of the MOS-accessed STT-
MRAM cell rises from 34.5F2 (F for the feature size) to
220.1F? (6% increase). However, for the same range of write
pulse widths, FinFET-accessed STT-MRAM cell has a steady
cell area of 33.6F2, which improves CMOS results by 30%
on average, and up to 85% (for write pulse width of 3ns).

Considering worst-case of process variations, the maximum
write currents of FinFET- and MOS-accessed cells drop to
4431, A and 56.6. A, respectively. Accordingly, for write pulse
widths between 10ns and 4ns, area of the MOS-accessed STT-
MRAM cell changes from 49.0F 2 to 336.5F2, whereas the
FinFE;F-accessed STT-MRAM still has the steady cell area of
33.6F*~.

Results of Table II are obtained for Hrin/Tg; = 2, as
Hrin/Ts; = 4 produces the same results for this range of
currents. The effect of Hrin/Ts; = 4 can be seen in higher
currents. For instance, considering 60uA, the cell area of
Hrin/Tg; = 2 is 102.3F2, whereas in the case of Hrin/Ts, =
4, the cell area reduces to 61.4F2 (40% improvement).

Reliability Metrics. Write-ability and read stability of an
STT-MRAM cell are measured by write margin, WM =
(Iw — I¢)/Ic, and read disturb marginy RDM = (Ic —
Ir)/Ic, respectively [6]. For STT-MRAMSs, cell tunneling
magneto-resistance, C'I' M R, is also defined which measures
the distinguish-ability of low and high states of the MTJ, and
is obtained by CTMR = (Rap — Rp)/(Rp + Rac), where
R ac¢ is the resistance of the access transistor [6].

If FinFET and CMOS access transistors deliver the same
write current then they will have the same reliability metrics.
However, FinFET transistors may be oversized for two reasons.
(1) For write currents smaller than 44.84 A, an oversized Fin-
FET is adopted, as 44.8uA is the minimum current delivered
by the FinFET cell in 32nm PTM. (2) Width quantization
property may result in an oversized FinFET device. In these
cases, the FinFET delivers a write current higher than what was
required. This higher write current improves WM and CT M R
metrics, but degrades RDM, which in turn can be improved
by appropriate choice of read voltage. Hence, the FinFET-
accessed STT-MRAM cell needs a smaller read voltage to
match the RDM of the CMOS counterpart.

B. Architecture-level Comparison

We integrated the FinFET-accessed STT-MRAM cell into
various subarray designs to evaluate its impact on the area,
leakage power, as well as read and write latencies and energy

consumptions at a higher level of the memory system. A
memory subarray contains 7 X ¢ memory cells, where r and
c denote the number of rows and columns of the subarray,
respectively. The subarray also includes peripheral circuitry
such as the row address decoder, bit-line equalizer, sense
amplifier, and column multiplexers. For this purpose, we added
the FinFET support to NVSim [4], which is a circuit-level
model for emerging nonvolatile memories, as follows.

FinFET-specific process parameters are extracted from
MASTAR tool [5] for 32nm double-gate technology. Ca-
pacitance calculations are borrowed from the BSIM-CMG,
which includes compact models for multi-gate devices [14].
Moreover, ON and OFF currents of FinFET and CMOS
transistors are calculated in HSpice using 32nm PTM [19]
for temperatures from 300K to 400K. Furthermore, STT-
MRAM cell configurations are updated based on the results
of Table II. For FinFET devices, spacer-defined technology
with Hrin/Tg; = 2 is assumed.

Table III compares FinFET and CMOS STT-MRAM designs
for various subarray sizes considering different write pulse
widths (7,,), and a temperature of 320K. Based on this table,
FinFET design on average improves area, read and write
latencies, read and write energy consumptions, and leakage
power of the CMOS counterpart by 116%, 75%, 27%, 14%,
22%, and 43%, respectively. Specifically, for 7, = 3ns, on
average 3.5x area reduction is achieved.

Moreover, for 4ns < 7,, < 5ns, the same FinFET cell is
used, which results in same results (except for those related
to write operation) in both cases. However, access transistor

width increases in 7,, = 3ns, and hence a slightly larger
row decoder is needed. The interesting case is 7,, = 2ns,
where compared to 7, = 5ns, on average 1.1Xx increase in

the area leads to 2.4x and 1.6x decrease in write latency
and energy consumption (major issues associated with STT-
MRAMs), respectively.

According to our simulations, row address decoder has
the largest share on the leakage power. On the other hand,
sense amplifiers and bit-lines are the main contributors to the
dynamic power (due to high activity factors). As a result, for
memory subarrays with the same number of cells (e.g. 64KB),
increasing the number of rows (from 128 to 512) increases the
leakage power (2.0x on average), but decreases read and write
energy consumptions (3.7x on average).

Hence, the FinFET design not only improves the results of
the CMOS counterpart, but also shows a better scalability in
write operation where decrease in 7, (for 2ns < 7, < 5ns)
results in write latency and energy consumption reductions
as well. Detailed comparisons provided in this section prove
the effectiveness of FinFET-accessed STT-MRAM cell as a



TABLE II.

FINFET- vs. MOS-ACCESSED STT-MRAM CELL COMPARISON. FINFET RESULTS ARE OBTAINED FOR SPACER-DEFINED PROCESS WITH

HpiN/Tg; = 2. CMOS RESULTS ARE BASED ON [6]. MOREOVER, F' IS THE FEATURE SIZE.

Write Write Access Transistor Cell Area Cell Aspect Ratio Leakage Current
Pulse Current Width (F) (F?) (height/width) (nA)

Width (ns) | (uwA)[4] [21] | FinFET | CMOS | FinFET | CMOS | FinFET | CMOS FinFET | CMOS

10 36.11 25 41 33.6 3435 0.93 0.96 0.023 [ 0.041

9 36.64 2.5 4.5 33.6 345 0.93 0.96 0.023 0.045

8 37.29 2.5 5.0 33.6 37.3 0.93 0.89 0.023 | 0.050

7 38.13 2.5 5.8 33.6 41.8 0.93 0.79 0.023 0.058

6 39.25 2.5 7.1 33.6 48.0 0.93 1.33 0.023 | 0073

5 40.82 2 9.8 33.6 S182] 0.93 1.25 0.023 0.101

4 43.18 2.5 17.1 33.6 80.3 0.93 0.80 0.023 | 0.178

3 47.11 32 52.0 33.6 220.1 0.93 0.29 0.030 0.543

2 54.96 11.4 N/A § 35.0 N/A 0.90 N/A 0.106 | N/A

1 78.51 N/A N/A N/A N/A N/A N/A N/A N/A

§ Maximum write current of MOS-accessed STT-MRAM cell in 32 nm PTM is 49.8 pA.
T Maximum write current of FinFET-accessed STT-MRAM cell in 32 nm PTM is 62.4 pA.
TABLE IIL FINFET- vS. MOS-ACCESSED STT-MRAM COMPARISON FOR VARIOUS MEMORY SUBARRAY DESIGNS. 7 AND ¢ DENOTE THE NUMBER OF
ROWS AND COLUMNS IN THE SUBARRAY, RESPECTIVELY. STT-MRAM WRITE PULSE WIDTH (ns) IS SPECIFIED BY Ty.
Area Latency (ns) Energy (pJ) Leakage
r c Tw (um2) Read ‘Write Read Write Power (mW)
FinFET | CMOS | FinFET | CMOS | FinFET | CMOS | FinFET | CMOS | FinFET | CMOS | FinFET | CMOS

64 64 5 751 849 .13 1.15 5.04 5.06 0.80 0.84 1.08 [ 112 0.18 0.25
64 64 4 751 957 1.13 1.16 4.04 4.07 0.80 0.87 0.92 1.00 0.18 0.35
64 64 3 794 1605 1.13 1.26 3.04 3.17 0.80 1.01 0.77 | 0.99 0.20 0.51
64 64 2 894 N/A 1.14 N/A 2.05 N/A 0.82 N/A 0.64 N/A 0.33 N/A
128 128 15 1676 2044 1.14 1.17 5.06 5.08 1.59 1.67 2.18 [7229 0.50 0.71
128 | 128 | 4 1676 2453 1.14 1.21 4.06 4.12 1.59 1.72 1.86 2.05 0.50 0.72
128 128 | 3 1705 4963 1.14 1.56 3.06 3.46 1.59 1.99 1.57 | 2.09 0.54 1.00
128 | 128 | 2 1885 N/A 1.16 N/A 2.07 N/A 1.63 N/A 1.33 N/A 0.86 N/A
128 512 5 5214 6524 1.22 1.44 5.14 5.35 6.29 6.56 8.65 [79.08 0.99 1.02
128 | 512 | 4 5214 8389 1.22 1.89 4.14 4.80 6.29 6.75 7.41 8.09 0.99 1.03
128 | 512 | 3 5214 17954 1.24 6.94 3.15 8.85 6.30 7.73 6.21 | 8.19 0.99 1.10
128 | 512 | 2 5591 N/A 1.40 N/A 231 N/A 6.42 N/A 5.23 N/A 1.24 N/A
256 [ 256 [ 5 4416 5962 1.17 1.25 5.09 5.14 3.17 332 4.48 [4.82 1.46 1.80
256 | 256 | 4 4416 7809 1.17 1.38 4.09 4.26 3.17 3.43 3.86 4.38 1.46 1.83
256 | 256 | 3 4459 17218 1.17 2.69 3.10 4.55 3.17 3.98 3.26 | 4.67 1.60 1.93
256 | 256 | 2 5031 N/A 1.23 N/A 2.13 N/A 3.25 N/A 2.85 N/A 2.19 N/A
512 [ 128 |5 4224 5780 1.17 1.26 5.12 5.23 1.60 1.70 2.38 [2.68 1.77 2.64
512 128 | 4 4224 7654 1.17 1.31 4.12 4.27 1.60 1.78 2.07 2.52 1.77 2.68
512 128 | 3 4296 17659 1.18 1.72 3.13 3.49 1.60 2.13 1.78 | 292 1.94 3.71
512 | 128 | 2 4806 N/A 1.22 N/A 2.17 N/A 1.66 N/A 1.66 N/A 3.21 N/A
SI27 75125 13138 18449 1.26 1.53 5.19 5.35 6.32 6.70 9.48 [10.65 330 3.57
512 | 512 | 4 13138 26173 1.26 1.99 4.19 4.80 6.32 6.98 8.23 9.97 330 3.60
512 | 512 | 3 13138 63884 1.27 7.11 3.20 8.85 6.34 8.28 7.07 | 11.46 331 3.80
512 | 512 | 2 14255 N/A 1.45 N/A 2.31 N/A 6.53 N/A 6.55 N/A 433 N/A

suitable replacement for the MOS-accessed counterpart.

V. CONCLUSIONS

We proposed an STT-MRAM cell design that utilizes a
FinFET access transistor. We compared the proposed cell
design with conventional MOS-accessed cells in terms of
area, reliability metrics, leakage power, as well as read and
write latencies and energy consumptions. Our comparison
results show that STT-MRAM designs significantly benefit
from FinFET-accessed cells. In particular, in the range of
write current requirements, the area of the FinFET-accessed
STT-MRAM design varies slightly, whereas write latency and
energy consumption which are the main issues associated with
STT-MRAMs reduce significantly.
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