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Abstract— This paper presents a low-power robust
static random access memory (SRAM) using a novel
quasi-Schottky-barrier ultrathin body and ultrathin buried
oxide (UTBB) silicon-on-insulator (SOI) device. In the pro-
posed device, the drain terminal is highly doped and a
metallic source terminal is used. Given the proposed struc-
ture, asymmetric characteristics will be achieved according
to the drain–source bias voltage (VDS). These characteris-
tics of the proposed device are extensively analyzed and
compared with a conventional symmetric UTBB SOI device.
The asymmetry nature of the proposed device will lead
to the mitigated read–write conflict of the 6T-SRAM cell.
The simulation results show a leakage reduction of 18% at
VDD = 1 V in comparison with the 6T-SRAM cell realized
by conventional symmetric UTBB SOI device. Furthermore,
in comparison with the conventional 6T-SRAM, the realized
cell shows a 54% improvement in read static noise margin,
6.6% higher write margin, and 3.1× faster write at the cost
of a longer access time. To achieve a practical read access
time, we utilize split bitline approach.

Index Terms— Asymmetric device, Schottky barrier (SB),
split bitline (BL), static random access memory (SRAM),
ultrathin buried oxide (UTBB) silicon-on-insulator (SOI)
device.

I. INTRODUCTION

SCALING CMOS technology facilitates digital circuits
with higher speed, lower power consumption, and area

efficiency. However, this trend has faced a big challenge
due to the increasing process variations and short channel
effects (SCEs) leading to a higher leakage current (ILeak).
To deal with this obstacle, several devices have been intro-
duced [1]–[4]. Among them, ultrathin buried oxide (UTBB)
silicon-on-insulator (SOI) transistors [3], [4] are promising due
to their superior electrostatic control of SCEs. Their thin buried
oxide (BOX) alleviates the fringing electric field emerged from
the source/drain (S/D) ended to the body through the BOX.
This effect reduces the drain-induced barrier lowering (DIBL),
which can be further decreased by adding a highly doped layer
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underneath the BOX to produce a so-called ground-plane (GP)
layer [5]. Furthermore, the thin BOX enables the possibility
of using back-gate biasing schemes to tune the characteristics
of the device. However, SOI devices suffer from self-heating
effect (SHE), which reduces the carrier mobility, and hence
the drivability of the device degrades considerably [6]. This is
mainly due to the presence of the BOX limiting the removal of
the Joule heat from the body to the underlying substrate. The
ultrathin body aggravates SHE drastically, which is attributed
to the thermal properties become poorer by scaling the body
thickness. In addition, the ultrathin body increases the series
resistance of the S/D, which further limits the drivability of
the device [7]. Recently, Schottky barrier (SB) MOSFETs have
attracted a lot of attention as an alternative to the conventional
devices with highly doped S/D. During the fabrication process,
the SB structure eliminates the requirement of very steep
p-n junctions and reduces the resistance of the S/D, which are
very challenging in scaled technology nodes [8]. However,
due to the built-up SB at the metallic S/D-channel inter-
faces, the drivability of the transistor considerably degrades
(approximately 2.6×) in comparison with that of conventional
devices [8].

The mentioned challenges in scaled technology nodes
impose more constraints on the design of critical compo-
nents in embedded systems such as memories. Memories
take a large portion of the total die area and power con-
sumption of a processor [9]. Among different memory
types, static random access memory (SRAM) can satisfy
the demand of large on-chip memory with low leakage and
high robustness in embedded systems. However, by scal-
ing the technology node, all functions of an SRAM are
degraded mainly due to the scaled down supply voltages
and increased process variations, thereby degrading the yield.
In the conventional 6T-SRAM cell, the read–write stability
conflict limits the minimum supply voltage of operation.
To improve the performance of the 6T-SRAM cell in nano-
scale regime, several solutions from device level [9]–[12] to
circuit and architecture levels [13]–[18] have been proposed.
In circuit and architecture level, techniques such as negative
bitline (BL) [13], boosted wordline (WL) [15], and transient
voltage collapse write assist [16] can be applied to the
6T-SRAM cell to improve its write margin (WM). In such
approaches, by temporarily reducing the write conflict between
access and pull-up transistors, the writeability of the SRAM
cell can be significantly improved. In a similar way, to achieve
a higher read static noise margin (RSNM), the read conflict
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between the access and pull-down transistors is alleviated
by using level-programmable WL driver technique [17] and
replica access transistor [18]. However, to implement these
assist techniques, dedicated circuits such as a voltage divider
and a charge pump, and an external voltage source are
needed leading to a considerable power overhead. At the cell
level, modified SRAM cells, such as 8T and 10T have been
introduced to improve the read operation [13], [14]. The read
improvement is achieved by decoupling the storage nodes from
the BL during read operation to improve RSNM. However,
such cells impose a significant area overhead. At the device
level, several solutions have addressed the read–write conflict
by introducing asymmetry in the access transistor such that
unequal currents flow for positive and negative VDS biases.
One such technique uses the asymmetric halo in bulk
MOSFETs [11]. However, this leads to aggravation of
SCEs and leakage current. For FinFETs, in [12], asym-
metric drain underlap has been introduced into the device
(by employing asymmetric spacers) where the DIBL, sub-
threshold swing (SS), and leakage current are improved.
However, asymmetric spacers may lead to increased variations
in such devices. In [9], the asymmetry in the device is
achieved by unequally doping at S/D terminals of FinFETs.
However, it degrades the drivability of the device mainly due
to higher resistance of the lower doped terminal. In this paper,
we propose a quasi-SB (QSB) UTBB SOI transistor with
a metallic source and a highly doped drain. Depending on
the applied voltage to the S/D, different ON-currents (ION)
can be generated by the device. This feature can alleviate
the read–write conflict in 6T-SRAM cell design. We design
an SRAM cell using the proposed device to simultaneously
improve read margin and WM in scaled technology nodes
and compare the improvements to a conventional UTBB SOI
device-based 6T-SRAM cell. The proposed cell significantly
improves RSNM, WM, and write time at the cost of longer
access time. The degraded access time can also be easily
addressed by using split BL approach without any considerable
area penalty. The rest of this paper is organized as follows.
In Section II, the QSB UTBB SOI device is presented and
characterized in comparison with the conventional UTBB SOI
device. In this section, electrostatic, thermal, input and output
characteristics of the devices are extracted and the benefits
of the proposed device are explained. The 6T-SRAM cell
and read–write conflict in scaled technology nodes are briefly
explored in Section III. In Section IV, the 6T-SRAM cells
designed by QSB and conventional UTBB SOI devices are
compared in terms of leakage, read, and write performance.
Conclusions are drawn in Section V.

II. PROPOSED QSB UTBB SOI DEVICE

A. Device Structure

The proposed device structure and the device parameters
are shown in Fig. 1 and Table I, respectively. Both QSB
and conventional UTBB SOI devices use high-k/metal gate
structures. To achieve an effective oxide thickness of 1.5 nm,
a 2.5 nm oxide thickness (tox) is considered. The doping of
p-type channel is 1015 cm−3 that is practically undoped [19].
The width of the device’s gate is 1 μm. For UTBB SOI device,

TABLE I
PARAMETERS OF THE QSB AND CONVENTIONAL UTBB SOI DEVICES

Fig. 1. Simulated nMOS structure. S/D regions consist of highly doped
n-type Si for the UTBB SOI device, and metal source and highly doped
n-type Si drain for the proposed QSB UTBB SOI device.

the drain and source are highly doped silicon where the doping
profile of p-n junctions is abrupt. The other parameters of
the conventional UTBB SOI are extracted from [5]. For QSB
UTBB SOI device, the drain is highly doped n-type silicon
and the source is realized by a silicide (PtEr stack). The PtEr
stack with SB height of 0.1–0.16 eV for electrons is used
in the source of the proposed device [20]. By comparing the
fabrication processes of UTBB SOI MOSFET [5] and SB SOI
MOSFET [21], it can be concluded that the fabrication process
of the proposed QSB UTBB SOI device is compatible with
the conventional UTBB SOI device. In the proposed device,
the source is formed using a self-aligned silicide process [21]
instead of an implantation process that is used for drain
region [5]. The mentioned structure for the proposed device
leads to the creation of a p-n and metal–semiconductor (M–S)
junctions in the drain and source sides, respectively. Due to
the use of different junctions, the QSB UTBB SOI device
exhibits asymmetry in the device characteristics for positive
and negative VDS biasing. In order to understand the effect of
different junctions on the device, in this section, we present
physics-based discussions on electrostatic characteristics, drain
current and SHE of the QSB UTBB SOI device.

2-D simulations are performed on the proposed QSB and
conventional UTBB SOI devices using Sentaurus [22]. The
carrier transport in the channel and the p-n junctions is
mainly due to the drift-diffusion. On the other hand, at the
M–S junction, the current is due to the tunneling of electrons
and thermal emission. Therefore, to simulate the proposed
device, drift-diffusion and SB tunneling models have been
incorporated along with the temperature and field-dependent
mobility models. The tunneling current is represented by
localized tunneling rates at grid locations near the Schottky
contact. Drift-diffusion simulations coupled with the lattice
heat equation have been carried out to capture thermal effects.
The critical areas for meshing the devices are the high electric
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Fig. 2. Conduction band profiles of the QSB and conventional UTBB SOI
devices for VDS > 0 at VG = 0.

Fig. 3. Conduction band profiles of the QSB and conventional UTBB
SOI devices for positive and negative VDS biasing at VG =1.

field areas at the p-n and M–S junctions and the gate oxide,
and hence these areas must be tightly meshed to have accurate
results. In our simulations, the source region is replaced by a
contact that provides suitable boundary conditions for tunnel-
ing and thermionic currents injected into the channel [8], [23].
In this approach, the electrostatic potentials at the metal
contacts are specified as boundary conditions and the SB is
realized by the difference between the work function of the
metal contact and the electron affinity of the silicon channel.

B. Electrostatistics Characteristic

Fig. 2 shows the conduction band profiles of the devices
for VDS > 0 when VG = 0. The profile is extracted by a
cut line at the channel placed 1 nm beneath the gate oxide.
According to Fig. 2, when the drain terminal is biased, the
QSB UTBB SOI device generates a lower Ioff in comparison
with the conventional UTBB SOI device mainly due to the
presence of the SB height (�b) in the M–S junction. The
proposed QSB UTBB SOI device has an intrinsic advantage
in controlling thermal emission current because the channel
barrier becomes higher when the SB presents [24].

The conduction band profiles for positive and negative VDS
biasing conditions in ON state (VG = 1 V) are shown in
Fig. 3. The profiles for the conventional UTBB SOI device
in both positive and negative biases are symmetric due to
the symmetric structure of the device. However, for the QSB
UTBB SOI device, the asymmetric structure leads to different
conduction mechanisms and profiles. When VDS = −1 V,
the carrier injection mechanism and the conduction profile
are almost similar to the conventional UTBB SOI device.
However, when VDS = 1 V, the SB limits the carrier injection
into the channel and drivability of the device is governed by

Fig. 4. Lattice temperature profiles of the QSB and conventional UTBB
SOI devices at VDS = −1 V and VG = 1 V.

the tunneling current. Therefore, the QSB UTBB SOI device
can provide unequal currents for positive and negative VDS
biasing.

C. Thermal Characteristic
Fig. 4 shows the lattice temperature profiles at VG = 1 V

and VDS = −1 V, which are extracted using a cut line
at the center of the body. To explore the SHE, thermal
simulation is conducted by placing a thermal contact under
the substrate while the substrate temperature is assumed to
remain constant (300 K). According to this figure, the max-
imum lattice temperature occurs at the junction between the
source and the channel. The maximum lattice temperatures
are 325 and 484 K for the QSB and conventional UTBB
SOI devices, respectively. The reduced lattice temperature can
attribute to the carrier mobility and drive current in QSB
UTBB SOI device, and thus can improve the drive capability
in comparison with UTBB SOI device when VDS = −1 V.
According to the simulation results, the presence of metallic
terminal leads to a channel temperature near to the ambient
temperature (300 K) for the proposed device due to the
fact that the terminal acts as a heat sink [25]. However,
for the conventional UTBB SOI device, thermal conductivity
of highly doped silicon in S/D regions are not as good as
undoped silicon bulk. Heat conduction in silicon is dominated
by phonon-ion scatterings that leading to significant thermal
conductivity degradation [26]. The raised source and drain can
improve SHE of the conventional UTBB SOI device. However,
as shown in [27], the thermal characteristics of the devices
slightly improve by increasing the geometrical parameters of
the S/D terminals.

D. Current–Voltage Characteristics
The output characteristics with and without SHE at VG =

1 V are depicted in Fig. 5. Based on the results, when
the SHE is considered, the ON-current of the conventional
UTBB SOI device is significantly degraded. This difference
is mainly because of the degradation in channel mobility due
to SHE leading to 14% reduction of ION for the conventional
UTBB SOI device. For the QSB UTBB SOI device, ION for
VDS > 0 reduces in comparison to the conventional device,
which can be attributed to the tunneling resistance of the
Schottkty junction. Furthermore, as shown in Fig. 5(a), when
the drain is biased, the SHE is negligible for the QSB UTBB
SOI device mainly due to the low ON-current. The output



1578 IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 64, NO. 4, APRIL 2017

Fig. 5. ID–VDS characteristics of the QSB and conventional UTBB SOI
devices for (a) VDS > 0 and (b) VDS < 0 at VG = 1.

TABLE II
PARAMETERS OF THE nMOS QSB AND

CONVENTIONAL UTBB SOI DEVICES

characteristics of the devices for VDS < 0 are shown in
Fig. 5(b). As drawn from Fig. 5(b), the proposed device
exhibits 2× higher drivability than that for the conventional
UTBB SOI device. This improvement is achieved by the
low resistance of the metal terminal in comparison to the
highly doped silicon. Although ION significantly increases for
VDS < 0, the SHE is still negligible in the proposed device
mainly due to the heat sinking effect of the metallic terminal.
The asymmetry in ID for positive and negative VDS biasing
is evident in Fig. 5 and this feature of the proposed device
is exploited to achieve mitigation in read–write conflict in
6T-SRAM, as will be discussed in the next section. Based
on Fig. 5, the QSB UTBB SOI device provides 13× higher
ON-current for VDS < 0 in comparison with that for VDS > 0.

Fig. 6 and Table II show the input characteristics of the QSB
and conventional UTBB SOI devices for positive and negative
VDS biasing. The simulation results of the UTBB SOI device
in Fig. 6 and Table II are compatible with the measurement
results [5]. For VDS > 0, the proposed device provides 2.3×
reduction in Ioff and 1.9× reduction in DIBL in comparison
with the conventional UTBB SOI device.

As mentioned earlier, the OFF-current reduction emerges
from a better control on the thermal emission current. The ther-
mal emission current is limited by the SB because of the expo-
nentially dependence of the current on �b [24]. On the other
hand, the DIBL which is defined as the lowering of the barrier
on the side of the terminal with the lower bias induced by the
terminal at the higher bias. For VDS > 0, the source injection

Fig. 6. ID–VG characteristics of the QSB and conventional UTBB SOI
devices for (a) VDS > 0 and (b) VDS < 0.

Fig. 7. Proposed QSB UTBB SOI device-based 6T-SRAM. (a) Read
operation. (b) Write operation.

of carriers is dominated by tunneling through the SB. The
tunneling current is controlled by �b and tunneling width.
The barrier height is insensitive to the drain induced electric
field while this field can only modulate the tunneling width.
Therefore, the proposed device improves DIBL when the drain
terminal is biased (VDS > 0). However, the presence of
the barrier deteriorates the subthreshold swing of the device.
In the subthreshold region, since the thermal emission current
is limited by the barrier, SS is mainly determined by the
change of the tunneling probability by increasing the gate
voltage (VG). Higher VG modulates the Schottkey barrier
width and can facilitate the tunneling process.

Fig. 6(b) shows the ID–VG characteristics of the devices for
VDS < 0. For small negative VDS biasing (VDS = −0.05 V),
the SB still limits the draining of carriers by the metal terminal
and hence the leakage current, and drivability of the proposed
device is lower than that of the conventional UTBB SOI
device. On the other hand, when VDS is increased, the SB is
eliminated and the subthreshold characteristic of the device
converges toward that of the conventional device. Furthermore,
for VDS = −1 V, the QSB UTBB SOI device provides 1.8×
improvement in ION, which can be attributed to the decrease
in source resistance due to the metal terminal along with the
heat sink property, which was mentioned in Section II-C.

III. 6T-SRAM CELL DESIGN

The standard 6T-SRAM cell shown in Fig. 7 consists
of a cross-coupled inverter latch (M1–M4) and two access
transistors (M5 and M6) controlled by WL signal for write
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and read operations. Stable read operation can be achieved
by keeping the pull-down devices stronger than the access
transistors, leading to a small enough read current (IRead)
to prevent data flipping. On the other hand, for a reliable
write operation, the access transistors should be implemented
using stronger devices than pull-up transistors. It leads to a
large enough write current (IWrite) to flip the storage nodes.
Therefore, there is an unavoidable design constraint between
read and write leading to a conflicting sizing requirements
for the transistors to improve both read and write opera-
tions simultaneously. In addition, the transistors need to be
designed with close to minimum device features, to provide
high memory density. Therefore, there is a limited scope for
improvement of SNM by only optimizing the transistor sizing.
The mitigation of the conflict can be achieved by introducing
asymmetry in the access transistor leading to simultaneously
improve read margin and WM. Therefore, the proposed QSB
UTBB SOI device can be considered as a candidate to be
utilized in 6T-SRAM cells. Fig. 7 shows the schematics of
the QSB UTBB SOI device-based 6T-SRAM during read
and write operations. In Fig. 7, the symbol of the proposed
device has a thicker line indicating the metal terminal. In the
schematics, it is assumed that the cell stores “0” (Q = 0 and
QC = VDD). In the cell, only nMOS transistors are realized by
the proposed devices and the conventional UTBB SOI device
is utilized in the pull-up transistors. The metallic terminals in
the pull-down and access transistors are connected to the same
nodes (Q and QC ). Therefore, similar to the conventional
6T-SRAM layout, the metallic terminals of access transistors
can be shared with those of the corresponding pull-down
transistors, which leads to no area penalty. As shown in
Fig. 7(a), during the read operation, the metallic terminal of
M5 is biased at a lower voltage than the highly doped terminal,
which means VDS > 0 in this access transistor. This leads to
a low read current, which lowers the disturbance at Q and
improves the read stability. On the other hand, during the
write operation, the successful write is achieved when the data
in QC is switched from “1” to “0.” To write the data, the
BLs are connected to appropriate voltages (BL = VDD and
BLC = 0) and then the WL signal is asserted. In this scenario,
the metallic terminal of M6 is biased at a higher voltage than
the highly doped terminal leading to VDS < 0. Therefore,
a high write current flows through the access transistor, which
can facilitate the switching operation and improve the write
ability.

The next section provides some simulation results to prove
the efficiency of the proposed 6T-SRAM in comparison
with that of its conventional counterpart. To simulate the
SRAM cells, lookup table-based Verilog-A model has been
employed for both the QSB and conventional UTBB SOI
devices. The lookup table-based model consists of 2-D tables:
the transfer characteristics IDS(VDS, VGS), the gate–source
capacitance CGS(VGS, VDS), and the gate–drain capacitance
CGS(VGS, VDS) across a range of VDS and VGS.

IV. SIMULATION RESULTS AND DISCUSSION

To show the efficiency of the proposed 6T-SRAM cell,
different features of the design are explored in this section

Fig. 8. Hold/read SNM for the 6T-SRAM cells using (a) conventional and
(b) proposed QSB UTBB SOI devices at VDD = 1 V.

Fig. 9. Hold/read SNM of the proposed QSB and conventional UTBB
SOI device-based 6T-SRAMs at different supply voltages.

where a comparison to an iso-area conventional UTBB SOI
device-based 6T-SRAM cell is provided. In the following
simulations, the 112 SRAM architecture is analyzed where
the pull-up and access transistors are realized with the same
area while the pull-down transistor is two times larger leading
to the cell area of 60F2 [28]. F is the half-pitch of typical
stagger-contacted metal1 bitlines.

A. Read/Write Static Operation
Fig. 8 shows the hold SNM and RSNM for the 6T-SRAM

cells at a supply voltage of 1 V. As shown, the RSNM of
the conventional 6T-SRAM is significantly degraded. On the
other hand, the proposed cell provides 54% higher RSNM
mainly due to a lower read current. Fig. 9 illustrates hold and
read SNMs of the SRAM cells at different supply voltages.
As it is illustrated by Fig. 9, for the conventional SRAM, read
operation is marginal at supply voltages lower than 0.7 V.
However, the proposed 6T-SRAM cell can obtain a stable read
operation even at VDD = 0.5 V. Another metric to compare
the SRAM cells is WM [29]. The simulation results for WM
of the proposed SRAM at different supply voltages compared
with those of the conventional cell are depicted in Fig. 10.
According to Fig. 10, the WM of the conventional cell is larger
than that of the proposed cell at supply voltages up to 0.8 V
because of higher write current. However, for supply voltages
higher than 0.8 V, the WM of the proposed SRAM becomes
larger than that of the conventional cell mainly due to this
fact that the proposed access transistor provides higher write
current than the access transistor realized by the conventional
device.

B. Read/Write Dynamic Operation

Although using asymmetric QSB design improves the
RSNM of the proposed cell, it considerably increases the read
delay of the SRAM. Fig. 11 shows the BL voltage during
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Fig. 10. WM of the proposed QSB and conventional UTBB SOI device-
based 6T-SRAMs at different supply voltages.

Fig. 11. Waveform of the BL in read operation for the proposed QSB
and conventional UTBB SOI device-based 6T-SRAMs at VDD =1 V.

read operation. After asserting the WL, since the stored data
are “0” (Q = 0), CBL is discharged. CBL is mainly composed
of the drain capacitance of the access transistors of the SRAM
cells connected to the BL and the metal capacitance of the BL.
In this simulation, the BL contains 256 cells, leading to a CBL
of approximately 40 fF. According to Fig. 11, the proposed
6T-SRAM suffers from significant longer access time than the
conventional cell (approximately 650%) at VDD = 1 V due to
lower IRead. Obviously, this delay overhead is not practical,
but the long read access time can be improved from 650%
to 24% using the split BL approach (Fig. 11) [30], where
CBL is scaled by combining multiple SRAM cells together
connecting to a local BL (LBL), and each LBL is connected
via one pass-gate transistor to the global BL (GBL), as shown
in Fig. 12(a). In Fig. 12(a), the array is divided into eight
sub-blocks where each sub-block contains 32 cells connected
to one LBL. To access each SRAM cell corresponding local
WL (LWL) and global WL should be activated. In this struc-
ture, the global pass-gate transistors between GBL and LBLs
are implemented using conventional UTBB SOI devices to
prevent any speed degradation. To determine the area overhead
of the split BL approach, unit drawing pitches are utilized
where polypitch (3F) and metal2 (M2) minimum routing
pitch (2.5F) are used as the unit pitch for height and width
directions, respectively [28]. Therefore, the area of each sub-
block can be approximated as 1920F2 as shown in Fig. 12(b)
where the LBL (LBL) and LWLs are routed by metal2 and
metal3, respectively. To minimize the length of LBLs, the array
is split into two halves and the Sense Amplifier (SA) is placed
in the middle as shown in Fig. 12(c). We need to consider
enough space (2.5F) between sub-blocks to separate LBLs
from each other. To connect LBLs to the global pass-gate
transistors, which are implemented with the SA in the middle
[Fig. 12(d)], different metal layers are utilized. According to
Fig. 12(c), LBL1,2 are realized by M2, LBL3−6 are routed by
metal4 (M4) and LBL7,8 are connected to the global pass-gate
transistors by metal6 (M6). This routing configuration leads to

Fig. 12. (a) Split BL array comprising the proposed SRAM cell.
(b) Schematic layout of a sub-block. (c) Schematic layout of the proposed
Split BL array. (d) SA and global pass-gate transistors.

Fig. 13. Waveform of Q during write operation for the proposed QSB
and conventional UTBB SOI device-based 6T-SRAMs at VDD =1 V.

no area penalty in the width direction. On the other hand, the
height of the conventional (Hconv.) and the split BL (Hsplit)
architectures can be modeled as follows:

Hconv. = 8 × 192F + HS A

Hsplit = 8 × 192F + 8 × 2.5F
︸︷︷︸

Space between
two sub-blocks

+ 8 × 3F
︸︷︷︸

Height of global
pass-gate transistor

+HSA (1)

where HSA represents the height of the SA. The model shows
that a practical read delay for the proposed 6T-SRAM design
can be achieved at the cost of almost 2% area overhead. Our
model is compatible with the estimation of [30], which proves
that the split BL approach imposes almost no silicon area
penalty to the memory system.

The storage node evolution during the write operation is
illustrated in Fig. 13, where the write time of the proposed cell
is improved (in the global BL approach by 3.1× and in the
split BL approach by 2×) in comparison with the conventional
cell at VDD = 1 V. The improvement is attributed to the higher
write current and smaller parasitic capacitances at the storage
nodes. The QSB UTBB SOI has lower inversion charges in
the source side, which leads to a lower gate capacitance.
This is due to the fact that the electrons need to tunnel
through the source barrier to get into the channel. Besides, the
absence of dopant straggle in the source side, which increases
the gate-to-source underlap leads to decrease in the overlap
capacitance [8].
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Fig. 14. Leakage current of the proposed QSB and conventional UTBB
SOI device-based 6T-SRAM at different supply voltages.

Fig. 15. Performance features of the proposed QSB and conventional
UTBB SOI device-based 6T-SRAMs at VDD = 1 V.

C. Standby Power Dissipation
The main contribution of the total power consumption in

SRAM arrays is due to the standby power. Fig. 14 shows
the leakage current from a single cell for the 6T-SRAMs at
different supply voltages. According to Fig. 14, the proposed
SRAM provides a lower leakage current in comparison to the
conventional cell. At VDD = 1 V, the proposed 6T-SRAM
provides 18% lower static power.

Fig. 15 compares the performance of the 6T-SRAM cells
at VDD = 1 V. The maximum IRead, which discharges the
BL and IWrite, is shown. IRead mainly limits the access time of
the SRAM cell and hence it is used as the first approximation
for delay constraint during read operation. On the other hand,
during write, IWrite determines the required energy to pull-
down a high-level storage node. The comparison proves that
the proposed cell with split BL architecture enables a low-
power robust memory array.

V. CONCLUSION

In this paper, we propose a novel QSB UTBB SOI device
to facilitate the SRAMs with high robustness. The proposed
transistor uses a highly doped drain while the source is metal
leading to asymmetric characteristics for positive and negative
VDS voltages. The asymmetric nature of the QSB UTBB SOI
device mitigates the read–write conflict of the 6T-SRAM cell.
The 6T-SRAM realized using the proposed device shows a
leakage reduction of 18% at VDD = 1 V compared with
the conventional 6T-SRAM cell. Furthermore, compared with
the conventional 6T-SRAM, the proposed SRAM shows 54%
improvement in RSNM, 6.6% higher WM, and 3.1× shorter
write time at the cost of a longer access time. The longer
access time can be easily addressed by the split BL approach
with negligible area overhead. Using this technique, a 5.6 ns
access time is achieved.
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