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Abstract—In this paper, two novel 6T SRAM cells based on
Independently-Controlled-Gate FinFETs are proposed. The new
6T cells are derived from 4T cells: by separating the read timing
and read-line, the proposed new cells allow simultaneously read
& write to different addresses. To overcome the traditional
retention time problem in 4T cells, the proposed cells reduce
leakage by changing the back-gate connection and increasing the
capacitance at data storage points (Q, QB). Compared to
previous 6T FinFET SRAMs, the proposed cells reduce the
static leakage current, and enhance the write and read speed. In
addition, this structure is scalable for multi-ports.

Keywords—Independently-Controlled-Gate, FinFET, SRAM,
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I INTRODUCTION

With the sharp increase of portable electronic applications, power
dissipation has become one of the most important design factors in
the deep sub-micron VLSI design [1-3]. With short channel effects
(SCEs) becoming intolerable with the transistor channel length
scaling, multi-gate devices have been proposed to overcome SCEs
and extend the technology roadmap. FinFET (Fin-type Field-effect
Transistor) has emerged as the most feasible multi-gate device due to
process compatibility with bulk CMOS technology [2]. Because of
the drastic leakage reduction and performance improvement
compared to planar CMOS, FinFET technology has been applied to
both high performance and low power applications [1-3], especially
for Static Random Access Memory (SRAM) design due to its low
STANDBY-by power requirement [4]. Numerous techniques have
been explored to improve the energy efficiency of FinFET SRAM
considering the frequent access of SRAM bit-cells and the essential
portion of the chip area [4]. Thus, it is important to explore the
FinFET SRAM cell designs to further improve power efficiency [5].

Many techniques have been proposed to reduce leakage, improve
stability and access speed in FinFET SRAM design. These techniques
can be summarized into several categories: (1) at the device level, by
introducing the advanced device technologies in FinFET device
designs to improve SRAM density, stability [4, 6] and energy
efficiency [5]; (2) At the circuit level, by adding additional transistors
to cells to enhance stability [10] and noise margins [11], or (3) by
using the back-gate feature. For example, independent gate
techniques have been proposed on pass-transistors to enhance the
stability [8] and to overcome process and environmental variations
[9]. Also, the back-gate feature within FInFET SRAM cells has been
explored in [12-16] to reduce the leakage and improve performance.

In this paper, we explore the circuit level optimization to FinFET
SRAM cells to reduce the leakage, improve the noise margins, and
enhance the read speed, without sacrificing the area. We propose two
novel 6-Transistor (6T) FInFET SRAM cell designs based on the
independent-controlled-gate technique [1-4] using 32nm FinFET
Predictive Technology Model (PTM) [31]. Compared to the
traditional 6T SRAM design, our proposed design exhibits over 80%
leakage reduction, much better margins, and read speed improvement.

This work was supported by the NSF award 1213052, 1317560, and 1205618.

978-1-4799-3765-3/14 $31.00 © 2014 IEEE
DOI 10.1109/ISVLSI.2014.25

296

The paper is organized as follows. In Section II, we introduce the
physical FinFET devices with the back-gate voltage and dynamic
threshold control feature. Section III summaries the previous FInFET
SRAM cell designs. Section IV describes the proposed SRAM cells
and solutions for possible multi-port scalability. The simulation result,
including the leakage power and retention time, Static Noise Margin
(SNM) and read & write time are presented in Section V, showing
the proposed layout designs as compared to the traditional 6T cells.
Section VI verifies an 8K*128 scale SRAM array with all necessary
peripheral circuits, followed by the conclusions in Section VII.

II.  FINFET DEVICES

Fig. 1 (a) illustrates the three-dimensional schematic of a typical
shorted-gate FinFET transistor. The thin vertical silicon fin is the
conductive channel and the metal gate wraps the fin to control the
channel effectively. Because of the multi-gate induced electrostatic
improvement, FInFETs suppress the SCEs and offer higher on-state
current, lower off-state current and faster switching speed.

FinFETs come in many flavors. In Shorted-Gate (SG) FinFETs,
the two gates are connected together. This can serve as a direct
replacement for conventional bulk-CMOS devices. In independent-
gate (IG) FinFETs, the top part of the gate is etched out, giving way
to two independent gates (Fig. 1 (b)). Because the two independent
gates can be controlled separately, IG-mode FinFETs offer more
design options [1]. In general, three modes of FInFET logic gates are
logically obvious (Fig. 1 (c)) [1-3]: (1) Shorted-Gate mode (SG), in
which FinFET gates are tied together; (2) Low-Power mode (LP), in
which the back-gate bias is tied to a reverse-bias voltage to reduce
sub-threshold leakage [1]; (3) Independent-Gate mode (IG), in which
independent signals drive the two device gates.

(a).Three-dimensional diagram

i

(c). Electrical model schematic (Vyg,.y is Low Bias, V. is High Bias.)

(b). Cross sectional top view
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Figure 1. FinFET device schematic and model illustration.

In Fig. 1 (b), considering the gate-gate coupling of the front and
back gate, threshold voltage of the front-gate varies in response to the
back-gate bias voltage. A generalized model for the relationship
between FinFET front-gate threshold voltage and the applied back
gate voltage is derived in [12]. Equation (1) demonstrates the
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approximate relationship.

_ {V, = 85 (Vo |~ Vi n ) whenlV | < Vi

v ag-n (1)

=N R otherwise

Where V .y is back gate voltage, and Vg, v < 0, Vi and Ve
STANDBY for the threshold of the N-FinFET front gate and back
gate respectively. s denotes the source terminal of FinFET, ¢ is a
positive value determined by the ratio of gate and body capacitances,
and Vo,hfg,N is the minimum observed Vv . Equation (1) is for N-
FinFET, but may also be applied to a P-FinFET with usual changes
in sign. If the FinFET is operated in SG mode, the threshold voltages
of both gates respond simultaneously to change in voltage at the
other gate. As shown in Equation (1), gate-gate coupling is observed
only in the weak-inversion region of operation. In the region of
strong inversion, the presence of inversion charge in the channel
shields FinFET gate from each other and coupling becomes
relatively weak.

As shown in Equation (1), the change of the back gate voltage
can change the front gate threshold voltage, thus change the
performance and leakage power. We want to use this feature in the
4T SRAM cell design to reduce the leakage and enhance the retention
time. In order to test and quantify the back gate feature and its
influence to leakage and performance, an inverter is tested. Due to the
difficulty of measuring the threshold voltage, we use propagation
delay time to show the performance. In Fig. 2, the back-gate voltages
of N-FinFET and P-FinFET decrease and increase respectively. As a
result, the front-gate threshold voltages of N-FinFET (V;.») and P-
FinFET (V;.p) increase and decrease respectively, which leads to an
exponential decrease of leakage power, and the circuit propagation
delay increases at the same time. But when the back-gate voltages
exceed some boundaries (Vy,-y=-0.3V, Vi p=1.3V), the threshold
voltages of the front gate no longer follow the change of the back-
gate voltages: The leakage power reduction and propagation delay in
Fig. 2 match the theory (Equation 1) well. In the next part of paper,
we are going to use this feature to reduce SRAM leakage power.
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Back-gate Voltage of N-FinFETs (ngs_N) and P-FinFETs (ngs_P) V) Fi
Ig
ure 2. Back-gate bias voltage vs. power and delay. An LP-Mode inverter is
tested. Input slew is 0.1ns. When the internal is tested, the output load is
0.0048726pF. When leakage is tested, output load is null.

III. PRrREvVIOUS WORK

Many FinFET SRAM cells have been proposed based on the
FinFET back-gate characteristics. Fig. 3 (a) is the basic FinFET
SRAM cell, deriving from traditional 6T CMOS SRAM cell. Fig. 3
(b) derives from the former one, the back-gate of whose PGL&PGR
are connected to GND [13]. Fig. 3 (c) connects the back-gate to the
twisted inverters to automatically change the threshold voltage of
PGL&PGR [14]. While in Fig. 3(d), they are connected to the other
nodes of the twisted inverters [15]. Fig. 3 (e) pulls all the nodes of
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back-gate out, in this way, the threshold of all the FinFETs could be
controlled [16]. While in Fig. 3 (f), only the back-gate voltages of
PGL&PGR are controlled [16].

©
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Figure 3. Previous FInFET SRAM cells [12-16]. Fin Height=40nm, L=32nm,
Tox=1.4nm, Tsi=8.6nm. Pull-down FinFETs (PDL-PDR) uses 2 fins, others
use 1 fin.

IV. FROPOSED NOVEL 6T FINFET SRAM CELLS
A. Novel 6T FinFET SRAM Cells

The proposed new cells (Design (a) and Design (b)) are derived
from 4T FinFET cells [15-18] (Fig. 4 (a, b)). In order to improve the
performance, the read and write lines are separated. Further, the back
gate voltage can be dynamically controlled. In Fig. 4 (a, b), it can
switch between two static voltages: (1) STANDBY voltage to reduce
the leakage; (2) ACTIVE voltage to improve the writing speed.

ACTIVE® =
STANDBY  cTRL

ACTIVE®
STANDBY CTRL

(b

Figure 4. Proposed FinFET SRAM cells. Fin Height=40nm; L=32nm;
Tox=1.4nm; Tsi=8.6nm; Pull-down FinFETs (PDL-PDR) uses 2 fins, others
use 1 fin.

The following aspects are carefully considered in the proposed
cell design:

a) Due to the elimination of the cross-coupled inverters, BL and
BLB need to be set to VDD unless used for writing to overcome the
retention time issue. For example, if BL and BLB = 0, Q=1, QB=0,
because the data in Q is maintained by the capacitance, leakage path
from AXL to BL or PDL to GND may degrade the node value.

b) When the BL & BLB lines are used to write certain cells, the
other cells in the same column need to keep Q and QB stable by
parasitical capacitance, which causes a retention time issue as write
disturb [18, 23]. Our design in Fig. 4 (a) use CTRL node connected to
back-gate to mitigate such issue by reducing the leakage from Q and
QB. For design in Fig. 4(b), the back-gates of AXL and AXR are
connected to Q and QB, respectively, which increases the node
capacitance of Q and QB.



c¢) The CTRL signal is determined by the ACTIVE and
STANDBY modes, which is used to regulate back-gate voltage. At
ACTIVE mode, the back-gate is connected to GND, while at
STANDBY mode, the back-gate is -0.3 V. The reason to avoid to
apply much negative voltage than -0.3V is that, a more negative than
-0.3V has trivial effect on the front gate threshold voltage, but it
induces a large capacitance to increase the energy overhead during
charge/discharge and causes an increase the leakage current at large
range of back gate-voltage. The gate induced drain leakage may limit
the technique of using control line to reduce leakage.

d) Half-select write disturb problem. The half select disturb
occurs when there are certain unselected columns during a write
operation while W is selected. In our design, the CTRL signal is used
for a group of cells corresponding to the granularity of writing to
mitigate this issue by adjusting the back-gate voltage of the pass-
transistors in the unselected cells. This approach is a tradeoff between
write margin and disturb margin. Other techniques can also be
applied such as “read-then-write-back™ scheme in [28].

e) The separation of read control signal (R) and read bit-line (RL)
provides flexibility to adjust the read speed. RD & RE are connected
to SG mode to enhance the read current and read speed. It also offers
independent width design (fin numbers) of RD and RE without
affecting the stability.

f) The separation of read and write lines allows read and write at
the same cycle to different rows of cells. This feature may double the
SRAM operating speed. As shown in Fig. 5, it takes 4 SRAM cycles
to finish 4 operations in traditional SRAMs, while two cycles in for
new cells.

Traditional

SRAM Cell Timing | ReadAddr1 | | Write Addr2 | [ ReadAddr2 | | write Addr3 |

Proposed Novel | ReadAddr1 | | Read Addr2 |

SRAM Cell Timing [ write Addr2 | | Write Addr 3 |

>
>

t

Figure 5. Comparison of timing between traditional and proposed FinFET
SRAM cells.

g) Leakage reduction in Design (b). Compared to traditional 6T
SRAM cells, the leakage current of PDL and PDR are different due
to the back-gate control of AXL and AXR, which offers leakage
reduction and data robustness. As shown in Fig. 4 (b), when Q=1, the
connection to back-gate of AXL results a semi-conduction with
enough current to maintain Q high. While AXR is closed at QB=0,
the node QB is only supplied by the leakage of AXR, which is
reduced by back-gate signal.

h) Both the new cells are made of N-FinFETs, which have no
NBTI (Negative-bias temperature instability) reliability issue. NBTI
is a result of continuous trap generation in the Si-SiO, interface of P-
type transistors when the device is on [26, 27]. With the change of
gate material, PBTI may also be a greater reliability issue than NBTI
for HfO,/NiSi FETs: NBTI is observed to be independent of gate
material whereas PBTI is significantly worse for FUSI gated devices
[26]. PBTI in TiN and Re gated HfO, devices is much smaller than
those observed for SiO,/HfO,/NiSi [26] . Thus, gate material for this
kind of new cells needs to be carefully considered in fabrication.

B. Multi-port Scalability of the Proposed Novel Cells

Multi-port SRAM is widely applied in register file designs. For
example, when building the registers for the MIPS CPU, the single-
issue structure needs 1 write port and 2 read ports for the register. For
example, the R-type instructions, two registers’ data are used as
inputs for ALU at the same time. For a VLIW (Very Long Instruction
Word) technology, like 2-way, the register needs 2 write ports and 4
read ports. So the scalability of the SRAM cells is very important.
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(a). 1 write port & 2 read ports cells
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(b). 2 write port & 4 read ports cells
Figure 6. Multi-port scalability of the proposed novel cells.

Fig. 6 shows the possible scalability of the new-designed FinFET
SRAM cells. The Fig. 6(a) shows a cell with 1 write port and 2 read
ports. The modification is just to add another read port. This kind of
modification is much easier than traditional 6T SRAM cells. Adding
extra read ports actually makes the cell more stable, because the data
in Q is maintained by capacitance; extra read ports actually make the
capacitance larger. The shortcoming is that the write speed may be
slower. The area overhead for an extra read port is 2 FInFETs, which
is also smaller than the traditional ones.

Fig. 6(a, b) gives an example of a cell with 2 write ports and 4
read ports. The scalability of extra write ports requires extra AXL &
AXR access FInFETs. As the number of write FinFETs connected to
Q and QB increases, the leakage through the access FinFETs also
increases, enhancing the stability of the cell. To further speed up the
write speed, the write access FINFETs AXL&AXR can be connected
in the SG mode. But the leakage will be larger, which is another
trade-off offered by the proposed design.

V. CHARACTERIZATION OF THE NEW CELLS

The following parameters are considered for performance
evaluation: (1) leakage power dissipation and retention time, (2)
stability during retention and read, (3) Write Margin, (4) Read and
Write speed, (5) Area.

A. Leakage and Retention Time

Leakage power takes the main part of the power, because most of
the SRAM cells remain in standby for most time. There are two
accesses to reduce leakage current: large L and high threshold voltage
[20-22]. The former will lead to large area and the capacitance of
word-lines & bit-lines, thus increases the read & write time and
swells dynamic power. High threshold will result in low read current,
negatively affecting read time. But this can improve the read & write
margin. The new proposed cells dynamically adjust the threshold
voltage [19-22]. In this way, the proposed cells overcome the short-
comings of high threshold voltage. As shown in Fig. 7, the leakage
power reduces more than 80% compared to tradition 6T cells.

Table 1. Retention time of the proposed 6T cells

4T SG- | 6T SG- | . . .
Fig4(a) | Fig4(a) | Figd(b) | Fig4
Type | FinFET | FinpeT | F1&4@ | Fiz4@ | Figdd) | Figd(®)
Cell | Cel* [BLBLB=0|BLBLB=1 [BLBLB=0| BL.BLB=I
REEUED || g 6.3 55.6 169 2 @
Time (ns)

*The 6T SG-FinFET Cell is the cell similar to Fig.4 (a) and Fig.4(b), but AXL, AXR,
PDL, PDR are connected with Short-gated Mode.
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Retention time is defined as the time from the last access to the
time when the internal differential voltage of the cell (|Q-QB|) drops
below the detection threshold [18][32]. Table I shows the retention
time comparison. The 4T SG-FinFET cell is derived from bulk-
CMOS 4T cell, whose retention time is 5.7ns. The 6T SG-FinFET
cell, whose structure is similar to Fig. 4(a, b), but AXL, AXR, PDL,
PDR are in SG mode, shows a 6.3 ns retention time. This retention
time is a little longer than 4T SG-FinFET cell, because the RD gate
capacitance helped a little bit for the retention time. For Fig. 4(a) cell,
when BL and BLB are low, the retention time is 55.6 ns; when BL
and BLB are charged to VDD, the retention time is 169 ns, which is
longer than 55.6 ns when BL, BLB=0, because when BL and BLB
are charged to VDD, a small leakage current will flow from BL and
BLB to Q and QB. While when BL, BLB=0, the leakage flows from
Q=1 to BL or QB=1 to BLB. So the BL & BLB lines need to be
charged to Vpp to maintain the data in Q and QB. But when the cell
in the same column is using BL & BLB to write data into the cell
(either BL or BLB is 0), for the other cells in the same column, this
situation is similar to “Fig. 4(a) BL, BLB=0" in Table I. So the
retention time for Fig.4 (a) cell should be between 55.6 ns and 169 ns.
For Fig. 4(b) cell, when BL and BLB are low, the retention time is
only 2.7ns. The explanation is as follows. When Q is logical 1, the
voltage of Q should be VDD-Vy, (Surely we can improve the word-
line voltage to make it VDD), so the back-gate of AXL is VDD-Vy,
while BL is 0, the electric charge in Q will flow both through AXL to
BL and PDL to ground. And this will also disturb the write operation
to other cell. In the condition “Fig. 4(b) BL, BLB=1", there are no
retention time problem, because AXL is on (when Q=1), this will
make the cell a stable one. In addition, the increase of capacitance in
Fig. 4(b) cell (AXL’s back-gate capacitance to Q, AXR’s back-gate
capacitance to QB) may also donate for the stability.

To solve the retention time problem for Fig. 4(a) cell, we need to
re-fresh the cells during every retention time. As writing operation
does not need a write pre-charge, we can just use buffers with strong
driving ability to operate BL and BLB. For Fig. 4(b) cell, whose
retention time is only 2.7 ns when BL and BLB are 0, we recommend
a write pre-charge: to pre-charge BL and BLB during every writing
operation. In the way, Fig 4(b) cell will be stable.

B. Read, Write and Hold Static Noise Margin

In traditional 6T cells, during the read operation when Q=1, QB=0,
QB increases. The amount of voltage increase at the node, denoted by
V,eas» depends on the division of the (pre-charged) BLB voltage by
the access transistor PGR and the pull-down transistor PDL. If V., is
greater than the trip point of the right inverter (PUR-PDR), the cell
changes its state causing a read failure. This read margin parameter
can be computed by measuring the side of the largest square that can
be fitted in the butterfly diagram [14-15, 24].
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While in the proposed cells, the read signal affects Q through the
gate of RD. Since the voltage division is caused by C,, Cyy of RD is
very much tinier compared to the division caused by dlrect current
flow in the traditional cells, the read margin is very ideal as VDD-Vy,
(Fig. 8). Due to different read structure, the read SNM is much better
than that of the traditional ones.
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Figure 8. Write & Read comparison of FInFET SRAM cells.

During the write operation, the write margin is defined as the
maximum decreased BL voltage that can change the state of the cell
when BLB is kept high [14-15, 24]. The lower that value is, the
harder it is to write the cell, implying a smaller write margin. The
write margin characteristics for these cells are presented in Fig. 8,
where the proposed cells are in high-level (697mV, 685mV). This is
because the new cells use non-full-coupled inverters, the resistance to
write into the cells is smaller than that of the traditional cells.

Due to the isolation feature (PGL & PGR are closed in hold time)
of traditional cells in hold time and lack of PGL&PGR in proposed
cells, the hold SNM is as the same as the read SNM.

C. Read & Write Time
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Figure 9. Read access time comparison.

Another important criterion in SRAM cell is the read time, which
is the key factor of determining the SRAM speed. Because this factor
also relates to the sensitive amplifiers’ sensitivity A V, the amplifiers
need to be carefully designed. Fig. 9 shows the comparison of read
time feature. The Fig. 3(a)-2fin in means the Pull-down FinFETs in
Fig. 3(a) has 2 fins (other FinFETSs have 1 fin); Fig. 3(a)-3fin means
Pull-down FinFETs have 3fins. The read speed of Fig. 3(a)-2fin is
very slow because of the large write margin (as in Fig.8): during the
read, the BL and BLB will disturb the cell with large glitch in Q and
QB due to the large write margin. Compared to traditional cells, the



proposed two cells with separate read signal and read line have better
performance in read time.

The write time, which is also an important SRAM parameter, is
defined as the time that the word line is activated until the time that
the storage node with ‘1’ value decreases to the trip point of the
inverter. The results are illustrated in Fig. 10, in which the proposed
two cells have fast write time due to the weak coupling and small
resistance to write in. While if we consider the parallelism of write &
read to different addresses as in Fig. 5, the writing time is even faster.
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Figure 10. Write time comparison of FinFET SRAM cells.
D. Area

(a). Fig.3.(a) 6T cell layout

GND

| S

(e). Fig.4.(a) cell layout-3 metal layers (f). Fig.4.(b) cell layout-3 metal layers
Figure 11. Thin-cell layout comparison. The Pull-dwon N-FinFETs have 2
fins, the Pull-up P-FinFETs : 1 fin, the access transistors AXL an AXR : 1 fin;
the readout N-FinFETs : 1 fin.

Since physical design relates to performance, the
parameters of each FinFET and layout should be carefully
designed to satisfy the timing requirements and stability [24].
The RD/RE should be designed according to read time
requirement. Fig. 11 shows an example of the possible thin
cell layouts: Fig. 11 (a) is the layout of traditional 6T cells as
Fig. 3 (a), Fig. 11(b) is the layout of 8T cell for comparison.
The Fig. 11 (c, d) are layouts of the Fig. 4(a, b) cells with 2
metal layers: the word-line, RE and CTRL are in metal layer 1;
BL, BLB, RL and GND are in metal layer 2. The Fig. 11 (e, f)
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are layouts of the Fig. 4(a, b) cells with 3 metal layers: the
CTRL signal is in metal layer 3.

The thin cell layout avoids bends in gate and orients all
transistors in one direction, which is lithographically friendly
and also reduces length and capacitance of bit-lines. Table 11
shows the summery of the thin cell layout area. The proposed
Fig. 11(c) layout with 2 metal layers is as same area as the
traditional 6T layout, but 11.4% smaller than the traditional 8T
layout. The proposed Fig. 11(d) layout with 2 metal layers is
9.1% larger than the traditional 6T layout, but 11.4% smaller
than the traditional 8T layout. But when building large scale
SRAM, the proposed cells may be larger in area because they
have 3 more global signals: R, RL, CTRL, although the
proposed cells do not need VDD.

Table II. Comparison of the area of thin-cell layout

Figll | 8TSG- | Figll | Figll | Figll |Figll
Layout "y | FinFETCel* | © | @ | © | ®
*
WHLG20 | pyujg | 27.5%10 | 2210 | 24*10 | 19.5%10 [19.5%10
m*32nm)
*
Area(™32 | 579 275 220 | 240 195 | 195
nm)~)

*8T Short-Gated FinFET is traditional 6T cell with separated read ports.

VI. 8K*128 SCALE TESTING RESULT

We perform an analysis for a large scale memory using the
proposed cells to evaluate their benefits and trade-offs.

One of the considerations is the interaction using the same BL &
BLB lines. As mentioned in Section IV. A, that BL & BLB always
remain VDD unless in writing to increase the retention time for
proposed cells. When BL & BLB are used by other cells in the same
column for write operation (example. SRAM cell row 1, col 1. In Fig.
12), the stored states of the cells in the same column using the same
BL & BLB lines can be disturbed.
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Figure 12. Structure and signals of 8K*128 scale proposed cells.

To solve the potential write disturb issue, we ensure that the write
time is several orders less than the retention time for our proposed
designs. As shown in Table I, the minimum retention time is 55.6 ns
and 2.7 ns for Design (a) and Design (b), respectively. Fig. 10 shows
that the write time of the proposed cells is 20 ps and 22 ps for Design




(a) and (b), respectively, which satisfy the retention time requirement.
Our results of the write time range are consistent of the previous
32nm FinFET designs in [31].

In Fig. 12, the CTRL signal (ACTIVE/STANDBY) is generated by
special back gate voltage generator. Once the row signal is available
and the operation is Write (this can be known by W_pre and /Wt), the
back gate voltage generator changes the back gate voltage of that row
from STANDBY (-0.3V) to ACTIVE (GND) to enhance the write

speed. Fig. 13 shows the simulation results of proposed cell Fig. 4 (a).

The voltages of Q and QB successfully maintain because of their
parasitical capacitances and the dynamic adjustment of the back-gate
voltage, whose main function is to increase the threshold and hence
reduce the leakage current.
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Figure 13. Simulation results of proposed cell as Fig. 4 (b).
VII. CoNCLUSION

The proposed 6T cells reduces more than 80% leakage current
and bring great improvement in read margin, read and write speed.
An 8K*128 scale testing with all peripherals proves that the new two
proposed FinFET SRAM cells can function well in large scale
circuits. In addition, the newly proposed cells are easy for multi-port
scalability. The new cells offer separate read and write timing and
lines, which makes read & write to different cells at the same cycle
possible, and this feature will greatly improve the access speed.
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