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Abstract: This paper proposes a novel loadless 4T SRAM cell composed of nMOS transistors. The SRAM cell is based on

32nm silicon-on-insulator (SOI) technology node. It consists of two access transistors and two pull-down transistors. The

pull-down transistors have larger channel length than the access transistors. Due to the significant short channel effect of

small-size MOS transistors, the access transistors have much larger leakage current than the pull-down transistors,enabling

the SRAM cell to maintain logic “1” while in standby. The storage node voltages of the cell are fed back to the back-gates

of the access transistors,enabling the stable “read” operation of the cell. The use of back-gate feedback also helps to im-

prove the static noise margin (SNM) of the cell. The proposed SRAM cell has smaller area than conventional bulk 6T
SRAM cells and 4T SRAM cells. The speed and power dissipation of the SRAM cell are simulated and discussed. The

SRAM cell can operate with a 0. 5V supply voltage.
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1 Introduction

Static-random-access-memory (SRAM) cells are
important components in modern VLSI circuits. Pre-
vious SRAM cells can be categorized into three types:
six-transistor (6T) SRAMs, resistive-load four-tran-
sistor (4T) SRAMs, and loadless 4T SRAMs'". Both
6T SRAMs and resistive-load 4T SRAMs have relative
large area. Moreover, it is not easy to scale down the
supply voltage with the transistor size for 6T
SRAMs'" . On the other hand,the loadless 4T SRAMs
promise smaller area and good scaling characteristics.
A loadless 4T SRAM consists of 2 nMOS pull-down
transistors and 2 pMOS access transistors (2n2p)"'.
The access transistors act as resistive loads when the
SRAM cell is in the standby state. This is achieved by
deliberately changing the pMOS threshold voltage' ,
modifying device geometry'®', or using self-body-
biased silicon-on-insulator (SOI) transistors* . All
these methods introduce additional steps in the fabri-
cation process. Recently, an SOI loadless 4T SRAM
based on both front-gate feedback and back-gate
feedback was proposed™ . The use of back-gate feed-
back significantly enhances the SRAM cell’ s static
noise margin (SNM) and reduces its static leakage
current. However, the 2n2p structure of this cell limits
any further reduction of the cell size.
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In this paper., we propose a novel loadless 4T
SRAM cell that is composed of all nMOS SOI tran-
sistors. The cell has two access transistors and two
pull-down transistors. The short channel effect of
32nm technology node MOS transistors maintains the
storage node voltage of the SRAM cell in the standby
state without any process variation. The back-gate
feedback method for SOI transistors is used to achieve
a robust SRAM cell read operation. The SRAM cell
has a smaller area than those previously proposed and
it can operate with a 0.5V supply voltage. The SNM
of the SRAM cell is 80mV. The read/write operation
speeds are higher than 100MHz. In the following sec-
tions, we first show the circuit structure of the SRAM
cell. Then we study the characteristics of the circuit
by HSPICE. Finally, we discuss the SRAM cell per-
formance and make a conclusion.

2 SRAM cell structure and operation
principle

Figure 1 shows the schematic of the proposed 4T
SRAM cell. It consists of two nMOS access transistors
T1,T2, and two nMOS pull-down transistors N1,N2.
All four transistors in the SRAM cell are fully-deple-
ted SOI transistors. Each transistor has two gates,
i.e. ,the front-gate and the back-gate. The transistors
can be planar or dual-gate FINFETs. In the first case.
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Fig.1 Schematic of the 4T load-less SRAM cell that consists of
word line WL, two bit lines BL and BL’,and four transistors

the back-gate voltage is applied through a well con-
tact formed through the BOX layer. The well of the
transistors can be separated from each other by shal-
low trench isolation (STI)"'. In the second case.the
two gates are formed on the two sides of the ‘fin”. A
typical relationship between the drain current I, and
the front-gate voltage Vi, is shown in Fig. 2. The
1,-V, characteristic is modulated by the back gate
voltage V,,. With fixed positive V,,>0.5V,the tran-
sistor is always open due to the existence of the back
channel. With fixed negative V,,,the threshold volt-
age of the I4- V4, characteristic increases. When V,, is
same as Vi, ,the drain current is much larger than the
case when V,, is fixed to be 0V.

The SRAM cell value (binary 0/1) and its inver-
sion value are stored as the voltage of the storage
node S1 and SZ, respectively. S1 is connected to the
back-gate of T1,the front-gate of N2, and the back-
gate of N2, while S2 is connected to the back-gate of
T2,the front-gate of N1,and the back-gate of N1.T1
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Fig.2 Relationship between the drain current of the dual-gate
SOI nMOS transistor with its front-gate voltage V', , modulated
by various back gate voltages V,, Parameters of the SOI tran-
sistor are: W = 32nm, L = 32nm, oxide thickness fo, = fpox =
1.5nm, Vy = 0.35V. The SOI transistor was simulated by
HSPICE using SPICE model of 32nm technology node SOI tran-

sistort® .
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Fig.3 Static leakage current of the SOI nMOS transistor as a
function of drain-source voltage with 32nm channel width and
different channel lengths ranging from 32 to 64nm

and T2 have the smallest feature size and largest
width-to-length ratio ( W/L = 1/1). On the other
hand,both N1 and N2 have small width-to-length ra-
tio (W/L = 1/2). In contrast to conventional 6T
SRAMs, the two load pMOS transistors are elimina-
ted. Compared to 2n2p structure 4T SRAM, the two
pMOS access transistors are replaced by two nMOS
access transistors.

The SRAM cell operates as follows. The write
process of the SRAM cell is same as the conventional
SRAM cell. The word line WL is high, and comple-
mentary voltages are applied to two bit lines BL and
BL’. After write, the complementary voltages are
stored in the storage nodes S1 and SZ2. In the retention
mode, the word line WL is low,and T1 and T2 are
closed. The two bit lines BL and BL’ are kept high.
The complementary voltage of S1 and S2 are feedback
to N1 and NZ2. We assume S1 has a high voltage (near
the supply voltage),and S2 has a low voltage (near
the ground voltage) . During retention, the voltage of
S1 is fed back to T1,the equivalent back-gate voltage
of T1 is 0,and thus the current through T1 is its static
leakage current [, . Since the voltage of S2 is fed
back to N1,both the front-gate voltage and the back-
gate voltage of N1 are 0,and the current through N1
is its static leakage current I, . To hold the high
voltage of S1, I,.,s must be much larger than [ .
This is achieved using the significant short-channel
effect of small dimension MOS transistors. Figure 3
shows the relationship between the leakage current
I« and the drain-source voltage V4 of 32nm channel
width nMOS transistors with different
lengths L. With small channel length, the turn-off
characteristic of the transistor deteriorates. There-

channel

fore, I .« increases as L decreases. With the same V.,
I with L =32nm is more than 10 times larger than
I with L = 64nm. Since BL is kept at the supply
voltage,the voltage of S1 can remain high (near the
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Fig.4 Relationship of the ON current of N2 and T2 with the

node voltage of S2
0.1V.

Ix; is much larger than I, when Vg >

supply voltage) during retention. Since the voltages of
S1 and SZ2 are complementary, the voltage of S2 is
kept low during retention. Therefore,the retention of
the SRAM cell is achieved using only nMOS tran-
sistors. On the other hand,with larger dimensions,the
short-channel effect of MOS transistors is not so sig-
nificant. With 65nm technology node, for example,
the leakage current of T1 is only 1.4 times larger than
the leakage current of N1,and thus the voltage of S1
cannot remain high. Therefore,this SRAM cell design
is valid only in technology node below 45nm.

The read process of the SRAM cell is as follow.
During read, WL is high and BL and BL’ are connect-
ed to the sensitive amplifier. Initially, both BL and
BL’ have high voltages. T2 is opened, and N2 pulls
down the bit line BL’ to low value. For robust read
operation, the ON current Iy, through N2 must be
much larger than the ON current I, through T2, so
that the voltage of S2 Vg, is kept near ground and
thus the cell value can not be inverted. This is
achieved using the back-gate feedbacks of N2 and TZ2.
During read, both the front-gate voltage and the back-
gate voltage of N2 are kept high. On the other hand,
the front-gate voltage of T2 is high,but the back-gate
voltage of T2 is kept 0. As shown in Fig. 2, when Vi,
= Vy,sthe drain current is much larger than the case
when V,, =0. Therefore.with same drain-source volt-
age,the current through N2 is much larger than the
current through T2,even though N2 has a smaller W/
L ratio. Figure 4 shows the relationship between [y,
with Vg and I, with Vg . When Vg, 1s 0.1V, [\ 1S
already much larger than I, .During reading,the cur-
rents through N2 and T2 are the same,so the drain-
source voltage of N2 is much smaller than T2. There-
fore,during read Vs, can be held below 0. 1V and thus
the cell can sustain its stored value. In summary, the
read operation of the SRAM cell is achieved using the
back-gate feedback of the pull-down transistors.
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Fig.5 One possible layout of the 4T all-nMOS SRAM cell
(a) Schematic of the gate,diffusion and contact. Back-gate volt-
age is applied through the well contact, as shown in the inset;
(b) Schematic of metall and metal2

3 Simulation results and performance

We use the latest predictive technology SPICE
models of 3Z2nm technology node SOI MOS tran-
sistors'®’ to simulate the SRAM cell. The validity of
the model has been proved by many works. The simu-
lation SPICE level is BSIM4, which can model the
short-channel effect and other quantum effects of
MOS transistors below 90nm technology node'”" .

Figure 5 shows a possible layout of the SRAM
cell, which is composed of planar SOI transistors. The
dashed outline indicates one cell. T1 and N2 lie in the
left side, since their wells have the same potential.
The cell is 70% as wide and 100% as long as the 6T
SRAM cell,so it takes up only 70% of the area due to
the elimination of pMOS transistors. Using vertical-
gate SOI fin-Fet transistors instead of planar ones,the
cell area can be further reduced.

Figure 6 shows the SNM butterfly diagram of the
SRAM cell. The SNM of the SRAM cell in retention
mode is: 80mV with Vg4 = 0.5V;65mV with Vg =
0.4V.This value is nearly same as the SNM of 2n2p
SRAM cells®!. Therefore, the proposed all-nMOS
SRAM cell has similar stability performance to the
2n2p SRAM cells. The SNM in retention mode can be
improved by decreasing the W/L ratios of N1 and
NZ,so that the short-channel effects of T1 and T2 are
relatively more significant. However, decreasing the
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Fig.6 Static noise margin butterfly diagram of the SRAM cell
(The supply voltage is 0. 5V.)
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Fig.7 Simulation result of the write process of the SRAM cell

W/L ratios of N1 and N2 will deteriorate the read
operation stability and will increase the cell area.
Figure 7 shows the simulation result of the write
process of the SRAM cell with Vy = 0.5V. The cell
operates correctly. The minimum supply voltage for
the correct write/read operation is 0.32V. Lower
supply voltage decreases the power dissipation as well
as the SNM. Figure 8 shows the write delay and the
leakage current as functions of the threshold voltage
V. of the nMOS transistors. The write delay increases
exponentially as Vy, increases. The leakage current
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Fig.8 Write delay and static leakage current as a function of
the threshold voltage of the nMOS transistors

decreases exponentially as V,, increases. Therefore,
there is a tradeoff between the operation speed and
power dissipation of the SRAM cell. With 0. 35V V.,
the write delay is 200ps, and the leakage current is
130pA. This corresponds to a maximum 5GHz write
speed and a 0. 13W/1Gbit static power dissipation.

4 Conclusion

An all-nMOS four-transistor SRAM cell is pro-
posed. For the first time, the short-channel effect of
MOS transistors is used to facilitate the SRAM cell
design. The SRAM cell has smaller area than previ-
ously proposed 4T cells, and no special fabrication
process is required. For large-scale integration, the pa-
rameter dispersion of the MOS transistors should be
carefully considered, since the leakage current of the
access transistor seriously depends on its channel
length. Moreover, the tradeoff between the operation
speed and power dissipation and the tradeoff between
the power dissipation with the SNM should be care-
fully managed. In conclusion,the proposed SRAM cell
is promising for
SRAM applications.

future high-density low-voltage
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