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Abstract— for the future technologies in which the devices and circuits are integrating more, low power consuming devices are needed.
Mostly the reduction of power dissipation work is concentrated on switching and leakage current. However sub threshold current is
also a big factor which leads to power consumption especially for memories. In this paper, leakage power of SRAM memory cell is
reduced by power gated sleepy stack structure which leads to lesser power dissipation. The power dissipation is reduced to 226 pW with
proposed technique compared with power dissipation of conventional 6T SRAM cell which had 740 pW. With lesser power dissipation

the circuit can have more battery backup and lesser heat emission.
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l. INTRODUCTION

For the VLSI circuit design, one of the top concern is power
consumption of circuit. Low power consumption is not a new
concern for the growing demands of application it has been a
problem before mobile era. Many methodology, architecture and
ideas has been proposed by researchers architecture level to
device level but there is always a tradeoff between delay, area
and power. So, according to the need of productor design the
designer has to choose the appropriate technique [1].
Complementary metal oxide semiconductor (CMOS) has been
used mostly for the VLSI designs. In CMOS based circuits, the
power dissipation is due to switching activity which is known as
dynamic component of power dissipation and static power
dissipation is due to ots level (high or low). Dynamic power
consumption is main concern which take dynamic power 90% of
total power chip (0.18 micro meter, 0.18 um technology and
above). Mostly proposed designs like frequency and voltage
scaling concentrated on dynmic power dissipation [2-3].
However for shrink in feature size to 0.09 micrometer (0.09 um)
to 0.065 micro meter (0.065 um) static power dissipation
became a challenge for todays ndin future technologies. Increase
in subthreshold leakage power increasers dynamic power
dissipation and as threshold power decreases due to scaling of
circuit sub-threshold leakage power increases exponentially [4].
The sub threshold leakage current in nMOS is shown in figure 1.
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Figure 1. Subthreshold leakage of nMOS

Due to tunneling current through gate oxide insulator, gate oxide
leakage power is another contributor to leakage power. For nano
scale gate oxide leakage is comparable to subthreshold leakage

power [5-6]. For reducing this oxide leakage current high k
dielctric materials can be used. For reduction in static power,
sleepy stack architecture has been used in this paper, which
combines advantages of two techniques i.e sleep transistor and
forced stack [7].

Il. LITERATURE REVIEW

2.1 Sleep Transistor: Sleep transistors are used to cut-off the
supply voltage from the transistors which can be pull-up, pull-
down or both with the help of self-destructive techniques [8]. A
technique called MTCMOS meaning Multi- Threshold Voltage
CMOS was introduced which has high threshold voltage in sleep
transistors that is between the Vyq and pull-up networks and
between the ground and pull-down networks. This is shown in
figure 2. In order for the logic circuits to maintain high
switching speeds, they use low threshold voltage transistors [9-
11]. The leakage power is reduced in the sleep transistor using
sleep mode by isolating them with the logic circuits. But the
delay can be increased using additional sleep transistor. Due to
floating values in pull-up and pull-down transistors, they lose
their state in the sleep mode. The wakeup time is significantly
affected due to these floating values [12].

2.2 Zigzag: The zigzag technique is used to reduce the cost of
wakeup in sleep transistor technique. A particular state called
reset is chosen  to reduce the overhead of wakeup. The pull-
down network is turned off for high output and when the output
is high, the pull-up network is turned off. This is done for the
particular circuit state [13-14]. The zigzag technique is shown in

figure 3.
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Figure 2. Sleep Transistor
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Figure 3. Zigzag Technique

2.3 Forced Stack: Transistor stacking is another technique used
to reduce the leakage power. There is significant reduction in the
threshold leakage current due to the stack effect when

all the stacked transistors are together turned off.
Figure 4 shows the forced stack inverter containing two pull-up
and pull-down transistors [15].
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Figure 4. Forced Stack Inverter

I1l. CONVENTIONAL 6T SARM CELL

Figure 5 shows conventional six transistor 6T SRAM cell. The
two major factors which contribute to subthreshold leakge
current in this architecture are internal to cell, cell leakage
current which flows from Vg to Gnd and leakage current which
flows from bitline to Gnd known as bitline leakage current [16-
17].

As this cell has two bitlines (bitline and bitline”), depending
upon the value which is stored in SRAM cell, leakage current
differs [18]. Bitline leakage accounts 35% of SRAM leakage
power consumption. The total power consumption of 6T SRAM
cell is 740uW
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Figure 5. 6T SRAM cell

IV. SLEEPY STACK STRUCTURE

The combined structure of sleep transistor technique and forced
stack transistor introduces the sleepy stack structure which
introduces new technique of reduction in leakage power. There
are two modes in the sleepy stack technique. First one is the
active mode and the other one sleep mode. The existing
transistors are broken in two transistors using forced stack
technique and the stack effect advantage is taken by the stack
structure [19]. This is shown in figure 6. On the other hand, the
existing logic circuits are isolated using the sleep transistor.
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Figure 6. Stack Effect

The leakage power consumption is saved during the sleep mode
using stack structure given in figure 7. It shows the sleepy stack
inverter. High threshold voltage of the sleep transistors is used
frequently for reduction in the leakage power. The technique of
sleep transistor and stack transistor is merged in sleepy stack
technique [20].
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Figure 7. Stack Stack Inverter

In the active mode of sleepy stack transistor, turn on all the sleep
transistors. The circuit delay can be potentially reduced in this
mode [21]. Faster switching time is achieved in the active mode
since all the sleep transistors are turned on. High threshold
voltages can be achieved in the transistor parallel to sleep
transistors as well.

In the sleep mode, the sleep transistors are turned off. The exact
logic state is still maintained in the sleepy stack structure. The
stack effect is induced due to turned off sleep transistors which
reduces the consumption of the leakage power [22].

V. TSPICE CODE FOR SLEEPY STACK STRUCTURE
.probe

.options probefilename="U:\proj\stk11.dat"

+ probesdbfile="U:\proj\stk3.sdb"

* Main circuit: Module0

M1 ybar y N2 Gnd NMOS L=200n W=600n AD=66p PD=24u
AS=66p PS=24u

M2 N6 ybar y L=200n W=600n AD=66p PD=24u AS=66p
PS=24u

M3 N2 y Gnd NMOS L=200n W=200n AD=66p PD=24u M4
Gnd ybar N6 Gnd NMOS L=200n W=200n AD=66p PD=24u
AS=66p PS=24u

M5y WL BL BL AS=66p PS=24u

M7 y WL BL BL NMOS L=2u W=22u M8 N6 Gnd Gnd Gnd
NMOS L=200n W=200n AD=66p PD=24u AS=66p PS=24u
M9 Gnd Gnd N2 Gnd NMOS L=200n W=200n AD=66p

M15 Vdd BLBAR N3 Vdd PMOS L=600n W=400n AD=66p
PD=24u AS=66p PS=24u

v16 Vdd Gnd 5.0

v17 BL Gnd pwl(On 5 10n 510.1n 020n 020.1n 530n 530.1n 0
40n 040.1n 550n 5 50.1n 0 60n 0)

v19 WL Gnd pwl(0 5 50n 5 50.1n 0 100n 0)

VI. SIMULATION AND RESULTS

For sleepy stack the sleepy stack technique is applied pull down
and pull up transistors and to wordline transistors as swon in
figure 8.
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Figure 8. Wordline Transistors

The sleepy stack SRAM structure is modeled and analyzed on
mentor graphic design architect tool, followed by tspice tool for
power analysis. Figure 9 shows SRAM with pull up and pull
down sleep stack transistor. 5V DC is provided for powering the
circuit. Figure 10 shows voltage time characteristics of output y
and y bar.

Figure 10. Voltage time characteristics
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Figure 11 shows the power consumption of designed sleepy stack
structure. it can be observed that total power consuption using this
proposed technique is 226 pW, which was 740 pW in case of
conventional 6T SRAM cell. This proposed technique has low
power comsumption.

Figure 11. Power Consumption

VII.CONCLUSION

For the requirement of low power devices, the static and dynamic
components of power dissipation are reduced to make the circuit
dissipate less power. This enhances the battery life of handheld
devices also dissipate less heat. For reduction in static power
dissipation a sleepy stacked technique is applied to SRAM cell in
this paper. All the transistors Pull up ‘PU”, Pull down*“PD” and
wordline transistors are provided with sleepy stack technique which
reduced the power consumption of circuit to 226 pW with same
operation and applied power.
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