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Brief Outline

In this work two Carbon Nano Field effect transistors (CNFET) based SRAM cells
are proposed to minimize the static power dissipation due to leakage.

and
One Cell has 6 dual gate CNFETs and the second cell has 8 transistors with
stack forced technique.
The cells are designed with dual threshold voltages for N-type and P-type
CNFETSs by selecting dual chirality vectors of the carbon nano tubes.
We have analyzed the performance and the power dissipation of the cells through
SPICE simulation at two different temperatures using the MOSFET like CNFET
model from Stanford Nanoelectronics Group.
The proposed cells are effective in reducing the leakage power by more than
35% at 25°C and more than 60% at 110°C during standby mode of operation.
The static write leakage power and average write power are also minimized at the % of sarin
expense of minimal increase (less than 5%) in write delay. atio o e the
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In this work two ultra low power CNFET SRAM cells are proposed, namely 6T cell with dual-gate N-type
CNFETSs and 8T stack forced cell to minimize leakage power dissipation.

The proposed cells are designed with dual chirality (different diameters for CNTs of N-CNFET and P-

CNFET) for dual threshold voltages.

In [9], design of a high performance and stable dual chirality 8T SRAM is proposed and its performance is

compared with that of a 32nm CMOS 6T SRAM cell.

In this work we have

d the leakage

of CNFET SRAM cells and compared the

performance of proposed low power cells with that of dual chirality based 6T SRAM cell given in [9].

=

6T SRAM with Dual Gate N-CNFETs

- In the 6T cell Shown in figure above, back gates of MN2,
MNS3, MN4 and MN5 are applied a reverse bias of -0.3V.

- The applied negative back gate bias improves the sub-
threshold performance of the N-CNFETSs [7] in the cell thereby
minimizing the static power dissipation.

- The CNFET device dimensions were selected for optimized
write operation and to prevent read upset problem as explained
in [9]

- We have chosen the gate length to be 20nm in this work for
comparison with the single gate dual-chirality 6T cell.

- Size ratio between the pull up transistor MNO (with one CNT)
and the access transistor MN4 (with 2 CNTs) is 0.5.

- Size ratio between the pull down transistor MN2 (with 3
CNTs) and access transistor MN4 (with 2 CNTs) is 1.5 to
prevent read upset and for best write result.

- The dimensions of the cross-coupled inverters of the cell are
similar to the inverter without stack forcing described earlier.

- The gate width, gate length and number of CNTs of access
transistors (MN4 and MNS5) are chosen as 60nm, 20nm and 2
respectively.

Vaoltage at node '

8T Stack Forced SRAM Cell

- An 8T CNFET SRAM cell shown in figure above
two cross coupled stack forced inverters.

- To maintain the optimum iso loading condition, gate widths of
the N-CNFETs MN2, MN3, MN6 and MN7 were chosen to be
50nm, 50nm, 30nm and 30nm respectively.

- Upper stack transistors MN2 and MN3 have two CNTs each

- Lower stack transistors MN6 and MN7 have one CNT each.

- The dimensions of other transistors of the cell are same as

that of dual-gate SRAM cell explained above and the back
gates of the N-CNFETSs were tied to ground.

- The stack forcing is effective in reducing leakage current of s

the cell in standby mode as the current through the stack
depends on number of off transistors in the stack
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Static noise margin (SNM) of the three cells is measured during read at two different temperatures. SNM is defined as the maximum value of DC noise
voltage that the SRAM cell can tolerate without changing the stored bit [15] and SNM can be used as a metric for static stability of the cell [16].
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SUMMARIZED SIMULATION RESULTS AT 0.9V POWFR

SUPPLY AND 25°C TEMPERATURE

Leakage Power in hold
0 Mode (pW)
Leakage Power in hold
1 Mode (pW)
Write 0 Lekage power
(pW)

Write 1 Lekage power
(W)

read power
(micro Watt)
Average write power
(nW)

Write delay (ps)

SNM (mV)

TABLE IV

Single Gate
dual-chirality
6Tecell

108.40
105.40
114.01

113.20

SRAM Cells

6T cell with —— Stack forced

dual gate N~ Single Gate
CN. 8T cell

70.26 60.78
53.83
66.93
68.91

68.55

4.52

SUMMARIZED SIMULATION RESULTS AT 0.9V POWER

SUPPLY AND 110°C TEMPERATURE

Leakage Power in hold
0 Mode (pW)
Leakage Power in hold
1 Mode (pW)
Write 0 Lekage power
(pW)

Write 1 Lekage power
(pW)

Aver ad power
(micro Watt)
Average write power
(nW)

Write delay (ps)

SNM (mV)

Single Gate
dual-
chirality 6T
cell

1189
1192
1196
1190
4.62
1070
8.92

143

SRAM Cells
6T cell with  Stack forced
dual gate N-  Single Gate 8T
CNFETs cell
469
466.1
459.9

467

9.012

92

Conclusion

* This work has investigated the impact of leakage power in an optimised dual chirality 6T CNFET SRAM
cell and two low power cells are proposed to minimize leakage during hold and active modes of operation.

* In the first proposed dual gate 6T cell, back gates of N-CNFETSs are reverse biased and in the second 8T
cell, stack forcing was employed to minimize leakage in sub-threshold region of operation.

* The proposed cells are eoffective in reducing the leakage power by more than 35% at room temperature
and more than 60% at 110 C.

* Write power shows a significant reduction in the 6T dual-gate cell compared to the 8T cell.

* Static Noise Margin (SNM) of the 6T dual gate cell shows that the cell is more stable compared to 8T and
6T single-gate dual chirality based cell.

* Proposed cells can be used in design of CNFET based ultra-low power and high speed SRAM memories.
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