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ABSTRACT

Future technologies required nano-scale CMOS mernmiye operating in low power consumption. The
minimum operating voltage of the nano-scale CMOS8y@ili as a main factor to reduce the power
consumption. Consequently, there are some limiatiand obstacles to achieve the objective for séver
design, material and novel structural solutionsjctvhare promising and reliable. In this researtig t
noticeable limits, possible annexes and applicatioh CMOS technologies in the nanometer regime is
discussed. This paper mainly describes the liroigtithat conventional MOSFET is faced. In additibe,
solutions to low power in nano-scale CMOS memosy @aresented. Therefore, analysis of the attainable
performance and potential restrictions of CMOS tedhgies from the point of design, material and
structural solution techniques are illustrated.

Keywords. Nano-Scale, CMOS, Low Power, Memory

1. INTRODUCTION store a multiplicity of binary or non-binary data.
Additional circuit elements may be used to improve
In modern world, Integrated circuit (IC) is anenvironmental tolerance and to accommodate a
advanced electric circuit by patterned diffusion of/ariety of functions in a single memory cell.
trace elements into the thin surface of a

semicc_)nductor materjal. Al electron?c equipmen‘mnimum operation voltag&®/,y is becoming very
today is used IC and it has revolutionized the Worldifﬁcult to do in conventional bulk CMOS. The

of electronics [1-8]._ Due to.the introduction Oflimitation in low-voltageV,, is one of the major
complex metal . oxide sem|c<_)nductor (CMOS) roblems [23-26]. As the technology of device
technolc:jgy,_slgmlconfductor_devg:es spr((ajadémcc))us inimization is increased, various effects such as
every disCipiineé —of engineering - an delay, voltage margin of circuit, significantly

memories become core component [9-15]. I\/lemo%creased in soft error ratég,, etc also increased,

cells are the essential part of semlconductqr/dd must be increased with device scaling to offset

memory ICs. The features of memory cells ar%#mh effects, which causes an increase in the power

extensively affect the chip size, operational spee ssipation, as well as degrades the device

and power dissipation of memory devices. In very . /.. ; ]
large scale integration (VLSI) technology,ghabmty due to increased stress voltage [27-30]

. ; .27'Due to such inherent features \8f andVy,, Vqq is
memories developed in CMOS process are utilize, @ i Yad

in a number of applications as the sources of stogg(cmg a 1V wallin the 65 nm generation, and is
data in RFID applications [16-23]. Basic pected rapidly increase with further scaling of

%oly-Si bulk MOSFETs as shown in Figure 1 [24,

In nano-scale CMOS memory, reducing

examination of the memory ce!ls comprise 6]. To reduce the operating voltagéy, the
e rend irimum operating povier suppi (.6 Vi)
9 P : Y, 8etermined bwi, andVy, must be reduced. This is

memory designs, comprises & daia Storage Girc jC2USEYed 18 the sum oG, ancaV, and Vo
y gns, b g fiecomes much higher theAV in the nano-scale

one or more data access devicgs. _Additionallyéra_ HereAVis the sum of the power-supply droop
Z?r?gstiellsg:ﬂsog ﬁgmgﬂgglogﬁé Sci{'(r)(;glte ilifg?“etn;%nd noise in the power supply lines and substrate,

. ' 9 Uit Ot e voltage needed to compensate for the extrinsic
element is capable to hold one bit of binary

information, but some storage elements are able ﬁl/tdue to short-channel effects and line-edge
roughness, and the voltage needed to meet the
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speed target. In any event, for the LSI industry ideviation ofV.distribution, and the speed variation
order to flourish and proliferate, the 1V wall muslis defined as the ratio of the slowest speed at

be breached in the nano-scale era. thehighest Vito the average speed at the
6 P — averagV, = (= V). For a conventional, bulk
5~ productionjevel MOSFET
al
3 (V) = By [tox (Vo — Vep — @5/LW]%°
S 2f toxNa "2 (LW) ™05 (3)
N
P
" I where m depends on the circuit count in the
1 8 block, A,;and B,.are the Pelgrom and Takeuchi
0.7~ constants, respectivelt,,is the inversion electrical
8:‘;: gate-oxide thicknessVzzis the flat-band voltage,
- (Ré/#"}}ouy-so dgis the _surface potentialN, is the impurity
’ Target concentration of the channel, andW is the
e | MOSFET size [33-34].
0.2 1 L S [ TR S S

L 1 1 1 1
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Device feature size, £(nm) In order to reduce minimum voltagé,,;,with
Figure 1. Trends In Vg And Vi, Of High- smaller V,,especially for low-power designs, the
Performance Mpus [ 24,26] resultant leakage must be reduced dramatically.

Therefore, two ways has been discussed in term of
. . g design technique solution, which are low minimum
of MOSFETs and the ever-increasiVy| variation voltage V,,and structural of operation. These

are faCtorS. that CaL.EVm""S to increase.Due to the solutions were applied on 6T SRAM type that is
variations itV;, various problems occur, such as

! - . A one type of CMOS memory.
delay or wider variations in circuit speed,
degradation of voltage margins of flip-flops and By applying low minimum voltageV,,; the
increased soft-error rates (SER) in RAM cells angower consumption of the whole cell can be reduce
logic rates [31-32]. Therefore, clarifying and[35-36]. The required voltage, which indicated as,
solving the increasingly criticaV,,, problem is V,;,is very sensitive to the threshold-voltage
extremely important in our future. variationd/, . It significantly related with device
scaling, and to the lowest threshold voltdgg, of
the cell. For example by reducing the supply
This paper mainly describes the limitations thavoltageV,,0f the 6T, SRAM cell leads to the low
conventional MOSFET had and the solutions to loueakage currents [37-38]. These leakage currents
power the CMOS memories. These can be divideaccur due to the electric fields that containsdasi
into three points of view. The first one is circuitthe cell. Consequently, the lower minimum voltage
design continue by material and finaly is the new,, applied to the cell the lesser voltaig;, that
structure of MOSFETS. the cell required [39].

2. BACKGROUND

If V,,;n is defined &V}, which is necessary for A novel 6T Low power SRAM Cell with
achieving a tolerable speed varia Az, is given Synchronized Read and Write Circuitry has been
as[1-9]: designed and is shown in Figure 2. The numbers of
High threshold voltage transistor (HVT) are
contained in the cell to reduce the power dissipati

1 [40]. During the Read and write Operation, timing
v =1/(8o12 — 1, has been set in this way to reduce dynamic power
AVimax = mo(Vy) @) dissipation [41-42]. The Memory Cell is designed
o(Vy) = Ay (LW) %5, andA,,; « t,, (2) purposely for high value of Read and Write Margin
) ) ) and SNM so that the Cell has high stability level.
where Vi, is an average/, with a maximum  Therefore, the total power dissipation can be
deviation in VifromVy,, o(V:) is the standard requced without any Area and Delay overhead.

e ——
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The lowest necessary threshold volté; (Vi)

Vinin = Vio + (1 + }/)AVtmax,
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The possibility of a hybrid fabric between CMOS
and Graphene by implementing a novel Graphene

- = Nanoribbon crossbar (xGNR) based volatile

I““ [ —— Tread tunr?elihng RAM (GNT RAkM) %ncli integrr?tingbit
. Tweite with the 3D CMOS stack and layout has been
Wordlme J—{‘"._. ‘ e designed and is shown in Figure 3. Evaluation
W —| ! | CellRe2d  detailed of GNT RAM circuits show that they have
- lme reliable advantages in terms of power consumption,
Biflme —» | |—»CellWnte area and write performance over 16nm CMOS.

lmme

This effort enlightens new idea other possibilities
including multi-state memory fabrics and even an
all-graphene fabric promises future technology.

— SNM

Figure 2. Memory cell with read and write circuitry [40]

There are also some other solution which by A 64-kb Josephson-CMOS hybrid random-
replacing the material of the CMOS. Hybrid-access memory (RAM) has been designed using
Graphene-Nanoribbon CMOS and Josephsondtrafast hybrid interface circuits, which is shouan
CMOS Hybrid memory has been widely discusseffigure 4. The milli volt-level Josephson signals ar
by researchers lately. These future technologieamplified to volt-level CMOS digital signals by a
seem promises to reduce the power consumption bgbrid interface amplifier. By minimizing the
well as high-speed operation system. parasitic capacitance load, the performance of this

amplifier is improved [45]. The 4-K operation of
short-channel CMOS devices and circuits show

Graphene produce special electrical propertie8Pme promises consequences. The memory bit-line
seem to replace conventional CMOS material agutput currents are detected by ultralow-power
Silicon technology move towards scaling limitationhigh-speed Josephson devices. As results the first
[44]. Previously several Graphene mainlyhigh-frequency access time measurements on the
electronic devices and interconnects have bedull critical path showing 600 pS for a single bit.
proposed. Therefore, the design can reduce the crosstalk and
improve margins leads the reduction power
dissipation and latency.

(b) Graphene Layer
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SNy | a Address
Onmic
CAP Contac |.\? Bit Line Decoder
—_— X 1] eccece l
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(c)

Output
Figure 4. Hybrid memory system of 64 kb for measuring
delays including overall accesstime for single cell [45]
S Even though the hybrid technology become
considerable and promises, some disadvantages
disturb the evolution. The power dissipation for

NMOS Active
Area

PR e Wort Josephson-CMOS can further be improved with
L > Heano Fibbons special technology that target to be use at 4-K
\L Restors operation level. For Graphene technology to be

mature, further work that focus on multi-state
Figure 3. Proposed Graphene-CMOS Fabric (a) Layout ~ memory and fabric with all-Graphene seem

Top View (b) Graphene Layer (c) 3D Integration between ~ potential and benefit. These new technology needs
CMOS and Graphene [44]
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a number of further research and as well as
manufacturing cost. “EnFET"

In our challenges to reduce voltadé,f,;), we
realize that there is a limitation in a bulk-
MOSFETs. An ultra-small voltage will not be
achieved if we keep using the bulk-MOSFET.
Thus, for compensation circuit and new device with Figure 6. FinFET structure
small variation df,,;,, is required. The new device
must be suitable for low-voltage operation, such as Thus, it achieves not only a higher density and
small4,,.for smalloV, and scalable MOSFETSs. For higher drive current but scalablg/;) with up-
these challenges, FD-SOI and FIinFET will bescaling of the fin height (that is, channel widt
indispensable even though it is high in cost. despite channel lengthbeing scaled down. For an

example, in 11-nm device generation(DRAM),
basis on the MOSFET scaling, we can predict the

In order to minimiz&,,;,;, FD-SOl MOSFETS Vi for HP design using FInFET manage to reduce
is the most important device [46]. Figure belowuntil 0.22 V and for LP designs FinFET afford to
shows the structure of FD-SOI MOSFET. reduce around 0.46 V[50].

Bulk Si

Gate Stack

However, the use of FD-SOI and FinFETs may
also have some disadvantages. Besides the cost
problem, the incremental of/,, variation among
dies is occurring as well. This would impose a need
for stringent control of shape uniformity on the
FinFET, which will make the process of fabrication
more complex.

Figure 5. Planar of FD-SOI MOSFET [46]
FD-SOI is expected to reduce the variatior/pof 3. DISCUSSION
to half or more. For example, if only the FD-SOI is
used, theV,,;,in the 32-nm generation is reduced
from 1.47 V to 0.93 V for SRAMSs, 0.85 V to 0.58
V for logic gates, and 0.50 V to 0.35 V for
DRAMSs[47]. This device has small,, and can
reduced short channel effect (SCE), body effec
afford a small SER etc. effectively [47-48]. Beside
that, we can control the value 8f, by changing
the doping of the substrate under the UT-BO
layer. Moreover, FD-SOI with high-k metal gate
will enable smaller variation df; [46].

Conventional MOSFETs will soon reach the
limit of low-voltage owing to the increasiny;
variation. Several techniques have been proposed in
term of design, material and structure solution.

evertheless, these approaches have some
mitation and suppose to be investigated in the
future. Furthermore, it is essential to use the new

OSFET such as FD-SOI and FinFETs in CMOS

emory. These new MOSFETSs have advantages in
having low V,,;,despite being miniaturized. This
characteristic is important and very useful in low-
power nano-scale devices. However, the new

OSFET is not able to compete with the

Instead of using FD-SOI as a solution, FINFET,0nional MOSFET because of high cost in
also enable to reduig;,. Figure 6 show the production

FInFET structure. A FinFET transistor is forming a
double-gate structure. This device is called “fisfe

because the source/drain region forms fins on tte CONCLUSION
silicon surface. Generally, Double gate FET can
reduce short channel effects and FinFET is th
easiest one to fabricate [49]. What makes FinFE onsumption as well as device scale. By using,

special is becausg We can use (.)f an uitra IOW'doggveral design method and hybrid structure shown,
channel and a wide-channel built-in structure [23mat V_min, which is the key factor possible to be

26, 49]. reduce and control. Some novel MOSFET

The low power in nano-scale CMOS memory is
vestigated in an effort to reduce the power
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structural include FD-SOI and FinFETs as a good network based on VHDL prototyping, in Proc.
alternative solution moving towards the future of the 2004 International Conference on
technologies. Information and Communication Technologies:
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