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Abstract: In this research, a FinFET based methodology for the design of self timed adder is proposed which
provides lesser power consumption when compared to CMOS. The FInFET based adder is designed to reduce
the carry chain Propagation delay time. The adder is designed using double gate FinFET in 32nm technology.
The Proposed design based on FinFET further reduces the second order effects which occur in CMOS based
digital circuits below 65 nm technology. A Self Controlled Voltage Level (SVL) Circuit for the adder drastically
reduces the standby power. The design also eliminates the short channel effects occurring in conventional

CMOS circuits. Experiments were carried out on designing a FInFET based NAND logic gate using SVL
technique and the performance is compared with the conventional CMOS based NAND gate. The proposed

FinFET based self timed adder performance 1s compared with the existing conventional design. The power is

reduced by 20% 1in the proposed design. Experimental results on the 32 nm predictive technology model for
FinFET adder design demonstrate the effectiveness of the proposed optimization framework.
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INTRODUCTION

In today’s communication field plenty of handheld
devices have been innovated. The advancement in
technology happened due to miniature of transistors to
realize higher speed and packing density. Due to extreme
large mtegration the modem VLSIs face problem in
reducing the power consumption. The first step in
reducing the power consumption is to reduce the supply
voltage but it also reduces the current driving capability
of the device. To improve the driving capability and to
achieve higher performance new devices is the choice in
the first degree. Even though, CMOS technology
improved the performance of digital circuits but moving
towards smaller devices creates problem. When CMOS
devices are scaled below 45 nm the circuits faces
problems like Short Channel Effects (SCE), Sub-Threshold
Leakage (STL) device varations and gate dielectric
leakage. This is due to the fact that the controllability of
the gate over depletion region reduces when scaling the
devices below 65nm technology (Mishra et al., 2011). The
SCE creates major issues including the vamation in
threshold voltage, lack of pinch off, Drain Induced Barrier

Lowering (DIBL) and parasitic effects. The width
quantization reduces (Gupta and Roy, 2013) the flexibility
1n design and hence becomes more critical due to process
variations in scaled technologies. The other important
issue of planar single gate MOS devices (Swahn and
Hassoun, 2006) 15 the Random Doping Fluctuations (RDF)
in channel area. The problem 1s due to threshold voltage
mismatch among different devices in single chip of same
technology. Circuits using FinFET will provide better
reduction in leakage current and short channel effects. In
a research, Swahn and Hassoun (2006), it was estimated
that in 70 nm CMOS technology the active mode leakage
power 1s 40% of that of total power consumption. But the
same is 62.56% in 45 nm technology. In FinFET, the front
and back gate can be controlled mdependently which will
improve performance and reduce power consumption
(Muttreje et al., 2007, Khndelwal and Akashe, 2013) in
their reseach mvestigated the different mode of FinFET.
The parameters like leakage current delay and total power
consumption were analyzed and from the analysis, it 1s
found that the leakage power is 60% less in SVL based
inverter than its conventional counterpart. Even though
the reduction of leakage power 13 predominant few works
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(Ghai e al., 2013) have received attention on the design
of circuits for analog systems using FinFET. Analog
parameters like transconductance, output resistance and
open circuit gain is analyzed. These works helped to
understand the parameters and functionality of the
FinFET. Lin et al. (2014) proposed a sub/near-threshold
computing for ultra low power application. An improved
analytical model 13 proposed to capture the variations of
the drain current with respect to gate and drain voltage. In
depth analysis were made for stack sizing of FInFET logic
cells in sub/near threshold region using 32 nm predictive
technology model. In the advantage of the multigate fin
device for low standby power circuit 1s analyzed
(Agortinelli et al., 2010). To study the effectiveness of
transistor-stacking and back biasing mvestigation is done
using ring oscillators and mirror full adders .The
umplementation of fast and energy efficient adaptive back
biased circuits concludes the effectiveness of FinFET
technology.

Optimization of leakage current and leakage power of
FinFET: Scaling of conventional CMOS devices below
35nm will create short channel effects like ¥ roll off and
drain induced barrier lowering. The other issues are
increasing leakage current, sub threshold leakage and
gate direct funneling leakage and hot carrier effects. The
gate leakage causes mcreased power consumption. Power
consumption is given by for inverter:

P = ACVF+VI leak (1)

The first term in Eq. 1 is the dynamic power (charging
and discharging of C;). Where of 1s the gate switching
frequency, C-total C_ and A-fraction of gate switching.
The second term 1s the standby due to leakage current the
leakage current 1s given by:

(2)

Lo =111

sub ox

The first term dynamic power 1s reduced by FInFET
device, since the charging and discharging of C, takes
place with igher magnitude when compared to CMOS as
the leakage current is suppressed. Next the gate switching
frequency.

A new device methodology for the carry propagation
reduction adder 1s proposed for 32 nm FinFET technology
occupying lesser area. The structure is an adopted
version of an existing CMOS self timed adder. The main
contributions 1 on designing FnFET based device and
mtroducing SVL technique in a logic device.

MATERIALS AND METHODS

FinFET technology has recently seen a major
increase in adoption for wse within computational
tegrated  circuits  manufactured using  advanced
technologies like 65 and 45 nm. The FinFET technology
promuses to deliver superior levels of scalability needed to
ensure that the current progress with mcreased levels of
integration within integrated circuits can be maintained.
The FinFET offers many advantages m terms of IC
processing and has been adopted as a major way
forwards for incorporation within IC technology. One
such proposed design is this work where the circuit is
adopted and implemented using FinFET.

Device structure of FinFET: The FinFET technology
from the fact that the FET
structure used looks like a set of fins when viewed as
shown in Fig. la and b by Choi et al. (2002). The device 1s
formed on thin Silicon On Insulator (SOI) finger termed
fin. On the top of the silicon fin nitride has been
deposited on a thin pad oxide to protect the
silicon fin during gate poly-SiGe etching. The FinFET

takes 1its name

transistors employ a single gate stacked on top of two
vertical gates allowing for essentially three times the
surface area for electrons to travel. Gate work-function
tailloring 15 essential to adjust the threshold wvoltage.
Therefore, for the gate material poly-SiGe has been
chosen. The crucial geometric device dimensions are
shown in Fig. la.

A single poly silicon layer 1s deposited over a fin.
Here, fin itself acts as a channel and it terminates on both
sides of source and drain. FInFET consists of two gates:
front gate and back gate, source and dramn. Front gate 1s
used to control the channel conduction and back gate 1s
used to control the threshold voltage. The labels in the
figure stands for L; printed gate length, L effective gate
length which 1s determined by the distance of the
junctions, T;: Height of the fin, Wy : Width of the fin
which is the distance between the gate oxides of the two
gates (Fig 1b).

The FmFETs are not available as discrete devices
due to the problem in manufacturing similar GATE.
However, FinFET technology 1s
widespread as

becoming more

feature sizes within  integrated

circuits and there is a growing need to provide

very much higher levels of integration with less

power consumption within integrated circuits. The
wide range of application mecludes low power
design in digital circuit such as RAM  because
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Fig. 1: a) Views of the FinFET layout; b) FinFET device structure

Fig. 2: a) Upper SVL circuit; b) lower SVL circuit

of its low off-state current. Power amplifier or other
application in analog area which requires good linearity.
The advantages of FmFET are much lower power
consumption allows high integration levels. FRarly
adopters (Choi et al., 2002) reported 150% improvements.
FinFETs operate at a lower voltage as a result of their
lower threshold voltage and possible to pass through the
20 nm barrier previously through as an end point.

SVL technique: The self controllable voltage level
reduces leakage power and delay (Drazdziulis and
Edefors, 2003; Pendey and Akashe, 2014). The
leakage current is reduced by proposing a modified
self-controllable voltage level for the adder controlled by
clock, the method 1s classified mto Upper SVL (USVL) and
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Lower SV, (LSVL). The Basic idea behind the working is
the SVL will provide the maximum supply voltage Vo
during active mode and slightly lower supply voltage
during standby mode. Tn addition to that the ground level
voltage is slightly increased relatively during standby
mode by which the sub threshold voltage and leakage
power 1s reduced. The USVL circuit is shown in Fig. 2a.

USVL: The Upper SVL circuit is designed with a wide
chanmel pull-up PMOS transistor working as a switch and
comnected parallel with multiple NMOS devices. The
NMOS is connected in series. The NMOS devices work in
linear region and forms series of resisters. The circuit
sinks the power consumption but controls the leakage
current. An mput clock pulse 1s applied (Fig. 2b).

1672



Asian J. Inform. Technol, 15 (11): 1670-1677, 2016

—

2X1 MUK -—| [ 2x1 Mux :-—l

‘i_l—]
HAnT -

| 1ol L
2X1MUX5rJ|2X1MLD(|-— [2MX Jo [ 2XIMUX Jo—fe—sn

-

HA: ‘

HAo J

G | COMPLETION SENSING BLOCK

Fig. 3: Architecture of PASTA

LSVL: InLower SVL the circuit is incarnated with one
NMOS and multiple PMOS devices. Clock pulse is applied
to the NMOS Circuit. The PMOS Circuit 1s cormected in
series and grounded.

The SVL is applied to the self timed adder circuit.
When the load circuit is active, the PMOS switch in the
Upper SVL and PMOS switch in the lower SVL are turmed
ON by the clock and mverted clock. The resister
configuration of series PMOS and Series NMOS in
LSVL and USVL are turned OFF. Now the maximum
supply voltage Vpp to the pull up circuit and minimum
ground-level Vi to the pull down Circuit 1s provided by
the TUSVI, and LSVL respectively. This phenomenon
increases the operating speed of the adder. When, the
adder or load circuit 183 i standby mode all the
NMOS and PMOS resister configured devices of SVL is
turned ON and the PMOS and NMOS switch of
SVL tumed OFF.

The USVL circuit will generate a lower supply voltage
and LSVL cicuit will relatively generate a higher
ground-level voltage. This will relatively increase the back
gate bias voltage which will increase the reverse bias of
cut off PMOS and NMOS device. The increase m back
gate will reduce the leakage currents of the cut-off NMOS
and PMOS devices of the load circuit. In addition, the V
voltage of the cut offt MOSFET will decrease and effect of
Drain Induced Barrier Lowering (DIBL) 15 reduced.

Parallel self timed adder: In literature, various arithmetic
circuits (Moshgelani et al., 2013; Chin et al., 2015; Mishra
and Akashe, 2015) like adders, multipliers and encoders
are implemented using FinFET are presented. The carry
propagation is one of the important issues which slow
down the speed of multipliers and adders. Most of the
delay occurs due to the carry propagation. The parallel
self timed adder architecture (Rahman et al., 2013)

accepts two operands as inputs and performs addition for
each bit. Self timed adders work on the principle of timing
assumptions or/fand operation for the correct operation.
The self timed adder 1s the asynchronous circuit which
avoids the bundled delay phenomenon in synchronous
circuit. The circuit is faster since it senses the early
completion block so the bundled delay 1s reduced. In few
adders (Cheng et al., 2000) an asynchronous request 1s
used to initial the adder and the processor receives the
acknowledge signal when the process is completed by
validating the flow of carry signal. These adders uses
carry-completion sensing unit with dual rail carry block.

The adder iterates the half addition using previously
generated carry and sums until all carry bits are consumed
and settled at zero level. The architecture of the self timed
adder 1s shown in Fig. 3. The architecture consists of a
two input multiplexer, half adder and a completion
selection and detection unit.

The select line to the multiplexer 1s the handshaking
signal of value 0-1 transition. Initially, the select line will
be ‘0" to select the actual operand. During subsequent
iterations the select line will be ‘1” based on the feedback
or carry. The circuit works in two phases namely the imtial
phase and the iterative phase. During the initial phase, the
circuit performs the addition operation and during the
iterative phase the feedback path through multiplexer
block is activated. The complete recursion process takes
many carry transitions. Siumilarly, the operands and results
go through several transitions for the final result. The
speed of the adder is determmed by the single-bit
computation time. The adder terminates once all carries
are zero.

Implementation A FinFET based NAND gate
implementation for SVL, LSVL and USVL m shorted gate
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Fig. 4: a) FmFET SG LSVL NAND gate; b) FinFET SG USVL NAND gate

Fig. 5: FiInFET SG SVL NAND gate

mode 15 shown in Fig. 4a and b. For the implementation
predictive technology model for 32 nm used. The supply
voltage 13 1V, for CMOS implementation the predictive
technology model for 32 nm is uwed The number of
transistors is same for both FInFET and CMOS circuits.
The number of transistors is more in the SVL circuit but
the power consumed 1s less. Figure 5 shows the FmFET
shorted gate SVL NAND gate. The SVL circuit
contains 12 transistors controlled by a SVL clock.

The implementation of the recursive parallel self
timed adder circuit is shown in Fig. 6, for

multiplexers and gates, we have used the predictive
technology meodel file implementations. The half

adder 1s designed usmg XOR and AND gate
having 14  transistors and 6 transistors,
respectively.

Figure 6a shows the FinFET based PASTA adder
circuit diagram. 4-bit mnplementation 18 carried out to
validate the performance with respect to carry
propagation delay. In Fig. 6b and Fig. 7a and 7b shows
the FInFET based PASTA adder circuit for LSVL, USVL
and SVI. schemes, respectively. Among this the SVL.
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UsSvL_CLK SVL_CLK —
SUM_fb SUM_FB_S3 SUM_fb /SUM_FB sg
P {83}——— sum sel — P <83— sum sel
{Cout}——— carry e G2 _fh| Cou—— carry c <C2_fb
b ‘B3| b B3
a <A3 <B3]
a A3
USVL_CLK =
SUM_fb <SUM_FB Sg SVL_CLK ——=
< 82— sum sel = SUM_fb SUM_FB Sg
< G2 carry c < C1_Fb| (Ei sum sel [«
b <B2 {C2l—— carry c C1_fh)
a (A2 b @
USVL_CLK ||+ a <A2]
SUM_fb <SUM_FB_S !
<S1—— sum sel (= SVL_CLK —»
L CI—— carry c < CO_fh) SUM_fb SUM_FB_S1
b <B1| {81I———— sum sel -
a <Al {C1—— carry c CO0_fb]
b B
USVL_CLK = a <Aj|
SUM_fb <SUM_FB, Sg
< S0 sum sel
{CO—— carry c Cln SVL_CLK —+
b < B0 SUM_fb <SUM_FB_S8Q
a <A0] <80}—— sum sel |+
1 {CO—— carry c Cin
@) b B0
Ll % a A0
= L SVL_CLK
o w
= m
2 i

Fig. 7: a) FInFET USVL PASTA adder; b) FinFET USVL PASTA adder

based design contains more transistors. But as the
approach is towards 32 nm the power is drastically
reduced when compared to 90 nm technology.

RESULTS AND DISCUSSION

The power consumption of NAND logic gates
umplementation using CMOS and FInFET 1s shown in the
Table 1. The results show that the power dissipation in
FinFET is lesser in the order of 3 compared to CMOS. The
SVL, LSVL and USVL circuit outputs are also compared.
The average power consumption of different device

adders for different circuits (SVL) are shown in Table 2.
The FinFET dominates and outperforms the CMOS in its
consumption of power.

The measure of average power consumed 1is
measured for a 4 bit adder in 32nm technology even
though the existing adders in literature
decreasing average power consumption as the
process  length 18 decreased, the  proposed
FinFET based self timed adder consumes least power
among  the  self-timed  adders. The  power
consumption 18 reduced by nearly 20% when
compared to the CMOS design.

show

1675



Asian J. Inform. Technol, 15 (11): 1670-1677, 2016

Table 1: Power analysis for NAND gate

NAND GATE implementation (Power consumption)

Device Conventional LSVI. USVIL SV
CMOS 4.16677 23 pW 7.77681 uW 4.05663 pW 0.70152 pWw
FinFET 12,1142 pW 1.13552 pW 1.50559 pW 3.25589 pW
Table 2: Power analysis for parallel self timed adder

Parallel self timed adder (PASTA) (Power in watts)
Device Conventional LIV USVIL. SVL
CMOS 265.78 uW 98.4491 nw 61.3975 nW 183.384 nW
FinFET 6.17417 uW 76.466 nW 65.792 nW 136.407 nW

Table 3: Power analysis for parallel self timed adder

VDD in volts CMOS PASTA adder FinFET PASTA adder
Leakage power Leakage power
0.25 9.30127 uWw 0.17922 pWw
0.3 947427 pW 0.24336 pWw
0.35 12.5946 pW 0.49930 uW
0.4 16.3919 pW 0.54776 pW
0.45 21.0592 uWw 0.58017 uWw
0.55 38.5943 pw 0.91457 pWw
0.0 47.5451 pWw 1.12054 pWw
0.65 58.1696 uW 1.96630 pW
0.75 91.4178 uW 2.75398 uw
0.8 114.993 pWw 3.54129 pw
0.85 144.808 pW 412273 pWw
0.9 184.675 pW 4.76721 pW
0.95 230.094 pWw 541572 uWw
1 265.078 pW 6.17417 pW

The circuit is further analyzed by executing the circuit
using different supply voltage and the leakage power is
observed. Table 3 shows the performance of CMOS and
FmFET based self tmed adder for various supply voltage.
The leakage power is very much reduced in the FinFET
design making it more efficient.

CONCLUSION

In this research a FInFET based self timed adder is
proposed. The proposed architecture reduces the carry
propagation time and power consumption. The reduction
in power is achieved using FinFET which intuitively
reduces the leakage current. The worlk is carried out in 32
nm technology using synopsis HSPICE. The performance
15 enhanced using the SVL technique. The experiments
were carried out using SPICE models. The analysis and
performance of FinFET based inverter with and without
SVL 1s observed The work is extended for a 2 input
NAND gate to observe the performance for a logic gate.
From the observation it is found that the FInFET based
NAND gate performance is 97% better when compared to
a conventional CMOS logic. The power consumption is in
the range of few picowatts when CMOS logic utilized n
the microwatt range. So, a power improvement is
achieved. The experimental results show that the L.SVL
performance 1s comparatively good with other methods.

The work 15 further extended to the design of an adder
using FinFET. Finally the FinFET outperforms the
performance of a CMOS adder.
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