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ABSTRACT

As technology scales into the nanometer regime ground bounce noise and noise immunity are
becoming important metric of comparable importance to leakage current, active power, delay and
area for the analysis and design of complex arithmetic logic circuits. In this paper, low leakage 1bit
full adder cells are proposed for mobile applications with low ground bounce noise and a novel
technique has been introduced with improved staggered phase damping technique for further
reduction in the peak of ground bounce noise. Noise immunity has been carefully considered since
the significant threshold current of the low threshold voltage transition becomes more susceptible to
noise. We introduced a new transistor resizing approach for 1bit full adder cells to determine the
optimal sleep transistor size which reduce the leakage power and ground bounce noise. The
simulation results depicts that the proposed design also leads to efficient 1bit full adder cells in terms
of standby leakage power, active power, ground bounce noise and noise margin. We have performed
simulations using Cadence Specter 90nm standard CMOS technology at room temperature with
supply voltage of 1V.
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I. INTRODUCTION
Adders are heart of computational circuits and many complex arithmetic circuits are based on

the addition 2. The vast use of this operation in arithmetic functions attracts a lot of researcher’s
attention to adder for mobile applications. In recent years, several variants of different logic styles
have been proposed to implement 1-bit adder cells. These adder cells commonly aimed to reduce
power consumption and increase speed. These studies have also investigated different approaches
realizing adders using CMOS technology. For mobile applications, designers have to work within a
very tight leakage power specification in order to meet product battery life and package cost
objectives. The designer's concern for the level of leakage current is not related to ensuring correct
circuit operation, but is related to minimize power dissipation. For portable electronic devices this
equates to maximizing battery life. For example, mobile phones need to be powered for extended
periods (known as standby mode, during which the phone is able to receive an incoming call), but
are fully active for much shorter periods (known as talk or active mode, while making a call). When
an electronic device such as a mobile phone is in standby mode, certain portions of the Circuitries
within the electronic device, which are active when the phone is in talk mode, are shut down. These
circuits, however, still have leakage currents running through them, even though they have been de-
activated. Even if the leakage current is much smaller than the normal operating current of the
circuit. The leakage current depletes the battery charge over the relatively long standby time,
whereas the operating current during talk time only depletes the battery charge over the relatively
short talk time. As a result, the leakage current has a disproportional effect on total battery life. This
is why building low leakage adder cells for mobile applications are of great interest”.

To summarize, some performance criteria are considered in the design and evaluation of
adder cells, such as leakage power, active power, ground bounce noise, area, noise margin and
robustness with respect to voltage and transistor scaling as well as varying process and compatibility
with surrounding circuitries.

Shortening the gate length of a transistor increases its power consumption due to the
increased leakage current between the transistors source and drain when no signal voltage is applied
at the gate >°. In addition to the sub threshold leakage current, gate tunneling current also increases
due to the scaling of gate oxide thickness. Each new technology generations results nearly a
30xincrease in gate leakage "®. The leakage power is expected to reach more than 50% of total power
in sub 100nm technology generation °. Hence, it has become extremely important to develop design
techniques to reduce static power dissipation during periods of inactivity. The power reduction must
be achieved without trading-off performance which makes it harder to reduce leakage during normal

(runtime) operation. On the other hand, there are several techniques to reduce leakage power .
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Power gating is one such well known technique where a sleep transistor is added between
actual ground rail and circuit ground (called virtual ground) ***% 314 This device is turned off in the
sleep mode to cut-off the leakage path. It has been shown that this technique provides a substantial

reduction in leakage at a minimal impact on performance *> *° 17 18

and further peak of ground
bounce noise is possible with proposed novel technique with improved staggered phase damping
technique.

This paper focuses on reducing sub threshold leakage power consumption and ground bounce
noise.

The remainder of this paper is organized as follows. In section I, proposed nano- CMOS full
adder circuits, and its equivalent circuits are discussed. In section Ill, the performance analysis and
simulation results of conventional CMOS full adder cell and proposed circuits are explained. Then

the paper is summarized in section IV.

Il. PROPOSED FULL ADDER CIRCUITS
Recently, power dissipation has become an important concern and considerable emphasis is

placed on understanding the sources of power and approaches to dealing with power dissipation *.

Static logic style gives robustness against noise effects, so automatically provides a reliable
operation. Pseudo NMOS and Pass-transistor logic can reduce the number of transistors required to
implement a given logic function. But those suffer from static power dissipation. Implementing
Multiplexers and XOR based circuits are advantageous when we implement by the pass transistor
logic *. On the other hand, dynamic logic implementation of complex function requires a small
silicon area but charge leakage and charge refreshing are required which reduces the frequency of
operation. In general, none of the mentioned styles can compete with CMOS style in robustness and
stability “*2,

Fig. 1 shows the conventional CMOS 28 transistor adder *2. This is considered as a Base case
throughout this paper. All comparisons are done with Base case.

The CMOS structure combines PMOS pull up and NMOS pull down networks to produce
considered outputs.

Transistor sizes are specified as a ratio of Width/Length (W/L). The sizing of transistors
plays a key role in static CMOS style. It is observed in the conventional adder circuit that the
transistor ratio of PMOS to NMOS is 2 for an inverter and remaining blocks also followed the same
ratios when we considered the remaining blocks as an equivalent inverters. This ratio does not give
best results with respect to noise margin and standby leakage power when it is simulated in 90nm

process. Modified adder circuits with sizing are proposed in Designl and Design2 targeting the noise
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margin, and ground bounce noise.

Further, power gating technique is used to reduce the leakage power, where a sleep transistor
is connected between actual ground rail and circuit ground. Ground bounce noise is being estimated
when the circuits are connected with a sleep transistor. Further, the peak of ground bounce noise is
achieved with a proposed novel technique.

Modified sizings are shown in Fig. 2 and Fig. 5 respectively. The smallest transistor
considered for 90nm technology has a width of 120nm and a length of 100nm and gives W/L ratio of
1.2. The WI/L ratio of NMOS s fixed at 1.2 and W/L of PMOS is 3.8 which is 3.1 times that of

NMOS in Designl. The sizing of each block is based on the following assumption.

W/L6 WLz |o-A °|

W/L=3 W/l=12 |o-a‘| w/L=3

T W/L= -
|_D| w/l-12 |u-c

s [ |—| W/L=3 A_I W/L.5
W/L=3
B w/is
_ W/L=2
B_|aﬂ 3A" W (-I W/L.5

Figure 1. Conventional CMOS full adder.

Base case is considered as individual block as shown in Fig. 3. Each block has been treated as
an equivalent inverter. The same inverter ratio is maintained on each block. These sizing will reduce
the standby leakage current greatly because subthreshold current is directly propotional to the
Width/Length ratio of transistor. On the other hand, these reduced sizes will reduce the area occupied
by the circuit. This will reduce the silicon chip area and obviously there will be a reduction in the
cost.

Modified adder circuit i.e Design2 shown in Fig. 5, the W/L ratio of PMOS is 1.5 times that
of W/L ratio of NMOS and each block has been treated as an equivalent inverter. The same inverter
size has been maintained on each block as shown in the Fig. 4. The goal of this design is to reduce
the standby leakage power. Further compared to the Base case and Designl and ground bounce noise
produced when a circuit is connected to sleep transistor. However, there will be a slight variation on

the noise margin levels and is almost equal to the Base case.
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Figure 2. Proposed full adder (Designl) circuit with sleep transistor.
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Figure 3. Equivalent circuit for Designl

M I

Figure 4. Equivalent circuit for Design2.
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Figure 5. Proposed 1 bit full adder (Design2) circuit with sleep transistor

I1l. PERFORMANCE ANALYSIS AND SIMULATION RESULTS

We have performed post layout simulations using cadence-spectre simulator and the
technology being employed for simulation is 90nm.

A. Noise Margin

The noise margin is measured by the voltage transfer characteristic of a circuit. Sweep waveform
varying from 0 to 1 with an increment of 0.001 volts has been given to one of the input named as S
and different DC values are given to remaining inputs shown in the Table I. The values of V1, Vi,
V4 can be calculated by the obtained DC transfer characteristic of the circuit. As illustrated in the
Table I and 11, noise margin of Designl is comparable to the Base case and switching threshold
voltage levels are almost approaches to Vpp / 2 i.e.0.5 and noise margin levels of Design2 are
comparable to the Base case.

B. Active power

The power dissipated by the circuit when the circuit is in active state. Active power is
measured by giving input vectors and calculating the average power dissipation during this time.
Considered simulation time to calculate active power is 50ns. Input vectors have been given in such
a way that it covers almost all input vector combinations. The same vectors and simulation time has
been given to Base case to compare the results. This active power includes dynamic power as well as

the static power so it is being named as an active power.
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TABLE I. Noise Margins For Base Case And Designl

Base case Designl

Input
Vector | VTH NM_ NMy VTH NM_ NMy
V) V) V) V) V) V)
S00 0.53 0.50 0.45 0.47 0.44 0.50
S01 0.51 0.50 0.48 0.48 0.47 0.51
S10 0.52 0.51 0.46 0.52 0.51 0.48
S11 0.53 0.50 0.44 0.53 0.50 0.44
0s0 0.51 0.48 0.46 0.48 0.46 0.49
0s1 0.49 0.48 0.49 0.50 0.49 0.49
1S0 0.51 0.49 0.46 0.49 0.49 0.50
1S1 0.51 0.49 0.46 0.52 0.49 0.50
00S 0.50 0.47 0.47 0.50 0.48 0.47
01S 0.47 0.45 0.52 0.48 0.47 0.52
10S 0.50 0.47 0.47 0.48 0.47 0.52
11S 0.50 0.47 0.47 0.50 0.47 0.47

As shown in the Table. 11, both Designl and Design2 active power is greatly reduced

compared to the Base case. This reduction is almost 40.49% and 63.87% in case of Designl and

Design2 respectively compared to the Base case.
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TABLE IlI. Noise Margins For Base Case And Design2

Base case Design2

Input

Vector VTH NM_ NMy VTH NM, NMy

V) V) V) V) V) V)
S00 0.53 0.50 0.45 0.47 0.44 0.49
S01 0.51 0.50 0.48 0.44 0.45 0.57
S10 0.52 0.51 0.46 0.45 0.47 0.56
S11 0.53 0.50 0.44 0.52 0.54 0.52
0S0 0.51 0.48 0.46 0.46 0.48 0.59
0S1 0.49 0.48 0.49 0.41 0.40 0.58
1S0 0.51 0.49 0.46 0.43 0.42 0.56
1S1 0.51 0.49 0.46 0.49 0.47 0.47
00S 0.50 0.47 0.47 0.43 0.47 0.60
01S 0.47 0.45 0.52 0.41 0.40 0.58
10S 0.50 0.47 0.47 0.41 0.41 0.42
11S 0.50 0.47 0.47 0.48 0.51 0.55
TABLE Il TABLE IV.
AcTIVE POWER DissiPATION OF 1-BiT FuLL Abper CELLS AReA OF 1 BiT-FuLL ADbDER CELLS
. . . Design . .
Design name Base case Designl Design2 Base case Designl Design2
name
Area (pmz)
i 1.75 0.78 0.49
Active 3.488 2.076 1.261
power(UW)
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C. Standby leakage Power

Standby leakage power is measured when the circuit is in standby mode. Sleep transistor is
connected to the pull down network of 1 bit full adder circuit. Sleep transistor is off by asserting an
input OV. For simplicity, size of a sleep transistor is equal to the size of largest transistor in the
network (pull up or pull-down) connected to the sleep transistor. The sleep transistor size in Designl
and Design2 is reduced due to the resizing of the adder cells in proposed circuit. Standby leakage
power is measured by giving different input combinations to the circuit. Standby leakage is greatly
reduced in both Designl and Design2 as shown in Fig. 9. In case of Designl reduction in standby

power is about 82% and in Design2 it is about 84% for all input combinations.
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Figure 9. Comparison of standby leakage power with different input combinations of three designs.

D. Area

The layouts are used to calculate the areas of proposed designs. The parasitics have been
considered in the designs. Layouts (90nm) of proposed full adder circuits (Designl) and (Design 2)
are shown in Fig. 10 and Fig.11. Area is reduced 55.43% and 72% in Designl and Design2

respectively comparing to the Base case and is depicted in Table. IV.
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Figure 10. Layout of proposed full adder circuit (Designl) with 90nm technology

Figure 11. Layout of proposed full adder circuit(Design2) with 90nm technology .

E. Ground bounce noise reduction
During the power mode transition, an instantaneous charge current passes through the sleep
transistor, which is operating in its saturation region, and creates current surges elsewhere, Because
of the self-inductance of the off-chip bonding wires and the parasitic inductance inherent to the on-
chip power rails, these surges result in voltage fluctuations in the power rails. If the magnitude of the
voltage surge or circuit may erroneously latch to the wrong value or switch at the wrong time.
Inductive noise, also known as simultaneous switching noise, is phenomenon that has been

traditionally associated with input/output buffers and internal circuitry. The noise immunity of a
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circuit decreases as its supply voltage is reduced such as power gating to address the problem of
ground bounce in low-voltage CMOS circuits. The ground bounce model which is used in our
simulation is shown in Fig.12. Ground bounce noise is reduced in both Designl and Design2 as

compared to the Base case and is shown in Fig.13.

H.18anH o217 0

532pFI

Fin
Figure 12. DIP -40 package pin ground bounce noise model ™.
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Figure 13. Peak of ground bounce noise comparison with proposed and conventional power gating technique (Base case,

Designl, Design2).

F. Improved Ground bounce noise reduction

During last one decade various alternatives and improvements of conventional power gating
has been proposed to reduce the ground bounce noise during mode transition. In staggered Phase
Damping technique™ during standby-to-active power mode transition, staggered-phase damping
delays the activation time of one of the two sleep transistors relative to the activation time of the
other one by a time that is equal to half the resonant oscillation period. As a result, noise cancellation
occurs once the second sleep transistor turns on due to phase shift between the noise induced by the

second sleep transistor hence reduction in settling time. But it is not very effective in reducing the
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peak noise due to the initial spike. And in another scheme *’, there will be a two stage procedure. In
first stage sleep transistor working as diode by turn on the control transistor which is connected
across the drain and gate of the sleep transistor. Due to this drain to source current of the sleep
transistor drops in a quadratic manner. This reduces the voltage fluctuation on the ground and power
net and it also reduces the circuit wakeup time. In second stage control transistor is off so that sleep
transistor works normally. This method is not effective to suppress the overall fluctuations in the
ground bounce noise. Therefore, the techniqgue must be adopted to reduce both peak of ground
bounce noise and reducing the overall fluctuations in the ground bounce noise. The idea is to
combine both the above techniques to further reducing the peak of ground bounce noise and overall
power mode transition noise in the proposed technique.

Figure 14 shows the proposed scheme for peak of ground bounce noise reduction in mode
transition. One bit full adders (Base Case, Designl, design2) have been taken to apply the proposed
technique. One-bit full adder considered as two cascaded blocks i.e. carry generation block and sum
generation block. Separate sleep transistors are added at the bottom of the blocks. The proposed
technique works as follows. The applied signals are shown in this Fig.15. For carry part, during
stagel transmission gate is off by giving proper enable signals and at the same time control transistor
is turned on to make the sleep transistor working as a diode. The stored charge in carry generation

block is discharged through sleep transistor. The drain current of the ST1 during the this stage is as

().
li=pnCox (W/L)[(Ves-Vbs)Vbs-Vis /2] (1)

Since the drain-to-source voltage of the control transistor (CT1) is zero, which makes

Vbs=Vgs, the current Id goes through ST1 can be written as (2)

li=HnCox (W/L)[(Vbs/2 -VinVps)]  (2)

As the voltage level of virtual ground drops, VDS over the ST1 drops and this makes the drain to
source current of the sleep transistor (ST1) | p drops quadratic manner. The dropping Id decreases
the voltage fluctuation on the ground and power net. And same signals are applied to sum generation
part also but with duration of half of the oscillation period. As a result, noise cancellation occurs
once the second sleep transistor (ST2) turns on due to phase shift between the noise induced by the

second sleep transistor hence reduction in peak of ground bounce noise shown in Fig. 16.
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Figure 14. Proposed novel technique for ground bounce noise reduction.
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Figure 15. Applied signals to the proposed technique.
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Figure 16. Peak of ground bounce noise comparison with proposed and conventional power gating technique (Base case,
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IV.CONCLUSION

In this paper, low leakage 1 bit full adder cells are proposed for mobile applications with low
ground bounce noise. Noise immunity has been carefully considered since significant threshold
current of the low threshold voltage transition becomes more susceptible to noise. By using the
proposed technique leakage power is reduced by 82 %( Designl), 84% (Design2) in comparison to
the conventional adder cell (Base case). Ground bounce noise is reduced about 1.5 times and 3 times
in Designl and Design2 respectively compared to Base case. Further, using the proposed Novel
technique the ground bounce noise is reduced to about 4.5 times in three designs (Base Case,
Designl, Design2) compared to without applying the technique. Area is reduced by 55.4% in
(Designl), 72% (Design2) in comparison to the Base case. Active power reduction is reduced by
40.48% (Designl), 63.38% (Design2) in comparison to Base case. Noise immunity of proposed full
adder cells are comparable to the conventional adder cell (Base case). The proposed novel technique
has been introduced with improved staggered phase damping technique for further reduction in the
peak of ground bounce noise and overall power mode transition noise . The proposed 1-bit full adder

cells are designed with 90nm technology and operated with 1V supply voltage.
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