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Low noise, low power, minimum delay and smaller area are the prime factors in the current
VLSI system design. There are many sources for noises that exhibit various types of noise.
Noise in digital ICs can be credited to various sources such as PSN due to circuit switching
transition, deviations in device parameters due to process changes, crosstalk noise caused
by capacitive coupling among neighbouring circuit interconnects, noise due to charge
sharing and charge leakage. Reducing noise is an important factor in VLSI design. This
work involves the analysis and reduction of switching noise in the inverter based equivalent
circuit model in 45 nm technology. Also, aims to minimize the power utilization, area and
delay. Further the noise analysis is extended to half adder circuit and ALU. The noise value
observed for the proposed circuit is 140 | whereas it is 33 mV for the existing circuit. The
same circuit is implemented in GDI based half adder and 4 bit ALU. The simulation result
show that the proposed model has reported low noise compared with the existing methods.

1. INTRODUCTION

In recent years, the number of devices on a chip has
spectacularly increased because of technological scaling in
size of the devices [1-2]. Today’s VLSI technology allows
complex circuits to be fabricated in a single semiconductor
silicon die with high speed digital logic fitted along with high
performance circuits. Though the clock signal frequencies
continue to increase but the MOS device sizes will continue to
shrivel to Very Deep Sub Micrometer (VDSM) dimensions [3-
5]. Reducing the device size not only implies shorter channel
length but also decreasing device threshold voltages and
decreasing inter connects. Due to this scaling, the devices have
become more sensitive to the noise. Noise is an important issue
in both analog and digital circuits which determines the
characteristics of the system. The problem of noise has
increased the significance of on-chip noise and thus becomes
the major research area for continuing the development in ICs
performance, power, speed, density etc., [6-8].

The works in [9-10] focused on power supply noise and
switching noise consideration, especially to enhance the
performance of the mixed signal. In the mixed signal circuits,
the switching noise is one of the limiting factors [11]. Digital
section in the mixed signal circuits are performed with the
same substrate for the overall performance [12]. Switching of
the digital circuits leads the substrate noise to the other circuits.
Analog devices are slowly degrading when the substrate noise
is presented in the mixed signal circuits. Switching noise from
the digital circuits started from the current peaks. That current
peak generates the voltage fluctuations in the Vpp and Ground
lines of the circuit. These voltage deviations are generally
termed as “Switching Noise”. Switching noise reduction is one
of the challenging processes for the efficient System on Chip
(SoC) [13].
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Unless the area and power requirements are significantly
minimized, the resulting heat dissipation and deviation of a
signal from its nominal value in those sub-intervals of time
will affect the packing density and performance of ICs. Thus
the necessity of effective area and low power design becomes
very important. Expansion of mobile technology and wireless
network communication applications has large demands on
signal processing. The aim of such approaches is to improve
the performance of Arithmetic and Logic Unit (ALU) in terms
of low power consumption, minimum area utilization and less
propagation delay. Hence, high performance of adder and
multiplier structure is necessary to improve the efficiency of
ALU unit [14]. To handle this problem, various techniques
have been proposed and the most commonly used techniques
are modulation of the clock system [15], decoupling capacitors
[16], separate power supplies for analog and digital circuits,
use of guard rings, noise cancellation through sensing the
noise [17], use of in-built self noise detection circuits [18],
improving the mutual coupling between the paths by varying
width and length [19]. Other techniques utilize the use of logic
families which do not generate noise but they guzzle higher
power than the regular MOS devices [20].

This work involves the analysis and reduction of switching
noise in the inverter based equivalent circuit model and aims
to minimize the power utilization, area and delay. Further the
noise analysis is extended to half adder circuit and ALU. The
rest of the paper is described as follows: The section II
discusses about the previous works in this domain. Section III
explains about the proposed circuit construction, working and
the mathematical model for the small signal equivalent.
Section IV discusses on the simulation results and their
interpretation. Section V concludes the paper.



2. NOISE ANALYSIS USING EQUIVALENT CIRCUIT
MODEL

There are many works which have been reported on
Simultaneous Switching Noise (SSN). The switching noise is
highly presented by the equivalent circuit model. In that circuit
model, the parasitic impedance (R, L and C) values are varied
to estimate the noise analysis in terms of the voltage. There is
no decoupling capacitor is used in the equivalent circuit model
[21]. The value of the peak noise voltage (dBVms) and peak
noise are high. Also, in the earlier works of Arithmetic and
Logic Unit (ALU) module, it is designed by using the Ripple
Carry Adder (RCA) and Binary Multiplier (BM) and static
CMOS based full adder is used. In that ALU stage, a large
number of transistor are utilized due to the traditional nano-
meter technology. By using the Ripple Carry Adder (RCA),
the computation delay of the ALU stage is highly occurred.
Due to the high resources utilizations, the switching noise
reduction is considered as the major problem in the traditional
ALU unit.

The continuous switching activity is one of the major
challenges and also the reduction of switching noise is one of
the main processes in the mixed signal circuits. Two tier
solution based clock scheduling is proposed for switching
noise minimization. First, the management of switching noise
at the basic frequency ranges and the clock delays are
controlled to reduction of ripples in specified band of
frequency. By using current shaping circuits, the spectral peak
is reduced by using the lower frequencies and upper
frequencies of the given supply current. Considerable research
work has been carried out in the Parasitic impedance (R, L and
C) based inverter and noise analysis in the combinational
circuits like the design of efficient adder structures such as
Gate Diffusion Input based Full Adder (FA), Carry Select
Adders (CSA), Ripple Carry Adder (RCA), Vedic Multiplier,
Binary Subtractor and Barrel Shifter for improving the
architecture performances for Arithmetic and Logic Unit
(ALU) in VLSI [22]. However, efforts are still required to
reduce the complexity in adder architectures for the growth of
wireless communication applications. However, this work
aims to develop noise reduction circuit and to implement in the
GDI technique half adder and ALU unit for meeting the goals
mentioned.

3. PROPOSED METHOD

Earlier works in the field of exchanging commotion utilized
MOS quadratic V-I trademark. This work aims for developing
a circuit with low noise, low power and minimum transistors.
In any case, the model that is presented broadly utilized for
short channel devices is the a-power law which shows that
records for speed immersion impacts. Based on the Sakurai
and Newton’s o power model [23], the drain current of the
MOS in the saturation region is given as,
Ip = KVes — Vp)“ ey
where,

Vr is the threshold voltage

a is the fitting parameter

Due to the a™ power functions, the closed form formulae
are not possible to be determined, where, 14 is the function of
gate and source voltage.
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Thus, the drain current (I4) of the transistor can be written
as,

Ip = f(V5.-Vs) 2

Due to the I characteristics, the drain current of the
transistor can be formulated as below,

Ip = K(Vg = Vo — vVs) when, (Vo 2 Vo +v Vs) 3)
where,

V, measures the voltage displacement and ‘y’ is the effect
of the channel length.

The parasitic inductance is the only element connected
among the current source and ground. The SSN due to the
discharging current for N similar drivers through the inductor
can be given as
V() =NLdIy(t)/dt 4

Eq. (3) is substituted in the Eq. (4) and the v, and v can be
replaced by v;;,, and v, respectively to obtain Eq. (5)

V() = NLK (d 2292 — y 2Oy swhen, vy, () 2 v, (5)
The ground voltage V(t) is zero before the Viy(t) attains V.
The above Eq. (5) can be simplified by assuming the ramp

input voltage,

WO IO 5y > (6)
dt NLKy Y

Eq. (6) is the first order differential equation. At the time t
= to, the ground voltage is zero for the initial conditions. Eq.
(6) can be solved to determine the time independent equation
for SSN at the ground.

e 5T (¢~ to)
YNLsyk

V() =NLs, (1- ity St<t, (7)

where, t. represents the rise time of the input signal. The at
most noise voltage is achieved when the input signal reaches
Vpp which after simplification reads,

Vpp-Vo

V,, = NLs, k(1 —e "NSrk)

®)

The time dependent current through the MOS can then be
measured utilizing Eq. (3) and Eq. (7)

YNLsyk

Ip(t) = K(srt—vo — yNLs, k(1 —M));to <

t<t, 9)
Moreover being accurate, the mathematical formulation for

the maximum SSN voltage is very simple. A further look into

Eq. (8) which defines a circuit related figure H,

where,

H = NLs, (10)
Then, the Eq. (8) can be rewritten as,
V,, = HK (1 — e~(VbD~Vo)/YHK)) (11)



Initially, it is experimented that the peak SSN is a function
of H, a circuit related figure and the process related parameters
such as y, K, Vo and Vpp. The design observation is that a
circuit related figure H is the only variable that can be used in
circuit design to control the SSN. Next, the circuit related
figure H is simply a multiplication of three factors of N
(number of identical drivers), L (parasitic inductance) and s;
which represents that changes in each of those three factors
will have the same result on simultaneous switching noise.
This examination is supportive in optimizing the bonding pad
driver design.

The switching noise is modelled using Resistance (R),
Inductance (L) and Capacitance (C) which represents the
parasitic impedances of the power supply network. The
switching circuit is symbolized by CMOS gates and saturated
ramp signal as input with transition time t,. When the transition
time of input signal is short, the switching noise can continue
to rise after the transition is complete. Thus, analysis of noise
only within the transition period can drastically undervalue the
peak noise under specific damping conditions. The noise
amplitude at the source node of the NMOS transistor in
Figure 3 are generated by CMOS inverter in a 45 nm process
technology is examined. The ramp signal is used as the input
signal to the inverter.

4. SIMULATION RESULTS AND DISCUSSION

The performance of the proposed noise reduction circuit is
realized and the simulations are carried out in the Tanner EDA
(Version 14.1) and the synthesis results are estimated in the
Spice simulation with 45 nm technology file from T Spice. The
simulation parameters are listed in the Table 1. The SSN in the
frequency domain is addressed by the spectral peak reduction.
There are many numbers of clock buffers stages are introduced
in the clock scheduling. The parasitic impedance (R, L and C)
based noise reduction circuit is used to minimize the switching
noise in the mixed signal ICs. The proposed Input/Output
model is as shown in Figure 1. It can be used as buffer in the
input port. With this circuit, the effect of Vpp and ground noise
is analyzed along with the power variation due to Vpp. Figure
2 shows the schematic model of proposed noise reduction
circuit.

Table 1. Simulation parameters for the proposed noise
reduction circuit

Parameters Specifications
Transistor Level Tool Tanner EDA 14.1
Functional Simulator Spice

Library File 45 nm Tech file from T-Spice

Wave Nature Ramp

Frequency 8 MHz
Power Supply Voltage 5V

To examine the consequence of number of switching gates
on noise power, it is constructed with three inverter pairs along
with pull up network. Proposed equivalent circuit model with
noise reduction circuit is shown in Figure 3. For different
values of R, L and C, the proposed circuit is simulated and the
results are analyzed and compared with the existing circuit
design. Figure 4 shows the transient response of the proposed
circuit. For the betterment of analysis and measurement, the
magnified view of Figure 4 is shown in Figure 5. The noise
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does not attain the first local maximum within the transition
when the transition time is shorter.
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Figure 1. Schematic of input / output driver
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Figure 3. Proposed equivalent circuit model with noise
reduction circuit

The peak noise would always happen after the transition
period. Since the system reacts to the step function with natural
response, when the input transition time is satisfactorily short,
it is again accepted that the peak noise would occur after the
transition period. The transition period is configured by using
R, L and C parasitic impedances. Two important transient
circuit characteristics need to be found from the transition
period are noise at the end of transition and the current flowing
through the capacitance. Since the current flowing through the
PMOS transistor is very small, it is negligible. N is the
parameter used to represent the effective number of



Input/Output gates when a large number of Input/Output
drivers are in parallel, which switches simultaneously.

Figure 4. Transient response of proposed circuit

Figure 5. Transient response of proposed circuit-magnified

The result of signal transition time on the peak noise
characteristics can be examined through the proposed circuit.
For the value of R=0.5 ohm, L=100 pH and C=5 pF, transient
response of proposed and existing circuit are compared and
they are shown in Figure 6. For the value of R=0.5 ohm, L=100
pH and C=5 pF, the proposed circuit is simulated and noise
value measured is 140 uV. Figure 7 shows the transient

response comparisons between existing and proposed circuit
for another sample value of R=1 ohm, L=100 pH and C=5 pF.
The noise value reported for the proposed circuit is 100 pV
where as it is 7.5 mV for the existing circuit. Table 2 shows
the results comparisons between the existing and proposed
works for two different values of R, L and C.

Figure 6. Transient response of existing vs proposed circuit
for R=0.5 Q, L=100 pH and C=5 pF

Figure 7. transient response of existing vs proposed circuit
for R=1 Q, L=100 pH and C=5 pF

Table 2. Results comparison

Parasitic Impedances Existing Work [21] Proposed Work

R L C Peak Noise Frequency Max. Power Peak Noise Frequency Max. Power
Q) (pH) Pk (mV) (MHz) Consumed (mW) (nv) (MHz) Consumed (mW)
0.5 100 5 33 8 0.07879455 140 8 10.23433

1 100 5 29 8 0.07879466 100 8 10.23430

As the proposed noise reduction circuit has reported
minimum switching noise as compared with the existing
circuit, it is deployed in adder circuit and ALU for noise,
transistor count and power analysis. The GDI technique is
implemented to reduce the number of transistor counts. This
technique allows execution of wide range of complex logic
functions using minimum number of transistors. Also, it is
suitable for design of fast, low power circuits using minimum
transistors, less delay and area.

The GDI cell consists of three inputs namely, G - Common
gate input of NMOS and PMOS, P - Input to the source / drain
of PMOS and N - Input to the source / drain of NMOS. The
major advantages of GDI over Pass Transistor Logic (PTL)
and other standard CMOS design are: 1) Due to the small node

capacitances high speed is achieved 2) As a result of the
reduced number of transistors for implementing a function it
requires low power, and 3) Lower interconnection effects, due
to technology scaling.

Ca O

Figure 8. GDI basic cell
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Figure 8 shows the GDI basic cell structure. Table 3 shows
the different logic functions of GDI cell for various input
configuration. A half adder performs addition of two input (A
and B) bits and produces the Sum (S) and Carry (C). The
input variables of a half adder are called the Augends and
Addend bits. The output variables are designated as the Sum
(S) and Carry (C).

Table 3. GDI logic table

N In{’)ut G Output Function
0 B A A’B F1

B 1 A A’+B F2

1 B A A+B OR

B 0 A AB AND
C B A A’B+AC MUX
0 1 A A’ NOT

Figure 9 and Figure 10 show the schematic of existing half
adder circuit design and transistor count respectively.
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Figure 9. Schematic of existing half adder design

Device and node counts:

MOSFETs - 21 MOSFET geometries - 2

BJTs - O JFETs - O

MESFETs - O Diodes - 0O

Capacitors - 0 Resistors - 0

Inductors - 0O Mutual inductors - 0

Transmission lines - 0O Coupled transmission lines - 0O

Voltage sources - 3 Current sources - 0

vCcvs - 0o vccs - 0

ccvs - 0 cccs - 0

V-control switch - 0 I-control switch - 0O

Macro devices - 0 Verilog-A devices - 0

Subcircuits - 0 Subcircuit instances - S

Model Definitions - 2 Computed Models - 2

Independent nodes - 11 Boundary nodes - 4
Total nodes - 1S

Figure 10. Transistor count of existing half adder design
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Figure 12. Schematic of proposed half adder design

Device and node counts:

MOSFETs - 11 MOSFET geometries - 3

BJIs - O JFETs - 0

MESFETs - 0 Diodes - 0O

Capacitors - 0 Resistors - O

Inductors - 0 Mutual inductors - 0

Transmission lines - 0 Coupled transmission lines - 0

Voltage sources - 3 Current sources - 0

vCcvs - 0 VCCs - 0

CCcvs - 0 CcCcCs - 0

V-control switch - 0O I-control switch - 0

Macro devices - 0 Verilog-A devices - 0

Subcircuits - 0 Subcircuit instances - S

Model Definitions - 2 Computed Models - 2

Independent nodes - S Boundary nodes - 4
Total nodes - 9

Figure 13. Transistor count of proposed half adder design
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Figure 14. Noise waveform of proposed half adder

Figure 11 shows the noise waveform of the existing circuit
design with peak noise of -10.083 dBVyys. Similarly, Figure
12 and Figure 13 show the proposed half adder circuit design
with GDI technique and the corresponding transistor count
respectively. Figure 14 shows the noise waveform of the
existing circuit design with peak noise of -10.077 dBVims.
Table 4 shows the result comparisons between the existing and
proposed GDI half adder design.

Table 4. Results comparison of existing and proposed half

adder
Parameters Existing Design [22] Proposed Design

No. of Transistors 21 11

Maximum Power

Utilizations (mW) 4.456427 2.951001
Peak Noise (dBVrms) -10.083 -10.077

Frequency (MHz) 2 3

Input Voltage (V) 5 5

Temperature (°C) 25 25

ALU is the heart of all microprocessors/microcontrollers
core of a CPU in a computer. It is a logic unit that performs its
arithmetic, logic and shift operations. The adder cell is the
basic unit of an ALU. The constraints the adder has to satisfy
are power, speed and area requirements. Now-a-days the size
of ALU is getting smaller and more complex to enable the
development of more powerful but smaller smart computers.
Though there are few limiting factors that slow down the
advancement of smaller and more complex ICs and due to
integrated circuit design, engineering cost, fabrication
technology and productivity.

Figure 15 and Figure 16 show the noise amplitude and the
transistor count of existing ALU design. The proposed noise
reduction circuit is shown in Figure 2 has reported minimum
switching noise as compared with the existing circuit and it is
deployed in the 4 bit ALU for noise, transistor count and
power analysis with GDI technique. Figure 17 shows the
schematic of proposed GDI 4-bit ALU. Similarly, Figure 18
and Figure 19 show the noise amplitude and the transistor



count of proposed design. Table 5 shows the result Table 5. Results comparison of existing and proposed ALU

comparisons of existing and proposed ALU Design. design
ALU Design using ALU Design using
Parameters CMOS Design GDI Design
No. of Transistors 910 657
Maximum Power
Utilizations (mW) 924 4584
Peak Noise (V) 5 2

5. CONCLUSION
Figure 15. Noise amplitude of existing ALU design
The noise reduction circuit is proposed, constructed and
simulated. The simulated circuit’s results are compared with

Device and node counts:

MOSFETs - 910 MOSFET geometries - 8
BJTs - O JFETs - O . . .
MESFETs - o© Diodes - 0 the existing technique. For the value of R=0.5 ohm, L=100 pH
Capacitors - 2 Resistors - O . .
Inductors - O Mutual inductors - O and C=5 pF noise value measured for the proposed noise
Transmission lines — O Coupled transmission lines — 0O . . .. .. ..
Voltage scurces - 2s Currest sources - © reduction circuit is 140 pV whereas itis 33 mV for the existing
ccvs - o cces - o circuit. This noise reduction circuit is implemented in GDI
V-control switch - 0 I-control switch - 0O . . . .
MACES aevices =0 s NerilogA aavices =0 based half adder circuit and simulated. The peak noise and the
ot mtest coaes e S Pahas Baass —ids number of transistors required for the proposed half adder

b
0w
W

Total nodes

design is -10.077 dBVms and 11 transistors, whereas for the
existing half adder design it is -10.077 dBVums and 21
transistors respectively. Similarly the power utilization of the
proposed design is 2.95 mW whereas it is 4.45 mW for the
existing design. Finally, the noise reduction circuit is
implemented in GDI based 4 bit ALU and simulated. The
proposed 4 bit ALU has reduced peak noise of 2 V whereas it
e -] is 5V for the existing design. That is, 60 % reduction in peak
S "__q T i 1 noise is achieved by the proposed circuit. Similarly, number of
- transistors required for the proposed design is well reduced
from 910 to 657 transistors compared to existing design. The
power consumption for the proposed design is only 45.84 mW
whereas it is 92.4 mW in existing method. Therefore, nearly
50% reduction of power consumption has been achieved by
the proposed design.

Figure 16. Transistor count of existing ALU design
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Figure 17. Schematic of proposed ALU design 6. LIST OF ACRONYMS
ALU-Arithmetic Logic Unit
@ BM-Binary Multiplier
CMOS-Complementary Metal Oxide Semiconductor
CPU-Central Processing Unit
EDA-Electronic Design Automation
GDI-Gate Diffusion Input
IC-Integrated Circuit
PSN-Power Supply Noise
PTL-Pass Transistor Logic
RCA-Ripple Carry Adder
SoC-System on Chip
SSN-Simultaneous Switching Noise
Figure 18. Noise amplitude of proposed ALU design VDSM-Very Deep Sub Micrometer
VLSI-Very Large Scale Integration

Device and node counts:
MOSFETs - 657 MOSFET geometries - 8
BJTs - 0 JFETs - O
MESFETs - ? Dicdes : o
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