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Abstract—The proposed multiplexer-based novel 1-bit full This paper discusses interconnection propagatidayde
adder cell is schematized by using DSCH2 and ytsutis generated coupling details and shows why it is becomingreimportant

by using microwind VLSI CAD tool. The adder cellytat
interconnect analysis is performed by using BSlfdyolt analyzer.
The adder circuit is compared with other six erigtadder circuits
for parametric analysis. The proposed adder cellesibetter
performance than the other existing six adder @gcin terms of
power, propagation delay and PDP. The proposedracidriit is
further analyzed for interconnect analysis, whiclveg better
performance than other adder circuits in termsagbulit thickness,
width and height.
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|. INTRODUCTION

INTERCONNECT design and analyses of VLSI circuits are
challenging tasks in terms of Ultra Deep Sub Micro

(UDSM) feature size. This capability is primarilyel to the
inherent heterogeneity of these systems, whereerdiit
fabrication processes. In these diverse systenshal
interconnect, such as clock and power distributigmaw in
importance. The signal switching on the topmostafriayer of
a digital plane can produce a noise spike. Intareohdesign
has become a dominant issue in high-speed intejcateuits
(ICs), with the decreased feature size of CMOSudiscAs
on-chip inductance becomes important, some

optimization algorithms have been enhanced to dendRLC

impedanceq1]. In this paper, the trade-off between signal

propagation delay and transient power dissipatiosizing of
long interconnect driven by the proposed adder c=ll
discussed. In the circuit layout both line inducem@and short-
circuit power are considered. The minimum poweragel
product is used as a criterion to size long intenects. A new
criterion, the Power-Delay-Area-Product
introduced as efficient criterions to size intengect within the
adder cell.
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wire

to examine interconnection performance in VLSI witx [2].
As circuit performance moves from transistor domge to
interconnection dominance, direct method simulatesd to
devote less time to costly non-linear transistor deto
evaluation. This direct method simulators (BSIM4gives
distributed elements of interconnections (Resisgtanc
Inductance and Capacitance) must be broken interiassof
discrete elements and an adding excessively tdirhigng
number of circuit nodes. Our proposed adder cirgivies 12
nodes due to Pass Transistor Logic (PTL) approatiich
give lower interconnect effect with other existeadder circuit.

The proposed adder and other adder circuits arigroas
and simulated by PTL logic, for parametric, andtiiobnnect
analysis that can operate at ultra low-power sumolyage.
rIlzeducing the supply voltage and increasing theststor
count are the major obstacles for the design okendells
which is eliminated in our proposed design. Theppsed
adder has very low short - circuit current and peadl
transition activity compared with previously propdslow-
power adders. A new multiplexer based adder cegltesented
along with the existing circuits are simulated éimel results of
power dissipation, propagation delay, power-delagdpct,
area efficiency are analyzed and compared. Propaddér
cell is compared for capacitance versus power @igsin and
fupply voltage versus power dissipation in paraimetnalysis
with the existing designs. The new adder cell $® analyzed
to identify the capacitance, inductance and resigta
parameters of the layout for lower propagation ylelad less
power.

1. DESIGN METHOD OF THEPROPOSEDFULL ADDER CELL

(PDAP), is

The proposed full adder circuit is designed by gsin
multiplexing method and Boolean identities. Aftehet
simplification of Boolean identities the equatioofssum and
carry are as shown in (1) and (2). The simplesy wa
approach to the BB is designed according to the multiplexer
method. The exclusive of C input node which is ctisefed to
AOB generates the sum and its schematic form is shown
Fig.1 (a). According to carry (2), the(B circuit and C
input node are combined in the form of logical ANDhe
exclusive of this output node along with AB circgiénerates
the carry output according to (2) and its schemfdien is
shown in Fig. 1 (b). This circuit uses multipleximgethod
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efficiently to reduce the number of nodes to T2 proposed
full adder circuit eliminates power guard probleredto
regular arrangement of transistor input nodes. Duihis, the
proposed circuit gives low power dissipation, lomgagation

interconnect resistance of the proposed full addell
decreases with increasing line width, increasing/R;,. the
ratio between the line inductance and resistance. © wire
sizing outperforms the VLSI circuit layout in RL@és, the

delay, and low PDP when compared to the widely uséPtimum heterogeneous wire interconnect expressim

existing full adder circuits.
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Fig. 2 Proposed multiplexer based adder timing rdiag

A. Interconnect Analysis of the proposed full-adddl ce

The proposed adder layout interconnect analysialss
analyzed for optimized power, propagation delay anea.
The propagation delay can be measured by usingngtal
layer of resistance,

(1) h:)pt—RLC(V\(nt) =

inductance and capacitancee T

(W, ) [3] is as shown in (3)

R’CI nt (\Nnt) 1
RuWe)C, [1+ OLET, /g (W)™

hOPt—RLc

®)

Where

LI / Rirt W) = \/

Lint (Vvint )/ Rm (Vvint)
RC

Ci and R are the input capacitance and output resistanee of
minimum size adder, respectively;\®V), Gn(Win), and
Lin(Winy) are the interconnect line resistance, capaciteanug
inductance as functions of the interconnect widih.increase

in the layout length and width increases the capace driven
by the full adder cell. To drive a high capacitiead, a larger
logic circuit is required to decrease the overalag. The
optimum proposed adder layout size depends
interconnect values of R, L, and C is increasingcfion of
line width. The transition of electric charge (itpudepends
upon interconnect signal [4]. The minimum signagagation
delay of an optimum adder system decreases witfeasmng
line width as the total gate delay decreases. Ranductive
interconnect layout the total signal propagatiofaglean be
measured as shown in (5).

t Pd-total (Vvint ) = kopt—RLC (Vvint )t pd (Vvint ) (5)

wheret ;(W,,) is the signal delay of each RLC section as a

(4)

function of the interconnect width.

To estimate the switching performance of theppsed
full adder cell is to identify the most importariniped-
element contributions to . This quantity is estimated by the
proposed full adder layout. The proposed full addiecuit
load capacitance is its internal FET contributioremd
represents the total external load capacitancessfimate the
low-to-high time ty [5] the (6) can be used with the
exponential approximation

Vout(t) = VDD [1_ e_tlrp ] (6)
which gives
ty =InO)r, =227, 7

According to (6) and (7) the proposed full addecuit gives
low propagation delay.

In the proposed full adder circuit whenyMs at a stable
logic O or logic 1 voltage level, either the nFETtloe pFET is
in cutoff mode. There is no direct current flow lpahrough
hhe transistors either nFET or pFET between thegp@upply

upon
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and ground [6]. In a realistic circuit, howeversraall amount
of quiescent leakage currerdpd flows across the reverse
biased the drain-bulk regions due to push pull igométion of
PTL logic. According to Roubik Gregorian [6] theaximum
power supply currentpby occurs when Y, = V¢ which is
verified by noting that both the nFET and the pFEe
saturated at this point.

The DC inputs neglect the fact that the output capaGC,,
can store electric energy. If we apply a pulsedaga to the
input, then the complete cycle will lead to an #ddal
component of power dissipation that increases imitheasing
signal frequencyf. The amount of transient power dissipate
obviously depends upon the rate at which we switiehinput,
i.e., the signal frequendy

R
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t ?Lr
h_¢_ %Lh

Fig. 5 Interconnect modelling of the substrate
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IIl.  RESULTS ANDDISCUSSION

The proposed full adder and other six existing adder
circuits are schematized by using DSCH2 and tlagiodts are

analysed by using Ultra Deep Sub Micron Processe Th

proposed full adder circuit is balanced for sum aady due
to the proper arrangement of transistors. The megdull
adder is further verified by Boolean identities ahd results
are shown in Fig.2. The worst delay for sum andycare
calculated by using the different combinationsngpiits.

The full adder circuit performance depends on taesistor
count as well as design concept. The CPL circuiteisigned
by using differential node concept uses 22-T [fg power
consumption and propagation delay is increased tue
restoration concept. The XOR-10T [8] adder circuiffers a
problem of differential node in sum and carry citgudue to
this the power consumption and propagation delahigé.

The mixed Shannon [9] and Shannon [10] circuits are

designed by using MCIT and Shannon theorem teckniue
to this hybrid concept the sum and carry circuitedpce
NMOSFET drivability problem. The Shannon theorensdzh
adder gives voltage swing restoration. Due to th@sblems
the Shannon and mixed Shannon adder circuits canstig
power and operate at low speed. The MUX-12T [11dead
circuit is designed by using multiplexer conceptickhhas a
complex node in its design. The drivability of inponsumes
high power to transmit the voltage level. The MCIT-[12]
adder circuit is designed by multiplexing contraiput
technique. The transient of input nodes consumeerpower
which leads to high power consumption in the circui

2517-9438
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IV. PARAMETRIC ANALYSIS

As technology scale leakage currents become inoggas
large and must be taken into account to minimizal tpower
consumption [13]. Once the magnitude and generapestof
the curve has been examined, the measurementsecdane
using a linear scale for current. The proposed dultler is
compared with the other six existing adders in etaic
analysis at 90nm feature size such as capacitarsa/power
dissipation and voltage versus power dissipationubking
BSIM 4, as shown in Fig. 3 and Fig. 4. The propoadder

ives lower power dissipation than CPL, XOR-10T,x&t

hannon, Shannon, MUX-12T, and MCIT-7T circuits.eTh
output node voltage makes a power transition, wirem
capacitance values are increased irrespectiveppiysuoltage
level. Generally, in digital CMOS circuits dynanpower is
dissipated when energy is drawn from the power lsupp
voltage to charge up which is clearly identified Fig. 4.
According to diode equation [14], the power in itiecuits
increases exponentially after the threshold voltadgch is
obeying ohm’s law. The proposed circuit gives lowemer
dissipation when compared to other six existingcuits
irrespective of the supply voltage. Thus, the pemabadder
circuit can be used in lower power operating VLiBtwits.
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V. INTERCONNECTRLC PARAMETERS OF THEPROPOSEDFULL
ADDERLAYOUT

An integrated circuit is a set of patterned matdaigers that
combine to form a 3-dimensional physical structtirat are
the electronic devices and interconnects [15]. tern layout
processing, 3 to 7 or more separate metal inteestinayers

can be expressed as shown in (10)

P _ A
A HW
wherep is the resistivity of the material (@-m), L, W and H
are length, width and height of the layout respetyi
This paper mainly focuses on estimating the width

(10)

have become more common. In earlier days of MORgjstance (), height resistance (Rand thickness resistance

processing, aluminium (Al) was used exclusively feET

gates and interconnects examine the contributionkustrate
the optimal process. The output capacitance antuitgped

parameters of the proposed adder layout are showviigi 5

that are directly driven by the output node and alsperience
a change in voltage during a switching event.

A. Layout Capacitance of The Proposed Full Adder Cell

The proposed adder layout output capacitance can
obtained by examining the load presented to thputuiode
during a switching event. Consider, the adder inpunitially
high, and then falls to a low value at tims®. The side-wall,
junction, bottom and fringe capacitances are clthugeand its
value is as shown in (9). All these capacitors tineed
charges from logic ‘0’ volt to logic ‘1’ volt

Cout:[((-:GDn +CGDp) +(CDBn +CDBp)] +[Qine+CFO] ©)

The proposed adder circuit is simulated to estinthée
interconnect parameters of the layout by using B&hdlyser.
The substrate thickness is varied from 0.04pm4qu®n while
keeping its length, and height as standard fixedirpaters.
This paper mainly focuses on estimating the widthacitance

(Ry) while varying the thickness of the substrate tintain the
aspect ratio concepts. The thickness resistanaeatsss from
0.43Q/square to 0.048/square when the thickness is varied
from 0.04pm to 0.4pum due to sheet resistance corji&p
The variation in thickness of the substrate hasnmgact on
height and width resistances as shown in Fig. 7.
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__ 05 0.06 _
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Fig. 7 Simulation results of interconnect resiseafor the proposed
adder

(C.), height capacitance Cand thickness capacitance,)(C C.Layout Inductance of the Proposed Full Adder Cell

while varying the thickness of the substrate tontsan the
aspect ratio concepts [16].
decreases from 257.144 fF/mm to 88.214 fF/mm. Tdight
capacitance increases from 75.46 fF/mm to 105.Farh.
The width capacitance increases from 78.948 fF/nam
109.074fF/mm for the proposed adder circuit as shimwFig.
6.
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Fig. 6 Simulation results of interconnect capadtafor the proposed
adder

B.Layout Resistance of the Proposed Full Adder Cell
The proposed adder parasitic resistance valueeobfer is

Consequences of on-chip inductance include ringind

The thickness capamtanovershoot effects, reflections of signals due tgeddance

mismatch, inductive coupling between lines, andtavimg
noise due tolLdi/dt voltage drop [17]. The proposed adder
Eircuit layout inductance of a section in a ciradn always be
evaluated as shown in (11).
AV = Lﬂ
dt
The inductance of the proposed full adder circuifoicused
by varying the thickness of the substrate whilepikeg width
and height as constant parameters. According toirspand
thickness concept, when the substrate curren) ecomes
large, inductance values are much desired whilginguthe
thickness of the layout. The layout thickness isiedhfrom
0.04pm to 0.4pm according to CMOS design rules. The
simulation to estimate the interconnect inductaméethe
proposed adder is applied for 6 metal-layer, whendupply
voltage is varied from (1V-2.5V) for 90-nm CMOS beology
[16]. The thickness inductancelgradually decreases from
0.671 nH/mm to 0.416 nH/mm. The height inductancg (
increases from 0.067 nH/mm to 0.528 nH/mm due ittktiess
absorption ratio increase in the layout. The wiidituctance
(L) decreases from 0.508 nH/mm to 0.437 nH/mm as show

j11

proportional to its length. and inversely proportional to its in Fig. 8.
cross-section ared The resistance of a rectangular conductor
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Fig. 8 Simulation results of interconnect Induc&for the proposed

adder [13]
Due to the increase in substrate layout current the

interconnect inductance values also increases.ultstgate
currents are high in the layout the rate of chaofjeurrent
also increases at a constant bias-voltage. Theciive
coupling between the parasitic layers increasesrdom to
mutual inductance concept.

[14]
[15]

[16]

VI. CONCLUSION [17]

In this paper, a novel Multiplexer based full addecuit
has been proposed. The proposed circuit is desigpetsing
DSCH 2 CAD tool and layouts are generated by using
Microwind 2 CAD tool. The parametric and intercoohe
analyses are done by using BSIM 4 analyzer. Thepeoison
for the proposed circuit has been carried out imsethe
power consumption, propagation delay and powerydela
product for circuit optimization. The proposed addircuit is
analyzed for the parametric analysis, the restiltavs better
performance than other six existing adder circlitgther, the
proposed adder circuit is also simulated to esBmat
interconnect layout parameters which give a better
performance at low voltage applications in termslafer
propagation delay and less power. The proposedr aideit
may be suitable to use at low voltage, high speédIV
interconnect circuits
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