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Design of Efficient Complex Gate using 45nm

Technology
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Abstract: In this paper, we designed complex gate which is
having very good performance in terms of delay. Thisis achieved
by increasing threshold voltage. The reduced delay and its
percentage variation with respect to threshold voltage is shown
below in the result analysis. Increasing of threshold voltage not
only reduces delay but indirectly reduces leakage power
consumption. Now-a-days Efficient Complex Gate using 45nm
technology is preferable because of its delay and power.
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. INTRODUCTION

In today’s environment, to implement rea time
applications like video compression, graphics, gaming etc.
designers have been primarily focused on speed optimization.
For designing al these real time applications with
semiconductor IC’s, one has to focus for portability of the
device where packaging isdone with low power consumption.
Reduction of power consumption in VLS| Systems plays a
vital role because it maximizes the run time. Power
consumption aso effects on delay, chip density, size and life
of battery[1].

Power dissipation in VLS| systems are essentially three
types i.e, dynamic power dissipation, Short circuit current,
lieakage- IN lOgic gates, charge and discharge of load
capacitance creates dynamic power consumption whereas
shorting of P,N Branches forms logic gate changes state
momentarily results in cut off dissemination and leakage
current occurs when the system is not powered or in Standby
mode[2].To overcome this problem, Researchers focused on
components which consumes low power and design
techniques because for every 10° C rise in temperature,
silicon failure is doubled in devices with higher power
consumption. Power is a supernatural improvement which
assembled significance with the advancements of profound
submicron hubs and more current VLSl nanometer
innovationg[3] .
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We have designed efficient complex gate of Boolean
expression
D+A(B+C

The above equation-lisimpl emehted with 45nm
technology in cadence tool which is having low power
dissipation, area and delay.

II. LITERATURE SURVEY

2.1 Complex Gates

Complex Gates are widely used in chip design of VLS
circuits. The advantage of this complex gates are they can be
designed in very efficient manner based of powerful
combinations of series and parallel connection of
transistorg[12].

2.2 45Nm Technology

In 45nm technology, bulk manufacturing is done by
transistors with high-k+metal which is of dielectric material.
Double patterning method is used in fate patterning.

There are two main reasons using this gate material. One it
improves the stress enhancement integration. Thisis done by
transistors with double metal-gate + high-k dielectric. The
second one is the shifting to 45nm technology node pitches
from 193nm dry lithography. These two features improved
transistor performance for leading industry.

1. SOURCESOF POWER DISSIPATION

Any system either it may electrical or electronic the rate of
power dissipation in aparticular interval of time iscalled
power dissipation. They are named as peak and average
power dissipation. The maximum momentary power for a
given time is caled maximum power. It mainly effects
reliability of the device by producing glitches in the circuit.
This indirectly makes malfunctioning of the circuit.

Next one is average power which effects coolness and the
method of packing of the device. The total or net power
dissipation is given by the below expression [2].

Pt)=VO)*I(t)...cceevnenn.. 2
Where V(1) is the biasing voltage provided by power supply
and I (t) is the instantaneous current. In general power can be
minimized by concentrating on average or max. instantaneous
power. As we aready discussed earlier, the total power
dissipation of Complementary MOS logic circuits are
leakage, dynamic and short circuit power. Hence, total power
distraction of Complementary Metal Oxide Semiconductor
circuit isasfollows.

Prota=Pauitching* Pshort T Pleakage
PSNitching:a CLVZf
Pshont=t0V Ishort
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Pieakage=V | eskage
C. can be the capacitance connected at the output which acts
as capacitance of load, f can be Switching Frequency ,V can
be Voltage, o can be time response,

High Capacitance

Fig 1(a):High capacitance load. Figl(b):L ow capacitance
load
leakage power dissipation

The above Figl(a) & Figl(b) shows that the high and low
capacitance of load |eakage power dissipationinreversebias.
A reverse bias current is formed due to leakage due to
subthreshold, tunneling of gate oxide terminal, substrate of
deviceand the diffused region. These biased current and | jesage
causes static power[2][3].

Subthreshold
S— Leakage

T1-OFF | | T PN junction
\ Subthreshold ... leakage } \ | leakage from
] 71.04 |Leakage current e § B 4 | noweedl
g i o/
-
vy o
| ¥
0 P 1 ¢—0
| —
ol . 1\
2o |6 !
Gate leakage ™7 \ % & PN junction
) | SR Y2-ON I'
eakage o e

cument
v * substrate

Fig. 2 - Short circuit power dissipation

Fig 2 showsthe power dissipation dueto shorting M OS
branchesand it is observed from experimental resultsthat this
power isreduced by nano technology. In our paper, we reduce
this power by introducing 45 nm technology for complex gate.
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Fig 3.Dynamic power dueto load capacitance

Fig 3 shows that the charge and discharge of load
capacitance creates dynamic power. The dynamic power
consumption is higher as compared to other power
consumptions[4]. Hence, reduction of this dynamic power
playsavita rolein VLSI circuits.
3.1 Threshold Voltage and Delay

The minimum amount of voltage required to make
transistor ON iscalled Threshold voltage.
Threshold Voltage varies with different parameters like
amount of Doping, Thickness of oxide and Source to
Body Voltage (Body bias voltage)[6].
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nMOS

VB Pullup
¥ Network
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The amount of time required time for the circuit to change
the output fromeither high-low or low-highiscalled as Delay
time.ltisgenerally 50% of input—output switching time which
is shown in below figure.

tr = Rise transition time
tf = Fall transition time
tphl = Propagation delay high-low
tplh = Propagation delay low-high

Vo

Fig 4: Threshold voltage
Delay timeis expressed as
Te=(TontTon
2

3.2 Threshold Voltage Vs Delay

To overcome the problem of power consumed, the delay
should be reduced. Thisis achieved by hopping of threshold
voltage. The method of threshold voltage variation
dynamically on aload is called threshold voltage hopping(i.e,
V <sub>TH</sub>-hopping)[7].
3.3 Area Estimation:

Arearequired to implement any given logic by the product
of horizontal and vertical dimensions.

[11. METHODOLOGY

Complementary logic gate is a combination of network
consisting of 2 sub systems which are pull-up and pull-down
networks. They can aso be named as PUN and PDN
Networks. Below figure shows the logic gate with N possible
inputs. Here al the N inputs are to be connected to both PUN
and PDN networks. The pull-up network connected between
Vdd and output and pull-down is connected between output
and ground. If the output is connected to Vdd then output
becomes logicl(i.e, High). If the output is connected to Vss
then output becomes logicO(i.e, Low)[5].A CMOS logic can
be designed in an exclusive manner in such a way that only
one of the network that may be pull-up or pull-down will
conducts in steady state. A short circuit path will be created
between Vdd & output for high logic of input and for low
logic of input ashorted path will takes place between Vssand
Gnd.

Voo
n T
LIy S—
In, O BUN pull-up: make a connection from Vi, to Fwhen
H Filn,in,, ... In) =1
Iy O——
=0 F{in.in; ... In,)
Iy o
I o : PDN pull-down: make a connection from Vpp 1o V,, when
v Flinyins, ... In)=0
Iy O——
L
VSS

Fig 5:CM OSwith Pull-up & Pull-down systems.
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Here up Network consists of PMOS transistors & down
system PDN consists of NMOS transistors and all the
transistors acts as a switch and controlled by its input signal.
A PMOS transistor gets turned ON for logic O input and
NMOS transistor ON for logic 1 input.

IV. IMPLEMENTATION OF CMOSCOMPLEX
GATE

Development of any other logic using CMOS Inverters:
Once if we have designed CMOS inverter, any logic can be
implemented by it. The logic will be implemented by putting
the logic expression in sum of product form i.e, with
inversion at the output which isindicated by the bar at the top
of the logic expression[6].There are two main principles in
the logic implementation using PMOS and NMOS transistors
for CMOS design style. They are the following one[5][7].

» In pull up network, if we have AND(i.e. dot symbol) logic,
PMOS transistors are connected in paralel whereas for
OR(i.e.,+ symbol) transistors are connected in series.

» In pull down network, if we have AND(i.e. dot symbol)
logic, NMOS transistors are connected in series whereas for
OR(i.e.,+ symbol) transistors are connected in parallel.

51 CMOSCOMPLEX GATE:

vout

Fig 6: CMOS complex gate for
D—.{(B—C'i

From the above circuit A,B&C,B are inputs and Y is the
output. Here we can check the output for our logic using
different inputs are explained below(8].

» |If A=B=C=D=0, dl the PMOS gates (pull up gates) arein
ON condition because PMOS will be in ON state for logic 0
input then all the PMOS circuits are allow the Vdd to pass
through it. In pull-down network all the NMOS circuits are
OFF for the logic O condition, so the Vdd which is passing
through the pull-up network will not allowed by the pull down
network, then total power passed to the output side through
the pull up network then output will become high(l.e,
Y=1)[9].

» If A=0,B=1,C=0,D=0, here in pull up network A,C,D
transistors are ON for logic 0 asinput and B transistor is OFF
for logic 1 as input[9][8]. In pull down network only B
transistor is ON condition aslogic 1 asthe input. Herein pull
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up network the VVdd will pass through the transistors D ,A to
the output Y, here no short circuit will established through the
transistor B (B is off condition).In pull down network only
transistor B isin ON condition but it is connected parallel to
thetransistor C seriesto the transistor A and here A isin OFF
condition, so no short circuit path is established to the ground
then output will become high(l.e, Y=1).

» If A=0,B=0,C=0,D=1, In pull up network transistors A,B
and C are ON and D is OFF and in pull down network
transistors A,B and C are OFF & D is ON then output Y isO.
» If A=0,B=0,C=1,D=0, In pull up network transistors A,B
and D are On and C is Off and in pull down network
transistors A,B&D are OFF and C is ON then output Y is 1.
» If A=B=0,C=D=1, In pull up network transistors A,B are
ON and C,D are OFF and In pull down network transistors
A,B are OFF and C,D are ON then output Y isO.

» If A=0,B=1,C=0,D=1, In pull up network transistors A,C
areON and B,D are OFF and In pull down network transistors
A,C are OFF and B,D are ON then output Y isO.

» If A=0,B=1,C=1,D=0, In pull up network transistors A and
D are On and B&C are Off and in pull down network
transistors A,D are OFF and C,B are ON then output Y is 1.
» If A=0,B=1,C=1,D=1, In pull up network transistors A is
ON and B,C,D are OFF and In pull down network transistors
A is OFF and B,C,D are ON then output Y isO.

» If A=1,B=C=D=0, In pull up network transistors A is OFF
and B,C,D are ON and In pull down network transistors A is
ON and B,C,D are OFF then output Y is 1.

» If A=D=1,B=C=0,, In pull up network transistors B,C are
On and A,D are Off and In pull down network transistors
A&D are On and C&B are Off then output Y isO.

» If A=1,B=0,C=1,D=0, In pull up network transistors B,D
areON and A,C are OFF and In pull down network transistors
A,C are ON and B,D are OFF then output Y isO.

» If A=1,B=0,C=1,D=1, In pull up network transistors A,C,D
are OFF and B is ON and In pull down network transistors
A,C,D are ON and B is OFF then output Y isO.

» If A=0,B=1,C=0,D=0, In pull up network transistors A,C,D
are ON and B is OFF and In pull down network transistors
A,C,D are OFF and B isON then output Y is1.

» If A=1,B=1,C=0,D=1, In pull up network transistorsA,B,D
are OFF and C is ON and In pull down network Transistors
A,B&D are On while C is Off then output Y isO.

> If A=1,B=1,C=1,D=0, In pull up network Transistors
AB&C are Off and D is On and in pull down network
Transistors A,B&C are ON & D is Off then output Y isO.

> If A=1,B=1,C=1,D=1, In pull up network all Transistors
A,B,C&D are Off while In pull down network Transistors
a,b,c&d are On then output Y isO.

V. SOFTWARE USED

The designed complex gate using CMOS logic have been
implemented in cadence virtuoso tool in 45nm
technology[11]. Cadence provides ease of environment for
characterization and validation solutions, simulation, design.
It also provide automation of layout. Cadence also provides
characteristics like, power analysis, delay, area etc.

In our paper we observed delay variation with threshold
voltage hopping.
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The other performance characteristics like power and the
area have been estimated where we discussed earlier[10].
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Fig 7 : Schematic I mplementation of CM OS Complex
gate with expression of equation-(1) in cadence
The above complex circuit is designed in cadence tool with
the logic of eguation-(1) as shown above.It has 4 inputs and
single output.We can generate different outputs by changing
input combi Dati ons.
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Fig 8 :Generation of symbol for Complex Gate
The above figure shows the schematic of the complex logic
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The above figure showsthe schematic of the complex gate,
Here we can test the circuit by applying input pulse ,supply
and ground.We can observe the performance of the circuit by
giving different voltages.

Fig 10 : Simulation of test circuit
For simulation select inputs and outputs of test circuit and
click on run then we will get the below shown output
waveforms.
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Fig 11: Outputs wavefor ms of Complex gate
The above figure represents the output signals for the
corresponding input signals in different colours where blue
represents input signal D, pink represents input signal C,
green representsinput signa B, violet represents input signal
A and violet represents output signal.
Table 1:Comparison of delay with respect to threshold

Manager| [ tast] [ADE L [2) €] iro

for equation-(1) generated from the transistor level diagram voltage
using cadence tool. S.No. Threshold voltage(V) Delay(ps)
1 0.1 113.3
2. 0.2 102.4
3. 0.3 94.92
4, 0.4 87.76
5. 0.5 80.72
6. 0.6 73.18
7. 0.7 66.84
8. 0.8 59.96
9. 0.9 53.12
10. 1 46.3
Fig 9: Test circuit of Complex Gate
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The above table shows the values of Threshold voltage Vs VIII. CONCLUSION

delay for the_ logic of equation-(l), Here_we can observe that In this paper, we designed complex gate which is having
the delay is decreasing by increasing the Threshold ery good performance in terms of delay. Thisis achieved by
voltage.By decreasing the delay automatically the power and  jreasing threshold voltage. The reduced delay and its
areawill also decreases. percentage variation with respect to threshold voltage are
- , \ shown below in the result analysis. Increasing of threshold
¢ OMPARISQN OF THRESH,OLD voltage not only reduces delay b)l/Jt indirectly re%ucas leakage
VOLTAGEAND DELAY power consumption. Now-a-days Efficient Complex Gate
using 45nm technology is preferable because of its delay and
power.

B Threshold voltage(V)  ® Delay(ps)
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