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ABSTRACT

The demands of upcoming computing, as well as the challenges of nanometer-era of VLSI
design necessitate new digital logic techniques and styles which are at the same time high
performance, energy efficient and robust to noise and variation.

Threshold logic gates are mainly used to design high performance circuits because of their high
speed. Conversely, the vital demerit of threshold logic style is its high power consumption. With
continuous technology scaling, this problem is getting more and more severe. For this reason a
new circuit has been proposed which can implement various linearly separable logic functions in
one circuit by varying circuit control voltage. A multi valued circuit also designed to generate
discrete voltage levels. A detailed study of AND, OR, XOR and Majority Gate and Full Adder
circuit has been implemented by using various circuit design techniques such as: capacitive
voltage divider threshold logic (CVDTL), CMOS Output Wired logic circuit. A minnick counter
also has been designed here.

Minnick counter is a special kind of electronic circuit that is employed to determine the number
of ones in a binary input sequence. Here | have proposed a circuit which can determine the
number of ones in a binary sequence. If we look close to the circuit then we may find that this
circuit can also be used as a Full Adder circuit with a little modification. The three bit Minnick
Counter Circuit can act like an one bit Full Adder .The circuits were designed and then simulated
using simulation software Tanner EDA for validation.


https://www.semiwiki.com/forum/showwiki.php?title=Tanner+EDA:Tanner+EDA+Wiki

CHAPTER: 1

1.1. INTRODUCTION

Very Large Scale Integration (VLSI) is the process of creating an Integrated Circuit (IC) by
combining thousands of transistors into a single chip. VLSI began in 1970s when complex
semiconductors technologies were being developed. The microprocessor is a VLSI device.
Before the introduction of VLSI technology, most ICs had a limited date of functions they could
perform. An electronic circuit might consist of CPU, ROM, RAM and other logic elements.
VLS| lets IC designers to add allow these into a single chip.

Today the entire domain of electronics — from designing to fabrication and testing — everything
falls under the domain of VLSI technology. Though engineers and scientists have geared up to
implement ULSI (Ultra Large Scale Integration), VLSI still remains as a touted choice among
designers since VLSI is based on the micron technology and designing circuits in micron
dimension is comparatively easier than designing the same in nano or pico dimensions.

Keeping this in mind, current project is based on culturing a part of this VLSI technology, design
aspect where | have not only designed the circuits in concerned but also | have simulated them
using VLSI simulation tools.

We know that the cell level of every circuit is the logic gates. Conventional logic gates include
AND, NAND, OR, NOR, XOR, XNOR & NOT gates namely. Here, | have designed a different
logic element called the threshold gate or T-gate. Using the T-gate, | have shown that the number
of transistors required for designing the various circuits has been reduced.

Here the Threshold gate has been designed using Output Wired CMOS Inverter Circuit,
Capacitive voltage divider Threshold Logic (CVDTL).Minnick Counter has been designed by
using capacitive voltage divider Threshold Logic and Output Wired logic.

All the circuits included thereafter have been designed and simulated using Tanner EDA. Tanner
is useful software for electronic circuits. It is used to design and simulate electronic circuits so
that we can see the responses both DC and transient responses and measurement of various
circuit parameters.



1.2. THRESHOLD LOGIC

Threshold logic (TL) itself was first introduced by Warren McCulloch and Walter Pitts in 1943
in the early model of an artificial neuron based on the basic property of firing of the biological
neuron. The logic computed the sign of the weighted sum of its inputs. Modeling a neuron as a
threshold logic gate (TLG) that fires when input reaches a threshold has been the basis of the
research on neural networks (NNs) and their hardware implementation in standard CMOS logic.

A linear threshold gate (LTG) is an n binary input and one binary output function. Threshold
Logic Gates are able to compute any linearly separable Boolean function given by -

0,iff(x) <0
1;lff(X') 2 O ...........................

FOO) =X Wixi — W ()

Where x; is the n Boolean inputs and w; is the corresponding n integer weights. The LTG
compares the weighted sum of inputs and the threshold value y. If the weighted sum of inputs is
greater than or equal to the threshold, the gate produces logic 1. Otherwise, the output is logic.

¥ = sgn(f(0) = {

The basic Boolean logic functions AND, OR, NAND, NOR and NOT can be represented in the
form of (1) and (2) as follows:

AND(x1, x2)  =sgn{x1+ x2-1.5}
OR(x1, x2) = sgn{x1+ x2-0.5}
NAND(x1, x2) =sgn {- x1- x2+1.5}
NOR(x1,x2)  =sgn {- x1- x2+0.5}
NOT (x1) =sgn {- x1+0.5}

These basic logic functions can be designed with threshold gate as shown in figure 1.In this
diagram AND gate is designed. Other gates can be also designed by changing the weights and
threshold values.

Threshold gates can be implemented by analog as well as digital circuits. Here we have
implemented the majority gate which is a threshold gate using output wired CMOS inverter
circuit, Capacitive voltage divider threshold logic and B driven threshold logic. Here the
threshold gate has been implemented using 3 driven transistors where the current amplification
factor is varied in proportion to the weight to be implemented by the following 2 methods:

» By varying the device geometry i.e. by varying (W/L) of the MOS.
» By varying a control voltage which in turn controls the effective § of the MOSFET .



1.3. CAPACITIVE VOLTAGE DIVIDER THRESHOLD LOGIC (CVDTL)

The CVDTL gate derives its name from the capacitors which are used to implement the weights.
There are several advantages of using capacitors to implement the weights:

e When the process which is used to integrate the capacitors supports two poly silicon
layers which is not uncommon capacitors take up very little area very high integration
densities can therefore be achieved.

e Capacitors of identical value can be easily reproduced. Note that it is difficult to produce
a capacitor of a given value. With CVDTL gates only the relative values of capacitors are
important. Although it is difficult to make a capacitor which exactly twice (or any
number of times) as large as another capacitor, it is no problem whatsoever to make many
capacitors which are all equal in value. This is called a “unit capacitor”. Any desired ratio
between capacitors can be created by putting the required number of unit capacitors in
parallel.

e Because of the way capacitors are used here the gate inputs have very high impedance.
The sources driving the inputs have to deliver only very limited power, which should
benefit the speed of circuits, made up the CVTL gates.

These qualities make capacitors pre-eminently suited to be used as weights in a TL gate
implementation. Resistors which are about the only alternatives available score very weak on the
qualities mentioned above. They consume quite a lot of idea to be integrated, and a difficult to
manufacture to a specified accuracy. For an area efficient integration of resistors and for the
integration of registers with precise values additional processing steps are needed which makes
the use of registers and weights far less generally applicable.



C = 1pF
BEEE
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Fig. 1.1: A typical two input capacitive voltage divider circuit

This figure shows a capacitive voltage divider with two inputs. One terminal of each capacitor is
connected to a common node and the other terminal of each capacitor is connected to the input.

Note that there are as many capacitors as there is input, and that each capacitor can be connected
to exactly one input. The (relative) size of capacitors determinants the weight which is associated
to the input.
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Fig. 1.1: Input sequences for previous circuit
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Fig. 1.2: Current waveform of - C1

If we carefully observe the current graph of the capacitive voltage divider, then we can see that
the current is only flow when the inputs change their states.
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Fig. 1.3: Current waveform of — C2

In the circuit implementation the common node to which all the capacitors are connected is also
connected to the input of an inverter. The output was decided by the threshold value of the
inverter and the voltage level at the common node.
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0.00n 5.00n 10.00n 15.00n 20.00n 25.00n 30.00n 35.00n
Seconds

Fig. 1.4: Voltage level at the common node for different input sequence




In theories regarding threshold logic the threshold value is usually specified as an integer
number. This is convenient as the weights are also specified as integers. The use of the Sgn
function, which is a step function allows for convenient modeling of the threshold behavior.

cl
C = 1pF
M=1
Input_1 T !
V1
4
c2
C =| 1pF
= EEE

3

c
M

C
Input_3 =
- V3

utput

Print Voltage

1pF

Fig. 1.5: A typical three input capacitive voltage divider circuit
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Fig. 1.6: Voltage level at the common node for three inputs
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Fig. 1.7: A typical three input capacitive voltage divider circuit
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Fig. 1.8: Voltage level at the common node for four inputs



In this chapter the concept of capacitive voltage divider threshold logic was explored as a result
several observations can made regarding the capacitive voltage divider logic Gate:

The exact value of threshold voltage of the inverter is not important for the functioning of
CVDTL.

The exact value of the capacitors is not important, only their value relative to each other matters,
and should be sufficiently accurate. This is especially true when the weights vary over wide
range.

Operation of CVDTL gate is centered around the voltage at the common node. The voltage
assumes discrete values, with the size of the steps being determinant by the number of inputs.
This limits the maximum number of weights which can be used in a single CVDTL gate.

1.4. CMOS Output Wired logic circuit

The terms CMOS output wired logic circuit refers to a CMOS circuit where the outputs of
several inverters are wired together. Instead of acting as a switches (standard digital CMOS) the
transistors act as a variable resistors controlled by their gate voltages. The circuit may thus be
represented as a resistor network where conducting transistor are represented by small resistors
and non conducting transistor by large resistor.

It is possible to exploit the concept of a resistor network for generating various logic functions.

Input_1

Input_2 Output

Input_3

Fig. 1.9: Typical CMOS output wired logic circuit for three inputs
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In the previous circuit (Fig.1.9) if the below input sequence was fed then, a multi valued signal
was generated.

A

2.500
2,000
21500 £
S1.000
0.500 £
0.000 &

2,500
2,000 §
21500
S1.000 §
0.500 £
0.000 &

2.500
2.000
21500
S1.000 §
0.500
0.000 E 1 1 1 1 1 1 1 L 1 1 L 1 1 L

1 1 1 1 1 1 1
0.00n 10.00n 20.00n 30.00n 40.00n 50.00n 60.00n 70.00n
Seconds

Fig. 1.10: A typical inputs sequence
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1.000

0.500 -; k

T T T T T T
0.00n 10.00n 20.00n 30.00n 40.00n 50.00n 60.00n 70.00n
Seconds

Fig. 1.11: A multi valued signal

11

80.

00n



Input_1

Input 2 Final
Output

Input 3

Fig. 1.11: Typical CMOS output wired logic circuit with a threshold element

By changing the aspect ratio (W/L) of threshold element we can generate various logic functions,
without increasing the circuit complexity.

By buffering the ganged the node with a simple CMQOS inverter, a number of advantages are
obtained. First of all the ganged node is effectively isolated from external circuitry, its value is
neither transmitted on long interconnect wires and corrupted by noise, nor does it drive complex
gates, where any voltage exceeding a transistor threshold can cause a logic error. Essentially, one
can tolerate much lower noise margin on a local node than on a global node. This benefit is
enhanced by the inverter’s inherent encoding action, it is high gain results in a sharp distinction
between low and high input.

CMOS output wired logic circuit results in lower transistor count for more Complex functions.
Although it is true that the Exclusive use of inverters limit the area saving parallel and series
layout of transistors, the lower transistor count overcome this area deficiency. For Further area
saving, it is possible to group n- channel and p-channel transistors, such that the inverter’s two

12



transistors are not constrained to be physically adjacent. It is also possible to alter p and n area
requirement by enhancing the encoding inverter threshold.

1.5 - DRIVEN THRESHOLD LOGIC

Hardware implementation of threshold logic elements is intriguing. Since threshold functions are
a subclass of Boolean functions, any threshold function can be naturally represented as a
superposition of operations of any functionally full basis. The question arises whether this design
is a traditional one or a more simplified implementation of any arbitrary logic functions.

A threshold function is defined as
y =sign(Xlswix, —T) =1 if Eiwix;—T)=0

Where wi is the weight of the i'" input and T is the threshold. Thus a threshold should consist of
an adder and a threshold comparator. Hence, a threshold element is an analog-discrete or at
least, multi-valued binary element. So, all the problems we have in multi-valued logic can be
implemented using threshold logic.

Vout

Fig. 1.12: Basic - driven structure

13



In the static mode, when both transistors are completely conducting the output voltage Vout is
determined by a = /B, and by Vinp and Vinn .Vour drops when o increases and increases when
a decreases. This trivial thing is the base for the idea of a threshold element implemented by
output-wired CMOS inverters. The class of threshold circuits produced by the CMOS couple in
Fig. 1 will be referred to as the B-driven threshold elements (BDTE).

Effect of a on the output voltage of the basic CMOS structure

The following 3 possibilities of @ = f8,,/,have been simulated.

Case l:a = Bn _ 1
- Bp

I MNMOS_2:drain:| EEEEE MPMOS_1:source:l

300.0p4

250.0p4

200.0p4

ps

150.0y-

Am

100.0y-
50.0p4

0.0p+ 1 L L L 1 1 1 L L L L L 1 1 1 L L L L 1 1 1 L L L L 1 1 1 1 L L L 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1
0.000 0.200 0.400 0.600 0.800 1.000 1.200 1.400 1.600 1.800 2.000 2200 2.400

Fig. 1.13: I-V Characteristics for o = 1

Case2:a==—>1
p
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I NMOS_2:drain:| IEEEE MPMOS_1:source:l
240.0uf e ———

2000
2uo.ou-f
130,0;;-5
1eo.ou-f
140.0[)-5

120.004

Amps

100041
800

60.0u

a0.0pf
2000
0.0p 1 1 1 L 1 1 L L 1 1 L 1 1 L L 1 1 L 1 1 1 1 1 1 L 1 1 L 1 1 1 L L 1 1 L

1 1 1 1 1 1 1 1 1 1 1 1
0.000 0.200 0.400 0.600 0.800 1.000 1.200 1.400 1.600 1.800 2.000 2.200 2.400

Fig. .1:14 1-V Characteristics for o > 1

Case 3:« =%< 1

D

I INMOS_2:drain:! HEEEE MPMOS_1:source:l
e ——

700.uu-:
600.0u]
so0.0u]
3400.0;;-:

300.0p4

200.0p

10000

Fig. 1.15.: I-V Characteristics for a < 1

It is evident from the above simulation results that the output voltage Vout and the amount of
Drain Current (Ip) flowing through the CMOS circuit depends on the value of B.The above
observation can be summarized in the following table (assuming that |Vth, p| = |Vth,n|)

15



B ﬂp a = Bn/ﬂp Vout
Vdd
IBn>:8p a>1 Vout<T
Vdd
ﬁnzﬂp a=1 VoutzT
vdd
IBn<.Bp a<l VOUt>T

Now we consider 2 NMOS, M1 and M2 with respective f-values being 1 and B2 connected in
parallel. X1 and X are their respective inputs.

¢|m ¢|m
ﬁ w — e

Fig. 1.16: Two NMOS connected in parallel

X1 X2 I>1 1o ltotal
Case 1: 1 0 P 0 Pe
_— f(VDS,VGs) f(VDS,VGS)




: 0 B2 B2
Case 2 0 1 f(Vos,Vas) | (Vs Ves)

- Bl BZ (Bl + BZ)
Case 3: 1 1 f(VpsVas) | f(VpsVas) | f(Vps Vas)

The above table shows that the total current through the circuit (liotal) depends on the sum total of
the B-values of the NMOS. So, Befr = f1 + B2T0 be more precise Berr = X1f1 +X2 B2. Thus, if we
consider ‘n’ number of NMOS M1, Maz...M, with respective B-values being B1, B2... Bn connected
in parallel as shown in Fig. 4.6, then effective B-value for NMOS is

n
Brefr = Z 1Xi Bi
i=

Vg

7

¢I|:-1 J'Inz ¢|Dn
ﬁ wi —] Mz...}r{ Mn

X2

Fig. 1.17: ‘n’ NMOS connected in parallel

Similarly, if we have ‘p” number of PMOS connected in parallel as shown in Fig. 1.17, then
effective p-value is

P
Boerr = Z X;iBj
j=1

In this case, X]- is considered because a pMOS is turned on only when Vsg=V .
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Via

7

¢|m ¢|Dz ¢|Dp
T g e o

X2

Fig. 1.18: ‘p’ PMOS connected in parallel

Hence, for a CMOS circuit having ‘n’ number of NMOS and ‘p’ number of PMOS shown in Fig.
3.d, the NMOS and PMOS blocks can be separately considered as a single combination of one

NMOS and one PMOS with respective B-values being Pn.eff and Bp.eff as shown in Fig. 4.8

Vdd

A LA
A A

Vuut

el

n n n

Fig. 1.19: Multiple p-MOS and n-MOS arrangement
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Vaa

Uﬂut

Via 4' [ Jp

Fig. 1.20: Effective CMOS circuit

n
. . . X
Hence, it can be said that o = 2/l — —Zifl =
peff  Li=1Xi

Synthesis. If the output inverter threshold is properly selected, the circuit implements a majority
function of n variablesSign(a — 1).

Sign(a —1) = Sign( X — Zn:)?i> = Sign (Zn: X — Zn:(l - Xi)>

n
i=1 i i=

= sign (ST X - 3)

The input weights for an arbitrary threshold function can be introduced by multiple
magnifications of the transistors’ widths in the respective invertors. The threshold can be

changed with respect to average level by incorporating permanently open transistors of
appropriate width. This seemingly exhausts the task of BDTE logical.
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CHAPTER: 2

2.1. IMPLEMENTATION OF CAPACITIVE VOLTAGE DIVIDER
THRESHOLD LOGIC (CVDTL)

A
/ %

U3
1 H=1 M=l

g - PHOS_L {0 = 260n PUOS_Z <} ) = 260n

L o B L = 240n L = 240n
Input 1 T

vl
= \Output:
I Print Voltage
M=l M=1

% | ’

cz 2 =
Print Voltage 1pP Lo f ; gzgi i r‘] ; ggg:
g <
" ]

e

Brafon avrxg

=
—

hz andur

Fig. 2.1: OR gate circuit diagram using CVDTL

In the above picture capacitor divider circuit use as a driver circuit (two same value capacitors
have been used here).First CMOS inverter circuit has been used as a sensor. It detects two values
Af input is less then threshold value then it shows logic one. If input is greater then threshold
value, then it shows logic zero. If we shift the threshold value of this cmos by the varying of
width of mos ( by different nano meter technology), then we design various logic gate. here we
design or gate by using CVDTL.
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S1.000
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T T T
0.00n 5.00n 10.00n 15.00n 20.00n 25.00n 30.00n 35.00n
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Fig. 2.2: OR gate output waveform using CVDTL

The above wave form shows, if any input is one then output will be one.
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Fig. 2.3: Average power consumed by OR Gate using CVDTL in different NM
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Fig. 2.4: Time delay of OR Gate using CVDTL in different NM
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T-Spice Code:

FhxkAxx** Simulation Settings - General Section *****xx**x

.probe

.option probev

.option probei

.option probeq

.include "C:\Users\Supratik\Documents\Tanner EDA\Tanner Tools v16.0\New Model Files\Nagendra
Krishnapura\TSMC 250nm CMOS.md"

*kkkk Top Level *kkkk

CC1 Input_1 N_1 1p $ $x=-200 $y=800 $w=600 $h=400

CC2 Input_2 N_1 1p $ $x=-200 $y=-300 $w=600 $h=400

MNMOS_1N_2 N_1 Gnd 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=1400 $y=-200
$W=400 $h=600

MNMOS_2 Output N_2 Gnd 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=2900 $y=-
200 $w=400 $h=600

MPMOS_1 N_2 N_1 Vdd Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=1400
$y=900 $w=400 $h=600

MPMOS_2 Output N_2 Vdd Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=2900
$y=900 $w=400 $h=600

VV3 Vdd Gnd DC 2.5 $ $x=-2500 $y=1300 $w=400 $h=600

VV1 Input_1 Gnd BIT({0011} PW=10n ON=2.5 RT=1n FT=1n LT=10n HT=10n) $ $x=-1100 $y=500 $w=400
$h=600
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VV2 Input_2 Gnd BIT({0101} PW=10n ON=2.5 RT=1n FT=1n LT=10n HT=10n) $ $x=-800 $y=-600 $w=400

$h=600

PRINT V(Input_1) $ $x=-950 $y=1550 $w=300 $h=1500 $r=270
PRINT V(Input_2) $ $x=-2450 $y=-150 $w=1500 $h=300 $r=180
PRINT V(Output) $ $x=4450 $y=250 $w=1500 $h=300

FRxAAxHE* Simulation Settings - Analysis Section ***x**xx*
.tran 0.1n 40n

FHxkAkxxkx Simulation Settings - Additional SPICE Commands *********

.end

2.2. ANALYSIS OF AND GATE USING CVDT
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Fig. 2.11: AND gate circuit diagram using CVDTL
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Fig. 2.12: AND gate output waveform using CVDTL

The above wave form shows, if any input is zero then output will be zero.

28



30

25

20

15

10

Average power consumed

N

AN

.

~

N

350 nm 250 nm 180 nm 130 nm 90 nm

=4 Average power consumed (e-5 Watts )

Fig. 2.13: Average power consumed by AND Gate using CVDTL in different NM

Time Delay (ps)

120

100 \

80 \

60 \

o N
. ~.

time delay(pico sec)

350 nm 250 nm 180 nm 130 nm 90 nm
different nanometer techonology

=&—Time Delay (ps)

Fig. 2.14: Time delay of AND Gate using CVDTL in different NM

29



PDP(f))

35

30 \
25

15

. \
5 0

—

0
350 nm 250 nm 180 nm 130 nm 90 nm
== PDP(f])
Fig. 2.15: Power Delay Product of AND Gate using CVDTL in different NM
Static Power (e-09 Watts)
8
7 L

: N

, ~

3 \/\
2 \
1
0
350 nm 250 nm 180 nm 130 nm 90 nm

=4—Static Power (e-09 Watts)

Fig. 2.16: Static Power of AND Gate using CVDTL in different NM

30



Dynamic power consumed

30
) \\
20 \
) \
10 S e

5

0

350 nm 250 nm 180 nm 130 nm 90 nm
=4=Dynamic power consumed (e-5 Watts )
Fig. 2.17: Dynamic Power of AND Gate using CVDTL in different NM
Average power consumed (e-5 Watts)

40
35
30 \
- \\\\
20
1s A
° o M

5 : —ie e —¥ N

0 n— \(

-20 0 20 40 60 80 100
=9=350 nm =l=250 nm ==180nm ==%=130nm ==3{=90nm

Fig. 2.18: Average power consumed by of AND Gate using CVDTL in different NM and in
different Temperature

31



Time Delay (ps)

35
30 A
N // \ /
20 el
15
10
5
0

-20 0 20 40 60 80 100

=0=350 nm =l=250nm =#=180nm e==%=130nm ==%=90nm

Fig. 2.19: Time Delay of AND Gate using CVDTL in different NM and in different Temperature

Average power consumed (e-5 Watts)

60

50 /

40

30

0 P

10

average power consumed(watt)

25 Mhz 50 Mhz 100 Mhz 200 Mhz 400 Mhz
frequency(Mhz)

e=@=350 nm =fl=250nm =fe=180NmMm e=¢=130nm ==}=90nm

Fig. 2.20: Average power consumed by of AND Gate using CVDTL in different NM and in
different Frequency

32



Time Delay (ps)

i
w

\
|

\
|

time delay(ps)
s &
T
L

|

+
5
0
25 Mhz 50 Mhz 100 Mhz 200 Mhz 400 Mhz
frequency ( Mhz)
=¢==350 nm =ll=250 nm 180 nm ==%=130nm ==#=90 nm
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T-Spice:

Fhkkkkkx Simulation Settings - General Section **x*xxx*

.probe

.option probev

.option probei

.option probeq

.include "C:\Users\Supratik\Documents\Tanner EDA\Tanner Tools v16.0\New Model Files\Nagendra
Krishnapura\TSMC 250nm CMOS.md"

*kkkk Top Level *kkkk

CC1 Input_1 N_1 1p $ $x=300 $y=1000 $w=600 $h=400

CC2 Input_2 N_1 1p $ $x=300 $y=-100 $w=600 $h=400

MNMOS_1N_2 N_1 Gnd 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=1900 $y=0
$w=400 $h=600

MNMOS_2 Output N_2 Gnd 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=3400 $y=0
$w=400 $h=600

MPMOS_1 N_2 N_1 Vdd Vdd PMOS W=1u L=240n AS=900f PS=3.8u AD=900f PD=3.8u $ $x=1900 $y=1100
$w=400 $h=600

MPMOS_2 Output N_2 Vdd Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=3400
$y=1100 $w=400 $h=600

VV3Vdd Gnd DC 2.5 $ $x=-2000 $y=1500 $w=400 $h=600

VV1 Input_1 Gnd BIT({0011} PW=1.25n ON=2.5 RT=100p FT=100p LT=1.25n HT=1.25n) $ $x=-600 $y=700
$W=400 $h=600

VV2 Input_2 Gnd BIT({0101} PW=1.25n ON=2.5 RT=100p FT=100p LT=1.25n HT=1.25n) $ $x=-300 $y=-400
$w=400 $h=600

PRINT V(Input_1) $ $x=-450 $y=1750 $w=300 $h=1500 $r=270

PRINT V(Input_2) $ $x=-1950 $y=50 $w=1500 $h=300 $r=180
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PRINT V(Output) $ $x=4950 $y=450 $w=1500 $h=300

FHxdkxxkx Simulation Settings - Analysis Section ****x*xx*
.tran 0.1n 5n

#hxAAxHA* Simulation Settings - Additional SPICE Commands *********

.end
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2.3 ANALYSIS OF XOR GATE USING CVDTL
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Fig. 2.22: XOR gate circuit diagram using CVDTL
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Fig. 2.23: XOR gate output waveform using CVDTL
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T-Spice Code:

FHkxkkARx Simulation Settings - General Section **x***xx*
.include "C:\Users\Supratik\Documents\Tanner EDA\Tanner Tools v16.0\New Model Files\Nagendra
Krishnapura\TSMC 250nm CMOS.md"

*kkkk Top Level *kkkk

CC1 Input_1 N_2 1p $ $x=800 $y=1400 $w=600 $h=400

CC2 Input_2 N_2 1p $ $x=800 $y=300 $w=600 $h=400

MNMOS_1 N_3 N_2 Gnd 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=2400 $y=400
$w=400 $h=600

MNMOS_2 Output N_3 Gnd 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=3900
$y=400 $w=400 $h=600

MNMOS_3 Output Input_1 N_1 0 NMOS W=360n L=250n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=5700
$y=700 $w=400 $h=600

MNMOS_4 N_1 Input_2 Gnd 0 NMOS W=360n L=250n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=5700 $y=-
200 $w=400 $h=600

MPMOS_1 N_3 N_2 Vdd Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=2400
$y=1500 $w=400 $h=600

MPMOS_2 Output N_3 Vdd Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=3900
$y=1500 $w=400 $h=600

VV3 Vdd Gnd DC 2.5 $ $x=-1500 $y=1900 $w=400 $h=600

VV1 Input_1 Gnd BIT({0011} PW=10n ON=2.5 RT=100p FT=100p LT=10n HT=10n) $ $x=-100 $y=1100
$w=400 $h=600

VV2 Input_2 Gnd BIT({0101} PW=10n ON=2.5 RT=100p FT=100p LT=10n HT=10n) $ $x=200 $y=0 $w=400
$h=600

PRINT V(Input_1) $ $x=50 $y=2150 $w=300 $h=1500 $r=270

PRINT V(Input_2) $ $x=-1450 $y=450 $w=1500 $h=300 $r=180

PRINT V(Output) $ $x=7550 $y=850 $w=1500 $h=300

FxExxRxE* Simulation Settings - Analysis Section ***x*x*x*
.tran 0.1n 40n

FxExxAxE* Simulation Settings - Additional SPICE Commands *****x*x

.end
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2.4. ANALYSIS OF MAJORITY GATE USING CVDTL
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Fig. 2.34: Majority gate circuit diagram using CVDTL

It is a logic gate that implements the majority function. It is a device that out puts HIGH when
the majority of its inputs are HIGH, otherwise it outputs a LOW.
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T-Spice Code:

FHkxxRARx Simulation Settings - General Section ****xxx**
.include "C:\Users\Supratik\Documents\Tanner EDA\Tanner Tools v16.0\New Model Files\Nagendra
Krishnapura\TSMC 250nm CMOS.md"

*kkkk Top Level *kkkk

CC1 Input_1 N_1 1p $ $x=2300 $y=900 $w=600 $h=400

CC2 Input_2 N_1 1p $ $x=2300 $y=-200 $w=600 $h=400

CC3 Input_3 N_1 1p $ $x=2300 $y=-1600 $w=600 $h=400

MNMOS_1N_2 N_1 Gnd 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=3900 $y=-100
$w=400 $h=600

MNMOS_2 Output N_2 Gnd 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=5400 $y=-
100 $w=400 $h=600

MPMOS_1 N_2 N_1Vdd Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=3900
$y=1000 $w=400 $h=600

MPMOS_2 Output N_2 Vdd Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=5400
$y=1000 $w=400 $h=600

VV3 Vdd Gnd DC 2.5 $ $x=0 $y=1400 $w=400 $h=600

VV1 Input_1 Gnd BIT({00001111} PW=10n ON=2.5 RT=100p FT=100p LT=10n HT=10n) $ $x=1400 $y=600
$w=400 $h=600

VV2 Input_2 Gnd BIT({00110011} PW=10n ON=2.5 RT=100p FT=100p LT=10n HT=10n) $ $x=1700 $y=-500
$w=400 $h=600

VV4 Input_3 Gnd BIT({01010101} PW=10n ON=2.5 RT=100p FT=100p LT=10n HT=10n) $ $x=1700 $y=-1900
$w=400 $h=600

PRINT V(Input_1) $ $x=1550 $y=1650 $w=300 $h=1500 $r=270

PRINT V(Input_2) $ $x=50 $y=-50 $w=1500 $h=300 $r=180

PRINT V(Input_3) $ $x=50 $y=-1450 $w=1500 $h=300 $r=180

PRINT V(Output) $ $x=6950 $y=350 $w=1500 $h=300

FxExxRxE* Simulation Settings - Analysis Section ***x*x*x*

.tran 0.1n 80n
.temp -20 0 20 40 60 80 100

FhxkAkx** Simulation Settings - Additional SPICE Commands *********

.end
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2.5 ANALYSIS OF FULL ADDER GATE USING CVDTL
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Fig. 2.45: Full Adder circuit diagram using CVDTL
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50

.00n



1.2

0.8

0.6

0.4

0.2

PDP(f))

~.

AN

N

\,740\\

350 nm 250 nm 180 nm 130 nm 90 nm

—4—PDP(fl)

Fig. 2.49: Power Delay Product of Full Adder using CVDTL in different NM

30

25

20

15

10

Static Power (e-11 Watts)

350 nm 250 nm 180 nm 130 nm 90 nm

=¢—Static Power (e-11 Watts)

Fig. 2.50: Static Power of Full Adder using CVDTL in different NM
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T-Spice Code:

Fhkkkkkx Simulation Settings - General Section **xxxxx

.probe

.option probev

.option probei

.option probeq

.include "C:\Users\Supratik\Documents\Tanner EDA\Tanner Tools v16.0\New Model Files\Nagendra
Krishnapura\TSMC 250nm CMOS.md"

*hkkkk Top Level *khkkkk

CC1 Input_1 N_3 1p $ $x=-700 $y=2300 $w=600 $h=400

CC2 Input_2 N_3 1p $ $x=-700 $y=1200 $w=600 $h=400

CC3 Input_3 N_3 1p $ $x=-700 $y=-200 $w=600 $h=400

CC4 Input_2 N_5 1p $ $x=-1400 $y=-1900 $w=600 $h=400

CC5 Input_3N_5 1p $ $x=-1400 $y=-3000 $w=600 $h=400

MNMOS_1 N_4 N_3 Gnd 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=900 $y=1300
$W=400 $h=600

MNMOS_2 Carry N_4 Gnd 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=2400
$y=1300 $w=400 $h=600

MNMOS_3 N_9 Input_2 N_1 0 NMOS W=360n L=250n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=3500 $y=-
2600 $w=400 $h=600

MNMOS_4 N_1 Input_3 Gnd 0 NMOS W=360n L=250n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=3500 $y=-
3500 $w=400 $h=600

MNMOS_5N_6 N_5 Gnd 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=200 $y=-2900
$W=400 $h=600

MNMOS_6 N_9 N_6 Gnd 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=1700 $y=-
2900 $W=400 $h=600
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MNMOS_7 Sum N_9 N_2 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=5000 $y=-
2900 $w=400 $h=600

MNMOS_8 N_2 Input_1 Gnd 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=5000 $y=-
3800 $w=400 $h=600

MNMOS_9 N_8 Input_1 Gnd 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=3100
$y=4200 $w=400 $h=600

MPMOS 1N 4 N _3Vdd Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=900
$y=2400 $w=400 $h=600

MPMOS_2 Carry N_4 Vdd Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=2400
$y=2400 $w=400 $h=600

MPMOS 3N _6 N _5Vdd Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=200 $y=-
1800 $w=400 $h=600

MPMOS 4N _9 N _6 Vdd Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=1700 $y=-
1800 $w=400 $h=600

MPMOS 5Sum N_9 N_7 Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=5000 $y=-
1800 $w=400 $h=600

MPMOS_6 N_7 N_8 Vdd Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=5000 $y=-
200 $w=400 $h=600

MPMOS_7 N_8 Input_1 Vdd Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=3100
$y=5300 $w=400 $h=600

MPMOS_8 Sum Input_1 N_9 Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=6600
$y=-2000 $w=400 $h=600

VV3Vdd Gnd DC 2.5 $ $x=-4700 $y=2800 $w=400 $h=600

VV1 Input_1 Gnd BIT({00001111} PW=10n ON=2.5 RT=100p FT=100p LT=10n HT=10n) $ $x=-3300 $y=2000
$w=400 $h=600

VV2 Input_2 Gnd BIT({00110011} PW=10n ON=2.5 RT=100p FT=100p LT=10n HT=10n) $ $x=-3000 $y=900
$w=400 $h=600

VV4 Input_3 Gnd BIT({01010101} PW=10n ON=2.5 RT=100p FT=100p LT=10n HT=10n) $ $x=-3000 $y=-500
$w=400 $h=600

PRINT V(Carry) $ $x=3950 $y=1750 $w=1500 $h=300

PRINT  V(Input_1) $ $x=-3150 $y=3050 $w=300 $h=1500 $r=270

PRINT  V(Input_2) $ $x=-4650 $y=1350 $w=1500 $h=300 $r=180

PRINT V(Input_3) $ $x=-4650 $y=-50 $w=1500 $h=300 $r=180

PRINT V(Sum) $ $x=10050 $y=-2150 $w=1500 $h=300 $r=180 $m

FxExxAxE* Simulation Settings - Analysis Section *****x*x*
.tran 0.1n 80n

FhxkAkx** Simulation Settings - Additional SPICE Commands *********

.end
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CHAPTER 3

IMPLEMENTATION OF CMOS Output Wired Logic (COWL)

3.1. ANALYSIS OF OR GATE USING COWL.:

——

Fig. 3.1: OR gate circuit diagram using COWL
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T-Spice Code:

FRxAAxHA* Simulation Settings - General Section *****x**x

.probe

.option probev

.option probei

.option probeq

.include "C:\Users\Supratik\Documents\Tanner EDA\Tanner Tools v16.0\New Model Files\Nagendra
Krishnapura\TSMC 250nm CMOS.md"

*hkkhkhkhkhkhkhkhkkkikikkikk Subcircuits *hkhkhkhkhkhkkhkkhkkhkkhkkhkhhkikikkh

.subckt Cell0 In Out Gnd Vdd

MNMOS_1 Out In Gnd Gnd NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=-100 $y=-600
$w=400 $h=600

MPMOS _1 Out In Vdd Vdd PMOS W=900n L=240n AS=810f PS=3.6u AD=810f PD=3.6u $ $x=-100 $y=600
$w=400 $h=600

.ends

.subckt Cell3 In Out Gnd Vdd

MNMOS_1 Out In Gnd Gnd NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=3600 $y=-300
$w=400 $h=600

MPMOS 1 Out In Vdd Vdd PMOS W=1.2u L=240n AS=1.08p PS=4.2u AD=1.08p PD=4.2u $ $x=3600 $y=900
$w=400 $h=600

.ends

**k*k*k*k Top Level *kkkk

XCello_1 A N_1 Gnd Vdd Cell0 $ $x=-7200 $y=500 $w=1800 $h=1000

XCell0_2 B N_1 Gnd Vdd Cell0 $ $x=-7200 $y=-1300 $w=1800 $h=1000

XCell3_1 N_1 Output Gnd Vdd Cell3 $ $x=-5400 $y=-400 $w=1800 $h=1000

VW5 Vdd Gnd DC 2.5 $ $x=-10800 $y=100 $w=400 $h=600

VV1A Gnd BIT({0011} PW=10n ON=2.5 RT=1n FT=1n LT=10n HT=10n) $ $x=-8100 $y=100 $w=400 $h=600
VV2 B Gnd BIT({0101} PW=10n ON=2.5 RT=1n FT=1n LT=10n HT=10n) $ $x=-8100 $y=-1800 $w=400
$h=600

PRINT V(A) $ $x=-8850 $y=750 $w=1500 $h=300 $r=180

PRINT V(B) $ $x=-8850 $y=-1050 $w=1500 $h=300 $r=180

PRINT V(Output) $ $x=-3350 $y=-150 $w=1500 $h=300 $r=180 $m

FhxkAxxE* Simulation Settings - Analysis Sectign ****x**x*
.tran 0.1n 40n

FRxkAxHA* Simulation Settings - Additional SPICE Commands *********

.end
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3.2ANALYSISOF AND GATE USING COWL
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Fig. 3.14: AND gate circuit diagram using COWL
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Fig. 3.15: AND gate output waveform using COWL
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Fig. 3.26: Average power consumed by AND Gate using COWL in different NM
T-Spice Code:

FxkxxAxE* Simulation Settings - General Section ****x**x**

.probe

.option probev

.option probei

.option probeq

.include "C:\Users\Supratik\Documents\Tanner EDA\Tanner Tools v16.0\New Model Files\Nagendra
Krishnapura\TSMC 250nm CMOS.md"

*hkkhkhkhkhkhkhkhkhkkikikkikkk S u b Ci rcu its *hkhkkhkhkhkhkkhkkhkkhkkhkhhkhkikh

.subckt Cell3 In Out Gnd Vdd

MNMOS_1 Out In Gnd Gnd NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=3600 $y=-300
$w=400 $h=600

MPMOS 1 Out In Vdd Vdd PMOS W=1.2u L=240n AS=1.08p PS=4.2u AD=1.08p PD=4.2u $ $x=3600 $y=900
$w=400 $h=600

.ends

**k*k*k* Top Level **k*k*k*k

XCell3_2 AN_1 Gnd Vdd Cell3 $ $x=-700 $y=400 $w=1800 $h=1000

XCell3_3 B N_1 Gnd Vdd Cell3 $ $x=-700 $y=-1400 $w=1800 $h=1000

MNMOS_1 Output N_1 Gnd Gnd NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=1000
$y=-1000 $w=400 $h=600

MPMOS_1 Output N_1 Vdd Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=1000
$y=200 $W=400 $h=600

V5 Vdd Gnd DC 2.5 $ $x=-4300 $y=0 $w=400 $h=600
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VV1AGnd BIT({0011} PW=10n ON=2.5 RT=1n FT=1n LT=10n HT=10n) $ $x=-1600 $y=0 $w=400 $h=600
VV2 B Gnd BIT({0101} PW=10n ON=2.5 RT=1n FT=1n LT=10n HT=10n) $ $x=-1600 $y=-1900 $w=400

$h=600
PRINT V(A) $ $x=-2350 $y=650 $w=1500 $h=300 $r=180

PRINT V(B) $ $x=-2350 $y=-1150 $w=1500 $h=300 $r=180
PRINT V(Output) $ $x=3350 $y=-250 $w=1500 $h=300 $r=180 $m

FRxAAxxA* Simulation Settings - Analysis Section ****x**x*
.tran 0.1n 40n

FHxkkxxkx Simulation Settings - Additional SPICE Commands *********

.end

3.3ANALYSIS OF XOR GATE USING COWL
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Fig. 3.27: XOR gate circuit diagram using COWL
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T-Spice Code:

FHxkAkxx*x Simulation Settings - General Sectign *****x**x

.probe

.option probev

.option probei

.option probeq

.include "C:\Users\Supratik\Documents\Tanner EDA\Tanner Tools v16.0\New Model Files\Nagendra
Krishnapura\TSMC 250nm CMOS.md"

*hkkhkhkhkhkhkhkkhkkikikikk Subcircuits *hkhkhkkhkhkkhkkhkkhkkhkkhkkhhkikikkx

.subckt Cell0 In Out Gnd Vdd

MNMOS_1 Out In Gnd Gnd NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=-100 $y=-600
$w=400 $h=600

MPMOS _1 Out In Vdd Vdd PMOS W=900n L=240n AS=810f PS=3.6u AD=810f PD=3.6u $ $x=-100 $y=600
$w=400 $h=600

.ends

.subckt Cell3 In Out Gnd Vdd

MNMOS_1 Out In Gnd Gnd NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=3600 $y=-300
$w=400 $h=600

MPMOS _1 Out In Vdd Vdd PMOS W=1.2u L=240n AS=1.08p PS=4.2u AD=1.08p PD=4.2u $ $x=3600 $y=900
$w=400 $h=600

.ends

*kkkk Top Level *kkkk

XCello_1 A N_1 Gnd Vdd Cell0 $ $x=3200 $y=2700 $w=1800 $h=1000

XCell0_2 B N_1 Gnd Vdd Cell0 $ $x=3200 $y=900 $w=1800 $h=1000

XCell3_1 N_1 Output Gnd Vdd Cell3 $ $x=5000 $y=1800 $w=1800 $h=1000

MNMOS_1 Output A N_2 0 NMOS W=2.4u L=240n AS=2.16p PS=6.6u AD=2.16p PD=6.6u $ $x=7100 $y=1200
$W=400 $h=600

MNMOS_2 N_2 B Gnd 0 NMOS W=2.4u L=240n AS=2.16p PS=6.6u AD=2.16p PD=6.6u $ $x=7100 $y=-200
$W=400 $h=600

V5 Vdd Gnd DC 2.5 $ $x=-400 $y=2300 $w=400 $h=600

VV1AGnd BIT({0011} PW=10n ON=2.5 RT=1n FT=1n LT=10n HT=10n) $ $x=2300 $y=2300 $w=400 $h=600
VV2 B Gnd BIT({0101} PW=10n ON=2.5 RT=1n FT=1n LT=10n HT=10n) $ $x=2300 $y=400 $w=400 $h=600
PRINT V(A) $ $x=1550 $y=2950 $w=1500 $h=300 $r=180

PRINT V(B) $ $x=1550 $y=1150 $w=1500 $h=300 $r=180

PRINT V(Output) $ $x=10250 $y=2050 $w=1500 $h=300 $r=180 $m

FHxkAxxE* Simulation Settings - Analysis Section ****x*xx%
.tran 0.1n 40n

Fhxkkxxkx Simulation Settings - Additional SPICE Commands *********

.end
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3.4ANALYSIS OFMAJORITY GATE USING COWL

Fig. 3.40: Majority gate circuit diagram using COWL
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T-Spice Code:

FHxkkxxkx Simulation Settings - General Sectign *****x**x

.probe

.option probev

.option probei

.option probeq

.include "C:\Users\Supratik\Documents\Tanner EDA\Tanner Tools v16.0\New Model Files\Nagendra
Krishnapura\TSMC 250nm CMOS.md"

*hkkhkhkhkhkhkhkkhkkikikikk SUbCII’CUitS *hkhkhkhkhkkhkkhkhkhkhkhkkhhik

.subckt Cell0 In Out Gnd Vdd

MNMOS_1 Out In Gnd Gnd NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=-100 $y=-600

$w=400 $h=600

MPMOS _1 Out In Vdd Vdd PMOS W=900n L=240n AS=810f PS=3.6u AD=810f PD=3.6u $ $x=-100 $y=600
$w=400 $h=600

.ends

*k*k*kk Top Level *k*kk*k

XCello_1 AN_1 Gnd Vdd Cell0 $ $x=7800 $y=7400 $w=1800 $h=1000

XCell0_2 B N_1 Gnd Vdd Cell0 $ $x=7800 $y=5600 $w=1800 $h=1000

XCell0_3 C N_1 Gnd Vdd Cell0 $ $x=7800 $y=3600 $w=1800 $h=1000

XCell0_4 N_1 Output Gnd Vdd Cell0 $ $x=11700 $y=5400 $w=1800 $h=1000

VW5 Vdd Gnd DC 2.5 $ $x=3700 $y=7700 $w=400 $h=600

VV1A Gnd BIT({00001111} PW=10n ON=2.5 RT=1n FT=1n LT=10n HT=10n) $ $x=6900 $y=7000 $w=400
$h=600

VV2 B Gnd BIT({00110011} PW=10n ON=2.5 RT=1n FT=1n LT=10n HT=10n) $ $x=6900 $y=5100 $w=400
$h=600

VV3 C Gnd BIT({01010101} PW=10n ON=2.5 RT=1n FT=1n LT=10n HT=10n) $ $x=6900 $y=3000 $w=400
$h=600

PRINT V(A) $ $x=6150 $y=7650 $w=1500 $h=300 $r=180

PRINT V(B) $ $x=6150 $y=5850 $w=1500 $h=300 $r=180

PRINT V(C) $ $x=6150 $y=3850 $w=1500 $h=300 $r=180

PRINT V(Output) $ $x=13350 $y=5350 $w=1500 $h=300

FxkxxRxE* Simulation Settings - Analysis Section *****x*x*
.tran 0.1n 80n

FRxkAxHA* Simulation Settings - Additional SPICE Commands *********

.end
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IMPLEMENTATION OF CMOS Output Wired logic (COWL)

3.5ANALYSISOF FULL ADDERUSINGCOWL

Fig.3.53: Full Adder circuit diagram using COWL
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Fig. 3.54: Full Adder output waveform using COWL
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T-Spice Code:

FRxAAxHE* Simulation Settings - General Section *****x**x

.probe

.option probev

.option probei

.option probeq

.include "C:\Users\Supratik\Documents\Tanner EDA\Tanner Tools v16.0\New Model Files\Nagendra
Krishnapura\TSMC 250nm CMOS.md"

*hkkhkhkhkhkhkhkhkhkkikikikkk Subcircuits *hkhkhkhkhkhkkhkkikkhkkhkkhkhkhkikikx

.subckt Cell0 In Out Gnd Vdd

MNMOS_1 Out In Gnd Gnd NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=-100 $y=-600
$w=400 $h=600

MPMOS_1 Out In Vdd Vdd PMOS W=900n L=240n AS=810f PS=3.6u AD=810f PD=3.6u $ $x=-100 $y=600
$w=400 $h=600

.ends

*kkkk Top Level *kkkk

XCell0_1 AN_1Gnd Vdd Cell0 $ $x=500 $y=400 $w=1800 $h=1000

XCell0_2 B N_1 Gnd Vdd Cell0 $ $x=500 $y=-1400 $w=1800 $h=1000

XCell0_3 C N_1 Gnd Vdd Cell0 $ $x=500 $y=-3400 $w=1800 $h=1000

XCell0_4 N_1 Carry Gnd Vdd Cell0 $ $x=4400 $y=-1600 $w=1800 $h=1000

XCell0_5 A N_3 Gnd Vdd Cell0 $ $x=3300 $y=-4300 $w=1800 $h=1000

XCell0_6 B N_3 Gnd Vdd Cell0 $ $x=3300 $y=-6200 $w=1800 $h=1000

XCell0_7 C N_3 Gnd Vdd Cell0 $ $x=3300 $y=-8300 $w=1800 $h=1000

XCell0_8 N_2 N_3 Gnd Vdd Cell0 $ $x=8300 $y=-1600 $w=1800 $h=1000

XCell0_9 N_2 N_3 Gnd Vdd Cell0 $ $x=11200 $y=-1600 $w=1800 $h=1000

XCell0_10 Carry N_2 Gnd Vdd Cell0 $ $x=6000 $y=-500 $w=1800 $h=1000

MNMOS_1 Sum N_3 Gnd 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=7200 $y=-
5700 $w=400 $h=600

MPMOS_1 Sum N_3 Vdd Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=7200 $y=-
4600 $w=400 $h=600

Vv5 Vdd Gnd DC 2.5 $ $x=-10100 $y=-800 $w=400 $h=600

VV1 A Gnd BIT({00001111} PW=10n ON=2.5 RT=1n FT=1n LT=10n HT=10n) $ $x=-400 $y=0 $w=400 $h=600
VV2 B Gnd BIT({00110011} PW=10n ON=2.5 RT=1n FT=1n LT=10n HT=10n) $ $x=-400 $y=-1900 $w=400
$h=600

VV3 C Gnd BIT({01010101} PW=10n ON=2.5 RT=1n FT=1n LT=10n HT=10n) $ $x=-400 $y=-4000 $w=400
$h=600

PRINT V(A) $ $x=-1150 $y=650 $w=1500 $h=300 $r=180

PRINT V(B) $ $x=-1150 $y=-1150 $w=1500 $h=300 $r=180

PRINT V(C) $ $x=-1150 $y=-3150 $w=1500 $h=300 $r=180

PRINT V(Carry) $ $x=6050 $y=-1650 $w=1500 $h=300

PRINT V(Sum) $ $x=8950 $y=-5250 $w=1500 $h=300

FHxkAkxkx Simulation Settings - Analysis Sectign ****x**x*

.tran 0.1n 80n

Fhxkkxxkx Simulation Settings - Additional SPICE Commands *********

.end
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CHAPTER :4

4.1ANALYSIS OF MINNICK COUNTER
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Fig.4.1: Minnick counter circuit diagram
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T-Spice Code:

FhxkAxxF* Simulation Settings - General Section *****xx**x

.probe

.option probev

.option probei

.option probeq

.include "C:\Users\Supratik\Documents\Tanner EDA\Tanner Tools v16.0\New Model Files\Nagendra
Krishnapura\TSMC 250nm CMOS.md"

*khkhkkkhkkhkhkihkkikk S u b c | rcu ItS *khkhkkhhkhkkhhkkihkhkkihkkikk

.subckt Cell8 Input_1 Input_2 Input_3 Input_4 Output Gnd Vdd

CClInput_ 1 N_1 1p $ $x=2200 $y=1700 $w=600 $h=400

CC2 Input_2 N_1 1p $ $x=2200 $y=600 $w=600 $h=400

CC3 Input_ 3N_1 1p $ $x=2200 $y=-800 $w=600 $h=400

CC4 Input_4 N_1 1p $ $x=2200 $y=-2200 $w=600 $h=400

MNMOS_1 N_2 N_1 Gnd 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=3800 $y=700
$w=400 $h=600

MNMOS_2 Output N_2 Gnd 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=6200
$y=700 $w=400 $h=600

MPMOS_1 N_2 N_1Vdd Vdd PMOS W=10u L=240n AS=9p PS=21.8u AD=9p PD=21.8u $ $x=3800 $y=1800
$w=400 $h=600
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MPMOS_2 Output N_2 Vdd Vdd PMOS W=3u L=240n AS=2.7p PS=7.8u AD=2.7p PD=7.8u $ $x=6200 $y=1800
$w=400 $h=600
.ends

.subckt Cell9 A B C Carry Sum Gnd Vdd

CC1 AN_3 1p $ $x=3000 $y=7100 $w=600 $h=400

CC2 B N_3 1p $ $x=3000 $y=6000 $w=600 $h=400

CC3 C N_3 1p $ $x=3000 $y=4600 $w=600 $h=400

CC4 B N_5 1p $ $x=2300 $y=2900 $w=600 $h=400

CC5C N_5 1p $ $x=2300 $y=1800 $w=600 $h=400

MNMOS_1 N_4 N_3 Gnd 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=4600 $y=6100
$w=400 $h=600

MNMOS_2 Carry N_4 Gnd 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=6100
$y=6100 $w=400 $h=600

MNMOS_3 N_9 B N_1 0 NMOS W=360n L=250n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=7200 $y=2200
$w=400 $h=600

MNMOS_4 N_1 C Gnd 0 NMOS W=360n L=250n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=7200 $y=1300
$w=400 $h=600

MNMOS_5N_6 N_5 Gnd 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=3900 $y=1900
$w=400 $h=600

MNMOS_6 N_9 N_6 Gnd 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=5400 $y=1900
$w=400 $h=600

MNMOS_7 Sum N_9 N_2 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=8700 $y=1900
$w=400 $h=600

MNMOS_8 N_2 A Gnd 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=8700 $y=1000
$w=400 $h=600

MNMOS_9 N_8 A Gnd 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=6800 $y=9000
$w=400 $h=600

MPMOS_1 N_4 N_3 VVdd Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=4600
$y=7200 $w=400 $h=600

MPMOS_2 Carry N_4 Vdd Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=6100
$y=7200 $w=400 $h=600

MPMOS_3 N_6 N_5 Vdd Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=3900
$y=3000 $w=400 $h=600

MPMOS_4 N_9 N_6 Vdd Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=5400
$y=3000 $w=400 $h=600

MPMOS_5 Sum N_9 N_7 Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=8700
$y=3000 $w=400 $h=600

MPMOS_6 N_7 N_8 Vdd Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=8700
$y=4600 $w=400 $h=600

MPMOS_7 N_8 A Vdd VVdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=6800
$y=10100 $w=400 $h=600

MPMOS_8 Sum A N_9 VVdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=10300
$y=2800 $w=400 $h=600

.ends

.subckt Cell10 A B Out S Gnd Vvdd

MNMOS_1 AN_2 N_4 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=1400 $y=-900
$w=600 $h=400 $r=270

MNMOS_2 B N_1 N_4 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=1400 $y=-3200
$w=600 $h=400 $r=270

MNMOS_3 N_2 S Gnd 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=-3300 $y=-1900
$w=400 $h=600

MNMOS_4 Out N_3 Gnd 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=8500 $y=-1900
$w=400 $h=600
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MNMOS_11 N_3 N_4 Gnd 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=5200 $y=-
1900 $w=400 $h=600

MPMOS 1 AN_1N_4Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=1400 $y=300
$w=600 $h=400 $r=90

MPMOS 2B N_2 N_4 Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=1400 $y=-
1700 $w=600 $h=400 $r=90

MPMOS_3 N_2 S Vdd Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=-3300 $y=-
1000 $w=400 $h=600

MPMOS_4 Out N_3 Vdd Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=8500 $y=-
700 $w=400 $h=600

MPMOS 5N _3 N_4 Vdd Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=5200 $y=-
700 $w=400 $h=600

.ends

.subckt Cell12 A B C Out Gnd Vdd

CC1 AN_3 1p$ $x=-100 $y=3200 $w=600 $h=400

CC2B N_3 1p $ $x=-100 $y=2100 $w=600 $h=400

CC3 CN_3 1p $ $x=-100 $y=600 $w=600 $h=400

MNMOS_1N_4 N_3 Gnd 0 NMOS W=500n L=240n AS=450f PS=2.8u AD=450f PD=2.8u $ $x=1500 $y=2200
$w=400 $h=600

MNMOS_2 Out N_4 Gnd 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=3000 $y=2200
$w=400 $h=600

MNMOS_3 Out AN_1 0 NMOS W=2.5u L=250n AS=2.25p PS=6.8u AD=2.25p PD=6.8u $ $x=4500 $y=2500
$w=400 $h=600

MNMOS 4 N_1 B N_2 0 NMOS W=2.5u L=250n AS=2.25p PS=6.8u AD=2.25p PD=6.8u $ $x=4500 $y=1600
$w=400 $h=600

MNMOS _5N_2 C Gnd 0 NMOS W=2.5u L=250n AS=2.25p PS=6.8u AD=2.25p PD=6.8u $ $x=4500 $y=700
$w=400 $h=600

MPMOS 1 N_4 N_3Vdd Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=1500
$y=3300 $w=400 $h=600

MPMOS 2 Out N_4 Vdd Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=3000
$y=3300 $w=400 $h=600

.ends

.subckt Cell13 In Out Gnd Vdd

MNMOS_1 Out In Gnd 0 NMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=3200 $y=600
$w=400 $h=600

MPMOS _1 Out In Vdd Vdd PMOS W=360n L=240n AS=324f PS=2.52u AD=324f PD=2.52u $ $x=3200 $y=1700
$w=400 $h=600

.ends

**k*k*k*k Top Level **k*kk*k

XCell8_1 B C D A Y2 Gnd Vdd Cell8 $ $x=5300 $y=-3700 $w=1800 $h=1400

XCell9_1 B D CN_1N_2Gnd Vdd Cell9 $ $x=600 $y=200 $w=1800 $h=1200
XCell10_1 N_2 N_4 N_5 A Gnd Vdd Cell10 $ $x=5100 $y=300 $w=1800 $h=1200
XCell10_2 N_1 N_3 N_6 A Gnd Vdd Cell10 $ $x=5200 $y=-1600 $w=1800 $h=1200
XCell12_1 B'C D N_3'Gnd Vdd Cell12 $ $x=600 $y=-2000 $w=1800 $h=1200
XCell13_1 N_2 N_4 Gnd Vdd Cell13 $ $x=3000 $y=-400 $w=1800 $h=1000

XCell13_2 N_5 N_7 Gnd Vdd Cell13 $ $x=7300 $y=400 $w=1800 $h=1000

XCell13 3 N_6 N_8 Gnd Vdd Cell13 $ $x=7400 $y=-1500 $w=1800 $h=1000
XCell13_4 N_7 YO Gnd Vdd Cell13 $ $x=9700 $y=400 $w=1800 $h=1000

XCell13 5 N_8 Y1 Gnd Vdd Cell13 $ $x=9800 $y=-1500 $w=1800 $h=1000

VV5 Vdd Gnd DC 2.5 $ $x=-7800 $y=0 $w=400 $h=600

VV1C Gnd BIT({0011001100110011} ON=2.5) $ $x=-2600 $y=-1300 $w=400 $h=600
VV2 D Gnd BIT({0101010101010101} ON=2.5) $ $x=-2600 $y=-3100 $w=400 $h=600
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VV3 B Gnd BIT({0000111100001111} ON=2.5) $ $x=-2600 $y=100 $w=400 $h=600
VV4 A Gnd BIT({0000000011111111} ON=2.5) $ $x=2500 $y=-4900 $w=400 $h=600

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

V(A) $ $x=1250 $y=-4750 $w=1500 $h=300 $m
V(B) $ $x=-3850 $y=250 $w=1500 $h=300 $m
V(C) $ $x=-3850 $y=-1150 $w=1500 $h=300 $m
V(D) $ $x=-3850 $y=-2950 $w=1500 $h=300 $m
V(Y0) $ $x=11750 $y=350 $w=1500 $h=300
V(Y1) $ $x=11750 $y=-1550 $w=1500 $h=300
V(Y2) $ $x=7250 $y=-3550 $w=1500 $h=300

FHxkAxxkx Simulation Settings - Analysis Sectign ****x**xx*
.tran 0.1n 160n

FHxkkxxkx Simulation Settings - Additional SPICE Commands *********

.end
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CHAPTER: 5

5.1 CONCLUSION

So far | have done 3 main modules in my project. They are capacitive voltage divider threshold
logic, CMOS output wired logic. The capacitor in the capacitive voltage divider threshold logic
is used because | can fabricate same value of capacitor within a very small area. The only
substitution to this capacitor approach is to use a resistor. But for high value resistor I will be
needing large area and that is the most disadvantage of using resistor. On the other hand the
capacitor provides high speed at an expense of a little higher power consumption.

Now let's talk about CMOS output wired logic. This is superior to capacitor voltage divider
threshold logic because its uses nonlinear device like CMOS and the PMOS and NMOS inside
hence it acts as high resistance and low resistance interchangeably with time. As a result it
operates at higher speed with lower power consumption than capacitive voltage divider threshold
logic. The main advantage of this circuit is it has no loading effect because the input is totally
isolated from the output side of the circuit.

If we want to design a Minnick Counter in a traditional pattern then no of MOS is increased. In
the new design pattern MOS count quit low in number to improve the efficiency of its function.
The newly design Minnick Counter has lots of advantages. The first one is it takes less occupied
space. So power consumption is very low in the newly design Minnick Counter and the third
advantage which it offers cost efficiency or low cost production. The newly designed Minnick
Counter makes no delay.
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5.2 FUTURE SCOPE:

Minnick Counter seamlessly performs in many ways. It can be utilized for error detection. On
the other hand it can be used to compress data.

The most unique function it offers binary multiplications. It can easily perform well in the realm
of big data multiplication between large n bit.

The Minnick Counter has many unique features which will enrich the future of VLSI.
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