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ABSTRACT

Adders and multipliers are important arithmetic modules in the efficacy and performance of
digital signal processor (DSP) systems. The speed and power consumption of arithmetic units
have an impact on processor efficiency. It is improved by using approximation computing in
arithmetic units with tolerable output degradation.

Approximate computing is a recent concept that aims to create a cost-effective design strategy
while sacrificing computational quality for error-tolerant applications. Approximate computing
can be used in research at both the hardware and software levels.

In mathematical and logical procedures, adding is the most important step. Approximate
Computing is used in VLSI design to reduce the number of transistors, delay, and power
limitations. The employment of approximate adders in error-prone applications is viable since
approximate addition is considered to be an effective energy trading technology in terms of
performance and accuracy.

Accuracy that can be customised Approximate Adder designs have been shown to be effective
in alleviating these constraints. Using Full Swing-Modified Gate Diffusion Input (GDI)
approach, a new circuit design for a Carry Maskable Adder has been presented. Proposed
circuit design simulations have been simulated out in 45-nm process technology using LTSpice
XVII. The results indicate 37% and 32% reduction in Power and Delay respectively.

Using the proposed Adder a low power accuracy configurable Multiplier is designed and
simulated out in 45nm process technology using LTSpice XVII. The results indicate 51.2%
and 37% reduction in Power and Delay respectively.
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CHAPTER 1

INTRODUCTION
1.1 Background

With the evolution in technology, the number of transistors in an IC is increasing and
components are getting more small in size day by day. Due to which, the requirement for much
smaller implementation of circuits is growing. Since adder is the crucial logical block of
arithmetic and logic unit, many researchers have tried to obtain a circuit which can perform the
same functionality with fewer number of transistors. One of the computation techniques that
can be employed in this area of interest, to implement circuits with lesser hardware is
Approximate Computing [1-2].

The increment in the transistors count mounted on a IC is accompanied by the demand of Power
reduction. Over the years, approximate computing has managed to be a encouraging method to
decrease energy consumption, area and delay constraints in Physical design. But it also results
in a loss of computational accuracy. Power can be reduced by upgrading the module into an
approximate version. It is required to examine the different logic functionalities of the circuit
when designing the inexact version of the module. As one of the elementary, but crucial blocks
of many basic deigns, adders have pulled in a broad enthusiasm for upgrading and
implementing approximate modules.

Because the adder is the most important digital circuit in the arithmetic and logic unit, several
academics have presented their research [3]-[6] on using approximate computing to enhance
the adders’ performance in terms of energy and speed.

Approximate adders have become popular for use in circuits where some loss is acceptable. [4]
Proposes approximation mirror adders (AMAS), which conserve energy by using a less number
of transistors in a mirror adder design.

In [5] XOR/XNOR gates-based adders have been proposed implemented by pass transistors
which provide a significant decrease in power with better performance.[6] utilizes transmission
gates in place of pass transistors which proves to be a better replacement as unlike pass
transistors, they do not suffer from signal degradation.




1.2 Project Organization:

The project work is categorized as, In the chapter 2 a literature review on different approximate
adders and carry maskable full adder is discussed and in chapter 3 Gate Diffusion Input
Technique is reviewed and Full Swing GDI based CMF A is proposed and in chapter 4
simulations and results of these adders are evaluated in terms of power and delay and in chapter
5 low power accuracy configurable multiplier is designed with the help of the proposed CMFA
and results are evaluated in terms of power and delay and conclusion is given in chapter 6.

So, the objective of this research is to design a Adder whose Accuracy is configurable and
using Full swing GDI technique and implement a low power accuracy configurable multiplier
using the proposed adder.




CHAPTER 2
LITERATURE REVIEW

Approximation is done at different levels of the design. In this chapter a review on approximate
adders is discussed particularly approximate adders in gate level and transistor level.

2.1 Approximate Adders in the Gate Level

Inexact Full Adders (INEXA). Three approximate adder design [3] are implemented using
the gate level approximation and a lesser number of transistors. One of the full adder outputs
is estimated in these inexact adders, while the other yield has the accurate result.

INEXAL. The correct sum signal is maintained in this adder, while the carryout signal is
estimated. INEXA1's gate level execution is depicted in Figure 2.1. In the carry signal, the
INEXAL gives an exact sum and two errors out of eight occurrences.

SUM = A XOR B XOR C (2.1)
CARRY= ~(SUM) (2.2)

Two XOR gates and one NOT gate are required to implement 1-bit INAX1 [3]. The XOR gate
can only have two inputs (AND, OR, and NOT), hence it requires two AND gates, one OR
gate, and one NOT gate [6]. INEXAL is then constructed using four AND gates, two OR gates,
and two NOT gates. As a result, nine basic gates are required to implement INEXAL.
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Figure 2.1: Gate level diagram of INEXA1
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Figure 2.1(a): Schematic of INEXAL
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Figure 2.1(b): Transient Analysis of INEXA1

INEXA2. INEXAZ2 [3] is put together by keeping exact outputs in the carryout signal while
using an estimated result in the output sum signal. INEXAZ replaces the second XOR gate in
the accurate complete adder with an OR gate. Figure 2.2 depicts the INEXAZ2 gate level
implementation. 2 Out of 8 occurrences, the total signal has two errors, whereas the carry signal
provides an accurate output.

SUM = (A XOR B) OR C (2.3)
CARRY = AB + (A XOR B)C (2.4)

1 XOR gate, 2 OR gates, and 2 AND gates are required for a 1-bit INEXA2. INEXAZ2 is
constructed with four AND gates, a NOT gate, and 3 OR gates when the XOR is confined to
2-input basic gates. As a result, eight basic gates are required to build INEXAZ2.
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Figure 2.2 Gate level diagram of INEXA2
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Figure 2.2(a) Schematic of INEXA2
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Figure 2.2(b) Transient Analysis of INEXA2

INEXAS3. INEXAS [3] is illustrated by approximating the sum signal while keeping the carry

signal precise. Figure 2.3 depicts the INEXAS gate level diagram. In the total signal, INEXA3
creates two errors out of every eight cases.

SUM = ~(CARRY) (2.5)
CARRY = AB + (A XOR B) (2.6)

INXA3 makes use of one XOR gate, two AND gates, one OR gate, and one NOT gate.
Following the XOR gate constraint, INXA3 was redeveloped to use four AND gates, two NOT
gates, and two OR gates. As a result, eight basic gates are required to build INEXA2.
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Figure 2.3 Gate level diagram of INEXA3
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Figure 2.3(b) Transient Analysis of INXA 3

Approximate Full Adders (AXFA). AXFAs [2] are built by altering the gate level of a
standard Full adder, and they are also designed so that the carryout signal output is not
dependent on the carry input. When implemented in multibit adders, the common strategy
utilised in these AXFAs is to diminish the length of carry lifespan. Approximation is used only
in the carry signal to implement AXFAs.

The output of the carryout signal is forwarded as the input of A in AXFAL. In AXFA2, B's
input is treated as the carry signal's output. In the carry signal, AXFA1 and AXFA2 cause two
errors out of every eight cases

For AXFAL SUM = A XOR B XOR C 2.7)

CARRY = A (2.8)

For AXFA2 SUM = A XOR B XOR C (2.9)
CARRY =B (2.10)

Figures 2.4 and 2. 5 show the gate level logic implementation of AXFA1 and AXFA2[2]. Two
XOR gates are used to realise AXFA1 and AXFAZ2. As a result, eight basic gates are required
to implement AXFAL and AXFA2.

CARRY

A
B
. /§>_ SUM

Figure 2.4: Gate level implementation of AXFA1
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Figure 2.5: Gate level implementation of AXFA 2
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AXFAS3: The output of the carryout signal is seen as A.B. in AXFA3. The graphic shows the
gate level implementation in figure 2.6.

SUM = A XOR B XOR C (2.11)
CARRY = AB (2.12)

Two XOR gates and one AND gate are used to perform AXFA3. AXFAS is produced by
utilising 5 AND gates, 2 OR gates, and 2 NOT gates once the XOR gate is limited. As a result,
nine basic gates are required to create AXFAS.

AXFA4: The carryout signal is accomplished as A+B in AXFA4 [2]. Figure 2.7 depicts the
gate level circuit diagram.
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Figure 2.6 Gate level implementation of

AXFA3 Figure 2.7 Gate level implementation of AXFA4
SUM = A XOR B XOR C (2.13)
CARRY = A+B (2.14)

AXFAA4 is made up of two XOR gates and one OR gate. After the XOR gate is limited, AXFA4

is built using four AND gates, three OR gates, and two NOT gates. As a result, nine basic gates
are required to create AXFA3.
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Figure 2.6(a) Schematic of AXFA 3
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Figure 2.6(b) Transient Analysis of AXFA3




2.2 Transistor Level Approximation of Full adder

By excluding few transistors from the transistor level model of the exact full adder, the circuit
complication, capacitances, and power dissipation are narrowed down.

2.2.1 Approximate Mirror Adder

One of the popularly used accurate implementation of full adder is mirror adder. The
Approximate-Mirror-Adder (AMA) can be derived from this design by reduction of transistors.
By removing some transistors, three approximate mirror adder designs can be obtained which
have been presented in [4]. The circuits shown in figure 2.8 is capable of achieving lower power
dissipation and reduced circuit complexity. Due to less transistors, the node capacitances can
get charged and discharged at a faster rate, thus experiences a shorter delay. A step-by-step
procedure is being followed in coming up with several inexact mirror adder cells with less
transistors. One by one the transistors are removed from the conventional schematic. However,
these cannot be removed in an arbitrary fashion. It is to be made sure that not even a single
combination of inputs A, B and Cin results in short-circuit or open-circuit in the modified
schematic of the adder. Another crucial point to be kept in mind is that the resulting simplified
schematic should introduce a small amount of loss in the truth table of full adder

VDD VDD
D S b
N N
- cn iy
Cin; cour” SUM
SUNI = Ll i
AJ"'_—J CinJ% BJF—I]
A =
Figure2.8: Approximate Mirror Adder (AMA 1)
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Figure 2.8(a) Schematic of Mirror Adder (AMA1)
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Figure 2.8(b) Transient Analysis of AMA1

2.2.2 Approximate XNOR/XOR Adder

AXA-1

Approximate XOR based Adder type 1[5] is shown in figure 2.9. In the type 1 schematic, the
XOR operation is carried out by two pass transistors and an inverter connected to inputs X and
Y respectively.

s
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X b, X
Y
—Tﬁf—'i»_"l = |€D
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e
Cin T_TL couT” :]_COUT
| :‘__I_|
SUM -
Figure2.9 Transistor implementation of Approximate XOR Adder Type-1




When the input Y equals ‘1°, I becomes equal to complement of input X and when Y is ‘0, I
equals to X i.e., I=X@Y. The Sum and Cout can be calculated precisely only for 4 out of 8
different combinations of the inputs. Thus the total error distance that can be attained with this
circuit design is 4. The total transistor count is 8. The expression for Sum and Cout are given

by:
SUM = Cin; (2.15)

COUT = (XY )Cin +Y X (2.16)

AXA-2

The circuit design in figure 2.10 shows the implementation of the Approximate XOR based
adder Type-2.[5]

'—‘ SUM | CouT

Figure2.10 Transistor implementation of Approximate XOR Adder Type-2

AXA-2 can be implemented with the help of only 6 transistors, which utilizes one pass
transistor block and 4 transistors for the XNOR operation. Sum is accurate for only 4 input
combinations out of the 8, while Cout can be calculated accurately for all input combinations.
For this circuit design also, the overall error distance that can be attained is 4. The expressions
for Sum and Carryout are:

SUM=(XXORY Y (2.17)
COUT = (X XORY)Cin+ XY  (2.18)

As the pass transistors suffer from the problem of signal degradation because of threshold
voltage drop, the output signals for SUM and COUT do not achieve a full swing for some
transitions.




In these approximate adders the transmission gates have been used in place of pass transistors
as they suffer from the problem of signal distortion or degradation.

Figure 2.10(a) Schematic of Approximate XOR Adder Type-2
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Figure 2.10(b) Transient Analysis of Approximate XOR Adder Type -2




2.3 Carry Maskable Adder

Carry Maskable Adder [9] is one such approximate adder where the accuracy can be
dynamically configured. It means it can be used as both exact full adder and approximate adder
during the run time in any application domains. By slightly changing the conventional adder
circuit carry maskable adder circuit is designed.

Figure 2.10 depicts a traditional half adder (a). The sum is computed using an XOR gate, while
the carry out is computed using an AND gate (COUT). Figure 2.10 depicts a half adder's
equivalent circuit (b). The dashed frame depicts a 2-input XOR gate's comparable circuit. The
truth table for the corresponding design of a half adder is depicted in Table 2.1

A— SUM 5 :>_ T
B ﬁD_ \ w —|I:_>—SUM
D— couT —[>o—c0UT

(a) (b)
Figure 2.11: (a) Typical Half Adder (b) corresponding circuit of a half adder

Table 2.1. Truth Table of corresponding circuit of half adder

Inputs Internal Signals Outputs
X Y u w SUM COUT
0 O 1 0 0 0
0 1 1 1 1 0
1 0 1 1 1 0
1 1 0 1 0 1
[Here X=A,Y=B]

If the mentioned signal u is 1, the SUM equals X OR Y and the carryout COUT is 0, as depicted
in figure 2.10(b) and table 1. If u is manageable and can be varied between 1 and 0, the carry
propagation will be masked if its set to 1, and the SUM will equal X OR Y. In other words, the
SUM (= X OR Y) might be thought of as an approximate total. A command signal, which is
used to control u to be X NAND Y, or to be 1, can guarantee the choice between the exact and
estimated sums. We add a control signal called MX and replace the 2-input NAND gate in the
dashed frame with a 3-input NAND gate. The carry-maskable half adder (CMHA) is depicted
in figure 2.11.(X=A,Y=B)

When MX=0 SUM=XOR Y (2.19)
COUT =0 (2.20)
When MX = 1 SUM = X XOR Y (2.21)

COUT =X AND Y (2.22)
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Figure 2.12 Gate level implementation of Carry Maskable Half Adder (CMHA)

A full adder, as shown in figure 2.12, requires similar considerations. When MX = 0 and Cin
=0, the SUM = X OR Y, and the carryout COUT = 0, switching actions are reduced, and

dynamic energy per unit time utilization is lowered as well. Carry-maskable full adder
(CMFA)[9] is the way of referring to this full adder.

T2 1o

Cin :D_ S

Figure 2.13: Gate level implementation of Carry Maskable Full Adder (CMFA)
An x-bit adder, which is realized using one CMHA and (x-1) CMFA, is called an x-bit CMA

A0 T MX0 C”‘l‘ rl T MT Cn2 A2 T MX2 C'_rﬂ_‘ A7 BT MX7
CMHA CMFA1 CMFA2 CMFA3
S0  Coutd s1 Cout1 $2 - Cout2 s7 Cout7

Figure 2.14: A Carry Maskable Adder of 8-bit




An example of an 8-bit CMA is shown in Figure 2.13 [9]. MX0, MX1, ¢e, MX7 are the eight
bits that make up the carry-mask signal MX. The CMHA's sum and carry are SO and Cout0,
respectively. Cinl and CoutO are linked. When MXO0 equals 0, SO = A0 OR B0, and Cinl =
Cout0 =0, Cinl = Cout0 = 0. SO = A0 OR BO, Cinl = Cout0 =0, S1 = A1 OR B1, and Coutl
= 0 when both MX1 and MXO0 are 0. (Cin2 is also 0). As a result, the spread of CMHA to
CMFAT is hidden. It's worth noting that hiding the carry movement of a CMFA requires both
MX and Cin to be 0.

In this chapter approximate adder designs in both gate level and transistor level are discussed
and carry maskable adder is also discussed which is accuracy configurable adder. Gate level
implementation of carry maskable adder is discussed.




CHAPTER 3
GDI BASED CARRY MASKABLE ADDER

In this chapter gate diffusion technique is reviewed and also the full swing gate diffusion input
method which overcomes the drawbacks of basic GDI cells is discussed and in later sections
of this chapter carry maskable adder is implemented with the help of this full swing Gate
diffusion input technique.

3.1 Gate Diffusion Input Technique (GDI)

Gate diffusion input (GDI) is a reduced-power digital combinatorial circuit design method [10].
This method lowers the power exhaustion, propagation latency, and size of digital designs
while keeping the logic architecture simple.

G (input of NMOS and PMOS to common Gate), P (input of PMOS on to the source/drain),
and N (input of NMOS to the source/drain) are the three inputs to the GDI cell depicted in
figure 3.1. In contrast to a CMOS inverter, the bulk of both NMOS and PMOS are connected
to N or P (respectively), allowing it to be randomly driven.

(-5
M1
uT
M2

Figure 3.1 Basic GDI cell

Various Boolean functions can be realised by modifying the input settings of modified GDI
cells, as shown in table 2. Many of these functions are difficult to implement in static CMOS,
however with GDI, these functionalities can be obtained with only two transistors.

Not all of the functionalities are achieved in a typical p-well CMOS process, but they can be
implemented completely with a success in twin-well CMOS or silicon on insulator (SOI)
technology. To address this issue, a modified GDI Cell was developed, in which the majority
of NMOS and PMOS are linked to ground and VDD, respectively. Figure 3.2 depicts the
Modified Gate Diffusion Input (GDI) Cell [10].

Figure 3.2 Modified GDI cell




Table 3.1. Functions achieved using Gate Diffusion Input Method

N P G ouT FUNCTION T.C CMOS T.C GDI
0 B A A'B F1 8 2
B 1 A A'+B F2 8 2
1 B A A+B OR 6 2
B 0 A AB AND 6 2
C B A AC+A'B MUX 6 2
0 1 A A’ NOT 2 2

[T.C-Transistor Count]

When GDI cells are employed, the minimum gateway voltage reduces, which in turn lowers
the current circulation and causes degradation of output swing. To address the voltage peak to
peak reduction, the Swing restoration method [11] is implemented, in which a single transistor,
named the Swing-Restoration (SR) transistor, is used in order to improve the output peak to
peak of certain functions like F1 and F2 GDI cells. Figure 3.3 depicts the full-swing
architecture of modified F1 and F2 [11] cells. Figure 28 shows an XOR gate implemented using
the GDI approach [12] and with full swing.
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Figure 3.3 Architectures of F1 and F2 GDI cells with SR transistors
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Figure 3.4. Modified XNOR and XOR gates with Full Swing using GDI [12]




Below Tables shows the truth tables and signal levels of different configurations when using
basic GDI cell and Modified GDI cell and Full swing GDI Cell.

Table 3.2 Signal levels in execution of F1 = A’B

BASIC MODIFIED | FULL
A B A’B GDI GDI SWING
GDI
0 0 0 | Weak(vtp) | Weak(vtp) | Strong
0 1 1 Strong Strong Strong
1 0 0 Strong Strong Strong
1 1 0 Strong Strong Strong
Table 3.3 Signal levels in execution of F2=A’+B
A B BASIC GDI | MODIFIED | FULL
A’+B GDI SWING
GDI
0 0 1 Strong Strong Strong
0 1 1 Strong Strong Strong
1 0 0 Strong Strong Strong
1 1 1 Weak(VDD- | Weak(VDD- | Strong
Vtn) Vin)

Table 3.4 Signal levels in implementation of MUX=A’B+AC

A B C BASIC GDI | MODIFIED | FULL SWING
A’B+AC GDI GDI

0 0 0 0 Weak(Vtp) Weak(Vtp) | Strong

0 0 1 0 Weak(Vtp) Weak(Vtp) | Strong

0 1 0 1 Strong Strong Strong

0 1 1 1 Strong Strong Strong

0 0 Strong Strong Strong

1 Weak(VDD- | Weak(VDD | Strong
Vtn) -Vin)

1 1 0 0 Strong Strong Strong

1 1 1 Weak(VDD- | Weak(VDD | Strong
Vtn) -Vin)




Table 3.5 Signal levels in execution of AND=A.B

A B AB BASIC GDI MODIFIED GDI
0 0 0 Weak(Vtp) Weak(Vtp)
0 1 0 Weak(Vtp) Weak(Vtp)
1 0 0 Strong Strong
1 1 1 Weak(VDD- Weak(VDD-Vtn)
Vtn)

Table 3.6 Signal levels in implementation of OR= A+B

A B A+B | BASIC GDI MODIFIED GDI
0 0 Weak(Vtp) Weak(Vtp)
1 Strong Strong
1 0 1 Weak(VDD- Weak(VDD-Vtn)
Vtn)
1 1 1 Weak(VDD- Weak(VDD-Vtn)
Vtn)




5.1 PROPOSED ACCURACY CONFIGURABLE ADDER USING CARRY MASK
AND GDI

Full swing of F1 and F2 GDI cells modified and are used to create the basic logic gates in the
suggested Carry Maskable Full Adder (CMFA), and the XOR gate is also realized utilising Full
Swing-GDI technology.

With the use of this approach, the CMFA that was previously developed using 38 transistors
in a conventional CMOS Process can now be realized by utilizing only 30 transistors. While
the projected CMFA's gate level layout is identical to that of the CMFA (figure 2.12). Figure
3.5 depicts a block diagram of the proposed CMFA employing the full swing GDI approach.

power=32uw X c
delay=20.18ps 5 = 5}
no of transistor= 30 g
vi V3
e PULSE(0 1 0 100p B{in} 0 100p 100p 10n 20n)
WX VDD
A 3nansdas D < @
A—i % vou L 5
- >
€ L 4 VoD O oM v2 va
B__our a
= PULSE(0 £ 100p 1.0 100p 100p 8n 16n)
[Cin>———
V5

—|AvDD P
ouT ARt AveRr Cout>
B fes | J B s 1

.meas TRAN delay TRIG V(a)=0.5 TD=0 RISE=3 TARG V(sum)=0.5 TD=0 RISE=4

.tran 100n

Figure 3.5 Block diagram of Full Swing GDI based Carry Maskable Full Adder(CMFA)
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Figure 3.6 Transistor level Schematic of Full swing GDI based CMFA




CHAPTER 4
SIMULATION AND RESULTS

For a more detailed comparison, a CMOS-based carry maskable adder was simulated and
compared to a planned Full swing GDI-based Carry Maskable Adder, and it was found that
both adders performed correctly.

Figure 4.1. Block diagram CMOS based Carry Maskable Full adder
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Figure 4.2. Transistor level schematic of CMOS based Carry Maskable Full Adder




These designs have been simulated out in LTSpiceXVII under 45nm process technology using
1V power supply.
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Figure 4.3. Transient analysis of CMOS based CMFA

B sl € estratase
Vimx)

LT LT L r
| |

I [ ULy T L

e . il .

Figure 4.4. Transient analysis of Full swing GDI based CMFA

Energy consumption and time delay of both CMOS based and full swing GDI based carry
maskable full adders are calculated and compared and it’s observed that quite fair amount of
reduction of power and delay in the Full swing GDI based CMFA. Power and delay comparison
is given in table 4.1

Table 4.1 power and delay comparison

FA TYPE Power(uWw) Delay(ps) Number of Transistors
CMOS based CMFA 43.75 52.2 38
FS-GDI based CMFA 23.78 35.4 30

Using 1 bit full swing GDI based Carry maskable adders 4 bit adder is simulated and it’s noted
that it has given correct functionality with reduced number of transistors.




Figure 4.5: 4 bit Adder using Full Swing GDI based CMFA
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Figure 4.6 Transient analysis of 4bit adder using Full Swing GDI based CMFA

Its noted that all the adders simulated are given correct functionality in both CMOS based and
Full swing GDI based and by using Full Swing GDI cells, same function is obtained with fewer
transistors in comparison to the CMOS process. Therefore, the number of transistors has been
reduced from 38 (in CMFA [9]) to 30 (Proposed CMFA), and so the energy consumption and
delay of the proposed circuit design have also been reduced considerably.




CHAPTER S

LOW POWER MULTIPLIER USING NEW CARRY MASKABLE
ADDER AND FS-GDI TECHNIQUE

Multiplication is a fundamental function used in a wide range of applications. Approximate
multiplication is a new and successful technique for balancing energy consumption,
performance, and precision. In many digital signal processing applications, we employ a
multiplier. Calculators, mobile phones, CPUs, and digital image processors are all designed
using it.

The combinational circuit for the multiplier is designed using four AND gates and two half
adders in Binary Multiplication. The multiplication will be done by the AND gates, and the
partial product terms will be added by the half adders.
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Figure 5.1: Block Diagram of two bit binary Multiplier

A low power Accuracy Configurable Multiplier is designed using the proposed Carry Maskable
Adder and Full Swing GDI technique.In this multiplier the AND gates are replaced with Full
Swing GDI AND gates and Adder circuits are replaced with the Proposed Carry Maskable
Adder using Full Swing GDI technique. Both Conventional and Proposed Multilpier are
designed on 45nm technology in LTSpiceXVII and comparisions are made




5.1

Simulation and Results:

For farer comparison CMOS based Multiplier is also simulated and compared with

proposed low power accuracy configurable multiplier and its noted that both multipliers gave
the correct functionality.

Figure5.2 Multiplier using basic CMOS Technology.

Figure 5.3: Transient Analysis of Multiplier using Basic CMOS




All the simulations have been carried out in 45-nm PTM process technology using LTSpice
XVII for 1V power supply

.include F:\dtu mtech\raju22\LTSpice\libraries\45 nm PTM BSIM4.txt
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Figure 5.4: Multiplier using Proposed Carry Maskable Adder
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Figure 5.5: Transient Analysis of multiplier using Carry Maskable Adder.

Power and delay of both CMOS based and CMFA-full swing GDI based low power multiplier
are calculated and compared and its observed that significant reduction of power and delay in
the proposed multiplier Power and delay comparison is given in table 5.1




Table 5.1 power and delay comparison

FA TYPE Power(uWw) Delay(ps) Number of Transistors
CMOS based Multiplier 188.10 42.2 60

FS-GDI CMFA based

Multiplier 99.08 25.4 54

It’s noted that all the multipliers simulated are given correct functionality in both CMOS based
and CMFA-Full swing GDI based and by using Full Swing GDI cells, same function is
implemented with less count of transistors as compared to the CMOS process. So the power
and delay of the proposed circuit have also been reduced considerably.




CHAPTER 6

CONCLUSION

In this research, a new circuit design for an Accuracy Configurable Adder using Carry Mask
Technique and based on Full Swing Modified-GDI approach has been developed.

Using 45-nm technology, the improved developments of the proposed Carry Maskable Full
Adder and the existing CMFA[7] were simulated and functionally verified in LTSpice. The
results in Table 4.1 show that the proposed CMFA improves power and latency by an average
of 37 percent and 32 percent, respectively.

And also 4 bit adders using this single bit Carry Maskable Adder and proposed CMFA using
Full swing Modified GDI circuits are designed and simulated using LTSpice XVII under 45-
nm PTM process technology for 1V power supply

Using the proposed Approximate Adder based on Full Swing Modified-GDI and Carry
Maskable which is accuracy configurable a multiplier is designed and functionalities are
verified and for the efficacies it is compared with basic CMOS Multiplier and its observed that
improvement of power and delay by 51.2% and 37% respectively and its noted that these
circuits are accuracy configurable it can be used as normal as well as approximate circuits
depending on requirement of applications.
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