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Abstract

In this paper, two new approximate subtractors are presented. The
proposed circuits are implemented based on gate diffusion input (GDI) and
dynamic threshold (DT) techniques and are named Proposed-1 and
Proposed-2. The Proposed-1 subtractor has 10 transistors, while Proposed-
2 has 12 transistors. Subtractors are implemented by 32 nm carbon
nanotube field effect transistor (CNTFET) technology. Various studies have
been performed and show the high efficiency and performance of the
circuits in different conditions without reducing their output voltage, which
is caused by the use of DT in their implementation. The proposed circuits
use XOR and NOT gates, both of which have 4 out of 8 error states. The
presented subtractors can be implemented in an unsigned non-recovery
divider with different structures including vertical, horizontal, square and
triangular, etc., and finally, they can be used in image processing applications
to detect the difference between two images, either medical or standard
images. The simulation results show the better performance of the
proposed circuits, Proposed-1 and Proposed-2 save PDP of 88.36% and
83.25%, respectively.
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Highlights

e  Using of approximate computing and GDI technique to reduce power consumption
e Integration of DT technique and CNTFET technology to solve problems of GDI gates
e  Design of low-power and small-area approximate subtractors due to the use of only 10 and 12 transistors
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Table 1: Comparison of approximate subtractors

Name Difference (D) Borrow (Boyt)
AXSC1 [5] (X®Y)®B, (X ®Y).B, + XY
AXSC2 [5] X®Y®B, D or B,
AXSC3 [5] B, (X ®Y).B,, + XY
AXSL 1] B, (X +Y)+XY Y
AXS2 [1Y] B, (X +Y)+ XY B,
AXS3[17] B, (X +Y)+ XY X

ICSL[¥] B, X +YB,

1CS2[¥] B, Y + XB,

ICS3 [¥] B,,, B, + XY

Apps [1¥] XY B, (X ®Y)+Y(X ®Y)
SAPSCL [¥f] B, + XYB,, X(Y +B,)+YB,
SAPSC2 7] By X(Y +B,)+YB,
SAPSC3 [1f] » X +YB,,
SAPSC4 [)f] X+(Y®B,) Y
SAPSCS [¥f] X +YB, Y
SAPSC6 [1f] X +Y Y
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Figure 1. Schemes of approximate subtractors of ICS1-1CS3 [3], AXSC1-AXSC3 [6], AXS1-AXS3 [12], and APP [13] and SAPSC3-
SAPSCA4 [14].

1 Complementary Metal-Oxide Semiconductor (CMOS)
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Table 2: Accuracy table of approximate subtractors.
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1 Carbon Nanotube Field-Effect Transistor (CNTFETS)
2 Error Rate (ER)

3 Normalized Average Error Interval (NMED)

4 Average Relative Error Interval (MRED)
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3 Tap Gate (TG)
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Figure 3. The output waveform of the proposed circuits
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Table 3: Comparison of specifications between approximate subtractors

Name Tran. Nu. of Technique Tran. Gate Level Using Total
Count Errors Level (VHDL) Inverterat  Number of
In/Out Inverter at
In/Out
AXSC1[1] A Y TG YES NO Yes/No \
AXSC2[1] A Y TG YES NO Yes/No Y
AXSC3[1] Y Y TG YES NO Yes/No Y
AXS1[4] i Y CMOS YES NO Yes/Yes Y
AXS2 [4] i Y CMOS YES NO Yes/Yes Y
AXS3[4] Y Y CMOS YES NO Yes/Yes Y
ICS1[¥] YA \ CMOS YES NO Yes/Yes v
1CS2 [¥] YA \ CMOS YES NO Yes/Yes Y
ICS3 [*¥] YA \ CMOS YES NO Yes/Yes Y
Apps [V ] Yy f CMOS NO YES Yes/Yes v
SAPSC1 tF \ CMOS NO YES Yes/Yes o
"]
SAPSC2 Y Y CMOS NO YES Yes/Yes Y
"]
SAPSC3 i Y CMOS NO YES Yes/Yes Y
]
SAPSC4 VA Y CMOS NO YES Yes/Yes v
]
SAPSC5 i o CMOS NO YES Yes/Yes Y
"]
SAPSC6 1(No Biy) £ CMOS NO YES No/Yes )
"]
Proposed-1 V. £ GDI Yes No Yes/No Y
Proposed-2 Y f GDI Yes No Yes/No Y
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Table 4. Power, delay, PDP and PDAP values of the proposed reference circuits.
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