JOURNAL OF NANO- AND ELECTRONIC PHYSICS
Vol. 11 No 3, 03034(4pp) (2019)

ARYPHAJI HAHO- TA EJIEKTPOHHOI ®I3UKH
Tom 11 No 3, 03034(4cc) (2019)

An Efficient Design for Coplanar Ripple Carry Adder in Quantum-dot
Cellular Automata Technology

Zahra Dadgar, Abdalhossein Rezai”

ACECR Institute of Higher Education, Isfahan branch, Isfahan 84175-443, Iran

(Received 28 November 2018; revised manuscript received 14 June 2019; published online 25 June 2019)

The new nanotechnology, the Quantum-dot Cellular Automata (QCA) technology, is a promising tech-
nology for replacing the conventional CMOS technology at nanoscale. This new technology provides high-
speed and extremely dense structures in digital circuits. This study presents new low complexity one-bit
QCA Full Adder (FA) structure as a building block. Then, a new high-speed four-bit QCA Ripple Carry Ad-
der (RCA) is proposed using this building block. The QCADesigner tool version 2.0.3 is utilized for verify-
ing circuit functioning. The proposed one-bit QCA FA structure and proposed four-bit QCA RCA structure
utilize 47 and 233 cells, respectively. The implementation results show that the proposed structures pro-
vide an improvement compared to other structures in terms of latency, area, cell count, and cost.
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1. INTRODUCTION

The conventional CMOS technology has faced with
limitations such as short channel effects at nanoscale
[1, 2]. So, several technologies such as CNTFETs [3, 4, 5],
and Quantum-dot Cellular Automata (QCA) [1, 6, 7] are
investigated as replaced technologies. The QCA technol-
ogy has significant interest for researchers. The QCA
devices and systems are designed by using QCA cell that
is composed of two electrons [1]. The information in this
technology is encoded by using the place of electrons in
the QCA cell [1, 6, 7]. In addition, this technology has
characteristics such as small dimensions and high-speed
operation [1, 8].

On the other hand, Full Adder (FA) circuits play an
important role in computational circuits, which are used
to design digital circuits. The one-bit QCA FA is the
main structure in n-bit QCA FA design [2].

In this study, a novel one-bit QCA FA with five-input
Majority Gate (MG) is presented. Then, a novel four-bit
QCA Ripple Carry Adder (RCA) is constructed using this
building block. These structures are implemented using
QCADesigner. The implementation results confirm that
these new structures have an advantage compared with
other QCA structures.

The rest of this paper is arranged as follows. In sec-
tion 2, an overview of the QCA technology and previous-
ly offered descriptions for FA are presented [9-12]. The
proposed structures are presented in section 3. Section 4
presents the implementation results and compares the
proposed structures with other structures. Finally,
section 5 concludes the paper.

2. BACKGROUND
2.1 The QCA Cells

The building block in the QCA technology is QCA
cell, which consists of 2 electrons and 4 dots. When the
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potential barrier is low, the electrons are able to tunnel
between quantum dots. As a result, they are arranged
in two stable states. These two configurations for the
cells are shown in Fig. 1 [6-9]. The polarizations — 1
and 1 can be utilized to show binary values of zero and
one, respectively.

Fig. 1 - The possible polarizations for the QCA cell [9]

2.2 QCA Fundamental Structures

The MG and inverter are two important gates in
this technology, as shown in Fig. 2 and Fig. 3 [6-9].

The MG has a significant role in the QCA digital
circuits. Three-input MG is defined as follows:

MAJ3(A,B,C) = CA + AB + CB. (1)
L] * ®
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Fig. 2 - Layout of the QCA inverter [6-9]
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Fig. 3 — Layout of the three-input MG [6-9]

Moreover, the equation of five-input MG is as fol-
lows:

MAJS5 (A,B,C,D,E) = DAB+CAB+ DAC +
EAB+EAC+EAD+ EBC +DBC+ EBD +ECD. (&)

2.3 The QCA Clocking

QCA circuits' clocks are utilized to control the cir-
cuits. The QCA circuits have 4 clock zones. These clock
zones are called hold, switch, relax, and release.

2.4 The QCA FA

The A, B, and C are inputs, which should be added
and the outputs are Cout and Sum in the FA. The Sum
output denotes the sum of these inputs and Cout denotes
the carry output. The outputs of FA are defined as [11]:

Cout = AB + CA + CB, 3)

Sum=A®B@C. 4)
Using MG, the Cout is also written as follows [11]:
Cout = MAJ3(A, B, C). 5)

Note that, equation (4) can be rewritten by using five-
input MG [11]:

Sum = MAJ5(4A, B, C, Couts Cout)- (6)

The complexity of circuit design can be simplified by
using five-input MG instead of three-input MG. Fig. 4
and Fig. 5 show the implantation of FA circuit by using
five-input MG in the QCA technology [11, 12].

2.5 Related Works

Kassa and Nagaria [9] have proposed five-input MG,
then they have designed one-bit FA structure based on
this five-input MG. This structure has 48 cells and area
of 0.05 um2. Hashemi and Navi [10] have proposed a
QCA FA. They also proposed a QCA RCA structure. The
one-bit QCA FA has 71 cells with area of 0.06 um2. The
four-bit QCA RCA has 442 cells with area of 1 pm?2.
Labrado and Thapliyal [11] have proposed a design for
the one-bit QCA FA with five-input MG. They also have
proposed a QCA RCA structure. The one-bit FA has
63 cells with area of 0.05 pm2. The four-bit QCA RCA
has 295 cells, and 0.30 um?2 area. Another FA design has
been proposed by Sasamal et al. [12] and uses five-input
MG. This structure has 49 cells, and 0.04 pm? area.
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Kianpour et al. [13] have proposed another design that
has 69 cells and 0.07 pm? area. Qanbari and Sabbaghi-
Nadooshan [14] have proposed two designs for one-bit
FA with 104 and 63 cells and 0.13 and 0.05 pm? area.
Another FA design has been proposed by Mokhtari et
al. [15]. This design has 46 cells and 0.04 um? area.
Rasouli Heikalabad et al. [16] have proposed a design
for 1-bit FA with 41 cells and 0.03 um?2 area.
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Fig. 4 — The layout of the QCA FA in [12]
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Fig. 5 — The layout of the QCA FA in [11]

3. THE PROPOSED STRUCTURE
3.1 The Proposed One-Bit QCA FA Structure

Fig. 6 illustrates the developed structure for the
one-bit FA in the QCA technology.

As illustrated in Fig. 6a, the utilized logical diagram
for the implementation of QCA FA structure contains
three main components: two inverter gates, a five-input
MG, and a three-input MG. Fig. 6b presents the layout
of the developed one-bit QCA FA. Note that, we use half
space between our cells to area reduction. Our proposed
design consists of 47 cells and area of 0.03 pm?2.

3.2 The Proposed Four-Bit QCA RCA Structure

Fig. 7 shows the designed four-bit QCA RCA struc-
ture. This structure is composed of 233 cells and 0.29 pm?
area. In addition, the QCA cells are located in 7 clock
phases or 1.75 clock cycles.
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Fig. 6 — The developed one-bit FA structure in the QCA tech-
nology: (a) logical diagram, (b) implemented layout
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Fig. 7 — The layout of the designed four-bit QCA RCA
Table 1 — Comparison table for the on-bit QCA FA
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4. SIMULATION RESULTS AND COMPARISON

We use QCADesigner simulation engine to certify
the accurate functionality of the proposed structures.

4.1 The Proposed QCA FA Structure

Based on the achieved implementation results, the
developed structure for the FA in the QCA technology
works correctly. Table 1 summarizes the implementa-
tion results of the designed QCA FA compared to other
QCA FA structures. It should be noted that the cost is
determined in this section as follows:

Cost = Area - Latency.

According to Table 1, in comparison with other
structures, our developed structure has an improve-
ment in all terms. For example, the area, cost and cell
count of the designed QCA FA decreased by about
50 %, 70 %, and 33.8 %, respectively, compared to QCA
FA in [10]. Despite similar delay to [11], our developed
structure has improvements in terms of area, cost and
cell count. Despite lesser cell count to that of structure
presented in [15], our structure has improvements in
terms of cost and delay. Our developed structure has
25 %, 25 %, and 43.75 % improvements in terms of area,
delay and cost compared with [15].

References No of cells Area, pm? Delay (clock cycle) Cost Crossover type
[14] 104 0.13 1 0.13 Coplanar
[14] 63 0.05 0.75 0.0375 Multilayer
[15] 46 0.040 1 0.04 Coplanar
[12] 49 0.04 1 0.04 Coplanar
[11] 63 0.05 0.75 0.0375 Coplanar
[9] 48 0.05 0.75 0.0375 Coplanar
[13] 69 0.07 1 0.07 Coplanar
[10] 71 0.06 1.25 0.075 Coplanar
[16] 41 0.03 1 0.03 Coplanar
This paper 47 0.03 0.75 0.0225 Coplanar
Table 2 — Comparison table for the four-bit QCA RCA
References No of cells Area, pm? Delay(clock cycle) Cost Crossover Type
[11] 295 0.30 1.5 0.57 Coplanar
[10] 442 1 2 2 Coplanar
[15] 187 0.2 4 0.8 Coplanar
[18] 269 0.37 3.5 1.295 Coplanar
[17] 366 0.51 2.5 1.275 Coplanar
This paper 233 0.29 1.75 0.5075 Coplanar
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4.2 The Proposed QCA RCA Structure

Based on the achieved implementation results, the
designed structure for four-bit QCA RCA works correct-
ly. Table 2 summarizes the implementation results of
the four-bit QCA RCA structures.

Based on our implementation results that are dis-
played in Table 2, the designed structure has ad-
vantages in terms of latency and cost compared with
other four-bit QCA RCA structures in [10, 11, 17, 18].
In particular, our developed structure has 60 %, 36 %,
and 43 % improvements in terms of cost, cell count, and
area, respectively, compared with [17]. Moreover, our
design has 60 %, 50 % and 21 % improvements in terms
of cost, delay and area, respectively compared with
[18]. Despite lesser cell count to that of design present-
ed in [15], our design has improvements in terms of
cost and delay compared with [15].

5. CONCLUSIONS

The QCA is a new and developing technology that is
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EdexTuBHuii nusaiia 11 KOIJIAHAPHOIO CyMaTOpPa 3 HEPiBHOMIPHOIO TOYKOIO
B T€XHOJIOTI KJIITUHHNX ABTOMATIB

Zahra Dadgar, Abdalhossein Rezai

ACECR Institute of Higher Education, Isfahan branch, Isfahan 84175-443, Iran

HoBa HaHOTEXHOJIOTISA — TEXHOJIOTISA KIITHHHUX aBTOMATIB Ha 0a3l kBauToBuX Touok (QCA) — € Gararoo-
BIISIIOY0I0 TEXHOJIOTIE0 IS 3aMiuu Tpaguiniiaol TexHosorii CMOS mHa mawmopisai. [la HoBa TexHoJIOTIS 3a-
Oearevuye BUCOKOIIBUIKICHI 1 HA/I3BUYANHO IIIJIBHI CTPYKTYPH B IU(POBUX JIAHITIOrax. ¥ IIHOMY JOCJII/IsKeH-
HI IIpeJICTaBJIeHa HoBa cTpyKTypa oaH0biTHOTO QCA moBHOro cymaropa (FA) 3 HU3BKOW CKJIAIHICTIO SIK Oy-
JiBeJILHOTO OJIOKY. I1oTiM 3 BUKOPHMCTAHHSAM IIHOTO CTAHIAPTHOrO OJIOKY TPOIIOHYETHCS HOBUM BHUCOKOIIIBHI-
ricuwmit nBoraHanbauil QCA cymarop Ripple (RCA). Imcrpyment QCADesigner Bepcii 2.0.3 BHKOPHUCTOBY€ETH-
cs1 ISl TIepeBipky (PYHKI[IOHYBAHHS CXeMI. 3aIIpOIIOHOBaHa cTpyKTypa omHobitHOoro QCA FA i 3ampormono-
BaHa vyorupubitHa crpyrrypa QCA RCA BuropucroByors 47 1 233 wiitunu BigmnosigHo. PedymnsraTtn peasi-
3airii MOKAa3yIoTh, 110 3aIIPOIOHOBAHI CTPYKTYPH 3a0€3IIeUyIOTh IIOJIIIIIeHHS Y IOPIBHAHHI 3 1HIIMMA CTPYK-
TypaMH 3 TOYKH 30PY Yacy 3aTPUMKH, ILJIOII, KIJIBKOCT1 KIITHH TA BAPTOCTI.

Kurouori ciosa: Hanoenexrponira, Hanorexuonorii, Cymarop Ripple, [Tosauit cymarop, Kiiturui aBromatn

Ha 0231 KBAHTOBUX TOYOK.
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