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ARTICLE INFO ABSTRACT
Article history: Quantum-dot Cellular Automata is a new trend inatechnology and investigated as
Received 10 December 2015 an alternative to the current CMOS technology. Q@#fovides an attractive
Accepted 28 January 2016 computational paradigm to design digital systemhigéecture. This work proposes a
Available online 10 February 2016 novel multiplexer-based 64-bit SRAM architecturewhich the area and clock delay
are optimized. The loop-based memory in motion gigra is accomplished in each
Keywords: QCA memory cell and clocking zones are shared betweemory cells. The read/write
QCA, SRAM, CMOS. operations are implemented by simplified contretwitry with less area for the higher

order memory array. The Proposed QCA memory ceh wontrol circuit uses 104-
QCA cells and reduced area. The advantages ofrtipwged work is sharing the clock
zones in a column reduces the number of clock délay8x8 memory utilizes only 5-
clock cycles to complete read/write operations.

INTRODUCTION

Advancement in CMOS fabrication technology in thst few decades reduces the feature size of the
transistor and scales down the supply voltage. Duihe decreasing supply voltage, the power consomp
from leakage current is a big challenge for traosisircuits (Rairigh, D., 2005). As the deviceesiz reduced,
power dissipation, leakage current, interconnecingiiand capacitances become a potential bottlentrkhe
circuit performance. The International TechnologyaBmap for Semiconductors (ITRS) predicts thatsike
limit for CMOS technology to be 5 to 10 nm by 20{iéent, C., 1994) and summarizes several possible
technology solutions ((IRTS), 2007) Nanotechnoliggn alternative to these problems and the Quailiam
cellular automata is one of the attractive altamest QCA technology has been introduced in 19931éhi, 1.,
1999) and the experimental devices for semiconduatmlecular, and magnetic approaches have been
developed. The molecular QCA devices can achiegie tiensity of 1dper cnf and clock speed could be from
1 to 10THz at room temperature (Cowburn, R. and\Mlland, 2000) and (Frost, S., 2002). In termseaftdre
size, it is claimed that the size of the basic Q& can be implemented by few nanometres molecular
fabrication at room temperature (Lent, C., 2003)e power dissipation of a QCA device with*1@ells is
approximately 100mW at 10THz (Timler, J. and C.8nt, 2002; Kummamuru, K., 2002).

QCA cell is arranged as a square pattern with &uminum metal islands connected via tunnel juomsti
made of AI/AIQ as shown in Fig. 1. Thermal fluctuation is avoidgdkeeping quantum — dot charging energy
is much higher than thermal energy. Though the @itais are located at the corners of the cell arg o
electrons are injected into a cell and makes twsside configurations of polarization which is eded as
binary ‘0‘ and ‘1".

The QCA clock is used to control the signal praegn among QCA cells. QCA clocking has been
operated using quasi-adiabatic switching, whichvedl recycling of energy by returning stored endrggk to
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the supply and reduces the total energy drawn ftleenpower supply. The computation process has been
enabled by quantum-mechanical tunneling and colanmbéraction between QCA cells.
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Fig. 2: Polarization of QCA Cells for different Clockingizes.

There are four-different clocking zones such agdwHold, Release and Relax. The Polarizatio@GA
clocking is shown in Fig. 2. During Switch phade tnter-dot barriers are slowly raised and the matation is
performed. During the phase of Hold, the interldatriers are kept high and the QCA cells retairir thiates
and in the next phase of Release, the barrierdosrered and the cells are relaxed to an unpolarsate.
During relax, the barriers are kept low and thésaglmain in unpolarized state.

A set of equally sized tiles together forms compcuits in the square formalism. The QCA memoan
be designed using square formalism (Berzon, D.Tarfdbuntain, 1999). The main advantage of thisnepke
is simple geometric layout and disadvantage of miitshodology is lower density and spatial redungiaamd
additional control circuit.

The H-memory architecture has been introducedesgarchers from Notre Dame University (Frost, S.,
2002), it uses a squared shaped spiral structateldbps back itself for storing data and the sastiof each
layer of the spiral can be in the same clockingezdhis a complete binary tree structure and tthaitenal
control circuit is provided at each node to perfogad/write operation. Though the word size of eaemory
cell is increased by adding extra layers, the nundfeclocking zones is not increased. The architec
achieves high density and uniform access time dmuires complex control logic circuit and the meynsire is
not linear with cell count.

The parallel memory architecture was proposed Wal(s, K., 2003). In this architecture, one-bit
information can be stored at each memory cell wigctiesigned using 158 QCA cells with simple reaidéw
circuit. The limitation of this approach is the vag@ment of the large number of clocking zones.

The design of parallel QCA memory was introduage@ankamamidi, M., 2005), the number of clocking
zones was independent of the memory size and shanedg all memory cells in a column. Also, the reaite
control circuit was very simple and requires twalifidnal clock signals. In the line-based archieet the
storage was achieved by moving data back and fier@CA line. This line-based memory architectursige
needs additional three zones for storage and tirestep process whose timing was different fromatiabatic
switching.

Tile-based memory architecture has been discuss@dankamamidi, M., 2008) contains three tiles and
placed in the order of input tile, output tile amémory tile to store one-bit information. The numbememory
tiles can be extended between input and outpu déiteording to the storage of N-bit informationnihich the
input tile is used to multiplex new input valuesointhe memory loop. The memory tile is designechgisi4
QCA cells, whereas 24 and 54 QCA cells are utilioedhe input and output tiles.

The synchronization of line-based memory architecthas been improved in (Taskin, B. and B. Hong,
2006) using dual phase clocking signal and thekclame required for data storage was reduced to Tihe
dual phase clocking signal was excited using sinlglek generator.

Multiplexer-Based Memory Architecture:
This work proposes a novel multiplexer-based 84BAM architecture in which the area and cloclaglel
are optimized. The one-bit memory cell is designsithg a 2 to 1 multiplexer with control circuit. &leircuit
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diagram of the memory cell and its QCA layout areven in Fig. 3 & Fig. 4 respectively. The addressatier
circuit selects the entire row of the memory cealtsl the additional control is provided for readfavoperations.

The input control circuit is designed using twojoniéy gates and the output control circuit corsist one
majority gate and both functions efficiently to feem read/write operations. In QCA-based memoryidpg
memory must be kept in motion, i.e., the memoryestas to be continually moved through a set of QEMks.
These cells are connected in a loop and are jpaiti into four clocking zones. At any point of tinome of the
zones must be in hold phase to retain the infoonairhe Proposed QCA memory cell with control dirases
104-QCA cells and has reduced area.
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Fig. 3: Circuit diagram of one-bit memory cell.
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Fig. 4: QCA layout of memory cell.

Table I: One-Bit Memory Cell.

SEL R/W Operation Data out
High High Write Low
High Low Read Data In
Low High or Low Holding Low

Table | shows the operation of one-bit memory.dalhen the R/W and row select signals are logically
high, the new input state is written into memoril aad hold it until it receives the next contrigsal. If R/W
goes low and the row select remains high, the mgmstate is read out by the data out pin. When relecs
signal goes low, data will be held in the memorgpoThe Read/Write control circuit is implementesing
majority gates which is defined mathematically iqugtion - (1) and (2). The equation — (3) desaitie
funtion of Multiplexer-based memory loop which tpuiring control signal CS from control circuit.

data out = M [ 40, M [F'W, SEL, 0, 0] ()
C3=M[SEL R'W,0] #3)

dd=M[M[d0, C5 0], M[datain C5, 0], 1] (3)

CMOS based SRAM is designed using parallel archites, in which the all the bits of informatiorear
read-out simultaneously. But in QCA-based memorgigle data read and write in the memory cell is
performed in different clock zones which makesnipossible to read the data simultaneously. Intodu
delay in memory cells will synchronize the readratien. In CMOS SRAM, wire delay is not considerbdf
in QCA SRAM, wire is designed using QCA cells whielil increase the latency and size. Area of QCA
circuits can be determined using QCA designer tdbé size of the one-bit memory cell, including tmatrol
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circuit is 0.17 prhand the size of 64-bit memory array including ¢betrol circuit is 13.6 pfiThe QCA layout

of 64-bit SRAM is shown in Fig. 5. Table Ill listee performance of the proposed one-bit memory 4%K1

and 8X8 memory arrays. It has been observed tehigher order memory arrays occupies less arda an
complete the process in less number of clock cyméesuse of sharing the control circuit. The penfmce of
the one-bit cell is compared with the best publisirks and is listed in Table IV. The proposed-bite
memory cell occupies less area, realized by lessheu of cell count and reduced clock cycles to detepthe
operation than the existing works. Table IV shole ¢comparison of 1-bit QCA SRAM with 6T SRAM using

CMOS technology.
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Fig. 5: QCA Layout of 64-bit SRAM.

The inverted and non inverted signals are obtairsg coplanar wire crossing option which is shawn
Table Il and its QCA layout is displayed in Fig. 6.

Table Il: Coplanar Wire Crossing.

Data in Data out
X1 X1
Y1 ~Y1
X2 X2
Y2 Y2
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Fig. 6: QCA Coplanar wire crossing.

Table Ill: Performance Of The Proposed Work.

Performance metrics
Size Architecture Complexity Cell count (ﬁt;%a) Clock cycle
Proposed work one-biff  Multiplexer-based parallel Simple read/write 15
S - 104 0.17
(dia=18nm) memory operations (6 clock zones)
Proposed work Multiplexer-based parallel Simple read/write 3 (11 clock
. - 2862 6.31
(4x4 Par) (dia=18) memory operations zones)
Proposed work Multiplexer-based parallel Simple read/write 9264 13.6 5 (21 clock
(8x8 Par) (dia=18) memory operations ’ zones)
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Simulation Results:

Fig. 7(a) shows the number of memory bits Vs Qs&ls. It has been observed that the QCA cell count
including control circuitsis linearly varies with respect to number of meynbits. Fig. 7(b) shows plot of
memory Vs Clock delay. The clock delay is spedifie terms of clock zones i.e one clock delay isatdo
four clock zones. It reveals that the clock deglimost varies linearly for higher order bits ani$ a sharp
curve slightly for the lower order memory bits whiis obtained due to area of the control circiitg. 7(c)
shows the memory bits Vs area. It has been obséhatdhe area of the arrays including controldisvaries
linearly with respect to number of memory bifar bistable approximation and coherence vectoinenghe
clock low and clock high is defined 9.8000G8eand 3.8000008s respectively.

Table IV: comparison of proposed work with best publishedkaio

Performance metrics
Comparisons . . Area Clock
Architecture Complexity Cell count (un?) cycle
K. WaILEil(]One_ bit) Parallel memory Complex circuitry 181 0.29 8
Vank%riga[rgc]h (one- Line-Based parallel memory| Complex read/write dirgu 158 unknown | unknown
Vankz?)rir:f [Tg' (one - Tile-based serial memory Complex input-output tiles 152 unknown | unknown
Moein Kianpour
(one-bit)(dia=10nm) | Loop-based parallel memory Simplified control citcu 140 0.25 2
(17]
. . 1.5
Proposed work one-bit  Multiplexer-based parallel . . .
(dia=18nm) memory Simple read/write operations 104 0.17 (Soﬂggl)(

Memory bits Vs QCA cell count of Proposed Architecture
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Fig. 7: (a) Number of memory bits Vs cell count.

Memory bits Vs clock delay of Proposed Architecture

clock delay-->

1 1 1 1 1 1
0 10 20 30 20 50 60 70
No of memory bits-—>

Fig. 7: (b). Number of memory bits Vs delay.

Memory bits Vs Area of Proposed Architecture
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Fig. 7: (c) Number of memory bits Vs area.
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The simulation result of 1-bit memory is displaye@dFig. 8. It can be inferred from Table-V thatth
proposed QCA memory cell occupies much lesser thaa other Conventional SRAM designs. The speed of
QCA is high compared to the conventional SRAWIsSe Simulation result of coplanar wire crossinghiswn in
Fig. 9. In the Fig. 6, there is no change in etecflow direction hence the out coming signal ¢ imverted. If
the QCA cell is placed in such a way that the etecflow direction gets changed then the signalverted.

Conclusion:

The 64-bit Parallel memory architecture is desigefficiently using multiplexer-based memory lodp.
reduces the cell count, and area considerably. spged has been increased due to reduced clockircyle
mulplexer-based memory loop. A simple control aithpon is developed to synchnonize read write memory
operations. The higher oder 64x64 bit SRAM willdeveloped in future using different methods of sroger
options by increasing temperature stabilty.

Table V: Comparison Of 1-Bit Qca Sram With 6t Sram UsingdSriechnology.

Parameters Pr_opose_‘d 1-bit QCA memory cell 6T SRAM using CMOS Technology
(including R/W control circuit) 0.25um [18] 0.18um[19]] 65nm][20 40 nm [20] 82(20]
Area 0.17um”2 2.4x4.1 um”"2 5.59 um™Z 0.4 um’2 Q1332 0.124 um"2
Clock delay 1.5 clock cycle 1.8 ns 1.8ns - - -
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Fig. 9: Simulation results of coplanar wire crossing.
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