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Abstract: As the level of integration of IC increases, System on Chip (SoC) design has evolved. This technology comprises
of several intellectual property blocks on a single chip. With downsizing of transistors, the traditional elements used impose
several challenges such as power dissipation, leakage and so on. These factors risk the cost efficiency of microsystems and
risk the semiconductor industry’s capability to prolong Moore’s law in the nanometer range. This is overcome by the
introduction of carbon materials such as nanosheet FET. They are advantageous over the traditional elements in terms of
area and power efficiency. We design an energy and power efficient SoC with nanosheet FET that provides noise tolerance
and memory optimization.
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1. INTRODUCTION

There has been remarkable progress in the semiconductor industry over the recent past. Integrated circuits
are becoming more complex and costly. Impressive densities are achieved in Very Large Scale Integrated (VLSI)
Circuits. In order to keep up with the integration levels, new methods are established to cope up with the
complexity in large chips. For this purpose, industries are adapting new designs and reuse methodologies. System-
on-Chip (SoC) design is one such technology where prefabricated and pre-verified blocks collectively known as
intellectual property (IP) blocks, virtual components or IP cores are combined to form a single chip. This SoC/IP
approach can be used to achieve high productivity gain. SoC designers work towards integrating these components
into a single chip to implement advanced functions in a shot span of time. It can be viewed as transferring a
multichip system-on-board (SoB) to a single chip encompassing digital logic, RF blocks, analog/mixed signal and

memory. The driving factors for this development are power reduction, reduced form factor and reduced cost.

In realising SoC, the main hitches includes fabrication complexity due to the process variation between
transistors and memories. Lee et al. [3] used simple atomic force microscope lithography to fabricate switching
as well as memory devices by creating narrow graphene oxide (GO) barriers in single layer graphene at measured
oxidation voltages. The graphene component with non-volatile resistive switching can be cast-off as memory
element and device with high on/off Fowler-Nordheim Tunnelling (FNT) current can be used as transistor

element. This fabrication methodology has led to extensive usage of graphene SoC.

The use of nanometer technology makes it progressively significant to contemplate reliability issues
during the design of communication architectures using SoC [9]. As technology scaling is done in the nanometer

range, the energy consumption and delay of global interconnect structure causes glitches in the SoC design.
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2. RELATED WORK

In the current nanoelectronics era, design of SoC creates several opportunities as well as challenges.
More than a billion transistors are estimated to be assimilated on a single chip incorporating numerous
semiconductor intellectual property (IP) blocks and custom-made processing units (PUs) [12]. Performance
deprivation and synchronization glitches occur between the IP blocks as wire delays are more critical than the
gate delays [13]. Yoon et al. [5] analysed Vi discrepancies of the 7-nm node NSFETSs by diverse work functions
of the work function metal established on a TCAD platform standardised with 10-nm node FinFETSs in terms of

device organisation and efficiency.

Lee et al. [6] suggested the need to study both digital as well as analog and radio frequency performance
of Stacked Nanosheet Field Effect Transistor (SNSH-FET) in SoC applications. The flexibility of using stacked
channel FET in SoC can be realized in perpendicularly stacked channel based unified memory, which is a
combination of DRAM and flash memory on a single transistor. Jegadheesan et al. [7] display the flexibility of
cell radio tuning for SoC applications by computing the influence of nanosheet width and thickness on DC
performance of SNSH-FET. Samsung Electronics has acknowledged the launch of 3nm gate nanosheet transistors
around the year 2022 [18].

Figure 1 Samsung Nanosheet Transistors [18]

Kyunghee et al. [15] developed a two dimensional modulated MoS; FETs by directly imprinting MoS,
flakes on the nanosheet transistor gate structure. Yakimets et al. [16] worked on a comparison of 3 piled
nanosheets of 20mm that are competitive in comparison to FinFETs with 2 fins when the layout design rules are
relaxed. The power optimization and frequency gain along with area scaling varies for every technology.
Nanosheet FET offers improved gate control for low Vpp, adjustable device width and design tractability.

53

ISSN: 2582-3825 (online)



http://www.irojournals.com/iroei/
https://doi.org/10.36548/jei.2019.1.006

Journal of Electronics and Informatics (2019)
Vol.01/ No. 01

Pages: 52-59
http://www.irojournals.com/iroei/

DOI: https://doi.org/10.36548/jei.2019.1.006

(a) 10° (b)s
. — oV
£ 10} V=3V [ E 4} — -40V
£ oof g — -80V
2 £ 2} — -120v
S 107§ = .
T c
3 10°} o
5 3
3 107} o -2
= £
T 107y @ 4t
o . a
107k, . . . . : Y i ) L ) ;
120 100 -80 60 40 -20 O 1.0 0.5 0.0 0.5 1.0
Back gate voltage (V) Drain Voltage (V)

Figure 2 Transfer Characteristics of Nanosheet FET [17]
3. PROPOSED WORK

Formerly, FInFETs were commonly used as low power transistors. With advancement in technology,
FinFETs were tried to be scaled down. But there was a leakage current that was produced [1]. Hence nanosheet
FETs (NSFETS) are used. It is proved to be efficient in small dimensions when compared to FinFETS. Sentaurus
TCAD software is used for the simulation of NSFETs [2]. The nanosheet width of NSFETSs can be effortlessly
adjusted. This allows flexible cell design for power and efficiency optimization [4].

3.1 Reliable SoC Design Architecture

We design a SoC based on two factors namely, system-level consistency and energy efficiency.
Reliability can be accomplished by generating a signal power that is greater than noise. However, this
methodology is particularly incompetent in terms of energy consumption. For decreasing this energy
consumption, nanosheet FETS are used.

Deep Sub Micron Receiver
; Noise Noise
Transmit

Power
Ptx
Channel @Demodulatorﬂéﬂ Decoder = Decoder > GBitEmorRate

Figure 3 Communication Channel Module
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The communication channel module shown in figure 3 comprises of a power amplifier that transmits
power to the channel. This transmitted power is combined with noise signals and fed to the receiver unit that
comprises of demodulator and decoders. The demodulator output is exposed to deep submicron noise signals
which is further fed to the first stage decoder. The use of multiple decoders help in reducing the bit error rate and

correction of the error signals.
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Figure 4 Structure and IP Blocks of SoC

3.2 Energy and Power Efficiency

With the increase in clock frequency and reduction in feature size, the global wire delays cause
synchronization issues. Process ambiguity and electrical instabilities that may result in transmission errors
influence the global interconnections that cover the whole chip area [11]. Major share of overall system power
budget is consumed by the IP intercommunication. Accommodating these communication necessities and

proficient interconnection of predefined and verified IPs decide the performance of SoCs.

While considering vertical nanosheet design, factors such as parasitic capacitance and resistance
throughout the device are to be considered. Rather than single inverter, self-driven systems such as Ring Oscillator
(RO) provides lesser concerns regarding input slew rate [8]. Hence the comparison of efficiency becomes slightly
complicated as we cannot choose between input signal and the load. For a SoC critical path, an RO can be

considered a satisfactory proxy if fan-out and back end of line (BEOL) are selected accurately.
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3.3 Noise Tolerance

Pricey packaging schemes and sophisticated power management systems are introduced to handle this
noise and power discrepancies. Upsurge in noise and power variations leads to challenges in designing consistent

and effective computing system with nanometer processes [10]. Scaling of feature sizes in sub-100nm scale and

3.4 Memory Optimization

The memory compatibility chart has to be segregated in groups in order to reduce the total expense and
thereby attain an efficient system-level distribution of memory elements. As the number of memory banks and
interfaces increases, the critical path is affected. Hence, while designing the process, it is essential to establish a

restrain to the volume of memory sharing.

We realize an algorithm that can accommodate the classification of all processor and deal with constraints
such as bandwidth enforced by memories that are designated for specified technologies. We can thereby determine
the establishment of memory subsystems in terms of multibank architecture that can satisfy certain constraints
while reducing the memory footprint by reusing the memory banks. A configurable memory controller that can

deal with the combined requirements of all processes as well as the memory is used by the algorithm.

3.5 Software Development Environment

The design flow of a SoC involves 5 steps inclusive of system specification, architectural exploration,
software design, hardware design, and hardware-software integration. The application software are organized by
software developers as a stack of layers executing on each processor core. A hardware abstraction layer is used
by the software designers since the final hardware platform will not be available while developing the software.
We use the description language SpecC [14] that uses extended C programming. Virtual architecture and service

access ports (SAPs) are used for co-designing the hardware and software content.

4. RESULT

A noise tolerant energy and power efficient SoC has been developed with Nanosheet FET overcoming
the difficulties of traditional transistor materials on scaling in the nanometer range. The RC delay is reduced in
nanosheet FET when compared to CMOS. These materials offer better switching current and resistance based on

oxidation voltages. Noise tolerance and memory optimization features are also considered in the design of the

56

ISSN: 2582-3825 (online)



http://www.irojournals.com/iroei/
https://doi.org/10.36548/jei.2019.1.006

Journal of Electronics and Informatics (2019)
Vol.01/ No. 01

Pages: 52-59
http://www.irojournals.com/iroei/

DOI: https://doi.org/10.36548/jei.2019.1.006

SoC. Using the same process for the manufacture of both transistor and memory element also improves the

efficiency of the device.

5. CONCLUSION AND FUTURE WORK

The Nanosheet FET based SoC offers better performance and versatility when compared with the
traditional FET used in SoC. The noise ratio is limited as the graphene material used allows low leakage. It
provides area and power optimization. Also, the development of all the IPs using Nanocarbon structures shows a
tremendous improvement in the efficiency of the SoC device. Future work involves fabrication of individual IP
blocks with nanocarbon materials so as to improve the density of SoC thereby increasing the complexity and

performance of the device.
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