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Network-on-chip (NoC) provides solution to overcome the complications of the on-chip interconnect architecture in
multi-core systems. It mainly consists of router, links and network interface. An essential component of on-chip
router is an arbiter that significantly impacts the performance of the router. The arbiter should provide fast and fair
arbitration when it is placed in Critical Path Delay (CPD) systems. The main aim of this research work is to design
a novel arbiter for an effective network scheduler in complex real time applications. At the same time resource
allocation and power consumption should be very low. Previously, a novel gate level Ping Lock Arbiter (PLA) is
designed to overcome the limited fair arbitration in Improved Ping Pong Arbiter (IPPA) with less delay. But the chip
size and power consumption are very high. To overcome this problem, an Effective Gate Diffusion Input (EGDI)
logic-based CMOS scheme is used to design a novel Compact Ping Lock Arbiter (CPLA). The proposed CPLA is
compared with the existing PLA based on static CMOS scheme. The comparison between the conventional and
proposed arbiter is carried out to analyze the area, delay and power by using Tanner Tool 14.1 with 250nm and 45nm
technology. The proposed CPLA is suitable for compact and smart applications with glitch free and fair arbitration.
The proposed CPLA presents 41.2% reduction in total area consumption. It also provides 47.12% average Area and
Power Product (APP) reduction when compared to the existing 4-bit PLA. Similarly, the proposed 8-bit CPLA shows
49.48% average APP product shrinkage when compared to conventional 8-bit PLA. For low power and area
constraint applications, the proposed CPLA with EGDI is best in comparison to the static CMOS based ping lock
round robin arbiter. Therefore, the results demonstrate that the proposed CPLA achieves low power and consumes
less area than the existing ping lock arbiter.

Keywords: Network on chip, ping lock arbiter, effective gate diffusion input logic, CMOS Logic.

1. Introduction

The advancements in VLSI technology have allowed millions of transistors on a single die leading to system-on-chip
designs. The major challenge to overcome in such devices is to offer for functionally correct, reliable operation of the
interacting components [1]. In addition, with continuous decrease in feature size and increasing integration density, the
global interconnect delay now dominates gate delays [2]. Interconnections have therefore been the dominant factor in
determining the overall characteristics of a chip. Global interconnects cause severe on-chip synchronization errors, difficult
timing closures, routing congestion and high power consumption [3].

*Corresponding.author: sgngeeta.singh@ieee.org 374
2022 UTHM Publisher. All rights reserved.
penerbit.uthm.edu.my/ojs/index.php/ijie


http://penerbit.uthm.edu.my/ojs/index.php/ijie

Sangeeta singh et al., International Journal of Integrated Engineering Vol. 14 No. 1 (2022) p. 374-388

The communication network connects diverse functional blocks on a chip to form homogeneous, heterogeneous or a
hybrid system [4]. This network connecting different functional blocks together is the back bone of any system. The
amount of power and area associated with these interconnects keeps increasing with each scaling and thus the
communication architecture has to be modified to achieve low area and high performance. Traditionally, the designs of
systems were based on critical paths and clock trees which presented an increased amount of delay and power
consumption. The emerging technology that targets such connections is called on-chip interconnection network, also known
as Network on Chip [5]. The integration of massive number of storage blocks and processing elements (PEs) are done in
a single chip is called as NoC. Network technology uses the NoC feature to create the data exchange within the chip. A
typical NoC architecture contains Routers (Switches), Links, Network Interface (NI) and Processing Elements (PE) as
shown in Fig.1.

Networ|
Interface

Fig. 1 - Basic NoC Architecture

Routers plays an imperative role in NoC. Routers handle the data transmission via network as packets [6]. Thus, to
achieve high throughput, structural design of the router should experience lower delay with less area and power
consumption [7].

Avrbiter is a main building block of NoC router. An arbiter is used to determine the sequence of granting access to the
shared resources when multiple input ports try to access the same output port. Different types of arbitration scheme available
are round robin, lottery, token ring [24], and fixed priority [30]. Among all, round robin token scheme is the standard scheme
which is used in Network on Chip for bus arbitration. The advantages associated with round robin arbitration scheme are
low complexity, fairness in scheduling, prediction of worst-case wait time. Most of the designs used for arbiters are based
on achieving the performance and scalability issues. But due to advances in technology, power consumption tends to
dominate the design.

There are different types of Round Robin Arbiter (RRA) available to solve the conflicts among multiple input ports
requesting for single output port. The names of few RRA based designs are: Programmable Priority Encoder Arbiter (PPE),
Ping Pong Arbiter (PPA), Thermometer Coded Arbiter (TCA), Merged Arbiter and Multiplexer (MARX) [28], Switch
Arbiter etc. Among all the round robin arbiters available, PPA provides binary tree-based structure to build higher order
and complex arbiters [8].
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Fig. 2 - Tree Structure of PPA
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The Ping Pong Arbiter (PPA) suffers from the drawback of unfair arbitration when the input requests are not uniformly
distributed. Thus, a gate level Ping Lock Arbiter (PLA) was developed to overcome the limited fair arbitration in Improved
Ping Pong Arbiter (IPPA) with less delay [9]. But this leads to increase in chip size and power consumption. This research
work aims to design a low area, low power and high-speed Ping Lock Arbiter (PLA) for NoC router. The PLA is based
on Ping Pong Arbiter (PPA) which is designed by connecting small arbiters in binary tree format [8]. The four-bit ping
pong arbiter is developed by using a three 2-bit PPA with some additional gates. In addition, the internal feedback flag
signal “fi” is given as the input through the feedback process. Mostly, the 2-bit Ping Pong Arbiter acquires a grant signal
only if the next level subsequently provides a suitable grant signal in 2-bit PPA. Thus, the corresponding arbiter in each
layer gets grant signals which are masked with grant signal of parent arbiter. The total arbitration time required is very
low in PPA but it suffers from drawback of very high resource utilization.

In the proposed system, the Ping Lock Arbiter (PLA) can be used when greater than one request comes towards the
particular port. The ports are arranged in the order of East, West, North, South and Local. It is based on round robin
priority. This paper presents two types of ping lock arbiters are designed by using static CMOS technique and gate
diffusion input logic (GDI) based CMOS technique [10,11]. Tanner tool is used to design the circuit and check the
functionality of the arbiter for NoC router. The comparison between existing and the proposed arbiter is analyzed to
check the resource utilization, performance and power consumption. In future, these arbiters can be incorporated into the
Application Specific Network on Chip router (ASNoC).

The rest of the paper is arranged as follows: Section 2 describes various works related to arbiter. Section 3 presents
the details of implementation of ping lock arbiter based on static CMOS technique. The design of proposed ping lock
arbiter based on EGDI is demonstrated in section 4. The results and corresponding analysis is shown in section 5 and
conclusion is given in section 6.

2. Related Work

The round robin arbiter is worked based on regular bus arbitration method. A token is used to attain an efficient
allocation of resource in equal manner. An individual token is used for each and every user to create a grant signal at a
meticulous time. At a time only one user will be receiving the grant signal from numerous requests in a cyclic manner.
Currently, a lot of efficient resource allocation method are used for on chip communication. The researchers have
concentrated on implementation and analysis of different types of arbiters available but to the best of our knowledge
round robin arbitration is the best suitable method for many real time applications as it is less complex and provide
fairness in scheduling for uniform traffic conditions. This section provides insights on various work done related to the
implementation of arbiter.

In [12], the resource allocation policy is attained by using a fast crossbar scheduler. The multiplexing and de-
multiplexing processes are performed in the crossbar switch of router. At a time more than one request is received from
various input channel. However only one input channel which having highest priority is awarded a grant signal from a
queue. Subsequently all other input channel obtains a grant signal in a regular interval of a clock cycle. In addition, the
scheduler speed is improved by using pipelined scheme. Anyhow power consumption and area are high. In [13], the
round robin arbiter with Programmable Priority Encoder (PPE) is used to set a routing policy and it leads to huge amount
of gate delay. To overcome this problem, Parallel Round Robin Arbiter (PRRA) with binary tree structure is included for
high performance and low complexity. In PRRA, the gate delay is lower than the crossbar scheduler but the power and
resource utilization are very high.

Previously, a Dual Round Robin Arbiter (DRRA) is designed to split the transaction bus in SoC implementation [14].
The data bus arbiter and address bus arbiter are used to construct a non-multiplexed transaction bus. Every request is
processed after certain bounded waiting time which is created by DRRA. In [15], the proposed circulated arbiter is created
by using a circulated scheduler-based crossbar switch in order to analyze the result of router. The mask trail and
compressed scheduler are used to create a fair crossbar control. The scheduling delay, critical delay, hardware cost and
power consumption are decreased in the fair crossbar switch. In addition, they can predict the fairness of an arbiter.
Currently, few other variations of arbiter are developed to improve the fairness than the existing arbiter.

In [16], a novel bit level algorithm and concurrent prefix adder logic are used to design a novel programmable priority
arbiter. Consequently, it increases the complexity of the overall design. Furthermore, performance is high in novel
programmable priority arbiter. In [17], the Edge Detector (ED) and two Fixed Priority Encoder (FPE) are used to
construct parallel prefix arbiter based on thermo code. Various types of parallel prefix adders are used like Brent Kung,
Ladner Fischer, Han Carison and Kogge Stone formations. A Carry Look Ahead Adder (CLA) is created by performing
carry generation and carry propagation in three stages of adder. Carry generation is executed by performing AND
operation. Similarly, carry propagation is performed by using OR operation. A low complexity parallel prefix adder is
formed by reducing the number of stages. Therefore, it provides small resource utilization and high performance.

A novel sorting-based arbitration algorithm and a new Merged Arbiter and Multiplexer (MARX) structure are
designed in [18]. Then it is integrated into the proposed merge switch allocation and traversal in NoC switches. This
router is used in simple and high complexity arbitration strategy. Moreover, it offers low energy, delay and chip size. The
Index Based Round Robin Arbiter (IRRA) is designed in [19]. The key is stored in index format to perform switch
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functions. The input ports are scaled by using a logarithmic operation. In addition, the IRRA provides low die size, low
power and high performance. But it limits the fairness of router.

The design of concurrent pseudo round robin arbiter is presented in [20]. It enables several requests at a time via
parallel processing and hence the performance is high. Anyhow the area and power utilization are very much elevated.
A weighted round robin arbiter is built by using a generic algorithm-based optimization method [21]. Each and every
input port is having a suitable weight. The grant signal is prearranged in which channel having supreme credence and
thus the speed is increased. Anyhow the complexity of this arbiter is very high. The design of round robin arbiter with
clock gating scheme is presented in order to achieve less delay and low power by shrinking the switching movement of
the clock signal [22]. Whenever the clock signal and enable are high simultaneously only then the corresponding clock
signal is activated. So the power consumption is low due to reducing the number of clock cycle required for arbiter.

An optimized buffered and greedy arbiter was presented in [23]. The complexity of the developed design increases
with increase in number of inputs and the efficiency decreases under the condition of high activity where in all the inputs
present are requesting for the access of resources or output ports. An arbitration method depending on token ring was
presented in [24] which is suitable for on-chip CDMA based bus architectures. But it suffers with the disadvantage of
starving among the input requestors. In addition, the efficiency of the designed technique was measured in terms of
latency and throughput with no focus on power consumption.

In [25] a modified round robin arbiter was developed using clock gating technique which is power and area efficient
but suffered with the drawback of low throughput. The proposed round robin block does not require the ring counter to
choose the priority block. The clock signal is provided by the global ring oscillator, with optional dividers for slower
clocking options.

According to [26], large number of arbiters are present in Network on Chip and it plays a critical role in defining the
performance of the overall NoC. It presented the comparative analysis amongst various arbiters. The work concentrated
on decreasing the response time of arbiters to the requesting input ports thereby increasing its speed. The comparison
didn’t provide any insights on the amount of power and area consumption which are very crucial for arbiters.

The performance analysis between fixed priority arbiter, round robin arbiter and matrix arbiter was given in [27]. The
results show that the fixed priority arbiter doesn’t support fairness in scheduling whereas matrix arbiter leads to large
delay, thus making them less efficient when compared to round robin arbiter.

The fairness in granting resources to the requestors is an essential functionality of arbiter. A generic architecture of
Dynamic Priority Arbiter was presented in [28] where in the priority was updated dynamically to achieve fast arbitration
process. But this method increased the complexity of the designed arbiters and also led to high area and power
consumption.

A technique for fair arbitration was developed to guarantee transmitter access for all the input channels in [29]. The
proposed technique focused on improving timing towards granting access to the requested input channels without any
reference to power and area consumption of the designed arbiter.

A high throughput arbiter based on fixed priority mechanism for applications related to Time Correlated Single Photon
Counting system was presented in [30]. The major drawback of this technique is starvation of certain input requestors
with more requests leading to increased wait time to get access to the resources.

The problem of constant wait time associated with a round robin arbiter was addressed in [31]. The proposed scheme
increased the frequency of operation and throughput but led to increase in area occupation. A modified round robin arbiter
was designed in [32] to overcome the problem of starvation where in the requestors need not wait for long to win the
granting signal. The arbiter is made aware of the load present on buffer to decide priority of input requestors. This method
suffers with the drawback of increased area and power consumption with reduced speed of operation.

The ping lock arbiter is designed in [9] with lock signal for good arbitration and fairness scheme. Therefore, the delay
is less but area and power consumption are high. To overcome this problem, an Effective Gate Diffusion Input Logic
based Ping Lock Arbiter (CPLA) is designed in the proposed system with a smaller number of transistors when compared
to existing static CMOS logic-based ping lock arbiter. Thus, the proposed PLA offers small die size and low power
consumption than the other state of art methods.

3. Existing Ping Lock Arbiter with Static CMOS Technique

Fair arbitration is attained in modified ping pong arbiter by altering the information about priority policy. The round
robin arbiter is reorganized at the superior level to obtain the first priority sooner than every input is processed in single
round of arbitration. The fair arbitration is received by processing the uppermost index-based request in starting
meanwhile not updating the priority vector of midway arbiter.

The modified ping pong arbiter known as Ping Lock Arbiter uses a lock signal “lo” to avoid change of priority register
value until the arbiter grants access to the requesting input port. This helps to overcome the problem of unfair arbitration
associated with the ping pong arbiter for non-uniform active requests.

The existing ping lock arbiter achieves fair arbitration for both uniform and non-uniform pattern of requesting
signals. It’s efficiency in terms of area, power and delay decreases with increase in width of arbiter. For higher order
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arbiters, ping lock arbiter’s performance is almost similar to ping pong arbiter. The basic architecture of ping lock arbiter
is based on binary tree structure in which higher width arbiters can be constructed by using lower order arbiters.
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Fig. 3 - Structure of 2-bit Ping Lock Arbiter’s Intermediate Arbiter [9]

The gate level structure of intermediate node of 2-bit ping lock arbiter is shown in Fig.3. It consists of two lock
signals (li0, lil) corresponding to each requesting input port. The intermediate node produces an output lock signal “l,”
to be used by its parent arbiter.
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Fig. 4 - Structure of 2-bit Ping Lock Arbiter’s Leaf Arbiter [9]

The gate level structure of leaf node corresponding to 2-bit ping lock arbiter is shown in Fig.4. It asserts the lock
signal “lg” only when it receives active requests from both ro and ry along with zero priority pointer. The leaf and
intermediate cells presented consists of OR, NAND, AND gates, inverter and a register. The OR operation is performed
between two request signals to produce the asserting signal (AG).

The priority register (P-reg) is designed asynchronously to make a glitch free circuit. Any unwanted signal
produced at the output is called as glitch. The enable signal of P-reg is generated by using AND gate in which the output
is feedback to give as input with error input (ei). When the enable is one, the grant signal is generated based on request
inputs and p-register output. The input to output, input to register, register to output delay are calculated to find the arbiter
maximum delay (MD). The Granting delay (GD) is defined as the maximum delay of arbiter to affirm the grant later than
getting a request. The granting delay should be equal are lesser than the maximum delay of the arbiter.
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The general structure of n-bit arbiter is depicted in Fig.5 where ‘r’ indicates request signals, ‘g’ as grant signals, ‘1o’
is lock signal, ei and eo represent input and output enable signals. An n-bit ping lock arbiter (PLA,) is constructed with
the help of 2 PLAnzand an intermediate PLA.
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Fig. 5 - Structure of n-bit ping lock arbiter

The four-bit Ping Lock Arbiter (PLA) as shown in Fig.6 is created by combing two 2-bit PLA leaf and one 2-bit PLA
intermediate structure (Fig.3 and Fig.4) along with four AND gates which is also called as new gate level compact round
robin arbiter. The excellent grant updating policy is included in the PLA to attain fair arbitration. The lock out (lo), AG,
error output (eo) and grant signal are generated by PLA. The output is obtained without any signal distortion with fair
arbitration. Static Complementary Metal Oxide Semiconductor (S-CMOS) logic is used to design existing ping lock
arbiter of basic and higher width. This leads to increased area and power consumption and the overall performance is
quite similar to the conventional ping pong arbiter. Similarly, an 8-bit arbiter built using two 4-bit PLA and one
intermediate PLA is also analyzed and compared with existing CMOS logic-based arbiter defined in [9].
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Fig. 6 - Structure of 4-bit ping lock arbiter

4. Proposed Ping Lock Arbiter with EGDI Logic

The existing ping lock arbiter achieves fairness in arbitration but suffers from the drawback of high power and area
consumption. To overcome the drawback of existing PLA design, a modified PLA is proposed using GDI technique to
reduce total area and power consumed by the arbiter. The effective GDI logic uses a smaller number of transistors to
complete the basic logic gate operation compared to all other styles like Static CMOS logic, FINFET logic, Pass
Transistor Logic (PTL), domino logic etc. The implementation of AND gate using EGDI logic is shown in Fig.7 (a). It
needs only two transistors to perform the operation. In the gate diffusion logic, the drain and source terminal of MOSFET
are used as one of the input terminal instead of the gate terminal. Hence the number of transistors are very less in EGDI
logic. When A and B values are zero, the PMOS is ON and NMOS is OFF which is connected to A in drain. Thus, the
values of A equal to zero is passed to the output. When A=0 and B=1, PMOS is ON and NMOS is OFF but the drain of
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PMOS is connected to A. Hence the output is zero. Similarly, if A=1 and B=0, PMOS is OFF and NMOS is ON. Anyhow
as the NMOS drain terminal is connected to B, the value of B is passed to output as zero. Similarly, when all the inputs
are high, PMOS is OFF and NMOS is ON. The drain of NMOS is attached to B, making the output as B (i.e.) one.

A

A
AI:'R A+
%f_[ B § ] ‘
Oo—
(a) AND gate using EGDI (b) OR gate using EGDI

. 771

(c) NAND gate using EGDI

i@
A AR
-

—

Fig. 7 - Circuit diagram of AND, OR, NAND gates using EGDI logic

The circuit diagram of OR gate using EGDI is shown in Fig.7 (b). When both the inputs are zero, PMOS is ON and
NMOS is OFF. The drain terminal of PMOS is attached to A makes the output as zero. When all the inputs are one,
PMOQOS is OFF and NMOS is ON which is connected to B. Thus, the output is equal to one. If A=0 and B=1, NMOS is
ON & PMOS is OFF, as the NMOS is connected to B, the output is pulled to one. The inverse operation is performed
when A=1 and B=0. The EGDI logic-based NAND gate is shown in Fig.7 (c). The inverse operation of AND gate with
EGDI is performed in NAND gate by adding the inverter in final stage.

A basic CMOS logic AND gate normally uses six transistors, whereas the same gate when implemented using EGDI
logic uses only two transistors making it more area effective and less complex. Similarly, other basic gates when
implemented using EGDI logic turn out to be area efficient and less complex when compared to static CMOS logic
circuits.

The proposed compact ping lock round robin arbiter is designed by integrating EGDI based AND, OR, NAND gates
instead of static CMOS logic gates in 4-bit and 8-bit ping lock arbiter. Initially the PLA2-leaf cell and PLA2-intermediate
cell is designed using the basic gates designed using EGDI logic which uses a smaller number of transistors when
compared to existing CMOS logic-based cells. The schematic of PLA2-leaf and PLA2-inter are presented in Fig.8 and
Fig.9 respectively. These schematics are taken from the S-Edit window of Tanner tool.
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Fig. 8 - Schematic of EGDI based PLA2 Leaf Cell
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Fig. 9 - Schematic of EGDI based PLA2 Leaf Cell
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The ping lock arbiter uses binary tree-based architecture to build higher order complex arbiter circuits. The 4-bit
PLA is developed using an EGDI based PLA-leaf and PLA-intermediate cell as shown in Fig.10. It is designed by using
PLA-2 inter and PLA-2 leaf structure. Finally, six AND gates are used to combine the outputs of PLA2 leaf and PLA2
inter to find the grant value and the error output.

AND2 rJ_ { JJ‘“‘D i1
PLAZ-Leaf
L[ PLAZ-Inter
cio[> [2 e
1o ' 1205
PLAZ-Leaf (o
clk[ > |
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rl m
> (LAND2 [
LI AND2

E AND2

Fig. 10 - Schematic of proposed 4-bit PLRRA with EGDI logic

The 8-bit PLA is designed by using two 4-bit ping lock arbiter with 2-bit PLA intermediate structure as depicted in
Fig.11. The proposed compact ping lock arbiter (CPLA) offers small die size, low delay and low power consumption
than the other state of arts scheme.
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Fig. 11 - Schematic of proposed 8bit PLRRA with EGDI logic
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5. Results and Discussion

In this work, two types of arbiter such as static CMOS based Ping Lock Round Robin Arbiter (PLRRA) and EGDI
logic based PLRRA are designed by using tanner tool to verify the working principle of arbiters. Also the simulation
results are taken to examine the number of transistors (area) needed along with the values of delay and power
consumption. The value of power, delay and area compared for both conventional and proposed scheme to judge the
efficiency of performance. The tanner tool W-edit is used to check the functionality of Design under Test (DUT). Also
T-Spice is used to calculate the area, delay and power values.

Table 1 - Comparison between existing and proposed 4-bit PLRRA for 250nm

PLA 4-bit Number of Delay (ns) Power (mw)
transistors
With CMOS 252 0.9 3.53
With EGDI 148 1.12 0.51

In this work, two different types of technology are used for low power consumption. In the 250nm, 2.5V is an optimum
supply voltage. Similarly, for 45nm, 0.5V optimum supply voltage is given for exact output. The Transistor sizing is
done for both 250nm and 45nm technology. The value of L value is fixed, 0.25uv or 250nm for 250nm and 0.045uv or
45nm for 45nm technology. To find the value of width W, first the value of lambda is calculated by dividing the
technology with 2.

Table 2 - Comparison between existing and proposed 8-bit PLRRA for 250nm

PLA 8-bit No of transistors Delay (ns) Power (mw)
With static CMOS 592 1.62 7.88
With EGDI 348 3.18 4.38

The results of proposed 4-bit PLRRA is shown in Table.1. From the results, it shows that the proposed PLRRA with
EGDI offers 41.22% area reduction and 85.55% power reduction than the existing PLA with static CMOS scheme. But
the speed is high for static CMOS based ping lock arbiter. Similarly, results of 8-bit ping lock round robin arbiter are
given in Table.2. From the obtained results, the existing static CMOS based PLRRA offers low delay but has high area
and power consumption in comparison to the proposed EGDI. The proposed EGDI based 8-bit PLRRA provides 41.22%
area reduction and 44.42% power reduction, when compared to existing static CMOS logic based 8-bit PLRRA.

Table 3 - Comparison between existing and proposed 4-bit PLRRA for 45nm

PLA 4-bit Number of Delay (ns) Power (uw)
transistors
With Static CMOS 252 1.78 8.41
With EGDI 148 3.22 7.145

From the results, it shows that the proposed 4-bit and 8-bit Ping Lock Round Robin Arbiter (PLRRA) with EGDI
logic requires a smaller number of transistors and power than the conventional PLRRA with static CMOS scheme. The
proposed 4-bit PLRRA offers 41.27% area reduction and 15% power reduction when compared to the conventional 4-bit
PLRRA as shown in Table.3. The obtained results demonstrate that the proposed EGDI based ping lock arbiter is more
efficient than existing CMOS logic-based arbiter.
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Table 4 - Comparison between existing and proposed 8-bit PLRRA for 45nm

. Number of
PLA 8-bit transistors Delay (ns) Power (uw)
With Static CMOS 592 4.563 20.45
With EGDI 348 6.754 16.15

Likewise, from the Table.4, the proposed 8-bit PLRRA gives 41.21% chip size reduction and 21% power reduction
than the existing 8-bit PLRAA. However, the speed is high is low for existing static CMOS based 4-bit and 8-bit PLA,
when compared to the proposed 4-bit and 8-bit PLA with EGDI.

Number of transistors

800

600
400 I
200 .
| -
4-bit PLRRA 8-bit PLRRA 4-bit PLRRA 8-bit PLRRA

With CMOS With GDI
Fig. 12 - Comparison result for total count of transistors required for existing and proposed PLRRA
The comparison results for the total number of transistors required to design 4-bit PLRRA and 8-bit PLRRA using

existing static CMOS and EGDI is shown in Fig.12. It depicts that EGDI based PLRRA requires a smaller number of
transistors in comparison to static CMOS PLRRA and thus reduces the overall area consumption.

Power (mw)
10
8
6
4
' m -
0 S

4-bit PLRRA 8-bit PLRRA 4-bit PLRRA 8-bit PLRRA
With CMOS (250nm) With GDI (250nm)
Fig. 13 - Comparison result for total power consumption in 250 nm for existing and proposed PLRRA
Similarly, the Fig.13 presents the comparison result corresponding to the value of total power consumption required
for existing and proposed PLRRA in 250 nm technology. The graphical comparison presents that the total power

consumption of EGDI PLRRA is very less when compared to the existing CMOS logic PLRRA and hence is more power
efficient.
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Fig. 14 - Comparison result for total power consumption in 45 nm for existing and proposed PLRRA

The Fig.14 demonstrates the comparison result corresponding to the value of total power consumption required for
existing and proposed PLRRA in 45 nm technology. The output obtained for proposed 4-bit ping lock round robin arbiter
related to area utilization given in Fig.15.

Input file:  pladbitgdi.sp Output: plagbitgdi.out
Progress:  Simulation completed

Total nodes: 701 Active devices: 148 Independent sources: 9
Total devices: 157 Passive devices: 0 Controlled sources: ]

General options:
threads = 4

Device and node counts:

“““““ ] 14 MOSFET geometries - &
BEJI= - 0 JFET=z - 0O
HMESFETs - 0 Diodes - O
Capacitors - 0 Rezistorzs - 0
Inductors - 0 Mutual inductors - 0
Transmission lines - 0 Coupled transmission lines - 0O
Voltage sources - 9 Current sources - 0
VCWVS - 0 VCCSs - 0
CCWVs - 0 cccs - 0
V-control switch - 0 I-control switch - O
HMacro devices - 0 Verilog-A devices - 0
Subcircuits - 0 Subcircuit instances - 47
Model Definitions - 2 Computed Models - 2
Independent nodes - 691 Boundary nodezs - 10
F
Status Inputfile OQutp.. S5tart Date/Ti.. Elaps..

finished pladb.. pla.. November..
Fig. 15 - Resource utilization of proposed 4-bit PLRRA with EGDI logic

The number of transistors used by the proposed 4-bit PLRRA is 148 as shown in Fig.15 and similarly the value of
power consumed obtained is presented in Fig.16 which is 7.14 pw.
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7.453495e-008 3.0744e-001 3.9074e-001 2.3662e-001 2.3551e-001 5.7470e-0086
9.453495e-008 3.0919e-001 3.9534e-001 2.4247e-001 2.4273e-001 5.2352e-0086
1.000000e-007 3.083%e-001 3.9457e-001 2.4348e-001 2.4428e-001 5.7043e-006

* BEGIN NON-GRAPHICAL DAIAR

Powex Results
Total Power fromw time O to 1e-007
erage pOWer CONSuUm

* END NON-GRAPHICAL DATR

# Parsing 0.03 =econds
* Setup 2.31 seconds
* Transient Analysis .14 =zeconds

ad 0.34 seconds

# Simunlation completed with 13 7

* End of T-Spice output file

Status Inputfile Outp... StartDate/Ti.. Elaps..
finished pladhb... pla.. September...  00:0..

pladb.. pla.. September ...

Fig. 16 - Power consumption of proposed 4-bit PLRRA with EGDI logic

Input file:  plasbitgdi.sp Output: |pladbitgdi.out
Progress:  Simulation completed

Total nodes: 1637 Active devices: 348 Independent sources: 11
Total devices: 359 Passive devices: 0 Controlled sources: [i]

General options:
threads = 4

Device and node count

MOSFET geometries — &
BJI= — 0O JFET=s — O
MESFET=s - O Diodes - 0O
Capacitors - 0 Resistors - 0O
Inductors — 0 Mutual inductors - 0
Transmission lines — 0O Coupled transmission lines — O
Voltage sources — 11 Current sources — 0
VCW3 - 0 YVCCs - 0
CCWE - 0O CCCs - 0O
V-—control switch - O I-control switch - 0O
Macro dewvices — 0O Verilog-A dewvices — O
Subcircuits - 0 Subcircuit instances — 113
Model Definitions - 2 Computed Models - 2
Independent nodes - 1625 Boundary nodes — 12
4
Status Input file Outp... 5tart Date/Ti... Elaps..

finished plaBhb... pla... Movember ...

Fig. 17 - Resource utilization of proposed 8-bit PLRRA with EGDI logic

Similarly, the number of transistors required and power consumption of proposed 8-bit ping lock round robin arbiter
are illustrated in Fig.17 and Fig.18 respectively.
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8.000000e-011 6.6937e-002 2.4970e-002 8.2630e-002 8.2020e-002 6.6937e-002 2.4970e-002 8.2630e-002 8.2020e-002 6.6206e-004
1.000000e-010 7.5112e-002 2.7997e-002 9.1490e-002 9.0025e-002 7.5111e-002 2.7997e-002 9.1490e-002 9.0025e-002 -5.6673e-005
1.388974e-010 7.6098e-002 2.9001e-002 9.1915e-002 8.8597e-002 7.6097e-002 2.9000e-002 9.1915e-002 §.8597e-002 1.0920e-004
2,190329e-010 7.6333e-002 3.0876e-002 9.2694e-002 8.6196e-002 7.6330e-002 3.0876e-002 9.2691e-002 §.6193e-002 -1.0046e-004
3.564057e-010 7.6347e-002 3.3618e-002 9.3864e-002 8.3444e-002 7.6343e-002 3.3617e-002 9.3851e-002 §.3433e-002 1.6410e-004
6.012143e-010 7.7369e-002 3.7394e-002 9.5975e-002 8.1394e-002 7.7364e-002 3.7393e-002 9.5947e-002 8.1373e-002 -1.1506e-004
1.112880e-009 8.1858e-002 4.3008e-002 9.9625e-002 8.1168e-002 8.1851e-002 4.3007e-002 9.9592e-002 8.1148e-002 1.4855e-004
2,073852e-009 1.1119e-001 5.0652e-002 1.0508e-001 8.4145e-002 1.1114e-001 5.0645e-002 1.0505e-001 8.4129-002 -9.8212e-003
2,554337e-009 1.3757e-001 5.3912e-002 1.0784e-001 8.6129e-002 1.3748e-001 5.3903e-002 1.0780e-001 8.6112e-002 1.3440e-004
3.485522e-009 1.8663e-001 5.9954e-002 1.1317e-001 8.9910e-002 1.8646e-001 5.9943e-002 1.1314e-001 8.9897e-002 -8.8780e-005
4.782423e-009 2.2939e-001 6.7995e-002 1.2018e-001 9.5155e-002 2.2923e-001 6.7983e-002 1.2016e-001 9.5146e-002 1.2546e-004
5.000000e-009 2.3361e-001 6.9303e-002 1.2127e-001 9.6010e-002 2.3347e-001 6.9291e-002 1.2125e-001 9.6002e-002 -6.7523e-0035
5.626894e-009 2.4294e-001 7.3013e-002 1.2425e-001 9.8453e-002 2.4282e-001 7.3000e-002 1.2423e-001 9.8445e-002 2.0568e-003
1.189583e-008 3.0114e-001 1.0738e-001 1.4967e-001 1.2079e-001 3.0112e-001 1.0738e-001 1.4965e-001 1.2078e-001 1.8522e-003
2,411020e-008 3.3458e-001 1.6569e-001 1.9233e-001 1.6378e-001 3.3462e-001 1.6571e-001 1.9233e-001 1.6378e-001 1.7201e-005
3.021738e-008 3.4306e-001 1.9301e-001 2.1620e-001 1.8907e-001 3.4311e-001 1.9302e-001 2.1621e-001 1.890%e-001 1.5974e-005
4.666621e-008 3.5664e-001 2.5810e-001 2.7390e-001 2.5175e-001 3.5668e-001 2.5810e-001 2.7393e-001 2.5178e-001 1.5982e-003
5.000000e-008 3.5856e-001 2.6927e-001 2.8349e-001 2.6233e-001 3.5861e-001 2.6928e-001 2.8352e-001 2.6236e-001 1.5299e-005
5.250000e-008 3.5966e-001 2.7678e-001 2.8984e-001 2.6930e-001 3.3970e-001 2.7679e-001 2.8987e-001 2.6933e-001 1.4993e-005
5.475000e-008 3.6065e-001 2.8335e-001 2.9332e-001 2.7531e-001 3.6069e-001 2.8335e-001 2.9536e-001 2.7534e-001 1.3277e-003
5.500000e-008 3.6076e-001 2.8405e-001 2.9390e-001 2.7595e-001 3.6080e-001 2.8406e-001 2.9594e-001 2.7598e-001 1.5325e-003
5.567198e-008 3.6082e-001 2.8440e-001 2.9619e-001 2.7627e-001 3.6086e-001 2.8441e-001 2.9623e-001 2.7629e-001 1.5147e-005
6.230182e-008 3.6335e-001 3.0157e-001 3.1004e-001 2.9141e-001 3.6339e-001 3.0157e-001 3.1008e-001 2.9144e-001 1.5015e-0035
6.575174e-008 3.6441e-001 3.0898e-001 3.1579e-001 2.9769e-001 3.6445e-001 3.0899e-001 3.1583e-001 2.9772e-001 1.4930e-0035
8.535946e-008 3.6902e-001 3.4120e-001 3.3976e-001 3.2425e-001 3.6904e-001 3.4121e-001 3.3979e-001 3.2428e-001 1.4568e-005
9.516332e-008 3.7046e-001 3.5130e-001 3.4705e-001 3.3271e-001 3.7048e-001 3.5130e-001 3.4709e-001 3.3273e-001 1.4474e-003
1.000000e-007 3.7105e-001 3.5523e-001 3.5003e-001 3.3627e-001 3.7107e-001 3.5524e-001 3.5006e-001 3.3629-001 1.4423e-003

# BEGIN NON-GRAPHICAL DATA

Power Results

Total Power from time 0 to 1e-007

Max power 6.620638e-004 at time 8e-011
Min power 0.000000e+000 at time 0

* END NON-GRAPHICAL DATA
®

* parsing 0.03 seconds
¥ setup 0.88 seconds
# Transient Analysis 4,70 seconds
# overhead 1.14 seconds
¥ Total 6.73 seconds

* simpulation completed with 13 warnings

# End of T-Spice output file

Fig. 18 - Power consumption of proposed 8-bit PLRRA with EGDI logic

6. Conclusion

In this paper, the compact PLRRA with high speed is constructed to attain fair arbitration. Many kinds of arbiters
are premeditated for widespread resource sharing method. The arbiters can be designed using various available logical
styles like static CMOS, Pseudo NMOS, Pass Transistor and Gate diffusion input etc. Out of all the styles, EGDI logic
can implement circuits with a smaller number of transistors thereby reducing area and power consumption of the design.
The two variations of arbiter like Ping Lock Arbiter (PLRRA) with static CMOS and Compact Ping Lock Arbiter
(CPLRRA) with EGDI logic are designed to evaluate the die size, implementation delay and power values. The arbiters
are designed by using tanner tool S-edit based on switch level (SL) execution. The functionality of every arbiter is
demonstrated via tanner tool W-edit. T-spice is used to calculate the area, delay and power outputs. The proposed
CPLRRA is best for compact and smart applications with glitch free and fair arbitration. The proposed 4-bit PLRRA
offers 47.12% average Area and Power Product (APP) reduction than the existing 4-bit PLRRA. On the other hand, the
proposed 8-bit CPLRRA requires 49.48% average APP product shrinkage when compared to conventional 8-bit PLRRA.
For high-speed application, the static CMOS based ping lock round robin arbiter is best when compared to the proposed
PLRRA with EGDI. In future, the proposed PLRRA will be integrated in the application specific NoC router, computer
networks etc. and their performances can be compared.
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