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Abstract - In multiprocessor SoC (MPSoC) design, optimizing power consumption and chip area is critical. This
paper introduces the design of an efficient DMA controller tailored for MPSoC. The main challenge addressed is
the high-power consumption and large chip area of current DMA controllers. The proposed approach aims to
enhance performance while reducing power usage and area. This paper presents the design process, simulation,
synthesis on validating the proposed DMA controller. This design is implemented using Cadence digital design
suite with 45nm technology libraries. The design achieves a power consumption of 146.7 uW and occupies a
chip area of 980.722 um2. This DMA controller architecture significantly has improved power efficiency and
chip area, making it suitable for a variety of MPSoC applications in communication and Digital signal processing.

Index Terms - Multiprocessor SoC (MPSoC), Direct Memory Access Controller (DMA), synthesizable core.

. INTRODUCTION

Nowdays System-on-Chip (SoC) architecture designs are further elaborative due to the enhanced
applicational requirements of the consumers. Despite the fact that their performance is enough for low-
performance tasks characteristic of the initial microcontrollers, modern requirements propose the use of
multiprocessors to get the necessary performance levels [1].

MPSoCs have thus become the main solutions in Very Large Scale Integration (\VVLSI) applications, responding
to relevant market needs. An MPSoC forms numerous components on a single chip with optimizing many
application needs and more than one programmable processor. This integration not only affects an increase in
the performance but also conforms to the evolutionary pattern as estimated in Moore’s law in the
semiconductor industries. The continually growing no. of transistors within MPSoCs present difficulties in
aspect to area usage and power consumption. The current trends in MPSoC architectures and their functionality
concerning performance and interconnect levels are discussed in this paper. Analyzing these aspects, the
authors’ intent is to give an overview of how modern SoC designs satisty the new consumer needs and make
a trend for the further evolution of semiconductor industries [2].

New Technology need for power saving has led to trends where miniaturization of the mobile electronic
devices has created a market for low power portable application systems. It has explained that battery
technology has greatly enhanced the energy density, whereby the devices can operate for a long time using
small energy power source [3].

The MPSoCs design flow includes the architectural and functional implementation and design of hardware
and software of these systems at the same time, because there are many advantages such as higher performance,
larger number of functions as compared to traditional CPU. Therefore, for certain peripherals, the whole
computer system can be established by applying one chip of MPSoC, which is applicable to various sectors
including mobile computing, digital camera and printer and others. However, it is difficult for millions of logic
gates integration in MPSoCs, especially in power management. This calls for expensive packaging, additional
chips — heat sinks, and enclosed environments to manage thermal problems. Thus, enhancements targeting the
power management of MPSoC are made by paying the most attention to the most power-hungry sections of
these devices [4]. Thus, the objective of this paper is to discuss and analyze the possibilities of utilizing
different energy-saving approaches for main MPSoC blocks and share ideas in prospective improvements of
energy-efficient semiconductor solutions.

JNRID2408017 ’ JOURNAL OF NOVEL RESEARCH AND INNOVATIVE DEVELOPMENT | JNRID.ORG ‘ ald2



JNRID || ISSN 2984-8687 || © August 2024, Volume 2, Issue 8
MPSoC has many blocks and there is a need for selecting the appropriate one to implement a particular task.
Since blocks have to carry out this function to realize the intended objective, they have to intercommunicate.
Therefore, it has to exchange information within the blocks, a function which typically belongs to CPU.
Thus, in many systems where the computational time is lost due to data transfers, so there will be peripheral
to do data transfer operations without engaging the CPU, this peripheral device is known simply as DMA. It
is ascertained that performance and efficiency of SoC is influenced predominantly by DMA Controller.

RAM is an acronym that stands for Random Access Memory, while DMA is an acronym for Direct Memory
Access. Typically, DMAC is applied to send the data from a place to another with little or no assistance from
the CPU to access the data. It is also an important module of the framework which facilitates automatic
transfer of the data inbetween memory area and the external device without interrupting the regular
execution. In other words, the enhancement of MPSoC is absolutely relied on the memories. From this
perspective, DMA is employed to decrease the amount of utilization of the CPU since it facilitates the
movement of data inbetween the local memory & main memory. Because DSP is expected to perform
intensive computation, ordinarily another peripheral should assist the core processor to the access processor
memory rather than the processor.

Thus, when peripheral is busy processing memory transactions, processor can execute operations that are
unrelated to those transactions. Almost all the top-end processors employed for higher value, real time systems
such as automobiles, aircraft and medical equipment have the DMA peripheral incorporated on the chip to
improve throughput o this system.

This DMA can be used for the following type of data transferswhich may varies from one controller to another
based on the applications:

« Data transfer from one memory medium to another

o Memory to peripheral data transfering application

« Peripheral to memory data transfering application

« Here again it is transferred Peripheral to peripheraltransfering appin [5]
When considering primary scheme, the DMA dispatch bus request to the BR input of processor, to pause its
execution. This ismet by the processor make its buses float in high impedancestate and sending bus grant BG
signal. Finally, controller executes data transfer for the other operations of the core to run. When the task is
done, controller passes a signal called transfer done and let the specific process know that the task iscomplete.
Next, the core determines whether data should be processed or not.

Il. DMA CONTROLLER DESIGN SPECIFICATION WITH IMPLEMENTATION

DMA is designed for managing the timing for data transfers between a core processing element & the 1/0
device, or memory of the computer contributes the fastest signaling which has a large amount of improvement
on interrupts in term of delay and bandwidth.

The functional specifications of DMA Controller are:

CPU Interface selects source address, destination address & transfer length.
There are two paths that are known as Data Path &the Control Path.
The Address Generators for read address and write address.
Address Generator receives a 32-bit predefine input address & produces a 32-bit output address both
read and write address.
e Read & write Interface controller takes 32-bit address and data is Read & Write from the address.
e FIFO.

The DMA data path retrieves data from the source port through the CPU interface control and directs it to the
address generator. This data is then stored in the FIFO, and subsequently moved to the destination port by
terminus address generator. The DMA control path includes a Finite State Machine (FSM). The processor
requests the configuration of channel. The FSM manages the control of the data path and interrupts the processor
once the movement is complete. Figure 1 illustrates the diagram of integrated DMA Controller. A DMAC is
crucial component in an MPSoC, designed to enhance the rate of data transfer. Its efficiency directly contributes
to the complete performance of MPSoC. The DMA controllers allow subsystems to access main memory in the
absence of CPU intervention. And Without DMA, the CPU would be occupied throughout read & write cycle,
preventing it from performing any other tasks. It must be observed that when it comes to the transfer of data, the
DMA consequently sends interrupt signal to the CPU upon the complete transfer is done. The capability makes
the CPU to carry out other things without having to continuously wait for other instruction from the operation
system to begin processing thus efficient usage of CPU time. As mentioned earlier power reduction in VLSI
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design is possible at various stages in the design hierarchy. Firstly, the general power saving at the system level
is achieved through fine-tuning of address generators block. The differential implementation of the Read and
Write interface controller logic is minimized further and tearing apart the differential implementation and adds a
gain stage after the logic, reducing power consumption at the logic level.
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Fig 1: Diagram of DMA Controller

Hence, it is the objective of this paper to present an optimized solution to the power reduction problem by
redesigning the coding strategies used in the individual DMA controller blocks. The next section contains further
analysis of the above mentioned improvements.

A. Address Generators

The fig 2 depicts an Address Generator, which is pivotal in generating addresses for the read and write interface
controllers. Initially, it receives the begin address from the processor. Control signals from the transaction phase
FSM (Finite State Machine) direct the address generator's operations. An adder within the generator formulates
the final address for read interface controller to retrieve data from source device. After completing the read
operation, the address generator then provides an address for write interface controller to transfer the data to
destination address. The address generator will be activated only when the enable signal is high, ensuring that it
operates in a controlled manner synchronized with the clock signal, which dictates that all operations occur on
the positive edge of the clock. The transfer_length parameter specifies the no. of data blocks available for
transmission. Based on step provided, the generator selects one of two steps to generate a new address. In this
architecture, the step_count, typically a 8-bit value, serves as a select lines for a multiplexer within the address
generator. This multiplexer outputs the selected incremental value to the adder, effectively reducing the
step_count's width by 16 bit. This step_count-based mechanism increments the base address accordingly. The
address generator functions for both the source & destination generators for address.
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Fig 2: Diagram of Address Generator

The multiplexer controlled by the control_signal, which selects the source & destination addresses based on
instructions from the FSM. Initially, source address is selected for the read operation. The address increments
based on step_count until the transfer length reaches zero, completing the read operation. When the control signal
is high, then the terminus address is activated, following a similar process for source address generation. Once
the transfer length reaches zero, the operation concludes. This design reduces power consumption and area by
integrating the step_count as multiplexer select line, preferring multiplexer operations over directly performing
the 1-bit step_count. Consequently, the block functions efficiently as both source & terminus address generator,
enhancing overall efficiency in creating these addresses. Fig 2 showcases the diagram for address generator,
highlighting the step_count's role in the multiplexer and its usage in the process, contributing to the optimization
of source & destination address generation.

B. FIFO Buffer

The following Fig 3 illustrates the FIFO (First-In-First-Out) Buffer, a crucial component in efficient data
management within digital systems. Its operation hinges on monitoring the ‘fen’ signal, which indicates the
module’s readiness to receive incoming data. Clock control plays a pivotal role in timing the actions performed
within the FIFO, synchronizing all operations with the clock's positive edge to ensure proper and sequential
functioning. Data gets into the FIFO after Read operations have been done on it by the Read Interface Controller
module. First of all, information is obtained from users’ entries and then successively recorded in the FIFO. While
data is collected over time, the FIFO steadily builds up. Whenever the FIFO becomes full, meaning that an arrival
time should be stored but the FIFO itself cannot hold more data elements, it ‘raises’ a full signal. The ‘full’ signal
is the most crucial pointer within the procedure where it can prompt the system to proceed to the subsequent
operational stage and/or carry out added operations contingent on the filled FIFO state. When data is being read
off the FIFO it obeys the FIFO discipline, thus the data gets into the output way in precisely in same order entered.
This orderly management of data helps to make the work more systematically and scientifically put in order hence
is used when it comes to conducting digital data processing applications.

clk i

Fen

FIFO

in I 12 1

Fig 3: FIFO Block Diagram

C. Finite State Machine

The FSM in the DMA (Direct Memory Access) Controller is essential for orchestrating the sequence of
operations involved in data transfer. This FSM, depicted in Fig. 4, is designed with six distinct states, each of
which plays a crucial role in managing the DMA's behavior through defined transitions based on specific
conditions. Initially, the FSM starts with idle state when there is no transfer request (DMA_req=0), indicating
that the system is awaiting further instructions. This idle state ensures that DMA controller remains inactive until
it receives a valid transfer request, conserving system resources.
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When a transfer request is made (DMA _reg=1), the FSMtransitions to the wait state. In this state DMA controller
stands by, awaiting permission to proceed with data operations, signaled by the bus grant (Bus_grant=1). This
transition ensures that the DMA does not proceed without the necessary system resources and permissions,
maintaining system stability and preventing conflicts.

Upon receiving the bus grant signal, the FSM progresses to the read state, where it retrieves the data intended for
transfer. This read state is critical as it initiates the actual data transfer process, ensuring that the correct data is
fetched from the source. Once data is retrieved, the FSM moves to the store state, where data is temporarily stored
within the DMAC. During this state, the full flag (full=1) is set, indicating that the data storage is complete and
ready for the next operation.

If the transfer flag is set (transfer=1), signaling that the data have being ready for the transfer, the FSM
transitions to the write state. In this state, the DMAC writes the data for designated destination address,
completing the transfer process. This state ensures that the data is accurately and efficiently transferred to its
intended location. Upon completing all data transfers, indicated by the transfer flag being cleared (transfer=0),
the FSM transitions to the stop state. This state signifies the conclusion of the DMA's tasks, ensuring that the
controller halts operations until a new request is received. This stop state is crucial for maintaining system
efficiency, as it ensures that the DMAC is not performing unnecessary operations. The FSM's role as the core
controller of these state transitions underscores its significance within this DMA Controller framework. By
governing the flow of operations through these defined states and transitions, the FSM ensures efficient and
orderly data handling. This facilitates seamless communication and transfer in between memory and peripheral
devices, highlighting the FSM's central role in DMA Controller. The structure and transitions of the FSM, as
illustrated in Fig. 4, provide a clear visual representation of how the DMA's operations are controlled and
coordinated, making it indeed the central "heart" of this DMA Controller. This visual representation helps in
understanding the intricate process of data transfer, emphasizing the importance of each state and transition in
ensuring smooth and efficient DMA operations.

DMA_req=0
IDEAL | DMA_reg=1
. ; N— N/ —
{ Done | Wait | Bus_grant=0
Transfer=1 4} ! Bus_grant=1
2| Write | Read T=
Transfer=0 A NG M) 4 Transfer=0
=S \WJ/ \ 2\ A
Full=1 Store Transfer=1
\t—/l
Fen=1

Fig 4: State Transition Diagram of FSM

I11. SIMULATION RESULTS & DISCUSSION

To understand the DMA (Direct Memory Access) controller working, one has to simulate it at these stages.
Enabling the DMAC is done as such that it gets active when the clock signal is at rising edge and reset signal is
0. The memory or peripheral sends a DMA-data-request to the DMA controller, the latter in turn requests a bus
grant signal from the processor (CPU), informing it that it is ready to make a transfer. In case the CPU grants this
request, the DMAC adheres to the transfer length parameter; this parameter informs the DMAC of the no. of data
elements to transfer inside the current operation cycle. The din variable represents the data that holds the data and
mutual information handed by the given DMA and divided into distributors for practical data hold; mostly it is
in hexadecimal format during simulation. bit_count variable is very essential in the process of formation of
address generation because it depicts the discrete quantities of data being stored or to be retrieved. This guarantees
the memory system’s data integrity because data is accessed and processed in the right manner. This way one is
able to see how the DMA controllers organize the transfer of data in between peripherals and memory given the
different mentioned scenarios. This process reduces the interaction of the CPU in each data transaction and
enhances the through put in application that use large amounts of data.
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A. memory to memory working Simulation results

In this simulation scenario, the DMAC are tasked with transferring 32-bit data between two memory locations,
referred to as primary memory and secondary memory. The operation begins when the source length of 10
specified by the user, indicating that the DMA will handle 10 data elements during this transfer. Additionally,
one step of byte_data bit is selected. This configuration dictates that addresses to data access or storage will
increment by 4 for each subsequent data element processed fig 5 shows.

The memory sourcel initiates data transfer process from an initial address 1000th. Given the step width of 4 and
the specified source length equal to 10, the DMA generates successive addresses at 1000 to 10036. These
addresses are crucial as they determine the locations from which data is written or to which data will be read
during the operation.

The remaining_length signal serves a vital role by indicating the completion of address generation. This signal
triggers the DMA to proceed to next operational stage, facilitating seamless synchronization and coordination
within the DMAC or with other components in the system. Through such simulations, engineers and designers
gain insights into how DMA operations manage data movement efficiently between memory locations, ensuring
that data transfers are executed accurately and in accordance with specified parameters such as address increments
and data lengths. This understanding is critical for optimizing system performance and verifying functionality of
DMA controllers in various application scenarios

Fig 5: Memory to Memory Simulation result
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B. Memory to peripheral working Simulation results

The system performs a 32-bit data transfer from memory to a peripheral device. When user specifies the
transfer length of 16 steps, the system processes 4 data blocks. A step width of 8 each of 32 bit is selected by
activating the multiplexer's select line (as shown in the Fig 6). Starting from memory address 2000, the system
generates successive addresses with an increment of 8, resulting in addresses 2000, 2004, 2008, up to 2060. Once
all addresses have been generated, the ‘remaining_transfer_o' signal indicates the transfer is complete, allowing
the system to proceed to the next operation.

Fig 6: Simulation results with mem to peripheral operation

The data generated during the read operation is temporarily stored in a FIFO queue by the write interface
controller. The process of writing this data to the peripheral begins at address 3000 and proceeds in increments
matching the step size used for address generation, reaching up to address 3060. Once all data has been written,
a 'transfer_done' signal is asserted, signifying the completion of the data transfer process.

Fig 7 illustrates the comparison of area reduction in the Address Generator using the conventional method

Area Comparison
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100 144
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versus the proposed method. The area is measured in terms of square micrometers (Um?).

Fig 7: Comparison of Area

Fig 8 illustrates a comparative analysis of power consumption between conventional and proposed address
generator designs. Power consumption will be measured in microwatts (UW) for both methods, providing a
quantitative comparison of their energy efficiency.
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Fig 8: Comparison of Power

Table | presents a comparative analysis of the synthesis reports for the conventional and proposed address
generator designs. The proposed design demonstrates significant improvements by reducing the area occupied by
the address generator to 144 um? and lowering its total power consumption to 6.26 uW compared to the
conventional method.

Table I: Comparison Table

viodels 7 5\re POWET
Parameter Total[cell  |Leakage [Dynami [Total
Area g power [c power
power
Conventiond 292 (164 0.0544 8.11571
[1/1ﬁje 2 18.06129
chigress
Proposed 144 (154 0.054 6.26428 16.26975
A 57

Table 1I: Area Synthesis Reports

Generated by: Genus(TM) Synthesis Solution 20.11-s5111_1

Generated on: Jul 19 2624 ©8:17:58 pm

Module: dma_controller

Technology library: slow

Operating conditions: slow

Interconnect mode: global

Area mode: timing library

Instance Module Cell Count Cell Area Net Area Total Area

dma_controller 687 9.000 980.722 980.722
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Instance:
Power Unit: w
PDB Frames:

Table 111: Power Synthesis Report

/dma controller

/stim#o/frameno

Category Leakage Internal Switching Total ROW%
memory 0.00000e+00 0.00000e¢+00 0.00000+00 0,00000e+00 0.00%
register 1.17558e-07 4.09258e-05 6.47462e-05 1.05790e-04 72.06%
latch 0.0000004+00 ©0.000000400 0.000000+00 0.0000004+00 9.00%
logi( 6.89851e-08 1.4498%e-05 2.64413e-05 4.10092e-05 27.94%
bbox ©.0000004+00 0.00000e+00 0.0000024+00 0.00000e4+00 0.00%
clock 9.00000+00 0.00000e+00 ©.00000e+00 0.00000¢4+00 2.00%
pad 9.000002+00 0.000000+00 0.00000e4+00 0.000000+00 9.00%

pm 0.00000e+00 0.0000004+00 0.000000400 0.00000¢+00 0.00%
Subtotal 1,86543e-07 5.54248e-05 9.11875e-05 1.46799%9¢-04 100.00%
Percentage 9.13% 37.76% 62.12% 100.00% 100.00%

IVV. CONCLUSIONS

The proposed efficient DMA controller for MPSoC demonstratessubstantial improvements in both power
consumption and chip area, addressing key challenges faced by current designs. The implementation using
45nm technology libraries and the Cadencedigital design suite confirms the efficiency of a new approach,
achieving a power usage of 146.7 uW and a chip area of 980.72 um2. These enhancements make the proposed
DMA controller as a viable solution for a wide range of MPSoC applications, particularly in the fields of

communication and Digital processing, where optimizing power and space is crucial.
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1111 The DMA is one of the important modules for the automatic transfer blocks of data between memory areas

and external devices without the disruption of normal flow of execution.
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