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Abstract

A soft core processor system dsnstructedusing embedded design techniques
and it is configured on Field Programmable Gate Arrays (FPGAs). The system is
accommodated to act with Direct Memory Access (DMA) mode using suitable Xilinx
Intellectual Property (IP) core. A dual data rate synchronous dynamic random access memory
(DDR_SDRAM) with 64 Mbyte capacity is introduced to the systemmd accessed by the
DMA controller. The controller is performed twansfer programmable quantity of data from
source address to destination address without intervention of the processor.

Spartar3E slice § used and programmed using Xilinx Platform Studio (XPS)
which is provided by Xilinx integrated software environment at (ISE 10.1). The system
performance is tested by transferring data froatlab media to the DDR_SDRAM and vice

versamat lab 2012a versn software is used for this type of data transfer.
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1. Introduction

Direct memory access (DMA) system is used usually to transfer certain quantity
of data between source adestination address without processor intervention.

In [1] a DMA controller is designed to act with Micro blaze processor system
configured on SpartaBA FPGAs. The system is designed to perform data transfer between
the internal blociRAM and external peripheral.

In [2] a DMA system is depicted to act with multiprocessor connected vieh{pn
Processer Bus (OPB).

In [3] a DMA mode is proposed to act as a universal synchronous/ a synchronous
Receiver/Tansmitter (USART) IP soft core in Altera kit with AVALON bus.

In this work a DDRSDRAM external memory is used instead of the limited
capacity internal block RAM with newest version of Processor Local Bus (PLB.4.6)
communication inteaction between anatlab media and the designed soft core processor
systemis suggested transfer data between them accordin@MA techniques.

DMA is a feature of modern computers that allows certain hardware subsystems
within thecomputer to access system memory for reading and/or writing independently of the
central processing unit. Computers that have DMA channels can transfer data to and from
devices with much less CPU overhead than computers without a DMA chahnel |

The processing unit which controls the DMA process is known as DMA
controller. Typically the job of the DMA controller is to setup a connection between the
memory unit and the I/Qlevice; the data can be transferred with much less processor
overtead. Figure (1) shows the block diagram of DMA operation. When an interrupt signal is
activated, the processer goes to idle case and open circuit its connection with buses. The buses
become under the control of the DMA contrdigr

The XPS Central DMA @Gntroller operates on the PLB using independent master
and slave interfaces. It respor@s a slave when its registers are being read and written. It
initiates read and write transactions as a master wHaklA& operation is in progresd.he
master and slas connections of the XPS Central DMA operate ashiBPLB agents.
However, either the master slave can connect to a PLB with wider data pathsb{64dr
128bit) and conduct transactions with wider slagesnasters].

DMA Operation forwards fast dattransfer between source and destination
compared with data transfer with processor intervention.

Figure (2) shows the block diagram of the DMA controller core [5].
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Figure 1: Operation of a DMA Controller [4]
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Figure (2): The Block Diagram of the DMA Controller Core
The core is composed of three modules; slave attachment module, master attachment

module and memory buffer.

In the slave attachment module the DMA responds to PLB transactions to read and
write the DMA registers to modify source address, destination s&ldength of data, DMA
status and interrupt status when DMA operation proceeds. These modifications are performed
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by using theSourceAddress register (SA), tH2estinationAddress register (DA), theength
Register (IR), the DMA StatusRegister (DMASR) the Interrupt Status Register (ISR), the
InterruptEnableRegister (IER) and DMAControl Register (DMACR).

In the master attachment module, the DMA performs read and write transactions as a
PLB master to transfer the amount of data specified in the leegister from source address
to destination address with updating the source, destination, length and status registers during
the DMA transfer.The memory buffer is 16*32 internal data buffer that is used to support
PLB burst transfer to speed up the DMperation [5].

The suggested procedure imsttvork starts by constructing the embedded processor
system, introducing the DMA controller to the system and programming the resultant
hardware using €anguage to accommodate the system to operate in DMA midek system
is tested to verify its functionality by transferring data betweatiab media and the designed
processor system; the results are displayed at Hyper Terminal media and real time chip scope

window.

2. System Design

The system under consideration is desigmadgthree stagedn the first stage the hardware
part of the soft processor system is construcfélile in the second stage a DMA controller
core is added to the systeRinally in the third stage the relsant system is programmed by
C-language to operate in a DMA mode.

3. Soft Core Processor System Design

Using embedded design techniques [6], a soft core processor system as shigwrei(B) is
designed using the platform studio provided by Xilinx ISE (L&dftware.Figure (3a)
shows the block diagram of the hardware p&igure (3b) exhibits the assembly view and

Figure (3c) displays the address map of the system .
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Figure (3): The Hardware Part of DesignedSoft Core ProcessorSystem

a. Theblock diagram of the system.
b. The assembly view of the system.

c. The address map of the system.

4. Adding DMA Controller

The platform studio provides an environment in which an available IP cores can

be accessed. The DMA controller core is availabléénform IP module that can be dragged

from the |

P catalogue to the system assembly view. The following steps are adopted to

perform successful DMA introduction to the system:

1. Using bus interface window the DMA core is connected to the PLB in the slave and

master module and the core parameters are customized to adapt with the processor

syste

m.

2. Using the port window the interrupt port of the controller is connected to the interrupt

port of the processor.

3. Using the address window, the address map of themsyisteéeconfigured to take the

DMA controller into consideration.
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4. The resulting hardware part of the system is showsgare (4). Figure (4) shows the
assembly view of the system with DMA coFegure (4b) shows the address map of the

system with DMA ore.

v
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Figure (4): The hardware part of designed soft core when adding DMA core.
a. The assembly view of the system.

b. The address map of the system.
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5. Programming the system

The C -language is used to program the resultant system hardware to operate in
DMA mode, Figure (5) shows the flow chart of the prepared program. Application Peripheral
Interfaces (API) are used to make the hardware peripheral be sensed by lHeg@age

comgler. The APIs are software drivers constructed in the form efafiguage functions.

The following APIs are used in the prepared program.

#defineXDmaCentral_mWriteRd@aseAddress, RegOffset, Data)

Where

Base address: represents the base address of the DMA controller.

Offset address: the offset address of each register in the controller. The offset address of each

register is shown iffable [1].

Data: the data request to program the register.

Table (1): XPS Central DMA Controller Registers [4]

_ Base Address+ Default
Register Name Access
Offset(hex) Value(hex)

Software Reset Register (RST C_BASEADDR + 0 NA Write
DMA Control Register C_BASEADDR +4 80000004 R/W
(DMACR)

Source Address (SA) C_BASEADDR +8 00000000 R/W
Destination Address (DA) C_BASEADDR +C 00000000 R/W
Length (LENGTH) C_BASEADDR + 10 00000000 R/W
DMA Status Register C_BASEADDR + 14 00000000 Read
(DMASR)

Interrupt Statufkegister (ISR) C_BASEADDR +2C 00000000 Read/TOW
Interrupt Enable Register (IER C_BASEADDR + 30 00000000 R/W
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Include Files : xparameter.h , xstatus.h ,

v

Define :
DMA central base addressOx80200000
Buffer size 95
Xuint32 SrcBuffer[buffer_size|
Xuint32 DestBuffer[buffer_siz€]
Xuint8 *SrcPointer
Xuint8*DestPointer

v

Initialize DMA device

v

Program the control register DMACR to
increment source and destination addresses

v

Disable all interrupts

v

Program source and destination registers with
corresponding addresses

!

Transmit data from Mat lab media

v

Start DMA operation to transfer data from source
to destination buffers

v

Check the states register to conform transfer
achievement

v

Check the destination buffer contents

\4

End

Figure (5): The flow chart of designed system programing
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6. Results

Figure (6) shows the data read from destination buffer and the data transferred from the

source buffer displayed in hyper terminal window.
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Figure (6): The Data Transfer from Source to Destination Buffer
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Figure (7) shows the operation of data transfer displayed on chip scope window during write
data bus cycle. Figure-@) presents the data flow with address during write bus cycle, Figure
(7-b) presents the data flow with address during write bus cyol@ed out.
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Figure (7): Data transfer based on DMA operation displayed on chip scope window
a- data flow with address during write bus cycle

b- data flow during write bus cycle zoomed out
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7.Conclusions

A soft core processor system is designed usm@edded design techniques and
configured on FPGA slice. The system is accommodated to act in DMA mode to transfer data
from a peripheral to external DBE®DRAM memory by adding a DMA IP core to the system
and programming the resultant hardware usidgr@uage with suitable API. The transferred
data width is 3zbit which is adaptable the PLB data width. The system can operate with
(40K) internal Block RAM and external (64M byte) DEBDRAM. The designed system can
be used efficiently with video graphic arsa GA) to display graphics on a screen since the
speed of data transfer between memory and the VGA controller is sufficient to capture all the
pixels of the image frame( 640columns x 480 rows) in 60 screen/second display mode, this

rate of data flow couldot be attained with processor systems without DMA operation mode.
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