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Abstract— On chip memory data transfer is the simplest 

type of memory data transfer, no external connection needed 

on the circuit board. Generally data transfer between device 

and memory done by interrupt driven method and dma 

transfer method. This paper described the different memory 

data transfer in techniques. Memory Controllers are 

designed in order to reduce memory access time and 

enhanced performance. The Dma Controller is useful when 

processor has no time to wait for the data transfers. Dma is 

one of the synchronization mechanisms that provides 

significant improvement over interrupts and increases data 

throughput. 
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I. INTRODUCTION 

Efficient utilization of on-chip memory space is extremely 

important in modern embedded system applications. To 

Delivering different amounts of data at different speeds in 

different formats we Need I/O modules to act as bridge 

between processor/memory bus and the peripherals. To 

transfers data between devices and main memory, there are 

techniques like Programmed I/O, Interrupt-driven I/O, and 

Direct memory access. The main disadvantage of 

Programmed I/O is Wasting time of processor because 

processor acts as a bridge for moving data between I/O 

module and main memory, every piece of data goes through 

processor. Processor waits for I/O module to complete 

operation. Though interrupt driven I/O Overcomes CPU 

waiting, Consumes a lot of processor time because every 

word read or written passes through the processor. 

Direct Memory Access (DMA) is important 

technique to increase data transfer.DMA controller can 

transfer amount of data between every memory modules and 

peripherals. Special hardware writes to and reads from 

memory directly and saves the timing associated with op-

code fetch and decoding, increment and test addresses of 

source and destination. 

DMA chip steals cycles from processor and do I/O 

operation. The processor also does this work but it has to 

gone through an interrupt routine. When the higher priority 

process interrupted by request, processor have to save its 

own register on stack and need to be called again once 

higher priority interrupt has called. The interrupt routine 

would have to overheads of being called because of saving 

register by processor. On the other hand, DMA need to be 

programmed once with bytes you wish to transfer and 

address of source and destination. DMA keeps count how 

many bytes have been transferred, so there is no need to call 

interrupt routine. 

Other advantage of using DMA is to transfer burst 

of data. Burst transfer is the fastest method to transfer 

memory. The dma controller accepts data as quickly as 

DMA controller can produce them. After controller is setup 

and processor releases its control of address and data buses, 

the entire block of memory copies to destination as a single 

block. 

II. DIFFERENT MEMORY DATA TRANSFER TECHNIQUES 

A. Programmed Data Transfer: 

Generally programmed data transfer used when small 

amount of data is transferred, usually one byte or word is 

transferred. The processor makes a request and then waits 

for the device to become ready .A lot of CPU time is needed 

for this, if the device is slow the processor might have to 

wait a long time. The processor is involved as a middleman 

for the actual data transfer Continually checking to see if a 

device is ready, if it’s not ready the processor repeatedly 

asks the device if it’s ready or not. The processor has to ask 

often enough to ensure that it doesn’t miss anything, which 

means it can’t do much else while waiting. 

B. Interrupt Driven Data Transfer: 

The term interrupt is used for any event that causes 

temporary transfer of processor from one program to other 

which is causing the interrupt. Primarily interrupt issued on 

 initialization of input/output operation 

 Completion of input/output operation 

 Occurrence of hardware or software error 

Processor issues read command to I/O module; I/O 

module gets data from the peripheral while Processor does 

other work. When data have been received I/O module 

interrupts processor then processor requests data to I/O 

module and I/O module transfers data to processor. In 

interrupt driven transfer the I/O transfer depends upon the 

speed at which the processor tests and service a device. 

Also, many instructions are required for each I/O transfer. 

These factors become bottleneck when large blocks of data 

are to be transferred. 

 
Fig. 1: programmed and interrupt driven data transfer [2] 
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C. Direct Memory Access: 

Interrupt driven and programmed data transfer require active 

processor intervention. Transfer rate is limited. Processor is 

tied up managing an I/O transfer.  DMA is the answer when 

large volumes of data are to be moved. 

 
Fig. 2: DMA data transfer [2] 

DMA involves an additional hardware on bus. 

DMA controller takes over from processor for I/O. 

Processor gives commands to DMA controller. Whether it 

will be a read or write operation, gives source and 

destination address and the amount of data to be transferred. 

DMA is implemented by using a DMA controller. The 

DMA controller acts as a slave to the processor and receives 

data transfer instructions from the processor. The DMA 

transfer not only relieves the processor from the data 

transfer but also makes the transfer process more efficient 

by transferring data directly from the I/O device to memory. 

III. DMA CONTROLLER 

A. DMAC Architecture: 

 

Fig. 3: DMAC Architecture 

When processor wants to use DMA controller, it has to 

check DMA_Enable register through slave interface. If the 

signal is de-asserted, controller is busy otherwise it is 

available. Then processor transfers data like source and 

destination address, amount of data to be transferred. 

Controller starts to transfer data between source and 

destination address and if the transfer is complete controller 

asserts the interrupt signal to the interrupt controller. 

B. Features of DMA Controller: 

These are the following features: 

 The DMAC is configurable for each valid AHB 

data bus width from 32 bits up to 1024 bits. 

 The DMAC has several independent DMA 

channels. The number of these channels is 

configurable from 1 up to 31. 

 The DMAC executes only dual-access transfers 

using an internal memory organised as FIFO. 

 The DMAC supports single transfers as well as a 

block transfer. 

 Single transfer consists of a read burst and a 

subsequent write burst.  

 A block transfer consists of several successive 

single transfers.  

 The burst length as well as the number of transfers 

is programmable. 

 The data width of a transfer is programmable from 

8 bits up to the data bus width in steps of powers to 

the base of two (8 bits, 16 bits… 1024 bits). 

 The controller supports all four possible kinds of 

transfer: 

 Peripheral Memory 

 Memory  Peripheral 

 Peripheral Peripheral 

 Memory  Memory 

 A transfer can be triggered by sending a software 

command from the CPU or by asserting of a 

request signal DREQ.  

 The controller asserts an acknowledge signal 

DACK as a response on a hardware request. 

 A peripheral device can break a block by asserting 

an “end of process” signal, EOP. 

 The controller can generate an interrupt request 

signals on four different events: 

(1) When a block transfer is completed. 

(2) When a peripheral breaks a block transfer by 

asserting the signal EOP. 

(3) When a programmed number of single transfers are 

completed. 

(4) When an error has occurred during the transfer. 

C. Performance Indicators of DMA Controller: 

1) Data Transfer: 

The DMA controller should be able to control the following 

peripherals in a useful way. Data transfers that should be 

supported are memory-to-memory, memory-to-peripheral, 

peripheral-to-memory and peripheral-to-peripheral. This 

means that the DMA Controller must be able to move data 

from a memory to the same memory or to another memory. 

The DMA Controller must have support for scatter-gather. 

To be able to read data from a data stream to multiple 

buffers or write data from multiple buffers. 

2) Alignment: 

 It must be possible to move data from any source address to 

any destination address. For this, data alignment is essential.  

3) Channels: 

Since the DMA Controller should be able to manage 

multiple channels, it must also support channel priority. At 

first the implementation will be made using only one 

channel. 

4) Interrupt Handling: 

The DMA Controller is tends to send an interrupt to the 

processor after a finished transaction, therefore interrupt 
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handling must be implemented. If any kind of error occurs 

the processor will receive an interrupt. 

5) Delimitation: 

All DMA operations will be performed in burst mode. All of 

the systems work synchronously. Only big Endean must be 

supported by the DMA Controller, therefore there will be no 

Endean issues. 

IV. DRAM CONTROLLER 

Dynamic random access memory (DRAM) evolved over the 

years into a synchronous version called synchronous 

dynamic random access memory (SDRAM). SDRAM has 

become extremely important because of its densities and 

relatively fast access times. There are two types of SDRAM 

Controller. One is most common single data rate (SDR), this 

controller transfer data at rising edge of clock. The other is 

double data rate (DDR) SDRAM Controller which transfers 

the data on rising and falling edge to double the data transfer 

throughput. SDRAM is preferred in embedded system 

because of its speed and pipelining capability, but it is 

slower because only one word of data is transmitted per 

clock cycle. Whereas in double data rate (DDR) SDRAM 

the data is transferred on every rising edge and every falling 

edge of the clock and as a result the throughput is increased. 

DDR SDRAM Controllers are faster and efficient. They 

allow data transfer at a faster rate without much increase in 

clock frequency and bus width. 

 
Fig. 4: DDR SDRAM Controller [3] 

DDR SDRAM Controller receives addresses and 

control signals from the BUS Master. The Controller 

generates command signals and based on these signals the 

data is either read or written to a particular memory location 

[3]. 

 
Fig. 5: Functional Block Diagram of DDR SDRAM [3] 

This controller consists mainly of three parts. 1) Main 

control module 2) signal generation module 3) data path 

module. The main control module consists of two state 

machines and a refresh counter. The two state machines 

used for initialization of the SDRAM and for generating the 

commands. They generate iState and cState outputs. The 

signal generation module generates address and command 

signals depending upon the iState and cState. The data path 

module performs the read and writes operations between the 

bus master and DDR [3]. 

V. CONCLUSION 

DMA controller reduces the use of processor at the time of 

data transmission between two peripherals or memory 

devices. So that at this time, CPU is free for doing any other 

operation. DMAC has the advantage of high speed transfer 

rate and is suitable for and suitable for various application 

fields.DDR SDRAM used for on chip communication and  

as the name suggests it achieves nearly twice the bandwidth 

of a single data rate and gives high performance and 

manages less power dissipation. 
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