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The Design of
Direct Memory Access Controller Core Based on
Advanced Microcontroller Bus Architecture

Wendhi Yuniarto
Dept. of Electrical Engineering
Politeknik Negeri Pontianak
Pontianak 78124, Indonesia

Abstract— Direct Memory Access Controller (DMAC) is a
module to support the system’s performance in order to access
one or more CPU / signal processors and multiple peripherals.
The system uses the Advanced Microcontroller Bus
Architecture (AMBA), specification defines a communication
standard on-chip designed by ARM (Advanced RISC
Machines). AMBA AHB is used for high performance systems,
high clock frequency, and as well as to support efficient
processor connections, on-chip memories and off-chip external
memory interfaces. Moreover, it allows the access to high-
bandwidth on the memory device chip. This system is
integrated with a RISC processor and its memory controller
SIEGE32 in System on Chip (SoC). The verification process is
using ModelSim simulation that aims to ensure the system’s
functionality and compatibility and allow data transfer
between cores in the SoC. The final stage are the synthesis and
layout design by using CAD tools synopsys® with 0:18 pm
CMOS technology design analyzer ™ and Astro ™. The
implementation of chip layout produces a maximum clock
frequency of 26.5 MHz and the chip area of 0.41 mm2.

Keywords — Peripheral, Processor, DMAC, AMBA, SoC

VI. Preface

With the advances in technology, particularly in the field
of communication using pictures and sound, real-time video
and audio in the local telecommunications services has
considered a very important thing. Data transfer on the
video and audio requires two characteristics, namely; clear
pictures and sound, as well as the need for speed at the time
of the transition frame. The video and audio can be
displayed in real time.

In order to support the signal processing of video / audio,
DMA controller (DMAC) was designed as a module to
support the system performance in order to access one or
more CPU / signal processors and multiple peripherals.
DMA is a hardware mechanism that allows components
peripheral to transfer I / O data directly to and from main
memory without the involvement of a processor system.
The use of this mechanism is needed to be able to work.

Advanced Microcontroller Bus Architecture (AMBA) is
a standard bus that was opened and carried by Advanced

Mariana Syamsudin
Dept. of Electrical Engineering
Politeknik Negeri Pontianak
Pontianak 78124, Indonesia

Irawan Suharto

Dept. of Electrical Engineering
Politeknik Negeri Pontianak
Pontianak 78124, Indonesia

RISC Machine (ARM) processor. The bus system is used
for on-chip communications standard in designing high-
performance embedded microcontroller.

One of the most important parts of a system is the
processor. Since the processor will be implemented in
System on Chip (SoC), the processors must have a small
chip area. The processor which is able to meet the above
criteria is based on the architectural RISC processor
(Reduced Instruction Set Computer). With a RISC
architecture, the processor can only support the specific set
of instructions that have been defined, and the set of
instructions intended to run the program associated with the
developed system. With a simple instruction set, the process
of decoding the instruction will be more quickly, so that the
execution time of the program is faster.

VII. The Method of Design

To guarantee the results validity of the design, it is

essential to do stages in the design shown in Figure 1.

Spesifikasi
Design

Architecture
Design

VHDL Coding :
-Design Unit-unit DMAC
-Desain AHB bus

-Add fitur processor
-Desain memory controller
-Integrasi Sistem

v

Sintesis Desain :
- Design Analyzer (Synopsys)

Gate Level Netlist

Implementasi Design
- Astro (Synopsys)

Floorplanning
Placement&Routing

Metode Verifikasi

Test Vector
Design Testbench

Functional Simulation :
- ModelSim

Timing Analysi

Chip Layout
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Figure 1. DMA Controller System Integrasi Design Flow

The technical stages are as follows:

Stage 1: VHDL Coding

Modeling functional design units in VHDL, then perform
functional simulation to see the design’s functionality.

Stage 2: Synthesis Design

At this point, the synthesis design is performed to generate
the gate-level design descriptions. In the synthesis process, it
is tested whether the design have problems in timing loop
(combinational loop) or undesirable latch.

Stage 3: Test Coverage

Checking whether the coding that has been made is good
enough or not. Good coding complexity will generate low
and high test coverage, and vice versa.

Stage 4: Implementation of the chip layout

VIII. The Specification and Architectural Design

Specifications of DMAC as follows:
— DMA meets the AMBA standard bus for system’s
compatibility.
— DMA has the Compatibility with RISC processor system
SIEGE32.
— DMA has the compatibility with the memory control
system as an external memory interface models.
— Transfer rate 32 bits of data in RAM ideal memory model
internal and external.
— Arbiter with 2 masters (processor SIEGE32 and DMAC).

Architecture on the DMAC is divided into several
functional units. A logic buffer, which is separated as shown
in Figure 2, is one unit. The unit is the most complex timing
and block control, which consists of a large state machine.

DMA block architecture, divided into several main
blocks, namely:

1. Register and Counter DMAC
2. Timing and Control DMAC
3. Address Decode DMAC

4. Buffer DMAC

5. Arbiter DMAC

ADDRESS BUS

AMBA BUS

— DATA BUS

PE
Logic Logic
buffering Address ‘ buffering
‘ ‘ Decoder
32 32 N

dAmk;a dAmk;a v > v Amba
ata bus fdata bus| address bus
SIEGE32

r

Current offset|
Counter

registers

\ J

32 bit buffer

X [Timing and Control|
register

Figure 2. DMAC Architecture

DMAC Registers: Setup Data address from the processors
that goes into DMAC, first stored in a register to be
forwarded to the timing and control.

Timing and Control DMAC: Incoming and outgoing data
are controlled by the Timing and Control. Setup data and the
address are stored in AMBA Buffering DMAC.

AMBA DMAC Buffer: Buffer AMBA stores incoming data
and remove it if necessary.

Address Decode DMAC: Address Decode generates clock
signals enable at 32 bit registers DMA transfer.

Arbiter DMAC: Defines the priority "master" device which
will use Bus.

Timing and Control Module is the most substantial on
DMAC, since the data traffic is regulated by this module.
The module is equipped with a transfer configuration on the
AMBA bus master state machine, as well as AMBA bus
slave registers.

IX. Verification and Implementation

In the verification process, functional tests is conducted
to ascertain whether the design has worked according to the
function that has been specified or not. The Functional
design of DMAC is to be able to transfer data from the
memory to memory without involving many RISC
processors SIEGE32.

DMAC flow chart in Figure 3 shows the design
verification, which interruptions received by DMAC will be
forwarded to the processor and then configured. If the
processor provides grants, the DMAC is ready to receive
and send data memory.

The configuration process on the DMAC’s processor
setup will use the assembly program, in which the processor
provides instructions for storing data address to register or
move data from these registers to address memory.
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Figure 3. DMAC’s Flowchart Process

DMAC will receive the results the configuration from
the processor, when the bus access is given. The Instructions
are available on the processor as shown in Table 1. On the
other hand, Table 2 is the base address DMAC, and the data
set-up to process the transfer DMAC.

Table 1: Instruction Memory

Test vector

Instruction Instruction Information
Address

E3B01003 00000000 MOV R1,#0x03
E5801000 00000004 STR R1,#0x0000
E3B02009 00000008 MOV R2.#0x09
E5802004 0000000C STR R2,#0x0004
E3B0300B 00000010 MOV R3,#0x0B
E5803008 00000014 STR R3,#0x0008
E5904000 00000018 LDR R4,[R1,#0x0]
E5905004 0000001C LDR R5,[R2,#0x4]
E5906008 00000020 LDR R6,[R3,#0x8]

Table 2: Base Address and Data Setup
Base Data Setup | Registry Information

Address Name
0x00000000 | 0x00000003 | Incoming | Incoming

address Data,

(32 bir).
0x00000004 | 0x00000009 | Outgoing | Outcoming
Address Data,

(32 bir).
0x00000008 | 0x0000000B | Transfer | The amount of

Length transferred
data, (32 bit).

The configuration result from the processor is sampled
to DMAC, hereinafter DMAC is ready to transfer and
receive data to and from slave memory, according to the
setup data from the processor issued through haddr out
DMAC to address the data on the memory controller.

The transmitted / received transfer process will be in
accordance with the process of the state machine of DMAC.
This process is done through the memory controller as an
interface between the DMAC-memory and external
memory.

Once DMAC obtains the access to bus, the DMAC will
initiate the transfer from memory 1 to other memories by
initiating source address (read) DMAC configuration results
to memory controller address. The address will be received
by memory 1, then Memory 1 will send data according to
the address requested by DMAC. The data is stored in the
data buffer DMAC registers. DMAC bus request back to the
arbitrator if the arbitrator gave the grant, the DMAC will
send the destination address (write) to the destination
memory, and the data from DMAC will be transferred to the
destination memory in accordance with the desired
destination address. The transfer process will be repeated
according to the number of words of data to be transferred.

The verification process for the design of DMAC system
is integrated with SIEGE32 processor, and a memory
controller using ModelSim, whereas the synthesis and
layout as the implementation using CAD tools from
Synopsys®, namely design_analyzer ™ for the synthesis
and Astro ™ for layout.

The synthesis stage includes the mapping process in the
form of VHDL design to a gate and optimization. From the
extraction of parameters area and the timing of the core
design DMAC which is already integrated with the
SIEGE32 processor and memory controller after the
synthesis process, it appears that the total cell area (without
interconnection) is 0.206 mm?2 and the maximum path delay
of 20:02 ns or equivalent with clock speed of maximum
49.95 MHZ.

From the results extraction of the layout process (post
routing), core area and the chip area of 0.29 mm2 and 0.41
mm?2 were obtained, as well as the maximum path delay of
37.7173 0.1152 ns ns with slack, or the equivalent of clock
speed the maximum of 26.5 MHz, as shown in Figure 4.
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Figure 4. DMAC’s Integration Layout

X. The Conclusion

The process of design, integration, verification which
covers ModelSim simulation tools, synthesis and layout
using CAD tools from synopsys® with 0:18 um CMOS
technology on DMAC, the host processor and the memory
controller SIEGE32, has been successfully conducted.

This research has also succeeded in adding new features
on SIEGE32 processor configuration, which is equipped
with interconnecting AMBA-BUS-based as an interface
with other dedicated hardware.

The Design of DMAC with the host processor and the
memory controller is implemented in layouts using CAD
tools from Synopsys® with 0:18 ym CMOS technology. A
maximum clock frequency of 26.5 MHz and the chip area of
0.41 mm?2 was obtained.
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