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Abstract— In this paper, an Advanced Microcontroller Bus Architecture (AMBA) compliant memory controller is designed 
for system memory control with the main memory consisting of SRAM, ROM and Dual port CACHE. As microprocessor 
performance has improved in recent years, it has become increasingly important to provide a high-bandwidth, low-latency 
memory subsystem to achieve the full performance potential of these processors. Dual port Caches have been used 
extensively to patch over this mismatch. The memory controller is the part of the system that, well, controls the memory. 
The aim is develop an architecture, design, and test AMBA AHB compliant Memory Controller for ARM based 
EMBEDDED platforms. Memory access time is reduced to a great extent by using AHB protocol thereby increasing the 
overall performance of the memory controller.  
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I. INTRODUCTION 
 

At the heart of an ever-increasing number of 
embedded applications is an ARM CPU. This is the 
first ARM processor developed specifically for 
FPGAs. It is intended for use in set-top boxes, 
Internet appliances and game consoles, smart mobile 
phones, palm-top computers, modems and other 
handheld applications that require high performance. 
ARM CPU is provided through AMBA AHB bus 
which acts as the high performance system backbone 
bus for System on Chip applications. EMBEDDED 
developers have been reluctant to give up the generic 
shared bus borrowed from the board-level world 
because it reduces the specification and validation 
effort in the design cycle and makes EMBEDDED 
top-level integration almost as simple as plugging 
expansion cards onto a back plane. By using generic 
buses, developers are free to concentrate on higher-
level decisions.  

 
ARM® Limited's use of a generic bus in the 

Advanced Microcontroller Bus Architecture (AMBA) 
has allowed licensees to focus on the application at 
hand and move quickly to market. Microprocessors, 
DMA controllers, memory controllers and other 
higher performance blocks are connected via the 
AHB. Lower-performance blocks such as UARTs, 
General Purpose Input/output (GPIO) and Timers are 
suited for connection to the APB. But many high-end 
embedded applications targeted by ARM-based 
EMBEDDED s require that while dealing with the 
deterministic, real-time requirements of the 
application, they are also able to access a high 
bandwidth network environment. Such applications 
require an EMBEDDED that issue control signals, 
collect data, and moves data across the network in 
real time. Depending on the nature of the network and 
its bandwidth requirements, this can stretch the 
capabilities of existing EMBEDDED -bus  

 
architectures to their limit. Moreover Developments 
in manufacturing techniques and innovations in deep 
sub-micron technology have made possible 
applications with large on-chip memories. Designs 
are targeted at increasingly higher frequencies as 
well. The number of masters and slaves on the AHB 
bus are also increasing and are becoming increasingly 
more complex. Thus while designing ARM based 
EMBEDDED , design, verification and synthesis 
must take care of certain issues, which, if not handled 
carefully, lead to higher NRE costs and re-spins. 

 
To overcome this, The AMBA AHB compliant 

MC (Memory Controller) is designed. It generates the 
necessary signals to control the reading and writing of 
information from and to the memory, and interfaces 
the memory with the other major parts of the system. 
The memory controller is normally integrated into the 
system chipset. In this paper, an Advanced 
Microcontroller Bus Architecture (AMBA) compliant 
memory controller is designed for system memory 
control with the main memory consisting of SRAM, 
ROM and Dual port CACHE. The memory controller 
is compatible with Advanced High-performance Bus 
(AHB) which is a new generation of AMBA bus, so 
we call it “AHB-MC”. 
 
II. PREVIOUS WORK 
 

In the earlier days the memory controller has 
designed with main memory consisting of SRAM and 
ROM. but the all AHB fixed length burst types are 
transfered so it takes more time to transfer the data 
and also performance of the system reduced [15]. The 
second method proposed with an AMBA AHB burst 
operation to reduce the memory latency. The 
minimum period used in the design is 22.27ns and 
maximum frequency is 44.903MHz [1]. 
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III. ARCHITECTURE OF AMBA-AHB 
MEMORY CONTROLLER 

 
Figure 1: Architecture of AHB memory controller 

 
The AHB-MC Memory controller is mainly 

divided into four blocks namely 
1. Bus Function Model 
2. AHB slave interface 
3. Asynchronous FIFO  
4. External Memory interface 

 
IV. BUS FUNCTIONAL MODEL 
 

A Bus Functional Model or BFM (also known 
as a Transaction Verification Models or TVM) is a 
non-synthesizable software model of an integrated 
circuit component having one or more external buses. 
The emphasis of the model is on simulating system 
bus transactions prior to building and testing the 
actual hardware. 

 
BFM's are usually defined as tasks in Hardware 

description languages (HDLs), which applies 
stimulus to the design under test/verification via 
complex waveforms and protocols. A BFM is 
typically written in an HDL language such 
as Verilog, VHDL, System, or System Verilog. On 
one side, it drives and samples low-level signals 
according to the bus protocol. On the other side, tasks 
are available to create and respond to bus 
transactions. BFMs are often used as reusable 
building blocks to create simulation test benches, 
where the signal ports on a design under test are 
connected to the appropriate BFMs in the test 
bench for the purpose of simulation 
 
V. AHB SLAVE INTERFACE 
 

The AHB slave shown in figure maps the 
memory configuration space with the memory 

controller and performs the data transaction as AHB 
asserts its signal 

 
Figure 2: AHB slave interface 

 
The AHB slave interface converts the incoming 

AHB transfers to the protocol used internally by the 
AHB-MC. Because of the design of the internal inter-
connect, some optimizations are made in the interface 
to improve performance. It is a fully validated 
component which ensures that it obeys both the AHB 
protocol and the internal protocol that the 
interconnect uses. 
 
VI. ASYNCHRONOUS FIFO 
 

The AHB-MC has two clock domains: AHB 
clock domain and external clock domain 
Asynchronous FIFO is used between two clock 
domains as a data buffer. An Asynchronous FIFO 
refers to a FIFO design where data values are written 
to a FIFO buffer from one clock domain and the data 
values are read from the same FIFO buffer from 
another clock domain, where two clock domains are 
asynchronous to each other. The main benefit of 
asynchronous clocking is that you can maximize the 
system performance, while running the memory 
interface at a fixed system frequency. Additionally, in 
sleep-mode situations when the system is not required 
to do much work, you can lower the frequency to 
reduce power consumption. 

 
VII. EXTERNAL MEMORY INTERFACE 

 
The external memory issues commands to the 

memory from the command FIFO, and controls the 
cycle timings of these commands. An external 
memory interface is a bus protocol for 
communication from an integrated circuit, such as 
a microprocessor, to an external memory device 
located on a circuit board. The memory is referred to 
as external because it is not contained within the 
internal circuitry of the integrated circuit and thus is 
externally located on the circuit board. The external 
memory interface enables the processor to interface 
with third level caches, peripherals, and external 
memory. 
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Figure 3: State transition  diagram of external memory 

interface 
 

VIII. SIMULATION RESULTS 
 

 
Figure 4: Simulation result of RAM memory 

 
Figure 5: Asynchronous FIFO 

 
Figure 6: RTL Schematic diagram of asynchronous FIFO 

 

 
Figure 7: Simulation result of ROM memory 

 

 
Figure 8: Simulation result of dual port cache memory 
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Figure 9: Simulation result of SRAM 

 
CONCLUSION 
 

This paper presents a framework to design a 
memory controller, simulation based approach and 
methodology of high performance multi byte data 
access control of AMBA memory controller. 
Complete flow is proposed by a programming model 
and architecture. The effectiveness of memory 
controller blocks is demonstrated by simulating on 
MOD-SIM. Memory access time is reduced and 
bandwidth is increased to a great extent by using 
AHB protocol thereby increasing the overall 
performance of the memory controller. Memory 
controller is expected to run at 120 MHz, with data 
width of 32 bits and bandwidth of 3.84Gbps. 
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