
IJSRD - International Journal for Scientific Research & Development| Vol. 4, Issue 08, 2016 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 641 

Design of AMBA BASED AHB2APB Bridge 

 Ms. Pooja Kawale  

M.Tech Student  

Department of Electronics & Communication Engineering 

 VIT College of Engineering Nagpur, India 

Abstract— The field of technology is evolving at a very fast 

pace. The competition is very intense. So the need of the hour 

is to produce efficient system. In accomplishing this objective 

we are required to establish better interaction among all the 

components of the system. This requirement is fulfilled by the 

Advanced Microcontroller Bus Architecture (AMBA) 

protocol from Advanced RISC Machines (ARM).The AMBA 

is the on-chip standard for the communication among 

components in Application Specific Integrated Circuits 

(ASIC) or System on Chip (SoC).In order to support high-

speed pipelined data transfers, AMBA 4.0 supports a rich set 

of bus signals, making the analysis of AMBA-based 

embedded systems a challenging Proposition. The goal of this 

paper is to synthesize and simulate a complex interface bridge 

for Advanced High performance Bus (AHB) as well as 

Advanced Peripheral Bus (APB) to support for both high 

bandwidth and low bandwidth data transfer. 
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I. INTRODUCTION 

The miniaturization in the technology is leading to the 

emphasizing on the communication among the modules of 

the System on Chip (SoC). The SoC is the integration of all 

the components required onto the same chip so called System 

on Chip. The interaction between these components of the 

system is critical for every SoC. The intercommunication is 

maintained by AMBA protocol. The AMBA protocol 

provides an efficient way for the interaction and increases the 

performance of the system[1]. 

The AMBA specification [2] has become a de-facto 

standard for the semiconductor industry, it has been adopted 

by more than 95% of ARM’s partners and a number of IP 

providers. The specification has been successfully 

implemented in several ASIC designs. Since the AMBA 

interface is processor and technology independent, it 

enhances the reusability of peripheral and system components 

across a wide range of applications. The AMBA specification 

has been derived to satisfy the following four key 

requirements. 

1) To facilitate the right-first-time development of 

Embedded Microcontroller Products with one or more 

CPUs or signal processors. 

2) To be technology-independent and ensure that highly 

reusable peripheral and system macro cells can be 

migrated across a diverse range of IC processes and be 

appropriate for full-custom, standard cell and gate array 

technologies. 

3) To encourage modular system design to improve 

processor independence, providing a development road-

map for advanced cached CPU cores and the 

development of peripheral libraries. 

4) To minimize the silicon infrastructure required 

supporting efficient on-chip and off-chip communication 

for both operation and manufacturing test.  

This paper is to design the AMBA based AHB2APB 

Bridge which interfaces AHB and APB buses. It is required 

to bridge the communication gap between low bandwidth 

peripherals on APB with the high bandwidth ARM 

Processors and/or other high-speed devices on AHB. This is 

to ensure that there is no data loss between AHB to APB or 

APB to AHB data transfers. In our work we intend to use 

Verilog HDL (Hardware Description Language) for 

designing the RTL (Register Transfer Level) code[3]. 

Synthesis and Simulation is done using Xilinx and 

Modelsim[4].[5] 

II. OVERVIEW OF AMBA BUSES 

The Advanced Microcontroller Bus Architecture (AMBA) is 

ARM’s no-cost, open specification[2], which defines an on-

chip communications standard for designing high 

performance Embedded Microcontrollers. Three distinct 

buses are defined within the AMBA specification: 

1) The Advanced High-performance Bus (AHB) 

2) The Advanced System Bus (ASB) 

3) The Advanced Peripheral Bus (APB). 

A. Advanced High-Performance Bus (AHB): 

AHB is a new generation of AMBA bus, which is intended to 

address the requirements of high-performance synthesizable 

designs. It is a high-performance system bus that supports 

multiple bus masters and provides high-bandwidth operation. 

AMBA AHB [6] implements the features required for high-

performance, high clock frequency systems including: 

 High performance 

 Pipelined operation 

 Multiple bus masters 

 Burst transfers 

 Single-cycle bus master handover 

 Non-tri state implementation 

 Wider data bus configurations(64/128bits). 

Bridging between this higher level of bus and the 

current ASB/APB can be done efficiently to ensure that any 

existing designs can be easily integrated. An AMBA AHB 

design may contain one or more bus masters typically a 

system would contain at least the processor and test interface. 

However, it would also be common for a Direct Memory 

Access (DMA) or Digital Signal Processor (DSP) to be 

included as bus masters. The external memory interface, APB 

Bridge and any internal memory are the most common AHB 

slaves. Any other peripheral in the system could also be 

included as an AHB slave. However, low-bandwidth 

peripherals typically reside on the APB. 

B. Advanced peripheral bus (APB): 

The Advanced Peripheral Bus (APB) is part of the Advanced 

Microcontroller Bus Architecture (AMBA) hierarchy of 

buses and is optimized for minimal power consumption and 

reduced interface complexity. The AMBA APB should be 
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used to interface to any peripherals which are low-bandwidth 

and do not require the high performance of a pipelined bus 

interface. The latest revision of the APB ensures that all 

signal transitions are only related to the rising edge of the 

clock. 

This improvement means the APB peripherals can 

be integrated easily into any design flow. 

Features of APB: 

 Low power 

 Latched address and control 

 Simple interface 

 Suitable for many peripherals 

These changes to the APB also make it simpler to 

interface it to the new Advanced High-performance Bus 

(AHB)[5]. 

III. OPERATION OF AHB2APB BRIDGE 

The AHB2APB interfaces AHB and APB. It buffers address, 

controls and data from the AHB, drives the APB peripherals 

and return data along with response signal to the AHB. The 

AHB2APB interface is designed to operate when AHB and 

APB clocks have the any combination of frequency and phase 

[5]. The AHB2APB performs transfer of data from AHB to 

APB for write cycle and APB to AHB for Read cycle[2]. 

A. Features of AHB2APB Bridge: 

Interface between AMBA high performance bus (AHB) and 

AMBA peripheral bus (APB) [2], provides latching of 

address, controls and data signals for APB peripherals. 

Supports for the following 

 APB compliant slaves and peripherals. 

 Peripherals which require additional wait states. 

 
Fig. 1: Pin details of AHB2APB Bridge 

IV. DESIGN OF AHB2APB BRIDGE 

 
Fig. 2: Design of AHB2APB Bridge 

 

AHB2APB Bridge operates on HCLK and APB 

access sub module operates on PCLK. AHB response and 

Control transfer is together termed as AHB interface and APB 

access is termed as APB interface to ensure the correct 

generation of suitable control signals and address we use 

three internal signals in the bridge module namely: 

 PENDWR (Pending Write) 

 PENDRD (Pending Read) 

 PDONE (Peripheral operation done) 

The capture of address & control for Write or Read 

operation is done when HREADY, HTRANS and HSEL are 

valid. READY is the only signal that is the output from the 

bridge to AHB master to cope up the communication between 

AHB and APB. Hence the generation of HREADY signal is 

very significant in the bridge module. By using the internal 

signals PENDWR and PENDRD and double synchronized 

signal. PDONE, HREADY generation is made easy to 

capture the next control for Write or Read operation from 

AHB to APB. Since the sub modules operate on different 

clock domains namely HCLK and PCLK, there is a need for 

interfacing these clock domains. Any two systems are 

considered asynchronous to each other: 

 When they operate at two different frequency 

 When they operate at same frequency, but at two 

different clock phase angles 

This interfacing is difficult in the sense that design 

becomes asynchronous at the boundary of interface, which 

results in setup and hold time violation, Meta stability and 

unreliable data transfers. Hence we need to go out for special 

design and interfacing techniques. In such a case if we need 

to do data transfer, there are very few methods to achieve this 

namely: 

 Handshake signalling method 

 Asynchronous FIFO 

Both have its own advantages and disadvantages. In 

our paper we have used Handshake signaling Method. In 

Handshake signaling method the AHB interface sends data to 

APB interface based on the handshake signals PENDWR (or 

PENDRD) and PDONE signals. The protocol for this uses the 

same method that is found with 8155 chip used with 8085 

based on handshake signals Request and Acknowledge[5]. 

V. PROTOCOL 

AHB interface asserts the PENDWR (or PENDRD) signal, 

makes the APB interface to accept or to send the data on the 

data bus. APB interface asserts the PDONE signal, asserting 

that it has accepted or sent the data. This method is 

straightforward but it has got loop holes. when APB interface 

samples the AHB interface‘s PENDWR (or PENDRD) line 

and AHB interface samples APB interface’s PDONE line, 

they are done with respect to their internal clock, so there will 

be setup and hold time violation. To avoid this we use double 

stage synchronizers, which are immune to meta stability to a 

good extent[5]. The fig. 5, shows how this is done 
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Fig. 3: Handshake signaling method 

 

A. AHB Bus Protocol: 

The AHB is the high performance bus and synthesizable 

designs. It supports burst transfers, split transactions, 

nontristate implementation. The burst transfers is the block of 

data which is sent at a fast pace. The block of data can vary 

from 8 to 16 beat bursts. The split transfers referred to option 

for splitting the beat bursts into smaller beats and transferring. 

The non tristate implementation is not including high 

impedance state. Every transfer consists of an address and 

control cycle, one or more cycles for the data. The AHB bus 

master has signals for writing, data buses, address buses, 

burst transfers, etc. The AHB bus master when ready for the 

transfer will check if peripheral device is ready for the 

transfer if ready then the transaction takes place. The reverse 

operation occurs when read transfer happens. The AHB 

controller controls the transaction between AHB master and 

APB peripheral.[1] 

 

B. APB BUS PROTOCOL: 

The APB protocol is the bus protocol employed for the 

peripherals like UART, Keypad, PIO, Timer, LCD Display 

or LED display etc to name a few. The APB protocol is low 

performance low power bus protocol. It is basically used for 

peripherals as the name suggests. The APB protocol has low 

bandwidth. The APB peripherals as listed can be enabled 

based on their enable signals and the transaction can be 

accomplished. The APB peripherals in this work is enabled 

based on the address and so is fast and efficient[1]. 

VI. SIMULATION RESULTS 

 
Fig. 4: simulation result for input 

 

 
Fig. 5: simulation result for output 

VII. CONCLUSION 

The RTL Simulation of AHB2APB Bridge has been verified 

and validated by using suitable test benches namely AHB 

Driver/Monitor and APB Driver/Monitor. The Synthesis of 

AHB2APB Bridge has been successfully completed by the 

extraction of Synthesized Netlist with unit delays & verified 

by comparing the Gate level Simulation with RTL Simulation 

results. The Back Annotation of AHB2APB Bridge has also 

been successfully completed by the extraction of Synthesized 

Netlist with suitable delays & verified by the comparison of 

Gate level simulation with RTL simulation results. Thus 

AHB2APB Bridge is a standalone solution to extract the 

advantages of newly developed ARM based AMBA AHB 

bus by bridging the common gap between AHB and the 

existing APB bus. 

The AHB to APB module is synthesized, simulated 

and verified by dumping onto the Spartan 3 FPGA. The 

Chipscope results for both write and read operations are 

verified. The area, time consumed by the design is low and so 

we can conclude as a very effective design. The AHB to APB 

module can be dumped onto any other Spartan Series Kits 

also for similar verification The design of the interface 

between AHB and APB can be extended into other versions 

of the AMBA protocol like ASB, AXI to name a few. The 

implementation of interface between other protocols of 

AMBA with APB is the future work. 

Presently the AMBA APB is using the 8 bit transfer 

per clock period but this rate can further increased with the 

improving technology. The configurations of the SM 

arbitration scheme with the maximum performance need to 

be found automatically during run time. In this paper the 

Xilinx ISE EDA Tool is used for synthesis and Modelsim is 

used for simulation. In future The AMBA Interface may 

applicable to AMBA next versions. 

Further reduce test power, test data volume and test 

application time. The next part would be getting the 

sequential ATPG to work so full test vectors can be generated 

for the controller module. 

VIII. COMPARISON 

Parameter Previous Work Proposed Work 

Area 90 51 

Area 154 51 

Area 117 79 

Frequency 199.299MHZ 296.222MHZ 

Table 1: comparison of previous and proposed work 
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On comparing previous work with proposed work 

i.e. AHB to APB bridge we found that in AHB to APB bridge 

the frequency has increased so the delay has been decreased 

and also the area is less i.e. the no. of flip-flops and slices 

used is less than that of previous work. So AHB to APB 

bridge is more significant than previous work. 
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