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Abstract
AMBA-AHB is a bus control protocol for communication 
amongst memory mapped or direct addressing devices. AMBA 
is a popular choice for bus interfaces especially for the memory 
devices. It provides a complete protocol abstract for inter-
device communication in half duplex mode which also supports 
hybrid devices. The protocol is mainly used for a single master-
slave communication. In this work we have proposed a unique 
protocol extension for multiple slave-single master bidirectional 
communication using AMBA AHB specification. The main 
communication interface is divided into two parts: an arbitrator 
that is responsible for multiplexing the address and header 
data and a decoder which performs the reverse operation. The 
communication stream is divided into two parts: Header and 
data. Header includes address, control bits and data includes the 
communication data. The protocol is designed to help all the slaves 
read the same data buffer at the same time with same clock to 
eliminate the single clock reading delay. For a slave to master 
communication, slaves can send data to master one at a time by 
first acquiring a token which is a line that is enabled when master 
is ready to read. Any slave that acquires the token can write to 
master’s buffer. In order to ensure fairness, a back off timer is 
used. Each slave gets equal opportunity to send data to master. 
Once a slave acquires a token and uses it for data transfer, the 
slave is prohibited from acquiring the token again before the other 
salves have monitored the line. This round robin allocation of 
the line helps high throughput communication as the chances of 
loss is least. The proposed work is tested against Standard AHB 
protocol without token management and is proved to be better in 
terms of both delay and data throughput.
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I. Introduction
An AMBA-based microcontroller or computational device consists 
of a system backbone bus (AMBA AHB or AMBA ASB), able 
to sustain the external memory bandwidth and with very high-
performance, on which Direct Memory Access (DMA) devices 
and on-chip memory and other reside. The protocol allows high 
bandwidth data and control signal transfer among the entities.

Fig. 1: General AMBA Specification Devices

Fig. 2: General Communication Block Diagram

Fig. 1, explains the AMBA supported devices. The devices are 
divided into three major groups ASB, APB and AHB. The protocol 
is used for interfacing input devices like keyboard, keypads with 
high speed on chip memory like RAM. The AHB interface which is 
most widely used is used for split transfer, burst transfer, multiple 
masters and are all categorized by high performance operation. 
APB devices on the other hand are mainly used for multiple 
peripherals and latched memory operation. The block diagram 
of communication interface is explained in detail in fig. 2.

II. Related Work
AMBA AHB can be modeled as interface to various memories 
like SDR SDRAM and DDR SDRAM to work as master and 
LCD as a slave is simulated and synthesized for performance [1]. 
System-on-Chip (SoC) architecture for reconfigurable applications 
based on the AMBA High Speed Bus (AHB) is proposed and 
the architecture features multiple low-area flyby DMA blocks 
for transferring configuration data [2]. This eliminates the use of 
energy consuming instructions [2]. A system is described which 
automatically instantiates the network and links the modules 
to it [4]. In SAMBA-bus architecture, multiple compatible bus 
transactions can be performed simultaneously with only a single 
bus access grant from the bus arbiter. Compared with traditional 
bus architecture, the SAMBA-bus architecture can have up to 
3.5 times improvement in the effective bandwidth, and up to 15 
times reduction in the average communication latency [6]. The 
scalability features under increasing system load of shared bus 
STBus and AMBA AXI interconnects as opposed to the widely 
deployed AMBA AHB architecture are analyzed [7]. Complex 
Interface Bridge between Advanced High performance Bus 
(AHB) and Advanced Peripheral Bus (APB) known as AHB2APB 
Bridge is synthesized and simulated [8]. Based on the features of 
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AMBA bus protocol a system is implemented using VHDL [9].
The Advanced Microcontroller Bus Architecture (AMBA) is an 
open System-on-Chip bus protocol for high-performance buses on 
low-power devices [10]. Optimized version for model checking 
of System C/TLM designs based on Uppaal timed automata is 
presented [11].

III. Proposed System
From the above discussion it is understood that AMBA is typically 
a Master slave communication where the master initiates the 
communication and data transfer. With next generation devices 
like sensors becomes available to use like temperature sensors, 
vibration sensors and so on,  there is a need to design a system 
where master allocates fixed cycles for reading from other devices. 
Not all the devices may have sufficient data at the time of request. 
For example a simple Light emitter and LDR sensor acts to detect 
obstacle which might be used for product counting and other such 
applications. When an obstacle occurs, a voltage comparator IC 
like LM311 can sense the voltage difference and send the data to 
the master. But the data is lost if at the time of sensed change, the 
data was not requested. As AMBA is master slave communication, 
performing the reading operation as interrupt is not possible. 
Therefore in this work we have proposed a unique protocol over 
AMBA that allows the devices (Slaves) to preemptively transfer 
the data to the master.  As per core AMBA specification, peripheral 
devices can respond by sending data only when master has 
requested. Therefore whenever the master is ready (which might 
be a microcontroller or a CPU supporting AMBA bus) it enables 
the read line. Whenever any device has a data, it writes directly 
into a temporary memory and master fetches the data from the 
temporary memory to primary memory in the next clock. This 
reduces the overhead of continuously polling the read lines even 
when there is no data. It is explained clearly with fig. 3.

Fig. 3: Proposed Protocol

Entire operation of the AMBA specification works with signaling 
system with distinct role of each signaling line. While designing 
the work, emphasis was given so that no alteration was made at 
the basic protocol level. This helps flowless integration of the 
devices.
Name Source Description
HCLK: Bus clock. This clock times all bus transfers. All signal 
timings are related to the rising edge of HCLK.
HRESETn: Reset, Reset controller The bus reset signal is active 
LOW and is used to reset the system and the bus. This is the only 
active LOW signal.
HADDR [31:0] :Address bus, Master The 32-bit system address 
bus.
HTRANS [1:0]: Transfer type, Master Indicates the type 
of the current transfer, which can be NONSEQUENTIAL, 
SEQUENTIAL, IDLE or BUSY.

HWRITE: Transfer direction, Master When HIGH this signal 
indicates a write transfer and when LOW a read transfer.
HSIZE [2:0]: Transfer size, Master Indicates the size of the 
transfer, which is typically byte (8-bit), half-word (16-bit) or 
word (32-bit). The protocol allows for larger transfer sizes up to 
a maximum of 1024 bits. 
HBURST [2:0]: Burst type, Master Indicates if the transfer forms 
part of a burst. Four, eight and sixteen beat bursts are supported 
and the burst may be either incrementing or wrapping.
HPROT [3:0]: Protection control, Master The protection control 
signals provide additional information about a bus access and are 
primarily, intended for use by any module that wishes to implement 
some level of protection. The signals indicate if the transfer is an 
opcode fetch or data access, as well as if the transfer is a privileged 
mode access or user mode access. For bus masters with a memory 
management unit these signals also indicate whether the current 
access is cacheable or bufferable.
HBUSREQx: Bus request Master A signal from bus master x to 
the bus arbiter which indicates that the bus master requires the 
bus. There is an 
HBUSREQx signal for each bus master in the system, up to a 
maximum of 16 bus masters.
HLOCKx Locked transfers Master When HIGH this signal 
indicates that the master requires locked access to the bus and no 
other master should be granted the bus until this signal is LOW.
HGRANTx
Bus grant Arbiter, this signal indicates that bus master x is currently 
the highest priority master. Ownership of the address/control 
signals changes at the end of a transfer when HREADY is HIGH, 
so a master gets access to the bus when both
HREADY and HGRANTx are HIGH. 
HMASTER [3:0]
Master number Arbiter, these signals from the arbiter indicate 
which bus master is currently performing a transfer and is used 
by the slaves which support SPLIT transfers to determine which 
master is attempting an access. The timing of HMASTER is 
aligned with the timing of the address and control signals.
HMASTLOCK
Locked sequence Arbiter Indicates that the current master is 
performing a locked sequence of transfers. This signal has the 
same timing as the HMASTER signal.
HSPLITx [15:0] Split completion request Slave (SPLIT capable) 
This 16-bit split bus is used by a slave to indicate to the arbiter which 
bus masters should be allowed to re-attempt a split transaction. 
Each bit of this split bus corresponds to a single bus master.
HTOKEN[4:0]: This is introduced in the proposed system for 
preemptive transfer by the slave. A slave puts it’s ide in the HTOKEN 
which tells the controller from which slave it is reading.
HTFLAG [1:0]: It is a flag that suggests that the transfer is valid. 
The line is low once a slave has initiated the transfer. Once the 
transfer is complete, the flag becomes high. A High flag at the 
time of transfer suggest that the transfer is invalid.
The extension also supports a slave selection by master where the 
master can select a specific slave. In such cases the token line is 
made as high which suggests that the data is already under transfer. 
The slave selected by master transfer the data. This is a priority 
transfer. Hence no other slave is able to interrupt the process. The 
slave selection process is shown by fig. 4.
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Fig. 4: Slave Selection Process

IV. Results

Fig. 5: Complete Data Transfer Cycle
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Fig. 6: Data Initialization and Splitting

Fig. 7: Simulation of Master
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Fig. 8: Extended Signal of Master

Fig. 9: Slave Part
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Fig. 10: Decoder

Fig. 11: Performance Analysis

Fig. 11, clearly shows an improvement of the delay in average 
transmission of 50Mb data in average by different number of 
slaves. The improvement is partially due to invalidating data 
before master reads and due to asynchronous and interrupts driven 
transfer from slaves.

V. Conclusion
AMBA AHB is becoming a popular choice for data transfer, 
especially for high speed microcontroller and peripherals. The 
transfer is high performance and low complexity which is essential 
for low energy devices. The protocol enables multiple peripherals 
to be connected to a single master. Though it is being standardized, 
there is plenty of room for improvement. Due to multiplexed 
address lines, too many cycles is spent on enabling and disabling 
the bus. Beside, this problem, there are problems regarding 
preemptive transfers. Therefore in this paper we propose a unique 

scheme for resolving transfer clashes by slaves by enabling a token 
management system. Performance proves that such a system can 
significantly improve the transfer rate and minimize the transfer 
latency. The protocol further can be tested over multiple master-
multiple slave interfaces.
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