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Abstract— In this paper, a write transfer of AMBA-AHB 

Lite communication protocol is designed and implemented. 

AMBA-AHB Lite communication protocol is designed 

using master-slave topology. To perform efficient write 

operation, a core is designed for communication between a 

master unit and a slave unit. This process involves the 

master unit, which generates various transactions/operations 

and a slave unit to receive these transaction and respond 

accordingly. The write transfer operations are generated 

using SystemVerilog and ModelSim 6.3f. The 

communication is configured for 32bit wide Address bus 

and Data bus. 
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I. INTRODUCTION 

On chip bus is the backbone of the SOC (System On Chip). 

Data and Control messages are passed through on chip bus 

to all computational unit and peripheral devices connected 

to the bus. Use of different bus protocol depends on the 

architecture of the core. On introduction of RISC 

architecture, it soon became a key component of the 32bit 

embedded systems and hence there was a need for new 

interfacing standards for bridging high performance ARM 

processor to low performance peripheral. On chip 

communication standards for high performance embedded 

microcontroller are defined in Advanced Microcontroller 

Bus Architecture (AMBA)
 [2]

. AMBA supports various 

specification, such as AHB (Advanced High Performance 

Bus), ASB (Advanced System Bus) an APB (Advanced 

Peripheral Bus). 

Memory access is really slow compared to CPU 

speed, so a lot of time is wasted if we want to access a 

contiguous memory locations .Burst mode, is a mode of 

transfer used for temporarily high speed data transmission 

mode, to facilitate sequential data transfer at a max 

throughput. Burst mode data transfer rate speed can be 

approximately two to five times faster than normal 

transmission protocols. AMBA AHB-Lite supports 4,8,16 

wrap modes. 

II. AHB-LITE PROTOCOL 

AMBA Specification defines three distinct bus standards.
 [2] 

 Advanced High Performance Bus (AHB) 

AHB is system bus used for communication 

between high clock frequency system modules such as 

processors and on-chip and off-chip memories. 

Here interconnection process is designed in such a 

way that High performance and High clock frequency 

processors and other high bandwidth system cells can be 

efficiently interconnected. 

AHB consists of bus masters, slaves, arbiter, a 

signal multiplexor and an address decoder. 

 Advanced System Bus (ASB) 

ASB is also system bus that can be used as an 

alternate to AHB when high performance feature of AHB 

are not required. 

 Advanced Peripheral Bus (APB) 

APB is used as general purpose register based 

peripheral like timer, interrupt controller, UARTs, I/O ports 

etc. 

APB is optimized for low power consumption and 

low interface complexity. It is used for connecting the high 

bandwidth system bus to low bandwidth peripherals such as 

i/p devices. 

AMBA AHB-Lite protocol addresses the 

requirements of high-performance designs. This bus 

interface supports only single Master and multiple Slaves. 

AHB-Lite implements the features required for high-

performance, high-clock frequency systems. 

AHB-Lite supports transfer size, which is less than 

the Data bus width. For example, for 32bit data bus, AHB-

Lite supports only BYTE, HALFWORD and WORD 

transfer size. 

AMBA AHB-Lite specification differs from the 

full specification in the following ways: 
[1]

 

 Only one master. So no need for master-to-slave 

multiplexor. 

 No arbiter. None of the signals associated with the 

arbiter are used. 

 Master has no HBUSREQ output. If such an output 

exists on a master, it is left unconnected. 

 Master has no HGRANT input. If such an input exists 

on a master, it is tied HIGH. 

 Slaves must not produce either a Split or Retry 

response. 

 

Figure.  1: .AHB-Lite Master Interface 

III. LIST OF SIGNALS 

The following is the list of signals which are used in write 

transfer of AHB-Lite Master. 

 HCLK: Bus Clock: All bus transfers/signal timings are 

related to rising edge of this signal. 
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 HRESET: Reset: Active Low signal, and is used to reset 

the master. 

 HADDR [31:0]: Address bus: 32 bit system address 

bus. 

 HWRITE: read/write signal: When high indicates a 

write transfer and when low indicates read transfer. 

 HSIZE [2:0]: Size of transfer: Byte (8-bit), Half-Word 

(16-bit) and Word (32-bit). 

 HBURST [2:0]: Type of Burst transfer: This signal 

indicates whether the transfer forms a part of four, eight 

or sixteen beat bursts. The burst can be wrapping or 

incrementing burst. 

 HPORT [3:0]: Protection Signal: This signal provides 

additional information. 

 HTRANS [1:0]: Transfer type: Indicates the type of 

current transfer, which can be IDLE, BUSY, NON-SEQ 

or SEQ. 

 HMASTLOCK: Masterlock Signal: Locks the current 

transfer, hence this transfer are processed before any 

other transactions are processed. 

 HWDATA [31:0]: Write Data bus: This bus is used to 

transfer data from master to slaves during write transfer. 

IV. BURST OPERATION AND TRANSFER TYPE 

HTRANS indicates the type of transfer for current 

transactions. There can be IDLE, BUSY, NON-SEQ or SEQ 

transfers. 

00: IDLE: When master is granted the bus, and if it does not 

wish to perform any data transfer.  Hence IDLE indicates 

that no data transfer is required. 

01: BUSY: If any need arises to place IDLE cycles in 

middle of burst transfers. It can be accomplished by using 

BUSY transfer signal. This indicates that the current transfer 

is busy in continuing with process of transfer of burst and 

indicates that the next transfer cannot be commenced. Slave 

ignores the transfer as long as it receives BUSY transfer 

type. 

11: NON-SEQ: First transfer of any burst type is indicated 

by NON-SEQ transfer type. The address and control signals 

are independent of previous transfers. Single/Undefined 

Increment transfers are started with NON-SEQ transfer type. 

12: SEQ: The remaining transfers after the first transfers in a 

burst transfer are SEQUENTIAL. During this transfer the 

address of rest transfer in a burst of transfers are dependent 

on previous transfer. 

AHB-Lite supports 4,8 and 16 Wrapping and 

Incrementing Burst transfers. 

In wrapping burst transfer, the address of transfer is 

wrapped when the current transfer address crosses the 

address boundary. The address boundary is calculated by 

multiplying the ‘number of wrap’ and ‘size of transfer. 

There are eight modes of operation in Burst mode, 

depending on the value of HBURST [2:0]. 

000: SINGLE type: It performs a single transfer from master 

to slave. 

001: INCR UNDEF type: This signal indicates increment 

burst of undefined length. 

010: WRAP4 type: This signal indicates a 4 beat wrapping 

burst. The address wraps when the add boundary is crossed. 

011: INCR4 type: This signal indicates a 4 beat 

incrementing burst. 

100: WRAP8 type: This signal indicates a 8 beat wrapping 

burst. 

101: INCR8 type: This signal indicates a 8 beat 

incrementing burst. 

110: WRAP16 type: This signal indicates a 16 beat 

wrapping burst. 

111: INCR16 type: This signal indicates a 16 beat 

incrementing burst.  

Example:  

Eg1. If a WRAP4 halfword is to be performed and if starting 

address is 0x0E. 

The address window is = (number of wrap) x (size of 

transfer) = 4x2 = 8 bytes. 

Assume that the memory is divided in the segments of 

8 bytes. 

So the transfer can be stored from 0 to 7 or 8 to 15 or 

16 to 23... address locations. 

Hence the transfer should be 0x0E, 0x08, 0x0A, 0x0C. 

Eg2. If a WRAP16 halfword is to be performed and if 

starting address is 0x0E. 

The address window is = (number of wrap) x (size of 

transfer) = 4x2 = 32 bytes. 

Assume that the memory is divided in the segments of 

32 bytes. 

So the transfer can be stored from 0 to 31 or 32 to 63 

or 64 to 95... address locations. 

Hence the transfer should be 0x0E, 0x10, 0x12, 0x14, 

0x16, 0x18, 0x1A, 0x1C, 0x1E, 0x00, 0x02, 0x04, 

0x06, 0x08, 0x0A, 0x0C. 

V. OPERATION OF CORE 

AMBA AHB transfer can start with the bus master, by 

asserting a request signal to the arbiter. On based on the 

algorithm of arbitration scheme, the master is granted 

access. The granted master will drive address and control 

signals and start the transfer process. Control signals are 

signals related to direction, width, type of burst, transfer 

type. The complete transfer takes place in two clock cycle. 

The AHB-Lite supports two stage pipelined 

structure. The address and control signals are driven on first 

clock cycle, and data for the transfer are driven on second 

clock cycle. The Address phase last for single clock cycle 

and data phase can last for one or more clock cycle. 

VI. ALGORITHM 

The following steps briefly demonstrate the various steps 

followed in the data transfer in AHB-Lite communication. 

 When a master need to start the transfer, initially the 

hwrite signal should be high (logic high). 

 The address and control signals are driven on rising 

edge of first clock cycle of the transfer. 

 On rising edge of next clock cycle, the write data are 

driven on HWDATA bus. 

 Depending on the control signals, the next transfer is 

initiated. 
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 During the transfer, if wrapping bursts are selected they 

wrap at particular address boundaries. 

 If an incrementing bursts are selected, they do not wrap 

at the address boundaries whereas address gets 

incremented. 

 During each transfer an address and control signals are 

followed by one or more data cycles. 

 For wrapping, address boundaries are calculated and 

address is incremented by ‘size of transfer’. And if the 

address crosses the address boundary, the address wraps 

on starting address of current window. 

 For incrementing, address is incremented by ‘size of 

transfer’ irrespective of address boundaries. 

VII. SIMULATION 

The overall coding part is written by SystemVerilog Class, 

and the simulations are done on ModelSim. 

The simulation results are presented in following figures. 

 Simulation of WRAP16 burst WORD size. A.

 The address of write transfer is 0x00000bfb, the burst 

type is 110 (WRAP16), the transfer size is of 010 

(WORD). 

 The address boundary for above transaction is 64 bytes. 

Memory is divided into segments of 64 bytes. 

 The available address windows can be 0-3F, 40-7F, 80-

BF and C0-FF. 

 Hence for address 0xbfb, the address range is BC0-

BFF. 

 The address wraps, when the current transfer address is 

greater than BFF, and it wraps and start from BC0. 

 The transfer type is 01 (NON-SEQ) for first clock cycle 

and then it represent 11 (SEQ) transfer.  

 
Fig.  2: WRAP16, Word Write Transfer 

 Simulation of INCR16 burst WORD size. B.

 
Fig. 3: INCR16, Word Write Transfer 

 The address of write transfer is 0x00000bfb, the burst 

type is 111 (INCR16), the transfer size is of 010 

(WORD). 

 There is no address boundary for incrementing burst 

transfer. The address is incremented by ‘4 bytes’ and 

continues till number of wrap ends. 

 The transfer type is 01(NON-SEQ) for first clock cycle 

and then it represent 11 (SEQ) transfer for rest of clock 

cycle. 

VIII. CONCLUSION 

 A write transfer for AHB-Lite master is designed and 

implemented. 

 A core is designed for implementation of 

communication protocols between master and slave 

device to perform efficient write operation. 

 A directed testbench is designed to simulate the write 

transfer from master device. 

 A simulation report of process is generated using 

SystemVerilog and ModelSim. The process is 

configured for 32 bit wide address and data bus. 

 AHB-Lite fully compatible with the current AHB 

specification. AHB-Lite increases the choice of 

architectures available to AMBA bus-based designer, 

and is supported by a comprehensive range of product 

from ARM. 
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