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Abstract - Day by day, electronic elements are becoming smaller in size, with higher performance and high operating range. 
All this is possible because of System-on-Chip architecture where multiple blocks are integrated in a single IC. ARM 
introduced AMBA architecture, which speeds up on-Chip bus communication. Advanced Microcontroller Bus Architecture 
includes several bus architectures like APB, ASB and AHB. Among them Advanced High-Performance Bus Architecture is 
the first choice for chip designers due to its high performance features. Creating verification environment is important to 
check if the DUT meets the specification. Effective design and verification environment of Advanced High-Performance 
Bus using System Verilog is presented in this paper. Also, the functional verification of AHB with burst transfers, address 
and data phase pipelining, sequential and non-sequential transfers are done. QuestaSim tool is used for designing and 

functionally verifying the design. 
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I. INTRODUCTION 

 

Multiple components interconnecting on a single IC 

forms the SoC. To get high performance SoC design, 

the on-Chip bus communication technique needs to be 

standardized. AMBA protocol is a set of interconnect 

specifications provided by ARM that standardizes the 

on-Chip communication mechanism. 

 

In today‟s era AMBA buses are used for lot of 
applications such as Smart phones, hard disk etc [1]. 

AMBA includes several protocols like APB, ASB, 

AHB [2].  APB is used to connect low bandwidth 

peripherals. When high performance characteristics of 

AHB are not required, ASB is used [3]. AHB protocol 

is used to interconnect high bandwidth elements. The 

most important feature of AHB is, it supports burst 

transfers and hence higher bandwidth is possible [4]. 

The address and data phase pipelining can be seen in 

AHB, which further improves the performance. 

Verification has become a critical task due to the 

increasing complexity of SoC [5]. A special hardware 
verification language called System Verilog is used in 

verifying a SoC. System Verilog has higher level of 

data structures due to which higher level of abstraction 

is possible [6]. 

The proposed work includes effective design of AHB 

with single Master and single Slave configuration 

conforming to AMBA standards and verifying the 

designed IP core using System Verilog. 

 

II. ADVANCED HIGH-PERFORMANCE BUS 

 
Advanced High-Performance Bus Interconnection 

diagram is shown in Error! Reference source not 

found.. The structure consists of 3 masters, 4 slaves, 

arbiter, multiplexer and decoder. The address and 

control signals are driven by masters using 

multiplexer. An arbiter is used to determine which 

master is routing address and control signals to slaves. 

The arbitration technique can be made with algorithms 

such as Round Robin algorithm or highest priority 

algorithm [7]. Particular signal from the slave is 

selected by a read data multiplexer which is further 

controlled by a decoder. HADDR, HWDATA, 

HRDATA are the 32 bit address and data buses 

respectively. 

HWRITE signal indicates the transfer direction. If 
HWRITE is high, it shows a write operation. If 

HWRITE signal is low, a read operation is indicated. 
 

 
Fig. 1 Bus Interconnection Diagram of AHB 

 

III. ADVANCED HIGH-PERFORMANCE BUS 

WITH SINGLE MASTER AND SLAVE 

 

Error! Reference source not found. is shown in Fig. 

2. AHB Master and Slave are included inside Top 
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module. Inputs are given to the Top and from the Top 

module it is applied to the Master. Address and 
control signals act as a wire from Master to the Slave. 

Slave output is taken as the output from the AHB Top 

module. 

 

A. Boundary Adrress Calculation 

Wrapping and incrementing burst transfers are 

supported in AHB. The boundary address for 

wrapping burst is determined using HSIZE [2:0] and 

HBURST [2:0] signals. The address of each transfer 

in burst is an increment of previous address in 

incrementing burst. It can be 4, 8 or 16 beat 

incrementing burst. 
 

 
Fig. 2 AHB Single Master and Slave block diagram 

 

In wrapping bursts (4, 8 or 16 beat), the address in the 

burst will wrap when the boundary is reached. 

Therefore the boundary address (BA) has to be 

calculated using the formula given in (1). 

BA= (HSIZE*Wrap Size)-HSIZE  
 

B. Verification Environment 
The AHB Single Master and Slave configuration has 

been designed and the designed IP core has been 

verified using System Verilog. Verification 

environment for AHB is shown in Fig. 3. The 

verification environment includes Base Packet, Trans 

Generator, Driver, Monitor, Scoreboard, Interface 

and DUT. In Base Packet class the input and output 

variables are declared (HBURST[3:0], HSIZE [3:0], 

SA_in [31:0], HRDATA_in [31:0], HWRITE, 

HRESETn, HADDR[31:0], HTRANS [31:0], 

HWDATA[31:0], HRDATA[31:0], HREADY, 
HRESP[1:0] ). 

 

In Trans Generator class, the Base Packet class is 

included and the mailboxes tx2drv and tx2sb are 

declared. The tx2drv is the mailbox from Trans 

Generator to Driver and tx2sb is the mailbox from 

Trans Generator to Scoreboard. The input values are 

assigned to the input variables and put into the 

packet. The mailboxes carry the packet to Driver and 

Score Board from Trans Generator. 

In Driver class, Base Packet class is included, the 

mailbox tx2drv is declared and virtually the interface 
is called virtually. After getting the values from the 

packet using mailbox tx2drv, the packet values are 

assigned to interface variables. 
DUT includes the design part with instantiation of 

Master and Slave modules. 

Interface is the connection between DUT and 

Testbench. The input and output variables are 

declared as logic data type. Also, the modport for 

interface and DUT are created inside interface. 

In Monitor class, the Base Packet class is included. 

The mon2sb mailbox is created and interface is called 

virtually. The interface output variable is assigned to 

the packet output variable. 

In Scoreboard class, the actual result from the 

monitor and the expected result from the Trans 
Generator are compared. It displays if the outputs 

matches or not. 

In testbench program, the Base Packet class, Trans 

Generator class, Driver class, Monitor class, 

Scoreboard class files are included. Objects are 

created for the classes and executed the testbench 

program. This forms the Test block. In the top 

module, the Test, Interface and DUT are connected 

and the outputs are verified. 

 

 
Fig. 3 Verification Environment for AHB 

 

C. Advanced High-Performance Bus Signal 

Description 

The name of AHB signals and descriptions are listed 

in TABLE 1. 

 

Signal Source Description 

HCLK 
Clock 

Source 

All transfers are 

related to the rising 

edge of clock. 

HRESETn 
Reset 

Controller 

It is active Low 

signal and resets the 

complete system. 

HADDR[31:0] Master 32 bit address bus. 

HTRANS[1:0] Master 

Indicates whether 

the transfer is Non-

sequential(2‟b10), 

Sequential(2‟b11), 

Idle(2‟b00) or 
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Busy(2‟b01). 

HWRITE Master 

When HIGH=write 

transfer, 

When Low=read 

transfer. 

HSIZE[2:0] Master 
Indicates transfer 

size. 

HBURST[2:0] Master 

4, 8, 16 wrapping 

and incrementing 
bursts are supported. 

HWDATA[31:0] Master 

32 bit data bus that 

transfers data from 

Master to Slave 

during write 

operation. 

HRDATA[31:0] Slave 

32 bit data bus used 

to transfer data from 

Slave to Master 

during read 

operation. 

HREADY Slave 

When 

HIGH=transfer 

finished, 
When 

Low=extend 

transfer. 

HRESP[1:0] Slave 

Informs about status 

of transfer 

(OKAY=2‟b00, 

ERROR=2‟b01). 
TABLE 1 AHB Signals 

 

D. Test Cases for AHB Burst Operation 

Test case for AHB burst operation is given in Table 

2. For incrementing and wrapping bursts, it is 

important to consider both the HBURST [2:0] and 

HSIZE [2:0] signals. SA_in [31:0] is the 32 bit 

Starting Address given to AHB Master and it is taken 

as 0x4 for all the cases. HADDR [31:0] is the 32 bit 

address given by the AHB Master. When 

HRESETn=1‟b1, at positive edge of HCLK normal 
operations are performed. 

 

Test 

Case 
Strategy Expected output 

Singl

e 

HBURST[2

:0]=3‟b000 

Single transfer, 

SA_in[31:0]=0x4 

HADDR[31:0]=Ox4 

HREADY=1‟b1 

HRESP=2‟b00 

Incre

ment 

HBURST[2

:0]=3‟b001 

HSIZE=3‟b

010 

Incrementing transfer, 

Ex: SA_in[31:0]=0x4 

HADDR[31:0]=0x4,0x8 

HREADY=1‟b1 

HRESP=2‟b00 

Wra

p4 

HBURST=3

‟b010 

4 beat wrapping burst transfer, 

Ex: SA_in[31:0]=0x4 

HSIZE=3‟b

010 

HADDR[31:0]=0x4,0x8, 

0xC,0x0 

HREADY=1‟b1 
HRESP=2‟b00 

Inc4 

HBURST=3

‟b011 

HSIZE=3‟b

001 

4 beat incrementing burst 

transfer, 

SA_in[31:0]=0x4 

HADDR[31:0]=0x4,0x6, 

0x8,0xa 

HREADY=1‟b1 

HRESP=2‟b00 

Wra

p8 

HBURST=3

‟b100 

HSIZE=3‟b

010 

8 beat wrapping burst transfer, 

SA_in[31:0]=0x4 

HADDR[31:0]=0x4,0x8,0xC,

0x10,0x14, 0x18, 0x1C,0x00 

HREADY=1‟b1 

HRESP=2‟b00 

Inc8 

HBURST=3

‟b101 

HSIZE=3‟b

010 

8 beat incrementing transfer, 
SA_in[31:0]=0x4 

HADDR[31:0]=0x4,0x8,0xC,

0x10,0x14, 0x18, 0x1C,0x20 

HREADY=1‟b1 

HRESP=2‟b00 

Wra

p16 

HBURST=3

‟b110 

HSIZE=3‟b

010 

16 beat wrapping transfer, 

SA_in[31:0]=0x4 

HADDR[31:0]=0x4,0x8,0xC,

0x10,0x14, 0x18, 

0x1C,0x20,0x24,0x28,0x2C,0

x30,0x34,0x38,0x3C,0x0 

HREADY=1‟b1 
HRESP=2‟b00 

Inc1

6 

HBURST= 

3‟b111 

HSIZE=3‟b

010 

16 beat incrementing transfer, 

SA_in[31:0]=0x4 

HADDR[31:0]=0x4,0x8,0xC,

0x10,0x14, 0x18, 

0x1C,0x20,0x24,0x28,0x2C,0

x30,0x34,0x38,0x3C,0x40 

HREADY=1‟b1 

HRESP=2‟b00 
TABLE 2.  Test Case for AHB Burst Operation 

 

IV. SIMULATION AND RESULT 

 

Advanced High-Performance Bus capable of burst 

operations, data and address phase pipelining, non-

Sequential and Sequential transfers has been designed. 

System Verilog based verification environment is 

created for designed IP core and functionally verified 
using QuestaSim tool. 

The 32 bit address is generated for all the 

incrementing and wrapping burst cases as per the 

Table 2. The initial transfer is a non-sequential (ie., 

2‟b10) transfer. The following transfers are sequential 

(ie., 2‟b11) transfers. The current address and previous 

data occurs in same HCLK signal, hence data and 

address phase pipelining can be observed clearly in 

the simulation results. 

When HWRITE=1, the master writes 32 bit data to 32 

bit data bus HWDATA [31:0]. When HWRITE=0, 

read operation is performed and the 32 bit data is read 
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from slave data bus HRDATA [31:0]. When transfer 

finished and successful, HREADY signal is set to 
1‟b1 and the HRESP [1:0] signal is set to 2‟b00 (ie., 

OKAY state) respectively. 

A. Single Transfer 

HBURST [2:0] signal indicates the type of burst 

operation. If HBURST [2:0] is 3‟b000, it indicates 

single transfer. The simulation of AHB Master and 

Slave with single transfer is given in Fig. 4. The 32 

bit starting address (i.e., SA_in) is taken as 0x4.  

When HWRITE=1, the Master gives HADDR [31:0] 

as 0x4 and 32 bit data is written to HWDATA[31:0]. 

When HWRITE=0, read operation is performed and 

the data is read from Slave data bus HRDATA [31:0]. 

B. Incrementing Burst Transfer 

The present address is the increment of the previous 

address, in increment burst operation. Whether it is a 4 

beat, 8 beat or 16 beat incrementing burst is 

determined using HBURST [2:0] and HSIZE [2:0] 

signal. When, HWRITE=0,   read operation is 

performed. 

If HBURST [2:0] is 3‟b001, it represents the 

incrementing burst of unspecified length. Simulation 

of unspecified length incrementing transfer is shown 

in Fig. 5. 
If HBURST [2:0] is 3‟b011, it represents the 4 beat 

incrementing burst. Simulation of 4 beat incrementing 

burst is given in Fig. 7. The HSIZE [2:0] is taken 001, 

hence the address is incremented by a HalfWord. 

Since it is a 4 beat incrementing burst, there are 4 

transfers. 

If HBURST [2:0] is 3‟b101, it represents the 8 beat 

incrementing burst. Simulation of 8 beat 

incrementing burst is given in Fig. 9. The HSIZE 

[2:0] is taken 010, hence the address is incremented 

by a Word. Since it is a 8 beat incrementing burst, 

there are 8 transfers. In the waveform, the 32 bit 
address and data are represented in decimal form. 

If HBURST [2:0] is 3‟b111, it represents the 16 beat 

incrementing burst. Simulation of 16 beat 

incrementing burst is given in Fig. 11. The HSIZE 

[2:0] is taken 010, hence the address is incremented 

by a Word. Since it is a 16 beat incrementing burst, 

there are 16 transfers. In the waveform, the 32 bit 

address and data are represented in decimal form. 

 

C. Wrapping Burst Transfers 

In wrapping burst, when the boundary condition is 
reached, the address wraps. Boundary address is 

calculated using HSIZE [2:0] and HBURST [2:0]. 

If HBURST [2:0] is 3‟b010, it represents the 4 beat 

wrapping burst. Simulation of 4 beat wrapping burst is 

given in Fig. 6. The HSIZE [2:0] is taken 010, hence 

the address is incremented by a Word. Since it is a 4 

beat wrapping burst, there are 4 transfers. The 

boundary address calculated is „C‟. When the 

boundary address is reached the last 4 bits of 32 bit 

HADDR [31:0] wraps to zero. 

If HBURST [2:0] is 3‟b100, it represents the 8 beat 

wrapping burst. Simulation of 8 beat wrapping burst is 

given in Fig. 8. The HSIZE [2:0] is taken 010, hence 

the address is incremented by a Word. Since it is a 8 
beat wrapping burst, there are 8 transfers. The 

boundary address calculated is „1C‟. When the 

boundary address is reached the last 5 bits of 32 bit 

HADDR [31:0] wraps to zero. In the waveform, the 

32 bit address and data are represented in decimal 

form. 

If HBURST [2:0] is 3‟b110, it represents the 16 beat 

wrapping burst. Simulation of 16 beat wrapping burst 

transfer is given in Fig. 10. The HSIZE [2:0] is taken 

010, hence the address is incremented by a Word. 

Since it is a 16 beat wrapping burst, there are 16 

transfers. The boundary address calculated is „3C‟. 
When the boundary address is reached the last 6 bits 

of 32 bit HADDR [31:0] wraps to zero. In the 

waveform, the 32 bit address and data are represented 

in decimal form. 
 

 
Fig. 4 Simulation of AHB Master and Slave with Single 

Transfer 

 
Fig. 5 Simulation of AHB Master and Slave with Unspecified 

Length Incrementing Transfer 

 

 
Fig. 6 Simulation of AHB Master and Slave with 4 Beat 

Wrapping Burst Transfer 
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Fig. 7 Simulation of AHB Master and Slave with 4 Beat 

Incrementing Burst Transfer 

 
Fig. 8 Simulation of AHB Master and Slave with 8 Beat 

Wrapping Burst Transfer 

 
Fig. 9 Simulation of AHB Master and Slave with 8 Beat 

Incrementing Burst Transfer 

 
Fig. 10 Simulation of AHB Master and Slave with 16 Beat 

Wrapping Burst Transfer 

 
Fig. 11 Simulation of AHB Master and Slave with 16 Beat 

Incrementing Burst Transfer 

V. CONCLUSION 

 

In the proposed work, Advanced High-Performance 

Bus Master and Slave configuration has been designed 

and functionally verified using System Verilog. The 

tool used for design and functional verification is 

QuestaSim. The design includes single Master and 
single Slave with 32 bit address and data bus. Address 

and data phase pipelining are achieved as per AMBA 

specification.  Also, burst transfers with 4 beat, 8 beat, 

16 beat incrementing and wrapping bursts are 

supported as given in the result, hence high 

performance has been obtained. The designed IP core 

operates at high clock frequency 250MHz. In the 

future work, verification environment will be created 

using Universal Verification Methodology to check 

the correctness of DUT. 
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