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Abstract: 

Writing assertions concurrently with the RTL design 

and keeping these assertions closely tied to the RTL 

code has been found to bring significant benefits in 

both the design and verification processes for digital 

hardware. The primary benefit is that assertions help 

to detect more functional bugs, detect them earlier in 

the process and detect them closer to their original 

cause. A secondary benefit is that the very act of 

formulating and writing assertions can give the 

designer a better understanding of the design, and 

hence uncover bugs in the specification or else avoid 

introducing bugs into the design in the first place. 

This paper describes assertion based system Verilog 

verification environment with a robust and widely 

used AMBA AHB bus protocol master-slave 

architecture. 

1. Introduction 

1.1 AHB overview 

AMBA AHB-Lite addresses the requirements of 

high-performance synthesizable designs. It is a bus 

interface that supports a single bus master and 

provides high-bandwidth operation. 

 

AHB-Lite implements the features required for high-

performance, high clock frequency systems 

including: 

• burst transfers 

• single-clock edge operation 

• non-tristate implementation 

 

wide data bus configurations, 64, 128, 256, 512, and 

1024 bits. 

The most common AHB-Lite slaves are internal 

memory devices, external memory interfaces, and 

high bandwidth peripherals. Although low-

bandwidth peripherals can be included as AHB-Lite 

slaves, for system performance reasons they 

typically reside on the AMBA Advanced Peripheral 

Bus (APB). Bridging between this higher level of 

bus and APB is done using a AHB-Lite slave, known 

as an APB bridge. 

 

Figure shows a single master AHB-Lite system 

design with one AHB-Lite master and three AHB-

Lite slaves. The bus interconnect logic consists of 

one address decoder and a slave-to-master 

multiplexor. The decoder monitors the address from 

the master so that the appropriate slave is selected 

and the multiplexor routes the corresponding slave 

output data back to the master. 

 

Figure 1: AHB Multi-Master and Multi Slave 

System 
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2. 1 Master 

An AHB-Lite master provides address and control 

information to initiate read and write operations.  

 

Figure 2: AHB Pin Diagram 

2.2  Slave 

An AHB-Lite slave responds to transfers initiated by 

masters in the system. The slave uses the 

HSELxselect signal from the decoder to control 

when it responds to a bus transfer. The slave signals 

back to the master: 

• the success 

• failure 

• or waiting of the data transfer 

 

Figure 3: AHB Signals and Channels 

2.3  Multi-layer AHB-Lite 

Because AHB-Lite is a single master bus interfaces 

then if a multi-master system is required, the system 

designer must include a component that isolates all 

masters from each other. To achieve this isolation 

function, each master can be considered to be on its 

own layer, therefore the component must create a 

multi-layer interconnect where all masters are 

isolated from each other, but can share access to the 

slaves. Slave arbitration must be performed by the 

multi-layer interconnect component. 

 

Figure 4: AHB Interconnect System 

The multi-layer interconnect must prevent 

simultaneous access to a single slave by 

implementing an arbitration scheme for the three 

shared slaves. Master 1 does not require access to 

slaves 4 and 5, so these two slaves are kept local to 

master 2. This reduces the complexity of the multi-

layer interconnect component. 

3. Implementation 

3.1 Burst operation 

Bursts of 4, 8, and 16-beats, undefined length bursts, 

and single transfers are defined in this protocol. It 

supports incrementing and wrapping bursts: 

 

• Incrementing bursts access sequential locations and 

the address of each transfer in the burst is an 

increment of the previous address. 

 

• Wrapping bursts wrap when they cross an address 

boundary. The address boundary is calculated as the 

product of the number of beats in a burst and the size 

of the transfer. The number of beats is controlled by 

HBURST and the transfer size is controlled by  

HSIZE. 

For example, a four-beat wrapping burst of word (4-

byte) accesses wraps at16-byte boundaries. 

Therefore, if the start address of the transfer is 0x34, 

then it consists of four transfers to addresses 0x34, 

0x38, 0x3C, and 0x30. 
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HBURST[2:0] controls the burst type. 

Table 1 :AHB Transaction Types 

 

Masters must not attempt to start an incrementing 

burst that crosses a 1KB address boundary. 

Masters can perform single transfers using either: 

• SINGLE burst 

• Undefined length burst that has a burst of length 

one. 

The burst size indicates the number of beats in the 

burst and not the number of by test transferred. 

Calculate the total amount of data transferred in a 

burst by multiplying the number of beats by the 

amount of data in each beat, as indicated by 

HSIZE[2:0].All transfers in a burst must be aligned 

to the address boundary equal to the size of the 

transfer. The address for IDLE transfers must also be 

aligned; otherwise during simulation it is likely that 

bus monitors could report spurious warnings. 

3.1.1 Burst Termination after a BUSY Transfer 

After a burst has started, the master uses BUSY 

transfers if it requires more time before continuing 

with the next transfer in the burst. 

During an undefined length burst, INCR, the master 

might insert BUSY transfers and then decide that no 

more data transfers are required. Under these 

circumstances, it is acceptable for the master to then 

perform a NONSEQ or IDLE transfer that then 

effectively terminates the undefined length burst. 

 

The protocol does not permit a master to end a burst 

with a BUSY transfer for fixed length bursts of type: 

• Incrementing INCR4, INCR8, and INCR16 

• Or wrapping WRAP4, WRAP8, and WRAP16. 

 

These fixed length burst types must terminate with a 

SEQ transfer. The master is not permitted to perform 

a BUSY transfer immediately after a SINGLE burst. 

SINGLE bursts must be followed by an IDLE 

transfer or a NONSEQ transfer. 

3.2 Early Burst Termination 

Bursts can be terminated by either: 

• Slave error response 

• Multi-layer interconnect termination 

3.2.1 Slave error Response 

If a slave provides an ERROR response then the 

master can cancel the remaining transfers in the 

burst. However, this is not a strict requirement and it 

is also acceptable for the master to continue the 

remaining transfers in the burst. If the master does 

not complete that burst then there is no requirement 

for it to rebuild the burst when it next accesses that 

slave. For example, if a master only completes three 

beats of an eight-beat burst then it does not have to 

complete the remaining five transfers when it next 

accesses that slave. 

3.2.2 Multi-layer Interconnect Termination 

Although masters are not permitted to terminate a 

burst request early, slaves must be designed to work 

correctly if the burst is not completed. 

When a multi-layer interconnects component is used 

in a multi-master system then it canters minate a 
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burst so that another master can gain access to the 

slave.  

Four-Beat Wrapping Burst, WRAP 

 

Figure 5: AHB Wrap Transaction 

Because the burst is a four-beat burst of word 

transfers, the address wraps at 16-byteboundaries, 

and the transfer to address 0x3C is followed by a 

transfer to address 0x30. 

3.3 Four-Beat Incrementing Burst, INCR4 

Figure shows a read transfer using a four-beat 

incrementing burst, with a wait state added for the 

first transfer. In this case, the address does not wrap 

at a16-byte boundary and the address 0x3C is 

followed by a transfer to address 0x40. 

Fi

gure 6: AHB Incrementing 4 Transfer 

3.4 Eight-Beat Wrapping Burst, WRAP8 

 

Figure 7: AHB Wrap 8 Transfers 

Because the burst is an eight-beat burst of word 

transfers, the address wraps at 32-byteboundaries, 

and the transfer to address 0x3C is followed by a 

transfer to address 0x20. 

3.5 Eight-Beat Incrementing Burst, INCR8 

 

Figure 8: AHB Incrementing 8 Transfer 

This burst uses half word transfers, therefore the 

addresses increase by two. Because the burst is 

incrementing, the addresses continue to increment 

beyond the 16-byte address boundary. 

4. RESULTS 

4.1  Test Case:  AHB INCR Write of Length 4 

 Access type : Write ->Signals Write 

Address/Data/Response 

 Burst Type : INCR –>HBURST =3’h3 

 Burst Response : OKAY ->HRESP = 2’h0 

 Burst Size : 32 ->HSIZE = 3’h2 

 Description: This test shows AHB INCR 

Write transaction for burst length 16. Also 

correct completion of the burst is indicated 

by HRESP signal. Slave is active indicated 

by HREADY. 

 

Figure9:AHB INCR Write of Length 4 
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4.2 Test Case:  AHB INCR Write of Length 8 

 Access type : Write ->Signals Write 

Address/Data/Response 

 Burst Type : INCR –>HBURST =3’h5 

 Burst Response : OKAY ->HRESP = 2’h0 

 Burst Size : 32 ->HSIZE = 3’h2 

 Description: This test shows AHB INCR 

Write transaction for burst length8. Also 

correct completion of the burst is indicated 

by HRESP signal. Slave is active indicated 

by HREADY. 

 

Figure10 :AHB INCR Write of Length 8 

4.3 Test Case:  AHB WRAP Write of Length 4 

 Access type : Write ->Signals Write 

Address/Data/Response 

 Burst Type : WRAP –>HBURST =3’h2 

 Burst Response : OKAY ->HRESP = 2’h0 

 Burst Size : 32 ->HSIZE = 3’h2 

 Description: This test shows AHB WRAP 

Write transaction for burst length4. Also 

correct completion of the burst is indicated 

by HRESP signal. Slave is active indicated 

by HREADY. 

 

Figure 11AHB Wrap Write of Length 4 

4.4 Test Case:  AHB WRAP Write of Length 8 

 Access type : Write ->Signals Write 

Address/Data/Response 

 Burst Type : WRAP –>HBURST =3’h4 

 Burst Response : OKAY ->HRESP = 2’h0 

 Burst Size : 32 ->HSIZE = 3’h2 

 Description: This test shows AHB WRAP 

Write transaction for burst length8. Also 

correct completion of the burst is indicated 

by HRESP signal. Slave is active indicated 

by HREADY. 

 

Figure 12: AHB Wrap Read of Length 8 

4.5 Test Case:  AHB WRAP Read of Length 8 

 Access type : Read ->Signals Read 

Address/Data/Response 

 Burst Type : WRAP –>HBURST =3’h4 

 Burst Response : OKAY ->HRESP = 2’h0 

 Burst Size : 32 ->HSIZE = 3’h2 

 Description: This test shows AHB WRAP 

Read transaction for burst length8. Also 

correct completion of the burst is indicated 

by HRESP signal. Slave is active indicated 

by HREADY. 

 

Figure 13: AHB Wrap Read of Length 8 
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4.6 Test Case:  AHB WRAP Read of Length 4 

 Access type : Read ->Signals Read 

Address/Data/Response 

 Burst Type : WRAP –>HBURST =3’h2 

 Burst Response : OKAY ->HRESP = 2’h0 

 Burst Size : 32 ->HSIZE = 3’h2 

 Description: This test shows AHB WRAP 

Read transaction for burst length2. Also 

correct completion of the burst is indicated 

by HRESP signal. Slave is active indicated 

by HREADY. 

 

Figure14:AHB WRAP Read of Length 4 

4.7 Test Case:  AHB INCR Read of Length 8 

 Access type : Read ->Signals Read 

Address/Data/Response 

 Burst Type : INCR –>HBURST =3’h5 

 Burst Response : OKAY ->HRESP = 2’h0 

 Burst Size : 32 ->HSIZE = 3’h2 

 Description: This test shows AHB INCR 

Read transaction for burst length8. Also 

correct completion of the burst is indicated 

by HRESP signal. Slave is active indicated 

by HREADY. 

 

Figure15:AHB INCR Read of Length 8 

4.8 Test Case:  AHB INCR Read of Length 4 

 Access type : Read ->Signals Read 

Address/Data/Response 

 Burst Type : INCR –>HBURST =3’h3 

 Burst Response : OKAY ->HRESP = 2’h0 

 Burst Size : 32 ->HSIZE = 3’h2 

Description: This test shows AHB INCR Read 

transaction for burst length 4. Also correct 

completion of the burst is indicated by HRESP 

signal. Slave is active indicated by HREADY. 

 

Figure  16: AHBINCR Read of Length 4 

 

5. CONCLUSIONS:  

Assertions can be used to capture the information 

about various levels such as conceptual where we 

can verify system level properties which are more 

archi-tectural level and also at design level where 

unit level properties are expressed. Deploying 

assertions has several advantages which can be 

summarized as below: •Improving Observability. 

•Reduces the debug time. •Bugs can be found earlier 

and are more isolated. •Controllable severity level. 

•Can interact with C functions. •Describe the 

Documentation and Specification of the design. 

•Coverage information tells us where we are in terms 

of project completeness. AHB protocol combines the 

advantages of less com-plex design and verification 

architectures with high performance and bandwidth 

with multiple transfer and protection features. 
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6. FUTURE SCOPE: 
AMBA AHB also can provide parallel 

communications with multi master bus management, 

high clock frequency, high performance systems for 

data transfer operation from the memory interfaced 

with the master or slave peripheral devices. AMBA 

AHB can support on chip communications standard 

for designing high-performance embedded 

microcontrollers. AHB can employ multilayer 

advanced high-performance bus matrix which has 

slave-side arbitration. Slave-side arbitration is 

different from master-side arbitration in terms of 

request and grant signals since, in the former, the 

master merely starts a burst transaction and waits for 

the slave response to proceed to the next transfer. 

Therefore, in the former, the unit of arbitration can 

be a transaction or a transfer. However, the bus 

matrix of ARM offers only transfer- based fixed-

priority and round-robin arbitration schemes.SV 

Assertions can be used to increase the visibility 

within assertion circuits, and also enhance the 

coverage information provided by the checkers. 

Other forms of debug information, such as signal 

dependencies, can also be sent to the front-end 

applications. 
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