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Abstract 
In this paper the proposed design of AHB (Advanced High Performance Bus) AMBA (Advanced Microcontroller Bus 

Architecture) bus has been implemented while considering the low power dissipation of On-chip communication. The FPGA 

device used for the implementation is 7k70tfbg484-3 Kintex7 having speed grade-3 based on the 28nm technology. The design 

produces the total power dissipation of 0.08watt including the leakage power with the help of Xilinx Power Analyzer Tool. 
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1. INTRODUCTION 

The AMBA AHB has been design working model and   

calculate the power consumption of this model, we can 

reduced the on- chip power of circuit using clock gating. 

One of the dominant power contributors in VLSI design is 

clock signal, which is about 70%-30% total of the dynamic 

power of the device [1].To reduce the dynamic power many 

methods are used but clock gating is one of the efficient 

approach in reducing dynamic power .The clock gating 

technique used AND-OR gate to reduce the power of 

device. In the field of clock gating negative latch based 

method was proved best [6].Disable the clock signal when it 

is not needed [2] [3]. 

 

The AMBA AHB is advanced microcontroller bus 

architecture is an on-chip communication standard which is 

used in high performance microcontroller. The AMBA AHB 

used for high performance high clock frequency system 

modules. The AHB is the high performance system back 

bone bus. There are three separate buses within the AMBA 

specification are Advanced High-performance Bus (AHB), 

Advanced System Bus (ASB), and Advanced Peripheral Bus 

(APB).The four main component is comprised by AMBA 

AHB are AHB master, AHB slave , AHB arbiter, AHB 

decoder. There are multiple masters and multiple slaves 

available. In AHB multiple masters and multiple slaves are 

available. Decoder decodes the address given by masters 

and interacts with respective slaves. But at a time only one 

slave can be used. Arbiter provides buses to master for a 

communication. If the number of arbiter is increased then 

the number of buses will be increased. All the operation has 

been done under the synchronized clock, i.e. some with 

positive edge of the clock and some with negative edge of 

the clock. 

 

1.1 AHB Master 

A master initiates the read/write operation by providing the 

control information and an address of respective slave to the 

arbiter. Firstly the master decides which slave it wants to 

communicate. The master requests for the bus HBUSREQ 

signal to the arbiter. If the channel is free, the request is 

grant by arbiter then HGRANT signal set high which means 

bus has been provided to the master. Now the master can 

communicate with the slave by address of memory, location 

of slave .Read/Write operation can be performed. All the 

operations are done in the positive edge of the clock. 

 

The synthesized AHB master block diagram is shown in 

figure1. 

 

 
Fig-1: AMBA AHB MASTER 

 

1.2 AHB Slave 

The slave respond to the read write operation given by 

master. The address given by the master to which slave it 

want to communicate, then the adders of memory location in 

slave, it wants to read or write the content. Slave also 

mention the type of communicate take place. The four type 

of communication mention is these design .The 

acknowledge signal used to check the communication has 

been done successfully or fails, by slave signal back to 

master. If read operation requested then it will read the data 

from respective memory location and will give back to the 

master. If write operation is requested then it will take 
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memory location where the data has to be write in the 

memory. The slave always signals back to the master for its 

each request. Synthesized Block diagram is shown in 

figure2. 

 

 
Fig -2: AMBA AHB SLAVE 

 

1.3 AHB Arbiter 

Arbiter provides bus for communication between master and 

slave. The master requests for bus to the arbiter. If the bus is 

free then arbiter grants the request. 

 

 
Fig -3: AMBA AHB ARBITER 

 

If bus is not free then arbiter denied the request. The arbiter 

allowed one bus master to perform the data transfer.  For a 

single bus there is need of only one arbiter. If two buses are 

in use, then master can transfer the data from both buses and 

there is need of two arbiters. The arbiter is needed because 

master can focus on data transfer only, not on the buses 

whether other master is using it or not. If arbiter is not in 

design then two master can request for same bus. The block 

diagram of AHB ARBITER is shown in figure3. 

1.4 Decoder 

The address of each transfer is decoded by decoder. The 

master provides the address of respective slave to    it   want 

Communicate. The address is in encoded form. The decoder 

decodes the address on slave side to complete the 

communication. This unit is responsible for decoding AHB 

as shown in figure 4. 

 

 
Fig -4: AMBA AHB Decoder 

 

1.5 Clock Gating Technique 

Using clock net in clock gating technique we can control 

power dissipated. In synchronized digital circuit clock net is 

responsible for significant power dissipation. 

 

The clock gating is basically reducing unwanted switching 

of the clock in different part of the design by switching off 

the clock when it is not required. RTL level technique is 

common in clock gating to optimize and improve the 

efficiency of any synchronized digital design. The negative 

Latch Based clock gating technique is used to reduce the 

power of device. The negative latch based clock gating is 

best technique as stated in [11][12]. 

 
Fig -5: Negative Latch based Clock gating Technique 
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2. METHODOLOGY USED 

In ASM of master there are three states. In the S0 state the 

HBUSREQ signal is requested for the bus to the arbiter. 

When HBUSREQ signal becomes high, then S0 moves to 

next state S1. The arbiter responded in S1 state. S1 remains 

its state till it gets response from arbiter. Arbiter give 

response in form of HGRANT signal is high. HREADY 

signal is high which shows transaction has been completed. 

When both HGRANT and HREADY signals are then it 

select the transfer type. HTRANS is the transfer type in 

which simple transfer take place. Then it move to next state 

S2. Again it looks for the HREADY signal. Then it check 

HWDATA if the signal is high then write operation will be 

performed otherwise read operation will be performed. The 

HTRANS [00] is idle transfer type, no data transfer is 

required. Then it move to in state S3 where new data is input 

of this state. If value of new data is high then again request 

for bus to arbiter. If new data value is 0 then it will remain 

in S3 state.  These methods are explained with the help of 

ASM (Algorithmic state Machine) shown in fig 6. 

 

 
Fig -6: ASM blocks for AHB MASTER 

 

ASM (Algorithmic State Machine) of SLAVE 

In the ASM of master and slave shown in figure 6 and 

figure 7 respectively, block it consists of two state only. 

S0 and S1. In S0 state it waits for the HTRANS ’10’ 

which means for simple transfer type. The master wants 

a simple transfer, and slave acknowledge back with 

another signal. The HREADY signal is acknowledge by 

slave if it is not busy. HPOS signal store the ID of master 

which is communication by it. Now it moves in next 

state S1. The data from the master is stored in the vector. 

The slave give HRESP equal to “00” signal back to the 

master, which means data has been successfully received 

and HREADY=1 means communication is completed. 

Then it look for HTRANS=10 it means it want to start a 

new transfer. If HTRANS=10 then it will go back to 

state S0. 

 
Fig -7: ASM blocks for AHB SLAVE 

 

ASM (Algorithmic State Machine) of ARBITER 

The figure 8 shows the ASM of ARBITER. In S0 state waits 

for the assertion of any bit HBUSREQ bus. It means at least 

one master want to access the bus. The for loop is there for 

master that requires the bus. When it found the bus, the 

HGRANT signal is asserted. In next state S1 wait for de-

assertion of HBUSREQ and HGRANT. Then process will 

start again when more master are requested for bus. Else go 

back to state S0. 

 

 
Fig -8: ASM blocks for AHB ARBITER 
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3. IMPLEMENTATION and RESULTS 

The circuit of AMBA AHB is implemented on the kintex 7 

FPGA device with the help of Xilinx 14.7 version 

simulation. The design produces the total power dissipation 

of 0.08watt which is low as compared [8].The synthesized 

and simulated results are shown below in figure 9. 

 

 
Fig -9: Synthesized module of AHBMaster 

 

The Technology schematic figure is shown in figure 10 and 

figure 11. 

 

 
Fig -10: Technology Schematic of AHB module 

 

 
Fig -11: Technology Schematic of AHB Master to Arbiter 

 

Simulated Waveform for the AHB communication protocol 

for the transmission of data from master to slave is shown in 

figure 12. 
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Fig 12: Simulated waveform of data from Master to Slave 

 

 

 

 

 

 

 

 

4. POWER DISSIPATION 

ThePower dissipation is calculated using the Xpowerflow 

tool using Xilinx Power Flow analyser tool shown in figure 

13 and table of Device utilization summary shown I table1. 

 

 
Fig -13: On Chip Power dissipation of AMBAAHB.

Table -1: Table of Device utilization summary 

AHB Frequency I/O    (%) Number of 

fully used 

LUT Flip 

Flop pair 

Signal Logic 

used 

(out of 

41000) 

Total 

Power 

(W) 

ARBITER 501.832 MHz 7 41 out of  98 131 96 0.080 

DECODER N.A 2 0 out of 3 7 2 0.080 

MASTER TO ARBITER N.A 39 0 out of 37 112 19 0.080 

MASTER TO SLAVE 1759.015 MHz 84 1 out of 81 242 42 0.080 

SLAVE DUMMY N.A 14 0 out of 2 18 11 0.080 

SLAVE TO MASTER 718.752 MHz 53 2 out of 46 160 46 0.080 

 

5. CONCLUSION 

The proposed AMBA (advanced microcontroller bus 

architecture) AHB (advanced high performance bus)  design 

has been successively implemented on 28 nm technology 

device of FPGA 7k70tfbg484-3 Kintex-7.The clock gating 

technique is the major factor in terms of power reduction. 

Negative latch based clock technique is used in this design 

and proved best. 
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