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Abstract— Open source Components are gaining popularity 
because they not only reduce the cost significantly but also 
provide power to the designer due to the availability of 
source code. The OpenRISC 1200 processor is a widely 
used processor in small and medium embedded and 
networking application. It is open source and code of it is 
written in Verilog Hardware description language. It used 
Wishbone as an internal bus and also uses it to connect to 
external peripherals. Due to this it has some limitation. 
Today, most of the chips do not use wishbone bus but 
instead use AMBA AHB. So in this paper AMBA AHB 
interface has been added to the existing OpenRISC 
Architecture and Comparison after adding the interface is 
done with the implementation before.  
Keywords: OpenRISC 1200, AMBA, AHB, System on chip, 
AHB master, Wishbone 

I. INTRODUCTION 
Processor is a robust component of a control architecture 
being developed for a complex SOC Design. It serves as a 
central component that can communicate with several on 
chip peripheral. So, design of a robust and configurable 
processor is very important for any chip design. Typically 
costs are important factor in the industry. Therefore, decided 
to use open source OpenRISC architecture to implement this 
Subsystem. Modern industry is also rapidly shifting towards 
the cheap open source solutions.  

This OpenRISC architecture provides comparable 
performance with any 32 bit RISC architecture. OpenRISC 
architecture is compatible with Wishbone interface. But 
most of the IP‟s available in industry are compatible with 
AMBA bus interface. So, decided to make OpenRISC 
processor compatible with AHB system so it can be 
interfaced with IP‟s available in industry for larger SOC 
Design.     

In this paper, first the existing OpenRISC 
architecture is explained and then the modified architecture 
is shown. After that comparison between both of them in 
terms of simulation results is shown. Both these 
architectures are synthesized to check for timing, area and 
power performances. So comparison of Synthesis results is 
explained. 

II. EXISTING OPENRISC ARCHITECTURE 
The existing architecture of OpenRISC 1200 processor is 
shown in the figure. As shown it has instruction and data 
caches, instruction and data memory management units 
along with the five stages pipelined Central Processing Unit. 
It also has other interfaces like debug Unit, Tick Timer and 
Power management Unit. As shown in figure it used 

wishbone master interface to connect to external Memories. 
Instruction cache is connected to ROM via instruction 
wishbone master interface and data cache is connected to 
data memory via data master interface. Here, Wishbone is 
using Register feedback mechanism so next address can be 
issued only after receiving the acknowledgement for the 
previous one. So that puts the limit on maximum throughput 
of the processor.  

 
Fig. 1: Existing OpenRISC Architecture 

III. MODIFIED ARCHITECTURE 
AMBA AHB is a pipelined protocol and widely used in 
industry today. So most of the IP’s available today comes 
with the AHB support. So to make OpenRISC compatible in 
that environment AHB master interface has been added to it. 
So that instruction cache can connect to external memory 
via AHB master instruction interface and Data cache can be 
connected to external data memory via Ahb master data 
interface. The modified Architecture is shown in figure 
below. 

 
Fig. 2: Modified Architecture 



Design of AMBA AHB interface around OpenRISC 1200 processor and comparing the implementation with existing architecture   

(IJSRD/Vol. 1/Issue 3/2013/0052) 

 

 All rights reserved by www.ijsrd.com 605 

IV.  INSTRUCTION INTERFACE WITHOUT 
ADDITION OF AHB MASTER 

In this section, the waveforms and verification of OpenRISC 
catch controller without the addition of AHB master 
interface is shown. In this Wishbone Synchronous Read and 
write cycles are used so every transaction takes two cycles 
to complete. On the cache hit, there is no need for this 
external interface and data from the cache is directly applied 
to the CPU. On the cache miss, 4 word cache refilling takes 
place with critical first word. So using Wishbone interface it 
took eight cycles to fill the line for Cache on the miss. The 
waveforms for this operation are shown below. 

 
Fig. 3: Instruction interface before AHB 

As you can see, address 0 is not present in the 
cache so it will be a cache miss, so cache refilling takes 
place with first transaction will be for address 00. Then 
whole cache line is refilled in eight cycles as shown in 
figure. Again, if address 04 is applied then it is present is 
cache memory so it will be a hit and no need of external 
interface. 

V. INSTRUCTION INTERFACE AFTER ADDITION OF 
AHB MASTER 

Now, without modifying the functionality of cache 
controller, AHB Master Interface is added around it.  

 
Fig. 4: Instruction interface after AHB 

This will affect the refilling operation of the cache 
in case of a cache miss. Due to support for burst transfers 

and pipelining of address and data, the cache refilling 
operation will take five cycles instead of eight in Wishbone 
interface. Here in both cases we are assuming that memory 
only takes one cycle to respond to a read request. In case of 
a cache hit it will work in the same way as it did before 
addition of AHB master. 

The waveforms after addition of AHB master is 
shown in figure below. Address 08 is applied to cache which 
is not present in it so it will be cache miss so cache refilling 
will take place using AHB master. As indicated above due 
to burst transfer and pipelining it takes less cycle then 
before. In case of a cache hit it will have no effect on the 
overall performance of the processor. 

VI. DATA INTERFACE 
In the OR1200 processor, data cache is operated in the write 
through mode so data which is written into cache is also 
written into the main memory. It eliminates checking for 
dirty bits and writing back data for refilling when data is 
dirty. The waveforms for loading the data when load 
instruction is executed are shown in the figure below. The 
data is fetched in critical word first manner then whole 
cache line is filled. The waveform also indicates the 
operation when address is hit in the data cache. It will return 
the data and acknowledgement in next cycle. So load 
instruction will take two cycles to execute when address is 
found in cache. During store instruction, the data will be 
given to the main memory because of the write through 
operation. The waveform also indicates the store instruction 
in 0C address after load operations.   

 
Fig. 5: Data cache operation before AHB 

After adding AHB master interface, due to support 
for burst transfer and pipelining the cache refilling latency 
during load instruction will be reduced to five cycles from 
original eight cycles. If there is a hit in cache then it will 
take two cycles to execute load instruction. For store 
instruction also it will take two cycles to write to the 
memory. The waveforms after addition of AHB master data 
interface is shown in figure. The different scenarios are 
checked for this operation. 
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Load miss then load hit: 

 
Fig. 6: Data cache operation when load miss 

First 08 addresses are applied to the data cache. It 
is not present in the data cache so it will generate cache miss 
signals. The cache refilling operation will take place in 
critical word first manner. It will fetch the whole cache line 
in five cycles as described above. Then again 0C address is 
applied to the cache which is present in data cache so it will 
be a cache hit and data will be given in the next clock cycle. 
Store instruction and then again load instruction 

 
Fig. 7: Store Operation in data cache 

As shown in figure first data is stored in two 
addresses 1E and 0C and then again load instruction with 0C 
address is applied so new stored data is loaded from this 
address. 

VII. SYNTHESIS RESULTS BEFORE AHB INTERFACE 
ADDITION 

There are three clock domains in the processor so timing is 
checked for all three clocks for setup and hold violation. 
From the timing report, the thing to make out is that there 
are no timing violations when clock period is 5ns so 
processor can work at a frequency of 200MHz. The 
snapshot of all timing reports is shown in figure below. 

 

 

 

Fig. 8: Primary Synthesis Results before AHB 

The figure also shows the total number of gates 
used in the design along with the breakup of combinational 
and sequential cell. The power report on the right hand side 
indicates the power calculated using a specific operating 
condition from the technology library. Here, TYPICAL is 
used as operating condition. Total dynamic power is 620mw 
which is the summation of cell internal power and net 
switching power. 
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VIII. SYNTHESIS RESULTS AFTER AHB INTERFACE 
After adding AHB master interface on top of data and 
instruction interface and removing original wishbone 
interface, the core is again synthesized to observe the 
changes in the results. After addition of AHB the top 
module will have three clock domains, internal clock of the 
processor, AHB clock for data interface and AHB clock for 
instruction interface. Agan timing analysis of three clocks 
has been done to check for setup or hold violation and 
decide the maximum operating frequency of the clock. 

It shows that when clock period is 5ns, there are no 
setup and hold violation in all three clock domains. So again 
processor can work on 200MHz frequency. 

 
Fig. 9: Timing report after AHB interface. 

In the figure below, total number of cells used to 
synthesize the design is shown along with the total dynamic 
power calculated for TYPICAL operating condition. 

 

 

Fig. 10: Power and Area report after AHB 

IX. COMPARISON OF SYNTHESIS RESULTS BEFORE 
AND AFTER ADDITION OF AHB 

The timing report for the processors internal clock remains 
more or less same before and after addition of AHB. The 
length of critical part reduces from 4.89ns to 4.81ns. Also 
the levels of logic (total number of gates in that critical path) 
also reduce. Total number of gates used after addition of 
AHB master reduces by almost 10k because of well defines 
reusable interface. Total dynamic power also reduces from 
621mW to 595mW due to less switching in the interface. So 
there is improvement in power and area after addition of 
AHB interface. 

X. CONCLUSION 
From this paper it can be concluded that there is a 
significant improvement in performance after adding AHB 
interface to the processor. There is a reduction in cache miss 
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latency that will help in improving throughput and synthesis 
result show some improvement in area and power. Moreover 
it can be easily reuse in AHB based system without 
modification.  
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