Implementation of AMBA-ASB Memory Controller with Power Analysis
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Abstract— The work presented here is a summary of result obtained when AMBA-ASB memory controller was simulated and synthesized,
using ModelSim 6.4a and Xilinx ISE 14.7. Memory controller is designed using master and slave circuit. Memory controller controls the flow of
data from master to slave peripheral. Memory controller is a digital circuit. AMBA-ASB has several features i.e it provides parallel

communication, high clock frequency, high performance system.
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I INTRODUCTION
In our advent into the world circuit simulation and
synthesis, we have selected a subject, which is center of
many developments in the world of VLSI (Very large scale
integration). VVLSI has seen its extended boundary. It is our
intent to contribute, in our own small way, to this large
growing pool knowledge.

Synthesis technique allows us to analyze VLSI circuit on
large scale. We also determine the power dissipation. There
are many simulation and synthesis tool available. In this
case, we use ModelSim 6.4a for simulation and Xilinx ISE
14.7 for synthesis.

This paper describes the AMBA-ASB memory controller
using master and slave circuit. Section 2 describes the
architecture of ASB-MC and its various features. Section 3
lists the simulation and synthesis result of memory
controller and hardware parameter. Section 4 describes
conclusion and also about the power analysis. When
multiple processors are required AMBA is widely used. The
full name of “AMBA” is Advance Microcontroller Bus
Architecture. ASB-MC is an Advance system bus memory
controller.

The AMBA is designed, tested and licensed by ARM
Limited. ARM is embedded processor which is SoC
(System on chip). By using AMBA-ASB we can do on chip
communication  for  high  performance  embedded
microcontroller [15].

I1. Architecture of Asb-Mc

AMBA (Advance Microcontroller Bus Architecture) defines
an on chip communication for high performance embedded
system. When AHB bus is not required in that case we use
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ASB bus which means AMBA ASB is alternate to AHB.
ASB-MC has been designed using five module i.e APB
bridge, Arbiter, Decoder, memory system, external memory
interface.[2]
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Fig. 1 AMBA based microcontroller system [2].

A. APB Bridge

The APB (Advance peripheral Bus) Bridge is used for
connection establishment between the master and slave
circuit [7]. Bridge is used to change the ASB signal into
APB signal. By using wait state we insert pipelining in
ASB. We design APB bridge using state machine. Case 1
when state is ST_IDLE, reset the bridge and no peripheral is
selected. Next state is ST_READ if DSELPeri is logic high
and BWRITE is low. Case 2 state is ST_RESD, present state
is ST_IDLE when non-sequential cycle and ST_ENABLE
when sequential cycle. Next state is ST_ENABLE. Case 3
state is ST_WWAIT, present state is ST_IDLE when non-
sequential cycle and ST_ENABLE. Next state is
ST_WRITE. Case 4 state is ST_WRITE, present state is
ST_WWAIT when non-sequential and ST_ENABLE when
sequential cycle. Next state is ST_ENABLE. Case 5 state is
ST_ENABLE, present state is ST_READ and ST_WRITE.
Next state is ST_IDLE[4].
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Fig 2 State machine of bridge.

B. Arbiter

AMBA ASB supports multiple bus master system, to
complete this we require arbiter. Arbiter acts as an
arbitration between bus master completing for access to the
ASB. In AMBA-ASB, Arbiter is priority based system. The
process of arbiter is to select one bus master at any
particular point of time.

According to highest priority we grant the signal. Block
diagram of arbiter is as.[11]
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Fig. 4 Decoder block diagram.

D. External memory interface
External memory interface is divided into two section i.e 1)
Memory bank select 2) Memory write control signal.[4]

1) Memory Bank Select

ASB-MC design uses Remap signal for the memory
mapping. There are four memory banks which are selected
by XCSN signal. XCSN chip selects lines which are
controlled by values of BA, Remap, and DESELExtMem.
When BCLK signal is low, falling edge of clock XCSN
signal is generated. When circuit is reset XCSN[7:0]
remains at “11111111” state asynchronously.[4]

Table 1 input output relation.

BCLK > Arbiter
BnRES >
BLOK—»
BWAIT .

Pause ————»

Fig. 3 Arbiter block diagram.

C. Decoder

Decoder has three functions in ASB bus i.e i) address
decoder ii) Default transfer response iii) protection unit.
Decoder selects the slave signal for every bus slave. Even
when there is no transfer required decoder keeps on
operating. Decoder simplifies the circuit by using the
centralizing decoding. Decoder increases the portability of
peripheral by making independent memory map system.
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Input Output
DSELExMem Remap BA[30:28] | XCSN[7:0]
0 X XXX 11111111
1 0 XXX 01111111
1 1 000 11111110
1 1 001 11111101
1 1 010 11111011
1 1 011 11110111
1 1 100 11101111
1 1 101 11011111
1 1 110 10111111
1 1 111 01111111

2) Memory writes control

For memory writing XWEN signal is used in ASB-MC.
Memory writes in word (32 bits), half word (16 bits) and
byte (8 bits).
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Table 2 Relationship between XCSN and the inputs from
ASB bus.

BSIZE[1:0] BA[1:0] XWEN[3:0]
10(word) XX 0000

01(half word) 0X 1100

01(half word) X 0011
00(byte) 00 1110
00(byte) 01 1101
00(byte) 10 1011
00(byte) 11 0111

I1l. SYNTHESIS AND SIMULATION RESULTS

TABLE 3
THE HARDWARE/SOFTWARE SETUP

Operating System Microsoft Windows 8 Pro
Processor Intel Pentium CPU B950 —2.10 GHz
Memory 2GB

1. ModelSim 6.4a
2. Xilinx ISE 14.7

Simulated using

The architecture of ASB-MC shown in Fig. 1, can be
represented in form of a block diagram as shown in Fig. 3.
The overall inputs and outputs of the system are also
indicated.[13]
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Fig. 3 Block diagram of APB interface.

The function of each module of ASB-MC is simulated by
ModelSim 6.4a and each module is tested by Xilinx ISE tool
in Verilog.

To implement the AMBA-ASB bus the step we have chosen
are as follow: code generated, simulated, synthesis, power
analysis, RTL Schematic.

Simulation result of each module is as.
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Fig. 6 simulation of Arbiter.

Fig. 7 Simulation of Decoder.

After simulation we synthesis the overall ASB-MC with
Xilinx tool fig 8 shows RTL view of circuit. Synthesis the
ASB-MC for target device xc7a100t-3csg324.

Fig 5. RTL schematic view.1

Device utilization summery is shown in table 4.
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Table 4 Device utilization summary

Logic Used Available Utilization
utilization

Number of | 2784 128600 2%
slices

Number of | 1527 63400 2%
LUTs

Number of | 886 3670 24%
FFs

Number of | 76 210 36%
10Bs

Number of | 16 32 50%
BUFG

Power analysis of ASB-MC was calculated by using Xilinx
XPower Analyzer. Table 5 shows the power report of ASB-
MC. The total power dissipated by ASB-MC is 0.130W
when maximum frequency is 200MHz.
Table 5 Power analysis report of ASB-MC.
Supply Summary Total Dynamic  Quiescent
Source Voltage  Cument (A} Cument(A) Cument (A)
Vecint
Veco18

Supply Power (W)

IV. CONCLUSIONS

The two operations read and write can be seen as completed
as follows when there is no wait state to the external ROM
read and write operation is completed. Write operation is
marked as completed when there is zero state external
RAM.

In this paper, it can be seen that in comparison to serial
communication, parallel communication results into
improved faster data communication in AMBA-ASB. It also
provides parallel read and write operation to be performed
simultaneously on master and slave. Their number can be up
to a limit of 16.

Wait state are used to overcome the system inability to
perform address decoding and memory access operation in
one clock cycle due to increase in system frequency but it
results in decrease in system performance.

To avoid such performance issue burst method is used. In
this method, first data beat compares information about the
remaining beats. For example when AMBA-ASB system
accepts one beat to perform read operation i.e data required
can be read from memory and further stored in FIFO
designated to read data. Some delay can be observed in first
transfer before data returns. The further beats apart from one
experience least delay because of data already present in
FIFO.
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Power dissipation plays crucial role in high performance
of a device. When device counts n clock rates are high it
becomes a concert reason. The proposed device consumes
an optimized power of 0.130W and operates with maximum
frequency of 200MHz.
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