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Abstract:  This paperdescribesa Systerron-Chip platform architecture for low power high perfance
Digital Signal Processing intensiapplications The platform is based on the AMBA SoC bus
protocol and incorporatesa novel interfacing scheme which utilises the bigsanchy within
AMBA in order to allow single and multiple high permance DSP Intellectual Property cores
to be integrated to the SoC platform. Tgaperdescribes the overall SoC platfoarchitecture
and the integration scheme, providing results femaausage and power consumption of the

main bloks in the platfornwith an exkample of a three DSIeore integration cze
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1. INTRODUCTION

Today’s SysterOn-Chip (SoC) devices are targeting complex ranlédia applications where there is a
need for significant amount of Digital Signal Preser (DSP) computing power in order to achieve the
various data processing tasks which could includh lvideo and audio. In order to complete theskstas
various DSP Intellectual Property (IP) cores, which optimised for the application in hand, arésetil. In
order to satisfy the constraint of fast time to keareffective platform architectures are requirgliigh
performance IP cores can be connected to the aplattorms on a plugn basis in order to maintain

performance constraints as well as that of thetiia to market [1]2].

Although numerous researchers in the literatures ltnsidered the development of interfaces and perap
[3] [4], only a few discuss implementation issues angact at the SoC level. This paper will discuss the
implementation of an efficient interface strateghiat utilises the bus hierarchy within the Advathce
Microcontroller Bus Architecture (AMBA]5] in order to allow single and multiple DSP IP cotesbe
integrated into the SoC platform utilising the LEQMNocessol6]. The interface connects the IP cores
directly tothe AMBA bushierarchy.
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The AMBA, which defines two types of bus configimast, represents an open standardised bus arciéect
The system bus, called AHB (Advanced Higérformance Bus), is intended for high clock fratyesystem
modules and enables access to high bandwidth medesiges. The peripheral bus, called APB (Advanced

Peripheral Bus), is optimised for minimal power samption and suits low bandwidth peripheral modules

This hierarchical bus architecture is more suitdttdow power consumption and high speed perfoicaan
comparison to a single bus architecture, suchaslatdised owhip busses like the f8us [7] or the CSi

Bus [B]. The more modules are connected to one bus thweeslit operates, and consequently the latency
(execution time of a transaction across the bush®fbus increases. The total bandwidth (produciadk
frequency and the byte width of the bus) requestilaihodules is another reason to form groups o ues
around separate buss@%. [Modules, requiring high bandwidth and probablyihg an intensive interchange
of data among each other, should be considerechénsame group while modules with much lower
communication needs should be bundled togethers ptovides the facility to power down the bus that
connects the low bandwidth modules. For complex 8e€igns, the increase in bus partitioning willatee
more than one system and peripheral bus in ordkegép bus capacitances at realistic levels andggle

these only when necessafy].

In comparison to the bus interface design thatainata Virtual Component Interface (VQ11], the AMBA
interface described in this paper eliminates thd W@rhead. As discussed [fh2], it is less efficient to
design extra VCI for both the bus interface and DB& Therefore, the AMBA interface discussed iis th
paper connects the DSP IPs directly to the procegibout any additional control signals. This chaeved
through gated clock and look aheadfeatures. At the same time, these features hawde rttze interface

consumed less power.

The DSP IP coreused in this paper are based on an FIR filter siithilar architecturefl3] [14]. These are
all based on a transpose direct form structure hvingduces the switching activity at data inputsthef

multiplier. The data input of the multiplier remainnchanged until it is multiplied by all the coeints. In

addition, the transpose direct form structure carexploited by different numerical ordering algomiis for

manipulating filter coefficients in order to redutiee switching activity at the coefficient input tie

multiplier. However, the choice of the cores hexeraerely to demonstrate the overall integratioatsgy in

the platfom.

2. INTERFACING STRATEGI ES

There are 2 ways of interfacimgDSP core taprocessor such a£0N. These are:

1. The DSP core can be attached to the LEON processar ceprocessor. This allows higépeed
communications between the LEON processor and tBE Dore. According to the SPARC V8
manual, parallel processing between the DSIprooessor and LEON processor can be achieved,
thus further improving the throughput and perforosanHowever, this technique has its own
disadvantages. The LEON processor can only sudp@u-processor, thus no additional core can

be added using this interface strategy. Besideggitires its own unique Qurocessor instruction
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set. Furthermore, access to other peripheralsil HON Processor requires all data to pass through
the Integer Unit, thus incurring extra overheadberEfore, the use of this interface strategy is

discouraged.

2. The DSP cores can be integrated to the LEON Procettsough the AMBA orchip bus
architecture. However, an AMBA Interface has todsveloped for the DSP core to handle the
protocols and handshakes of the AMBA specificati@@mmunication between the DSP cores with
the Integer Unit (LEON Processor) and other periglseare carried out over the AMBA -@hip
buses as shown in Figure 1. This interface stratdifgys many advantages. It allows the portability
of the DSP cores. Adding new DSP cores or modifyrigting cores are much easier compared to
the previous option. Access to the Integer Unit paedpherals are made easy using the-detined
AMBA standards. Therefore, this interface stratégyundertaken in this project to develop an
AMBA Interface.

DSPIP
General N l
Processor !_ ;
Core ' :
— DSPIP ;
| 2
Instruction Data
cache cache — DSPIP Timer
1
AHB APB
. ART
Controller AVIBA AHB Bridge U
Memory 110
Controller AMBA APB Port

Figure I A Block Diagram of the SoC Platform

3. PLATFORM ARCHIT ECTURE

The overall SoC platform architecture is demonettah Fig. 1. The architecture is built around tfieON
processor, and includes a number of high perform®@%P IP cored.EON is a synthesisable VHDL model
of a 32bit SPARC V8 compatible processor, developed byBheopean Space Agency (ESA) for future
space missionf6]. The LEON Processor is chosen in this work becaisés advance rahitecure. For
example, the AMBA AHB and APB echip bus architecture allows additional modulesb® added.
Meanwhile, the gated clock scheme allows the rédinaf power consumed and the powdawn mode that
allows the integer unit to be halted. All of thefetors have made the LEON Processor a suitable

microprocessor for thigork.

The LEON processor is connected to the AMBA integfthrough the AHB and the APB. Within the LEON
processorthe AHB is intended for high clock frequency system mied and enables access to high
bandwidth memory devices, while the APB is optirdider minimal power consumption and suits low

bandwidth peripheral modules. Any data that the NE@rocessor sends or receives (from the AMBA
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interface and to the DSP IP cerewill be through these buses. The AMBA interfaesdtions as a
middleman that monitors the AHB and APB buses for possible transaction being directed tosbkected
DSPIP. If a read or write operation is required, thea &kMBA interface will load or store data (from the
AHB or APB buses) to the DSP IP respectively. TI&POP only accepts input data, processes thisatata
outputs the resulting data. Therefore, the AMBA ommication protocol with the LEON processor is
transparent tae DSP IP ce as these protocols are handsdthe AMB A interface Likewise, the [3P IP’s

clock is actively controlled by the AMBA interfate save power.

4. THE AMBA INTERFA CE

The AMBA interface is implemented as both an AHEA& as well as an APB device. Inputs into the
interface must go through the AHB, while outputsenir the interface can go through AHB or APB,
depending on the urgency of output data requirethby EONProcessor ashown in Fig. 2

g_clk reset
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HADDR [31:0] «—— PENABLE
h(n) . Address
Address HWRITE —{ AHB APB (__ 1PADDR [31:0] and
and HTRANS [1:0] —»| (Slave) «—— PWRITE
X(n) Control
Control HSIZE [2:0] —»] y(n)
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g_clk* *reset
HREADY <«——
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Figure 2:A Block Diagram of the AMBA Interface

The AMBA Interface is degjned to be capable of suppogimore han 1 core and Indling differentnumber
of inputs and outputs for each core. Thereforis, [itossible to connect a few cores together in® AkIBA

interface or allocate a separate AMIterfacefor eachheary data trafic (e.g, image datapSPcores.

Initially, the interface accepts address and césignals from the LEON Processor. The addressassgare
decoded to determine which core is selected, te&edkinput or output operation, the burst numbet the
PMU (Power Management Unit) mode. Meanwhile, theties signals are decoded to determine the type of
transaction, type of burst operation, size of datd whether it is a read or write operation. Witis t
information, the AMBA Interface will then route th#ata from the write data bus (HWDATA) to the
appropriate input, or retrieve data from output aodte it to the appropriate read data bus (PRDAFTA
HRDATA).
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5. LOW POWER CLOCKIN G SCHEME

Gated clock has been employed normally to seldgtis®p the clock in portions of circuits where iaet
computation is not being perform¢ts] [16]. In [15], the Finite State Machine (FSM) is partitionedint
several sud-SMs and these s#BSMs are clocked when necessary. In this papeAMBA -based low
power clocking scheme is devised for the interfceeduce the switching activity in the AMBA intade
and the connecting DSP IP Cores. This clocking mehis based on a 3 level of clocks, where the aglev
module is clocked when requiretihe AMBA interface is first partitioned into 4 mdds, as shown in Fig.
3. These are:

(1) AHB Address and Qurol Decoder,

(2) AHB Data F3/,

(3) APB Address an€ontrol Deoder, and
(4) Clock Cantroller.

The AHB address and control decoder will decodettadl address and control signals from the LEON
processor and send a signal to the AHB FSM to aidids next state operation for the next clocleythis
is possible due to the pipelined nature of the Where the address and data are overlapped to hilgiw
performance operation. The decoded address also enakleketoder to decide whether to clock the FSM

and the connecting cores, by sendirgnals to the cldc controller.
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o & M A & N

Control s DSPIP| |DSP IP Control s

decoder decoder

g_clk[ 0]
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FSM
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Figure3: Partitiming of the AMBA interface fo2 DSP Ps

The AHB FSM reacts to the signals send by the AldBrass and control decoder, and routes the AHBewrit

data bus to the input of the selected DSP IP @regutes the data from the output of the selected back

to the AHB read data bus. This AHB FSM is clockeakdrd on the gated clock signal from the clock

controller.

The APB address and control decoder decodes thessldnd control signals send by the APB Bridge. It

will only respond to read operations while writeeogitions are ignored. During a read operationptitput
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data from the selected core will be routed bactheoAPB read data bus, and transferred back tAR®

Bridge. Since thi decoder onlyandles outpt data fran the cores, a FSM is thef@re not required.

The Clock controller will determine whether to diathe cores based on the signals from the AHB oB AP
address and control decoders. An AHB read or vajeration will trigger the AHB address and control
decoder to send signals to the Clock controllaticating which DSP IP core has to be clocked. Mduleyw

an APB read operation will trigger the APB addressl control decoder to send signals to the Clock
controller to clock the selectexbre.

6. RESULTS AND DISCUSSION

The whole system was simulated at RTL level withnkée Graphics’ ModelSim simulator. A section of the
timing diagram from the system is shown in FgDue to the pipelined nature of the AHB operatjahe
data arrives on the next clock cycle following #uress. Therefore, it gives the AHB Address andti©b
decoder 1 clock cycle time to anticipate and dedide next clock operation as well as knowing which

relevant 5P IP Core t@lock.

Using Fig.4 as an example, the address of 0xA3000000 indi¢httson the next clock cycle, the data of
0x000042DE has to be transfer from the AHB writéadaus to the DSP IP input. The AHB address and
control decoder clocks AHB FSM twice. First timetasload the FSM’s next state, while the seconaktim
to transfer the next state to current state. Atddmme time, the AHB or APB address and control deco

sends signal to the Clock controller to requestifaiock cycle for the selected DSP IP core to lthedddata

to its inpu.
tem Clock 7
System [ I Y A IO
AHB Address X XOxA3000000X X II;’IrEoct))Zssor
AHB Data X X O0x000042DE X 1
FSM Clock 11he
AMBA
FSM State IDLE_XDSP 1 InputY IDLE | Interface
DSP IP Clock T The
DSP
DSP IP Input X 0x42DE ] IP Core

Figure4: Timing diggram for data transfefrom the LEQON Processor to the DSP via the AMBA interface

The whole system was then synthesised to UMC 0.18 mistandard cell CMOS library, using Synopsys’
Design Compiler. A maximum circuit delay ofri® was defined for the system. Fi§sand6 illustrate the
area distributions for the whole system and onghefDSP cores as an example. Clearly, most ofrémee ia
used by amba_interface (56%) of which each DSP contéributes 18% of the area and 2% of it is usgd b

the actual platform interface circuitry which alldie integration of the cores to the platform. Tikia very
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small price to pay for the added flexibility proeid by the interface. The processor consumes orily @6
the whole area and the rest (18%) is used by moduleh ag clock generator, AHB arbiter/decoder,
AHB/APB bridge, memory controller, interrupt contes, and UART.When a DSP core is examined more

closely, MAC consumes most of the area (70%) foldMay control (10%) and memory (7%) units.

amba_interface
56%

DSP_Core_2
18%
/ DSP_Core_3
18%
18% DSP_Core_1 rest ’
18% 2%

Figure5: Area distribution of the system
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Figure6: Area distribtion for DSP_Core_1

The power analysis was performed by means of peifagyra RTL level simulation and back annotating the
switching activity to the gate level netlist, usiktpdelSim for capturing switching activity and Sysys’s
DesignPower for power computations. The power ihistion of the main blocks of the system is illaséd
by Fig. 7. Clearly, almost half of the power (49%) is consamby the LEON processor, whereas
amba_interfaceeonsumes only 7% of the overall power, where 2%oigributed by each DSP core and 1%
by the actual platform interface circuitry. As egfel, the MAC unit consumes a large portion the b&®e

power (66%) followed by the memory (27%) as shomwFig. 8.
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Figure7: Power distrilntion o the plaform
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Figure8: Powerdistribution forDSP_Coe_1

7. CONCLUSION

The authors have presented a low power platfornth®implementation of high performance DSP intemsi
tasks. The platform is based around the LEON psmreand the AMBA bus protocol. An interfacing scleem
was presented which further enhances the low péeetures of the AMBA architecture allowing multiple
high performance DSP IP cores to be attached t@ldtéorm while maintaining low power consumption.
The results have demonstrated power and areaatibiiswithin different sections of the platform.vi®r and
area consumption due to the interfacing schemisedilin this work occupy a small proportion of trea

when canpared to the Cores and the overallfolam.
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