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Introduction

INTRODUCTION

The aim of this practical project in computer structures is to demonstrate how to implement microprocessors
in FPGAs and how to combine those with user-defined hardware functions (developed in VHDL). The
implementation discussed in this paper was based on an Actel Cortex M1 Enabled ProASIC3 Development
Kit. The Cortex M1 is a microprocessor, developed by ARM and Actel specially for use in FPGAs.

This Development Kit includes a PCB, populated with a ProASIC 3 M1A3P1000 FPGA, 16 MBytes of flash
memory, IMByte of SRAM, a USB JTAG programmer and some additional I/O peripherals. A comrehensive
software suite with tools for the hardware implementation, the simulation and the programming are also part
of the Development Kit.
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Software

1 SOFTWARE

The software included in the Development Kit (on three CDs) represented an older version of the tools. We
recommend to download the latest version of the software, available at www.actel.com. The following

versions have been used in this project:
e Liberov.8.1
e Core Console v.1.4

e Actel SoftConsole v.2.0.0.13
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Implementation Method

2 IMPLEMENTATION METHOD

The purpose of this project was to implement a Cordic algorithm for the calculation of sine and cosine
functions on the given hardware. One part of this algorithm would be performed by external peripherals.

The following sections will present the detailed method by which this was realised.

2.1 Creation of a new project

The Libero IDE was used for the definition and implementation of the hardware. A new project was created
using the Project/New Project... menu option. In the dialogue box that opened up as a result,

the project’s name and location were specified, together with the HDL used, before clicking on Next.

' Project Manager [ ] 5
Project  File Edit View Tools Window Help

& =& ﬂl O & u| 4 é‘ 3 o | b T %l&bl% B ||- Enable Desianer Black creation
Current Designer view! I ¥ | %3 i X o

| Design Explorer p o-x|

Show: ICumpunents j

ﬂ wark

New Project Wizard

g Welcome to the New Project Wizard
Eﬂiemﬂ:hy 9

This wizard creates a new Libero project.

| Cataloa
Name filter: Fur
- [+ M Start
T e e e Project name: Test
Select Tools
TS Project location:  |C:\Actelprt Test Browse.. I
Gz Frefemred HDL type:
B Vi
Y e & WHDL
|Infarmation Window Y A Help |
Project Manage: el,qn ¥ Jptions >j
< Back Cancel |

T

Properties

Log Window

Ready | [T¥PE [Fam [DIE [Ke 2

Fig. 1: Creating a new project (Step 1)

The FPGA device, needed for the implementation, was then selected.
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Implementation Method

New Project Wizard x|
Family, Die and Package
% Select the family, die and package of your new project.
Start i
Family:
H Select Device PraaSIca - &I
electlans Diie: Package:
A Flles A3P400 ;| 144 FEGA
A3PEOD 208 PQFP
Finish M143PE00 256 FBGA
A3P1000
14 743P1000
f ﬁ;"
| -
< Back I Next > I Finish Cancel

Fig. 2: Creating a new project (Step 2)

Having clicked on Next once more, it was then possible to select the individual tools that would be used in

the development of the solution. If that were the very first project created in Libero, it would, additionally, be
necessary to specify the complete file paths to all these tools.

i
Select Integrated Tools
% Select the tools pou want bo uge with your new project.
Edit Profile x|
Start [l Core Configurator - Add i = 2
Select Device ®  CoeConzole - Select a tool integration: ICuraCunsU\e w13 or later j
Synthesis Edit
M Select Tools [ ) Spnplify “ergion: 14016
2} Simulation Remove
a e L@ ModelSim Location; IC.\CU[ECDHSUIgM.4\bin\CUreCunsU|e.exe Browse...
Finish [ Stimulus F T
L@ WAL MI Additional parareters: I
ﬁr i Physical Synthesis
fees H
’:J (=S Fruil:ammln_gl . | Help
Restore Defaults | Help | QK I Cancel
¢« Back Mext » I Firish | Cancel |

Fig. 3: Creating a new project (Step 3)

The next dialogue allowed all existing source files to be added to the new project. Finally, a summary of all
the selected options was presented, and the creation of the project was confirmed with a click on the
Finish button.
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Creating the microprocessor with CoreConsole

2.2 Creating the microprocessor with CoreConsole

The tool CoreConsole was used for defining the microprocessor. It can be invoked by clicking on the
CoreConsole icon in the Design Entry Tool.

| Project Manager - C:\Actelprj\Test'Test.prj - [Project Flow] oy =1 5
£y Project Fe Edt Vew Toos Window Hep e
RHE@| DS |5 R | oha 55 B[S B T EnsbleDesignerBlock creation
Current Designer view: [Impl1 vl| #a 2 ia v &
Desian Explorer P
Show: [components = | Design Entry Tools No root selected =l
i work = = o
4 & =
HDL Edior | SmatDesign| ‘oreConsols/|  ViewDraw oz Fiojzs: Pl
B
Simulation

=3 = Stimulus
Werarehy s
] [ETrie: ]
] =l Stinulus Edior

Marme Alter:_ Functon ke
- - Options
|

=]

3 Function, Name
[E] Basic Blocks

Clack & Management

Memory & Controllers

@ P Peripherals o S
7 Processors o
5. @ 5"
B ‘ 4] ‘ ‘ n ‘ ‘ ] ‘ =
Project Manager New Fea...2) ‘ il
Project Flow
E|Lnukfm B Ubrary: [+ Type: [al =l Find Options >>
[ [rhe Test project vas creased.
Properties M
E
H
B it {Ervors y warmings ke JLFrd1
= [ WHDL [FAM: ProRSIC3 DIE: MIASPIOND PKG: 464 FEGA

Fig. 4: Empty project

The microprocessor was added to the project as a component and had to be identified, as shown in the
following dialogue. CoreConsole was then started with a click on OK.

rew x|
Select a Type: CoreConsole Comporn

- Schematic
- SmartDesign Component Mame:
- CoreConsole Component
- IP Component CWE‘
- WHOL Source Fils
- Werilog Source File
Stimulus
Stimulus HOL File
SDC File {sde)
- Physical Design Constraint File {pdc)
- DO File
-~ WHOL Template
- verilog Template

Help ak. Cancel
EEEE |

Fig. 5: Creating a CoreConsole component
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Creating the microprocessor with CoreConsole

CoreConsole is divided in three sections. The largest one, on the right, is the working area in which the
microprocessor will be put together. On the left, in the lower section, there is a list of all available parts.
Selecting one of those results in the corresponding short description appearing in the upper section together
with associated links to the relevant datasheets.

2.2.1 Selection of parts

Any part from the list can be placed in the working area by selecting it and clicking the Add button. The
same can also be achieved by double-clicking on the required part in the list.

it CoreConsole - Core 131 x|

e Miew Actions Options Help

Components | Generate

~Selected Component's Details

CortexM1
CartexMl
w2,1.105

Top Level

The Gortex-t1 soft IP core is a member of
ARM's Caortex family of processors and has been
optitnized for uge in Actel ARM-ready FPGAS
The Cortex-M1 is a general purpose 32-bit
microprocessor which offers high performance
and small size. Cortex-M1 runs the ARME-M
instruction set.

~Components available for selection

<
<
Listed: &1 of a total of &1 versions Filter £
CoreABC v2.3.165 m..s@;l
CoreMP? vi.1 o
CorehP? v1.2 k)
CoreMP? v2.0 LICE
Cortesdl v2.0,107 D)

Bus Interfaces, Actel

Core429 v3.0 ucens@
Core429 v3,1.102 ucsus@
Core429 +3.1.103 uczus@
CoreAHE wi.1 uA:EhIS@
CoreAHE v1.2 uA:EMS@
CoreAHB v1.3.101 LTCENS@
= raihd

Fig. 6: Adding new parts in CoreConsole
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Creating the microprocessor with CoreConsole

Memory and input and output interfaces were needed, in addition to the microprocessor core, as well as buses
to ‘bind’ all those components together. The FPGA’s internal memory, associated with the Core AhbSram
part, was chosen. The bus component, CoreAHBLite, was chosen to connect the memory and the processor
core together. The requirement for input and output interfaces was realized by a UART, for which the part
CoreUARTapb was chosen. This was attached to the bus component CoreAPB. To allow communication
between the buses, a bridge was needed, which was realized by the CoreAHB2APB part.

2.2.2 Connecting the parts together

Having chosen the required parts, it is now possible to either manually connect them together or let
CoreConsole establish all connections automatically. The latter was chosen by clicking on
Actions/Auto Stich....

(& CoreConsole - Core _|0l x|
File Miew | actions Options Help

Componen Recenter Diagram

Auto Layout

[ Select

Ci Change Yersions, ..
CortexM] CoreAhbsram

Check for Updates. ., v2.1.105 ¥1,3.103

Th Add To Database

munication
s Rehuild Database st i

i5 intended primarily for embedded systems. The
controller operates as an asynchronous (UART)
with & control register inteface and APB wrapper
The core include a verification testbench to verify
core perforrmance against the datashest

Top Level

(CoreAHBLite
<
<
ri_omponents available for selection——————————————————— & CoreAHBZAPE
vi.1.101
Listed: &1 of a total of 81 versions Filter
TICEREEL]
-
CorePWM V2.0 ucm@j
CoreRemap v1.0 ucE 4 CoreAPE :
CoreRemap w1.1.101 R

CoteRSENC w2.0.179
CoreSDR v3.0.115 I & s n
arel apl
CoreSMBus 3.0
acocks) ¥3.1.108
CoreSPT v3.0.156

LICEMSE REJLIR]

LIZE

CoreTimer v1.0 IJCEMS@J
CoreTimer v1.1.101 LB
Corel IART w1 = |
4
Fig. 7: Connections performed automatically
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Creating the microprocessor with CoreConsole

The connections, which were to be performed automatically, were then selected in the dialogue box that
appeared as a result. Bus masters appeared at the top of this dialogue, followed by the bus slaves, followed by
other control signals such as clock and reset. In the case of the bus slaves, the bus port, to which they should
be connected, could additionally be defined.

5I
AHE:Masters

’]7 CortexM1_00: AHBmaster
APE:Masters

’]7 CareAHBZAPE_O0: APEmaster

AHB:Slaves
¥ CoreAhbSram_00:AHEslave
IAHBmsIavaD j

v CoreAHBZAPE_D0: AHBslave
IAHBmsIavalZ j

 APB:Slaves
¥ CorelaRTapb_00:APBslave

CortexM1:RESETn

v CoreAHBLite_00:HRESETn
V¥ CoreAHBZAPE_00:HRESETR
¥ Coreshbisram_00:HRESETR
V CorelJARTapb_D0:PRESETH

Top Lewel:SYSCLE

[V Cortexl_00:HCLK

¥ CoreAHBLibe_00:HCLK
[V CoreAHB2ARE_0D:HCLK
[¥ CorsAhbSram 00:HCLE
¥ CoreU&RTaph_00:PCLE

Top Level:NS¥SRESET
’]7 CortexM1_00:MNSYSRESET

Select AlljNone Skitch | Cancel

Fig. 8: Automatic connections dialogue box
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Creating the microprocessor with CoreConsole

A click on the St i ch button generated all the selected connections.

SYSCLE RESETR SYSCLE,
[ 1
CortexMi MSYSRESET CoredhbSran SYSCLE _ (TESEREET
vz.1,105 RESETH v1.3.103 %
e |
(=1
(=]
2
RESETH
SYSCLE
T {_SYSCLE |
SYSCLE
Corel,ﬁ.rBlznTPB _ RESETH
wl.l,
CorelARTapb SSCLE
¥3.1,105
CareaPE
Fig. 9: The result of automatically performed connections

In addition to the two signals, Clock and Reset, already specified above, there were other signals that had to
be included in the top level interfaces: the processor’s UITAG signals, necessary for loading programs and for
debugging, the RX and TX signals of the UART and one port of the APB bus. To perform these top level
connections the option Actions/Auto Stitch To Top Level....was selected.

Auto Stitch to Top Level x|
- Components Conmections —————————————————|
(Eaikei200 Top Level - Bus
CoreAHBLite_00
CoreAHE2APE_00 [ CONNECTED - AHBmaster
CoreAPE_00
! IR
CoreAhbdram_o0 OEd
CorelWRTapb_00 I rv_1cE_1f
¥ uiaa
- Top Level - Other Signals
I” EDBGRG
I HaLTED
[ CONNECTED - HCLK
¥ CONNECTED - HRESETn
I~ masTor
™ Lockup
I wr
7 CONNECTED - MSYSRESET
I~ WDOGRES
™ woosRrEsn
Select AllfNone Stitch Cancel
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Creating the microprocessor with CoreConsole

The left pane of the dialogue box that appeared contained the constituant parts of the processor system
defined thus far. Whenever one of those was selected, the right pane showed the corresponding signals that

could be connected to the top level. Any signal on a green background indicates that it is already connected.

CorkexMi
vz,1.105

—  SYSICLE I

2.2.3 Configuring the parts

RESETR
CoreshbSram SYSCLE

w1.3.103

%3.1,105 R
T

=2
>

[iE]
>
[ik]
—
L
(=]
=

{_RESETn |
GSE R
SYSCLE
CoredHBZAPE
v1.1,101 CorelARTaph SYSCLE

The processor with all the required signals

Next came the configuration of the processor system’s components. This was done by moving the mouse
pointer over each of these parts and then selecting the Configure option. Right-clicking on each part

would perform the same task.

CorbexMl
va, 1,105

" HENS o

RESETR
& LTS

_orenHBLiEe onfigure

Fig. 12:

MSYSRESET CarbesM1
va, 1,105
_orenHELibe

[ SYSCLE
MIYSRESET

RESETH
L% UITAG

Connect

Configure
Delete
Change Yersion

Component configuration
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Creating the microprocessor with CoreConsole

In the software version used in this project, most of the configuration options for the Cortex-M1 processor
core were not available. Only a suitable debugging interface could be selected which, when using the Actel
Software, it was the Flash Pro 3.

The only option that needed to be configured for the memory component was its size, with 14 kByte being the
maximum possible.

The options for the UART, shown in Abb. 13, indicate that the component was configured without any
transmit or receive FIFOs, with a data size of 8 bits without parity and that the configuration could be
modified at any time by software. The baud rate was configured for a clock frequency of 16 MHz and a data
rate of 115200 Baut. More precise configuration details are included in the datasheet.

| I
Canfiguration Configurat
Component Mame:  CarkexM1_00 :I Component Name: - CoreAhbSram_00 j
Debugging Amount of internal SRAM required:  [[apvres v
’V Detug Interface: [Fonpros = Devics famly: [proasica =] f)
=l kil | r
Cancel oK Cancel
-
p
Configuring CoreUARTapb_00 |
- SYSCLK ——
pea RESETT ~carfiguatin
< MSYSRESET |
Cortesdit NEYSRESE Coreahbsram SVICK -
¥2,1.109 REZETR v1.3.103 Component Nams:  CorsUARTaph_00 =
* UITAG
FPGAFAMILY [proasics =] )
& rCore Configuratior
RESETn I
TRFIFO |nisable TXFIFO ¥
SYSCLK
REFIFO [Disatle REFIFO @
RESETn e=:n
CorenHB2APE EERTS TToeLR Configuration [Programmable  ~
CorellARTaph —:
w1, 1101
wilios =R
Fixed Configuartion |
Baud value l—s
-‘ CoreaPB : * é [T Character Size [5 pirs -
Farity |pariy Disabled *
Testbench: [yerification = &l
oK Cancel
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Creating the microprocessor with CoreConsole

2.2.4 Generating the processor system

Once all the options were configured, the processor system was generated. For this, under the tab
Generate, the required HDL was selected (VHDL in this project), in which the code for the processor
system should be generated. Finally the Save & Generate button was clicked to start the process. Once

this was complete, it was possible to exit the CoreConsole.

oreConsole - Core

File ‘“iew Actions _Options  Help
Componen

~HOL Selection
" Generate Verilog

' Generate YHDL

rLicense Selection
License Info |

"Conﬁguratinn Errors ‘

Mo Errors Detected

Generate Resulks

Proqress Bars for Tasks

Save & Generate

Fig. 14: Generating the processor system

2.2.5 Memory Map

The processor’s memory map is determined by the position of the individual components on the bus. The
AHB bus divides the overall addressable space of 4GByte in sixteen equal sections, each with a size of
256MByte. A connected APB bus further divides such a 256MByte section in sixteen subsections, each with a
size of 16MByte.

The UART occupies the third slot of the APB bus which, in turn, is attached on the twelfth slot of the AHB
bus. As a result, it can be accessed at address 0xC3000000.
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Clock setup

2.3 Clock setup

The processor system should be clocked at a frequency of 16 MHz, on the PCB, however, there was an
oscillator providing a 48 MHz clock. With the Clock Control Circuits, also available on the PCB, it was
possible to generate several different, individually configurable, clocks from this ‘master’ clock. To generate
the required 16 MHz clock signal, the option Clock & Management / PLL - Static hadtobe
selected (see illustration below). In the resulting dialogue box, the input clock was defined with a frequency
of 48 MHz and the option External I/O was specified. The frequency of the output clock was defined

as 16 MHz. A click on Generate. .. opened a new dialogue, allowing to name this clock generating

component. A final click on the latter’s OK button started the component generating process.

. Project Manager - C:\ Actelprj\Test\Test.prj * - [Project Flow] =] e
#¥ Project  File Edit View Tools Window Help =18 x|
REE@ DS L B0 | 6@ 9 S| S B[ Enable Designer Block creation
Curtent Designer view: |Impl1 vl % g
| Design Explarar L o+ x|
Show: | components | Design Entry Tools Root : Core
A w;lrkELAEKBDX PACKARE (8 5 i i
G- B g | . 25 ”
- Bl Coe HDL Editer | SmanDesign| CoreConsale|  WiewDraw Fosteymtesls (el
Post-Layout
- fiffl COREUARTAPE_LIB i
Static PLL : Create Core ]
Actual data is shown in blue
I” Lock Cantral Lotk
“ 11 Primary
L4 - = VO = 32,000 MHz L 2 GLA
T tierarchy [T Fies [m—»1 635 ns
Catalog L o-x) ———— 1,695 nis
Mame flter: _ Fundiion flters Az C0H
" " opions| Ddeg _v] {0,000 deg (0,000 rs)
3 Function, Name: B P
[ Basic Blocks e r—
" GLe
11 Bus Interfaces »
5 7 Clock t M EXTFB | = B Gtk —|nnnn ne T -’
EIE
Lo = I ivB
Configured cores: _'ﬁ
ik Memory & Controllers I Fa000 MHz 053%n: y|l——
o ¥ Parinharale M
L Odeg ~
= [ Bl [F. ]
" GLC
Tnfarmation Window L ax i T _>
Project Manager New Fea..@
& ve
—o5Ens 2]——

Properties
vendor: Actel
Library: SmartGen
Name: StaticPLL
Yersion: 2.1

@

Ready

Help

[
nu All j Errors
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Additional output:

¥ Resaurce report

Generate..

Reset
Close

=
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Adding user-defined hardware

2.4 Adding user-defined hardware

The generated result in the Cordic Algorithm must be multiplied by a constant. In this project, this
multiplication was performed by additional hardware.

2.4.1 Generating the hardware

With the option Basic Blocks / Multiplier - Constant Multiplier it was possible
to have the tools generate a multiplier.

Arithmetic : Create Core i il

Incrementer | Decrementer | Incremerter/Decrementer  Constant Multiplier | R0

Wariations |Signed j

3] Drata width |32 i’

Constant @6 + (- [10188013

1|
E Hierarchy

Catalog L« x|

Fadix

Mame filker:  Function Filker: .
I* I* Optignsl {~ Hexadecimal

A Function, Mame: I;| = Binany
By Decremerter
By| FIR-Filter
y| 140
| Incrementer
8| Incrementer / Decrems
b Logic
Bu| Multiplesor
y| ultiplier
by| Multiplier - Constant kMu
B| Register
by Subtractor

{+ Decimal

Generate I Fieset Help Cloze

Fig. 16: Multiplier setup
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Adding user-defined hardware

Two registers were also needed: one in which the processor wrote the data to be used in the calculation and a
second one from which it could read its result. Both registers were generated using the option
Basic Block / Register (see illustration below). Abb. 17 shows the configuration of the input

register. The output register did not require a Load Enable input signal.

Register : Create Core

Storage Register I Stovage Latch | Shift Register | Banel Shifter |

K i

[ Hierarl:hy

| Catalag 2 = x|

Mame Filter:  Function filker:
* -

Options

7_§| Incrementer / Decreme

2 Function, Name:

Riegister
& sSubtiactor

14 Bus Interfaces
] Clock & Management
$5t Memory & Controllers

:,‘E' Peripherals =
o — B
i

width |32_é|

x|

i~ &sunc Clear i Load Enable
€ Active Low £ ficlive Low
= Active High (% Active High
= Mone £ None

i &sunc Set i~ Clack
" Active Low % Rising
= Active High = Falling
& Mone

— Output
" Active Low
= Active High

Generate I Reset Fan-ln Cantral Help Claze |

5

Zonfigured cores:

(CLOCKGEM

Care

Core name: REG_IN

Output Farmat: IVHDL j

Additional output:
¥ Resource repaort
™ wHDL behavioral model

™ Werilog behavioral model

Cancel |
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Adding user-defined hardware

2.4.2 Working with Smart Design

It was sensible to include both the multiplier and the registers in a single block. This could be done either with

VHDL or by using the Smart Design tool.

Smart Design can be found among the Design Entry Tools., The new hardware block had to be given a name

when the tool was first started.

' Project Manager - C:\Actelprii Test', Test.prj ®* - [Project Flow]

gProject File Edit Wiew Tools Window

Help

[& = @| 0O = EII Y E‘ =4 e ‘ dh g 0L e T ‘ '§'|§ e ||_ Enable Designer Block creation
Current Designer wigw: Ilmp|1 '” @ @ @ @

| Design Explorer L - x|
Show: IComponents j Design Entry Tools Root : Core
-l work ; = - > Pre-Gymthesis
- -1 H
@ BLACKBOX_PACKAGE | u i = PostSynthesi
HOL Editor martDesign] CoreConzale| “iewDraw 08 oYNNESsIS
& cLockGEN
FPostLayout
@ Core }
@ MULTIPLIZIERER

& REG_IN

& reG_ouT
fiil COREUARTAPE_LIE

o | 13|

1 ElHieramhy

elect a Type: SmartDesign Compi

- Schematic

& SrnarkDesign Component
- CoreConsale Component
- IF Component
- YHOL Source File
VYerilog Source File
- Shimulus
- Skimulus HDL File
- 5D File {sdc)
- Physical Design Constraint File (pdc)
- DO File
- YHOL Template
Yerilog Template

Hame:

MULTIP

Help ’TI

=]

Cancel

[Catalog T - x|
Mame Filker:  Function Filker:
# I # Cptions
4 Function, Mame: I;l
Decrementer
FIF-Filker
140
Incrementer
[T Y S
Fig. 18:
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Adding user-defined hardware

Then the new block’s individual components were added to Smart Design. This was done simply by dragging
the components from the hierarchical list on the left (see illustration below) onto the Canvas window on the
right. The three components were then connected to each other and to the top level.

vActelprj' Test Test.prj * - [MULTIP]

_|oix|
M Project File Edit Yiew Tools SmarkDesign Canvas  ‘Window Help = |ﬁ'|£|
& = ﬂ | O = Hl * E| Lo | #h ﬁ '?f.s'g @ Ba” ‘f’ | = ||- Enable Designer Block creation
Current D esigner vigw: IImpI1 j| @ @ @ @
BHEAEE QABS | « « » p|[R @ [HB\NOOCAR ¢ 4&
| Design Explarer L oax|
Shaw: -
o oo L =R
il wor =
. [E]-B BLACKEOX_PACKAGE | =10l x|
) cLockeeN ® =181 x|
@ Core O A
El Top
-] | E| Level J
—
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Fig. 19: Adding components to the Canvas
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Adding user-defined hardware

This was done by changing to the Grid window: on the left, there is a list of all constituant components and
their I/O ports; on the right, the same components are listed again, this time in tabular form. In order to
establish a connection between, say, the output port of the input register (REG_IN_0: Q) and the input
port of the multiplier MULTIPLIZIERER_O: Datal), one has to click on the cell at the intersection of
the row REG_IN_O: Q and column MULTIPLIZIERER_O. In this way, all possible connections
between the two ports will be shown. In this particular case, there was only a single possible connection
which was built with a single click.

#® |Instance-Instance Yiew Instances =
O Net-Instance View T
S Tneance = FoNams =] Skeas tribute L TIPLIZIERER_O0 | REG_IN_0 | REG_OUT_D
= MULTIPLIZ{T> DataA [31:0]
IERER_D L] MULT [63:0]
= REG_IN_0 7> Clock
(1> Data [31:0]
[T Enable
! [31:0]
= REG_OUT 7> Clock
_0 Data [31:0]
0] [31:0]

‘H'_'II Carvvas ﬁ Grid 1 Iﬁ Schematicl

Fig. 20: The Grid window showing the still unconnected components

In addition to the new block’s internal connections, described above, it was necessary to establish its ‘top
level’ ports, to allow the block to be connected to the other components of the processor system. These were
defined by right-clicking on the appropriate ports of the block’s individual components (for example on the
input port of the input register, REG_IN_O: DATA) and select the option
Promote To Top Level.Itis also possible to rename any of these top level ports by right-clicking on
it and selecting the option Modify Top Level Port....
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Adding user-defined hardware

The result of the multiplication of two fixed point numbers, each with 24 decimal points, is too large to fit in
the output port (by a factor of 2424). This problem can be resolved by ignoring the last 24 bits of the result.
This is why only bits 24-55 of the multiplier’s output port were connected to the output register’s input port.

This was done by splitting the 64-bit bus at the multiplier’s output by right-clicking on it and selecting Add
Slice. .. option.

® Instance-Instance View Instances =
3 Net-Instance View Kitiia
S Instance=I|C Port Name=l]| Shice = MULTIPLIZIERER_O0 | REG_IN_0| REG_OUT_0
= MULTIPLIZ{T> DataA [21:0] =
IERER_O D)= MULT —F 163.01 1cE —I R
C [55:24] -
D opzo MuLT [ 3 ID ]
L 63561
= REG_IN_0 {i> Clock —— _vep | ok | cancal |
(L> Data [31:0]
[T Enable
0] 0 [31:0]
= REG_OUT > Clock
il 0> Data [31:0]
0] 0 [31:0]

Fig. 21: Bus splitting

The remaining ports of the bus were not used. To avoid subsequent unnecessary warnings these ports were
declared ‘unused’ by clicking on the Attribute column and selecting the option Mark as Unused.

#® Instance-Instance View

e ! Instances =
et-instance view %
Attribute | MULTIP
5 Instance =] S Port Hame =] Glice = MULTIPLIZIERER_DJ REG_IN_DJ REG_OUT_D
“| Clock Clock

[31:0] [rata[31:0]

[31:0] Q0]
= MULTIPLIZ Datah [31:0]

IERER_D

= MULT [63:0]
P [55:24]

[ratal31:0]
1

= REG_IN_O Clock

Clock,
Data [31:0] DI[31:0]
Enable Enable
n] [31:01
= REG_OUT Clock Clack, e
_0 % Data [31:0] MULT[EE:24]
a [31:01 DouT[31:0]

Fig. 22: Marking unused pins

When all connections were done (as shown in Abb. 22), the new, user-defined, hardware block was ready. In
the Schematic window, the newly completed block could be seen and examined for any connection errors.
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K
ﬂll Carwas ﬁ Gridc = SchematicD—

The Schematic window showing the used-defined multiplier block

Fig. 23:

VHDL Code could be generated automatically by clicking on the icon Generate SmartDesign or

thtough the menu option SmartDesign / Generate.

{:ﬁPruject Manager - CActelpri Testh Test.p
&sz‘rDject File Edit Miew Toaols SmarkDesign

@@|D H| R o
Qe

e |Generate SmartDesmn |.._

= [ |

Fig. 24: Generating VHDL Code
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d hardware

2.4.3 Creating a simple bus interface

The newly created hardware block had to be connected to the APB bus of the processor system. A bus

interface was, therefore, necessary and, in this case, it was particularly simple to develop: it only had to

establish a Write Enable signal for the input register, pass the clock signal on to the multiplier and connect the

bus’ read- and write-data signals with the block’s registers.

Using the Comparator / Constant Decoder option, a comparator was automatically generated

and configured as an address decoder, i.e. activating a signal whenever the address on the bus ‘hit’ on the

component’s address space.

KN | i3]
[E]Hierarchy Files

| Catalog g «x|

Name filker:  Function filter:
u b Options

A Function, Mame: I;l

o E—
&.. B 5] |

B Adder / Subtractor
% Comparator

DDR

Drecoder

Drecrementer

FIF-Filer

140

Incrementer
Incrementer / Decreme
Logic

tultiplexar

tultiplier

ultiplier - Constant bMu
%l Register

%l Subtractor

1+ Bus Interfaces

12 Clock & Management
ﬂ: Memory & Controllers

Comparators : Create Core

Magnitude Comparatorl Equality Comparator - Constant Decader |

Width |24 i’ Eonstant IEIEIEIEIEIEI

St Riad
" Active Low ' Hexadecimal
" Binar
=] .v
) " Decimal

x|

Generate I Reset Help Cloze

Fig. 25:

Defining a comparator as address decoder

This address decoder was brought together with the previously generated multiplier block in a new Smart

Design.
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Adding user-defined hardware

According to the bus protocol, performing a write operation to a peripheral device, involves the signals PSEL,
PENABLE and PWRITE. These were combined with a AND-gate. A second AND-gate was needed to
include the output of the address decoder. These AND-gates were found in the Actel Cell Library and

instantiated in the design by dragging and dropping in the Canvas window.

& Project Manager - C:\ Actelprj’ Test'. Test.prj* - [MULTI_ADDRDEC]
uProject File Edit ‘iew Tools SmartDesign Canvas  Window Help

RREDEH BB s e

=] 2 2a i ¥a &

Current Degigner view: IImpI'I

050 | oL

=101 %]
B-18| x|

| R T | he 2 | & 7 ||- Enable Designer Block creation

T BB \NNOO

|Design Explorer g e |
Shiow: |Components j ﬂ
: [E] Core El ADDRDEC_ O MULTIP_O
€304 MULTI_ADDRDEC Top
; 4] MuLTIP = Level AporRoe... B, wt e G
1 | »
ElHiemrchy - Filez
ANDZ_0 ANDE_0
Catalo JI et
ANDZ | Aumgl] | | a03
e =
._—_—___—l—"
(V
ANDSE
ANDIC
frie]
AolA
A01E ¥
a01C KN — _’|J
AO1D ) Canvas [ Grid1 | ¥ Schematis |
AOLE
A012 .
AN % Project Flave MULTI_AD...I
(#»..
E|L-:u:kl|* Libral* Tvpl.ﬂ.ll j Find I ptiu:-nsil
[Information ‘iindow Lo+ x| &l
=
praressm———n W |0 - rrzEnrernasaa rrrenenay -~
Project Manager New Fe...@ » B e |12 |12
& SEQ | O | ©
.§ Written VHDL netlist to C:/hctelpri/Test/smwart .
£
= 4] | >
j E 1' )I‘\ All & Errors )\ 3k mirigs }\InF\o }\ Find 1 !“

Ready

[ [¥HDL [FaM: ProASICS [DIE: M1A3P1000 [PKG: 464 FEGA 7

Fig. 26: Instantiating AND-gates in Smart

Design

Copyright © 2007-8 by Doulos Ltd. All rights reserved. All information is provided “as is” without warranty of any kind.

24



Adding user-defined hardware

The connections were built as shown in Abb. 27 and Abb. 28.

® |[nstance-Instance Yiew Instances
& Net-Instance View

=l Instance(>| Port Name[»| Slice ¥
= MULTI_AD {z> Clock ]

Attribute | MULTI_ADDRDEC

ADDRDEC_0 I AND2Z_0 I AND3_0 I MULTIP_O

DRDEC | [B Datah 2301
[ DI [31:0]
@ DOUT B1o]
&> PENABLE '
[ PSEL
&> PWRITE

= ADDRDEC @ AEB :
0 [ Datah [23:0]

S AND2_0— b A
A
@av

= AND3_0 —B A
HE» B
HE» C

ol Y
= MULTIP_0 &> Clock g
HE» DI [31:0] ]
L@ DouT [31:0]
i» Enable ]

Fig. 27: Multiplier with Adress Decoder (Grid window)

MULTIP_O
Clock [

DI[31:0] : DOUT[31:0]

PENABLE|
PSEL[ >

PWRITE[

AND3
ADDRDEC_0
DataA[23:0] DataA[23:0]
ADDRDEC

[«]
B\ Canvas| EE Gid1 27 Schemstic

Fig. 28: Multiplier with Adress Decoder (Schematic window)
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2.5 Creating the Top Level

When all the components had been generated, they were connected together and the processor system’s top

level ports were defined and connected to the FPGA’s pins. With earlier versions of the Libero software, all

this could have been done with Smart Design. With version 8.1, used in this project, there was a problem with

the APB bus however.. In Smart Design, the port PRDATA was not displayed and, consequently, could not

be connected. Because of this, the top level was developed in VHDL.

Create New HDL File

HOL Edfta SmartDesign| CoreConsale \f"ie;«lD‘raw

Select a Type: YHDL Souree File

- Schematic
- SmartDesign Component Mame:
- CoreConsole Component
- IP Component Toplevel
- WHOL Source File
- Verilog Source File
- Skimulus
- Skimulus HOL File
- 5D File {sdc)
Physical Design Constraint File {pdc)
D2 File
YHOL Template
- Verilog Template

Help ak. I Cancel

Fig. 29: Creating the top level VHDL file

Any VHDL files created in this way can be checked for syntax errors. To do this, one needs to right-click on

the relevant file and select the Check HDL File option. The results are displayed in the Log window.
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2.6 Synthesis

For the synthesis, it is necessary to identify the file which represents the top level of the design. This will then
be shown in bold in the overall design hierarchy. One can redefine the top level of any design simply by right-
clicking on a file in the design’s hierarchy, and selecting the option Set As Root.

Show: |Components = Design Entry Tools
E}@ waork . = = =
: B BLACKBOX_PACKAGE [arm_synpli S.‘.’E L8
E ER TorLzvel (Torl i HDL Editor | SmartDesign| CoreConsole

+
; Dpen HDL file
Check HDL file R
E}@ COR Create Symbol Source Files
: @ components (camponen Create HDL Interface
o @l coreparameters [corepal Move Fis(s) ta lbrary... E Synthesis H Synthesis

Delete from Project "_'i. : -t_'-,.
4 I Delete from Disk and Project Synplify Synplify

[&] Hierarchy Files = . IHEW [BLACKE x ITanevaI edt VI
taperties e ==

Fig. 30: Selecting the component Top Level as the top level of the project

The Synplify synthesis tool was then invoked with a double-click.

Synplify 9.0A1 - [C:/Actelprj/ Test/synthesis/TopLevel_syn.prj] =] ]
B File Edt Yiew Project Run Analysis HDL-Analyst Options ‘Window Tech-Suppart ‘Web Help (=I5 (x]
I = = = Foafdmaisow o TG R e @ @@ »

I -

Synplify -

Source Files
Simply Better Result:
- BB CoctepriiTestisynthesisl] | synthesis RN SRR R
i
s o gk synthesis | Name: ! |size 1= Frequency (MHz)
- ) backup it 100 %
- [ synthesis_identify i =
B B syt g Symbolic FSM Compiler (¥
[ TopLevel.areastr 35 kB 2 Resource Sharing 1
~ [ TopLevel.edn 1MB €
[ TopLevel.map 0 bytes n
~ [ TopLevel.sdf 4MB =
~ O TopLevel.sa 202 bytes %
. ? : S
Result File
Cifctelori{Testisyrthesis| TapLevel. edn
Target

Actel ProASIC3  ASP1000 : -2

wigw Log
ﬁ Ready
Cancel

T TopLevel_syn.pri

Fig. 31: Synplify
When Synplify first started, there was an error message about the selected FPGA device not being known. To

ensure a problem-free run of the tool, it was necessary to specify a different FPGA as the target device. This
was done by clicking the lower of the two Change buttons: in the dialogue box that opened up, the Actel
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ProASIC3 A3P1000 device was selected, which is, both in terms of size and resources, identical to the one on
the PCB.

¥ Implementation Options - TopLevel_s¥n : synthesis ﬂll
0 2 S € = - nplemertaton Resus | | (] ImPementatons:
| synthesis
# Technology: Part: Speed b
Result File [actelProssica | +| [a3pionn [~ [Fz [~
y i

Cihactelprii Testhsynthesisi TopLeve s
| ice Mapping Cptions

Target Option Yalue =
" &l ProASICS | ASPLO000 : -2 Annotated Properties For Analyst |

Fanout Guide 1z
Promoke Global Buffer Threshold 50 =1
RLIN PRI = 108
— Option Description —

T' Torteveleai At i = | Click.on an option for description (—

: :-I Synplicity

(a4 | ] Cancel l | Help

Fig. 32: Changing the target device

The synthesis process was started with the Run button. Clicking on the View Log button, displays all
warnings and error messages. Warnings in source files that were automatically generated by the tools, can
usually be ignored.

Result File
C:\Actelprit Test synthesis\ TapLevel edn
Target
Change Actel ProASICS : AZPLOOD : -2
S i
RUN Done: 0 errors, 210 warnings,
‘h"-_-—'-"
}‘_' TopLevel_syn.prj
| | =e-—~<—-a) ,

TopLevel edr =

Fig. 33: Starting the synthesis
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Place & Route

2.7 Place & Route

A successful synthesis in Synplify is indicated by the colour green. At that point the Designer tool was
invoked by clicking on the Place & Route button. The default settings were kept and confirmed with a
click on OK. The compiler was started with a click on the Compi 1e button. How long this process will take

until it completes depends on the computer on which it is run.

5 Designer - [TopLevel.adb] ) ;Iglil
@ File ¥iew Tools ©ptions Help ;Iilil

D|s|=| 2] | Fla|@le = slselsol

Design Flow
I |

Lo = e e
* i+ Back-Annotate

EpjacetRoute Compile Layout
“ Programming File
Designer
TDDLBVEI'adtj' —— MultiView I\Iavigator—l — SmartTime

A | ool | S| e

I/0 Attribute Constraints
r

LRI PinEditor | ChipPlanner g traln
=
A b N AN A Ervors A Wiarnings A Info
Ready |FF\M: Pro&SIC3 |DIE1 M1A3P1000 PKG: 454 FBGA 4

Fig. 34: The Designer tool
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Following the compilation, the I/O assignment was performed using the I/O Attribute Editor.
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AT Rt pad 3 A ADLIBINBUF | F18 | Bankl |LVTTL Hone I . Tast.
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Fig. 35:

Mapping top level ports to FPGA pins (I/O assignment)

When the I/O assignment was completed, the Layout was started by clicking on the corresponding button.

This is another process which could last several minutes, even on powerful computers.

Finally, once the Layout process was successfully completed, the programming file was generated with a

click on the Programming File button. The Designer tool was then shut down.
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2.8 Programming the FPGA

The tool Flash Pro was used to ‘program’ the FPGA, i.e. to transfer the design (represented by the

programming file) onto the FPGA on the PCB. The latter must be connected to the computer via a USB cable

to allow this.

Design Entry Tools Root : TopLevel
= = = -
u o '::‘! Pre Synthesla. )
HDL Editor | SmartDesign| CoreConsole| ViewDraw Post-gynthesis Configure Praject Flon.
> Post-Layout
+
El
Source Files
4 Simulation
& Simulation & Stimulus B Stimulus
™
TopLeveledr ™ todelSim Stimulus E ditor WaveFormer
Post-Synthesis
Files
B
TopLeveladt =
% Programming ) Epiagramming
PDE File FlashPro Silicon Sculptor

Fig. 36: Invoking the Flash Pro tool

Copyright © 2007-8 by Doulos Ltd. All rights reserved. All information is provided “as is” without warranty of any kind. 31



Programming the FPGA

In case no design gets automatically loaded when the tool is started, it is possible to load one manually, by
clickingon Configure Device andthenon Browse.

" FlashPro - [TopLevel]

ol x|
File Edit Wiew Tools Programmers Configuration Customize Help
DeE|? [eoee|lan o 2z (EE % »)
Configure Device
= > PROGRAM  ERis
Open Praoject D“' | ‘iew Programmers % |
x|
s Programmer Programmer Port Pi Pi
o Hame Type or Status Enabled
c
=S||1 |55554 FlashPro3 ushBE56S [LISE 2.0) 4
g
I
£
E Fiefrezh/Rescan for Programmers
g
i
= Software Version: 5.1.0.32 =
pu PDE file riyvTe
DESIGH : TopLewel: CHECESUM :
Driver : Z.0.4 build 2
programeer ' 55559 ¢ FlashPro3d
Opened 'C:hActelprihTesth\designerh impllh TopLevel f£p'Toplevel.pro' LI
{ Errors  Warnings_}, Infa /
Ready |C:1ActeIDr]ITestIdes@nerIlmpl1ITDpLeve\.pdb |SINGLE A

Fig. 37: Flash Pro
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3 AcCTEL SOFTCONSOLE

The IDE for programming the synthesized processor on the FPGA is based on Eclipse. Actel has created a

plugin for Eclipse, dedicated to the ARM7 and the Cortex-M1 processor cores. This is installed at the same
time as the rest of the software.

Ackel SoftConsole

Fig. 38: Desktop icon of the Actel SoftConsole

3.1 Starting the IDE

When the IDE is started, the user will be asked to select a ‘workspace’, as shown in the following illustration.

EWnrkspace Launcher ] x|
Select a workspace

Ackel SoftConsole skores your projects in a Folder called a workspace,
hoose a workspace folder ko use For this session.

‘Workspace:

j Browse, . |

™ Use this as the default and do not ask again

oK I Cancel

Fig. 39: Defining a workspace

The folder specified above could be configured to serve as the default folder, so that by subsequent starts of
the IDE, it would not be necessary to specify it again.
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3.2 Setting up a new C project

To start a new project one should select the menu option
Files / New / Managed Make C Projekt, as shown in the illustration below.

EE,.-"E++ - sys_hoot.c - Actel SoftConsole

File Edit Refactor Mawigate Search Project Run window Help

SRl I 7 Project...
COpen File. ..
[] Standard Make C Project

Close Chrl+ Convert ko a CJC++ Make Project

o oty B Managed Make C Project
B Ctrl+s [c+] Standard Make C++ Project
5] Save fs.., [£] Managed Make C-++ Project
W cavs Chrl+shift+s @Y Source Foldsr

Rewert |7 Folder

Mave.. ¢/ Saurce File

RENAME, .\ Fz B! Header File

Refresh F5 - File

Convert Line Delimiters To P (& Class
il Pt Chrl+P [ Other...

Fig. 40: Starting a new project

In the “New Project” dialogue box the project’s name was entered. The option to change the default folder
also exists at this stage.

EENew Project

Managed Make C Project

Create a new Managed Make C project.

(r |

Projeck name: I Cordic

V' Use default location

Lacation; |C:J‘tempSch‘Cord\c Browse... |

o) < Back I Mext = I Firiish Cancel

Fig. 41: Specifying the project's name
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The illustration below shows a fundamental setting for the project: the value of the field Project Type

must be

set

to Embedded Executable (Actel

GNU for Cortex—-Ml)

to allow

programming of the Cortex-M1 processor core. Making this choice activates important configuration features

of the project. Finally, the dialogue box can be closed by clicking on the F'inish button.

ﬁNew Project

Select a type of project

Select the platform and configurations you wish to deploy on

(e = R Al Fribedded Executable §

Configurations:

$BDebug
$BRelease

I~ show &ll Project Types
I~ Show All Configurations

Select Al |
Deselect Al |

7 < Back | Mexk = | Finish I Cancel |
Fig. 42: Selecting the project type
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3.3 Importing project data

Once an empty project was created, it would normally be possible to either import data necessary for the

configuration of the processor or to manually define such data. In many IDEs such configuration data is

automatically imported once the processor has been specified. This is not the case with this project however,

so that the user must perform all the tasks manually.

Golnto

Openin New Window

Rebuld Indesc

Active Buld Configuration  »
Buld Project:

Clear Project

=| Copy
I Fste
3 Delete
Mave..,
Rename:

£y Expart..,

4 Refresh
Close Project

Run As
Debug As

Team

Cennpare With

Restore from Local History.

Properties

Convert To,.,

Fig. 43: Importing data

To manually import project data, it was necessary to right-click on the project name (in the “C/C++ Projects”

window, as shown in Abb. 43) and, in the context menu that opened up, to select Import. . .; in the

“Import” dialogue box (shown below) that appeared as a result, “File System” was selected before continuing

by clicking on Next.
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Fig. 44: Import dialogue
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In the next dialogue, the Browse . . . was clicked and, in the file browser that opened up, one selected the
folder containing the data that needed to be imported and confirmed with the OK button.

Elmport ﬂ
File system P
Source must not be empry. B

-
Import from directory 2=l

Fron  select & directory ko import From,

Browse... | )

S arbeitsplatz
Metzwerkumgebung <

D cortex_m1_pdf
1 hiFe

{21 screenshoots

Filki 42} Eigene Dateien

Inko Browse... |

COrdner: I test

208

ok I Abbrechen | NauerOrdnerl

i

) < Back | Xt > | Fimish I Cancel |

Fig. 45: Choosing the folder containing the data to be imported
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All the data contained in the selected folder were now shown in the left pane of the dialogue box. Ticking the
box next to the folder’s name one selects the data to be imported. As it can be seen in the illustration below,
the top three data files, listed in the right pane, are not selected, as they contain configuration data and
properties of a project: they were already set up when an empty project was created, a little earlier. Importing
those three files would result in the existing setup files being overwritten. Having made a choice, a click on

the Finish button performs the data import.

PO £
File system =
Import resources from the local File system, / 7

-
Fram directory: |c:\Dnlmmanta und Einstellungenirst2iDeskiop)test x| Browss...
= test O = .cdtbuid
O = .cdtproject
O .project

[ cordic.c

¢ cordic.h

€| core_uartaph.c
€] core_uartaph.h

| coreuartapb.h
] cpu_types.h
c hw_macras.h

2] utility.c
L] utility. b

Fiter Types... | Select Al Deselect all |
Inta folder; | Cordic Browse. .
[ Options

[~ Gverwrite existing resources without warning

1" Create complete Folder structure

1% Create selected Folders only

() < Back | Hlext = | Finish I Cancel |

Fig. 46: Select the data to be imported
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3.4 Memory addressing

Once all the necessary data were included in the project, it was necessary to define the memory addressing

details.

As the internal SRAM of the FPGA occupied the lowest ‘slot’ in the memory map, it would also be mapped at

the memory offset of 0x00000000 in the linker script (run_from_ram.ld), as shown in the following

illustration. The size of this memory was configured by CoreConsole to be 14 kByte, a figure which

represents the maximum SRAM size possible for this FPGA.

EE,;"E++ - run_from_ram.ld - Actel SoftConsole
File Edit Refactor Mawvigate Search Project Run  Window Help

Fi-tlg 8- g-a-d-G-|3%-0- %@ (& 8-5-0c

FZ| i+ Prajects 53

Mavigator | = [

w8 £

E-=% Cordic

-} Binarias

[#-[z= Debug
E]--@ cordic.h
- [h] core_uartapb.h
- b coreuartapb.h
E]--@ cpu_tvpes.h
- [B] hw_macros.h
&[] platform.h
B[] wiity.h

B [€] Cordic.c

B €] core_uartapb.
E]--@ main.c
- [£] sys_boat.c
B[] utiliby.c

= =] run_from_ram.Id

sys_book.c £3

* developwent hoards.

i
#ifndef TOP_OF MEMORY
#define TOP_COF MEMORY
#endif

Dx00003800,

Fig. 47:

HEMORY

{
ram (rwx) : ORIGIMN =(Ux00000000, LENGTH = 14k
i

<

Configuring the memory

The stack pointer was configured to exist at the end of the SRAM address range and as it dynamically grows
it moves towards address 0x00000000. This is represented by the “define TOP_OF_MEMORY” statement in
the file “sys_boot.c”, where TOP_OF_MEMORY = memory offset + memory size.
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3.5 Project properties

The linker script (run_from_ram.ld) must be included in the project’s features while the standard start up file
must be deactivated. The project properties can be accessed from the context menu which appears when one
right-clicks on the project. (s. Abb. 48).

&5 C/C++ - sys_boot.c - Actel SoftCansole

File Edit Refactor Mavigate Search Project
[ i |® - | @-ai-(d-

G Into

Open in hew Window

Rehuild Index

Active Buld Configuration ¥
Buld Project

Clean Project

— Copy
' W Faste
3 Delete

Maove...
I Rename

23 Import...
£ Export..,

o Refresh

Close Project

Run As
Debug Az

Team

Campars With

Restore from Local History. .

Canwert To..

Fig. 48: Setting up the project properties
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In the project’s properties dialogue box, the following points were configured as shown in the following two

illustrations (Abb. 49 and Abb. 50).

=

I bype filker text

C/C+ + Build

Infa

Locumentation
CJC++ File Types
CJC++ Indexer
i Project References
i Refactoring Histary

—Ackive configuration

Project Type: IEmbadded Executable {Actel GMNU for Cartexii) j
Configuration: IDebug j Manage. .. |

—Caonfiguration Setkings

Tool Settings IBuiId Settings | Build Step;
v Do not use standard skart files (-nostartfiles

B GC0C C Compiler

™ Do not use default eraries (-nodefaultlibs)

™ no startup or default libs (-noskdib)
2 ™ cmit all symbel information (s}
; Q Miscelaneous
=8 GCC Assembler
@ General

™ Mo shared libraries (-static)

Restore Defaults | Apply

(64 | Cancel |

Fig. 49:

Excluding any standard start up files

-l5ix

I bype filker text

C/C+ + Build

Info

Locurmentation
CJC++ File Types
CJC++ Indexer
Project References
Refactoring History

—#Active canfiguration

Project Twpe: IEmbedded Executable (Actel GRU for Cortexii1) j
Configuration: IDehug j Manage. .. |

r—Configuration Settings

Tool Settings | Buid Settings | Buid Steps | Ex iniy Parser | 4] 0|
) GeC C Compler Linkes +frun_fram_ram.|d ==

Cther options {-Xlinker [option]) @ i'

-
| | »

Restare Defaults | Apply I

ok | Cancel |

Fig. 50: Including the linker script
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3.6 Compiling

Once everything had been configured properly, the project was compiled.. It is important to note, at this point,
that any files which might still be open, should have been saved. Any files which have been modified after
they were last saved, will be identified with a “*” to the left of their filename (s. Abb. 51)

| B st x "

Fig. 51: Identification of a modified and not yet saved file

The compilation can be done either with the Build A1l option, where only modified files will be re-
compiled, or with the Clean. .. option, where all object files will be deleted and generated again. The
commands to perform the compilation can be found in menu “Project”. All messages, generated during the
compilation of the project, will appear in the console window.
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At the end of a successful compilation, the message Build complete for project xxx (where

“xxx” is the name of the project) will appear in the console pane while a new file, “Binaries”, appears in the

project pane. (s. Abb. 52).

EE,;"C++ - main.c - Actel SoftConsole | P[] B
File Edit Refactor Mavigake Search | Project Run window Help
| i - |G- w-ar e o= 0 2 R RS R = | oo+
\0;
%CJC++ Projects &3 Marvigakor | e "'\ i § % | S L e Outline|Make Trcive (W: Variables &1 =l
B Guld 2l crlt B - =
| =] 4 ; . ) =t O |
Clean Selected Filefs)
Biuild Selected Filels)
Build Working Set
rtapb.h
apb.h uild Automatically =5
bypeg.h
[8) cputyp Create Make Targpt,.. -
[B] hw_macray h i :
H : "
+ @ platfarm.b e 3
"
@ utility, b Properties b s
@ Cordic.c — pde
i I "
[€] core_uartaph. #includs utility.h!
i " i "
(] main.c #include "cordic.h
[€] sys_boat.c
@ utility.c ftdefine [SYSCLE_FREQ 18000000
run_From_ram.d #define \TART BUFFER_SIZE 16
- 121 seminar3
I

static chreUiRTapb_t gCoreUiRTaphb:

int mainjveid)

Euild complete for project Cordic

[

uint® t rxWValue[UART BUFFER SIZE]: X ite
| | » | »
Problems [ B cogsale 3 Propertles|Pngress| ANE ‘ FAREIRE
C-Build [Cardic]
—o"Cordic” | ./Cordic.o ./eore_uwartapb.o ./wain.o ./sys_boot.o Sutility.o ;I
'Finished bliilding targec: Cordic!'

g

J-=<>

Fig. 52:

Compiling the project
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3.7 Setting up the programmer and the debugger

The programmer is implemented on the PCB. To configure it, one needs to select the option External
Tool. .. inthe toolbar (s. Abb. 53).

Window Help

SRR R P

External Toals, ..

Organize Favorites. ..

Fig. 53: Configuring the programmer (Step 1)

The following illustration shows how one can access the various configuration fields.

ﬂ

Create, manage, and run configurations 0
e
Run a program
_=-¢
SEX[E3-
2o oy Configure launch settings From this dialog:
I type filker text " - Press the 'Mew’ button to create a configuration of the selected tvpe,
Cg \=| - Press the 'Duplicate’ bukkon to copy the selected configuration,

3 - Press the 'Delete’ button to remove the selected configuration.

+ - Press the Filter’ button to configure Filkering options.

i
o5

- Edit or wiew an existing configuration by selecting it.

Configure launch perspective settings from the Perspectives preference page.

(7 Run Close |

Fig. 54: Configuring the programmer (Step 2)
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The configuration settings for the Development Kit “M1A3P-DEV-KIT-SCS” are shown in the dialogue box
in the following illustration. When the value of any one field in that dialogue is changed, it can be saved by

clicking on the “Apply” button.

Create, manage, and run configurations

Run a program

Name: | FlashProd]

I type Filker text

E-% Program
3, Mew_configuratic

B Main mc:' Refresh| P& Envirorment | = gommon|

i~ Location:

I Ci\Programmel Actell SoftConsole w2.0.0.13|Sourcery-G++ibinlarm-none-eabi-sprite . exe

EBrowse Workspace.. . | EBrowse File Swstem... | ‘Variables. .. |

—Working Directary:
I Ci\Programme Ackell SoftConsole w2.0.0.13\Sourcery-G++bin}

EBrowse Workspace.. . | EBrowse File System... | ‘Variables. .. |

— Arguments:

- -l :3000 Flashpro: coremp?-cmil j

ariables. .. |

Mote: Enclase an argument containing spaces using double-quotes ("),

I wry | Rever |
@ cee |

Fig. 55: Configuring the programmer (Step 3)

Once the programmer is configured, it must also be included in the Favorites so that it can be invoked.

The illustration below shows how this can be done.

TZadd External Tools Favorites |

Wumtmns:
( G, Flashpros

B Organize External Toals x|

Favorites:

O FlstPros
‘Window  Help

Remoyve:
v |

F= 0r ganize Ext x|
Favortes: m'
Windon Help ——
Remave
Up
Do

el

Dov

), External Taols...

Organize Favarites. .,
< D B |

Select All Deselect Al

Fig. 56: Configuring the programmer (Step 4)
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Configuring the Debugger is very similar to the configuration of the programmer. By selecting the option
Debug. . ., in the menu bar, a dialogue opens up, as shown in the illustration below. The first thing that
was done was to set up the options for Embedded debug. In the tab Main one has to select first the
created project and then the compiled file “Binaries”.

_i0i

Choose a project to constrain the searck

Create, manage, and run configurations

(@ Project not specified

[Mame: | Cordic_Debug

I type Filker bex

[T Cjc++ attact
[©] CJC++ Local

[©] ¢4+ Pastm g
56 Embedded def || || Bronse...
FG Mew_conf || | c/cC4++ Application: & Program Selection =10l
| Search Project. .. 'm Al Chaose a program ta run:
——
! |

N §'§'§i Dehugger| - ] Cnmmands| Ef Snurce| = gnmmnn|

Project:

L

7 I I _’I Apphy Revert

Fig. 57: Configuring the Debugger (Step 1)
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Once the required file for the debugging was selected, the invocation parameters for the debugger were also

illustration below. The parameters were saved when the button Apply was clicked.

EDehug
Create, manage, and run configurations

specified. This was done by changing to the Commands tab and specifying the parameters as shown in the

e e
RREER | [ Marme: |Cnrdic_Debug
bype Filter kext
| o [ oo QT
A2 [E] cjc++ Attach to Lacal Application
o E Gisi oo Bpplcstion 'Initialize’ commands
i -[£] Cc++ Pastmartem debugger
B3¢ Embedded debug Itarget remote (3000 ﬂ
b E Wl Cordic_Debug ea
'Run’ commands
conk ;I
Apply | Revert |
(7) Debug I Close |
Fig. 58: Configuring the Debugger (Step 2)

These settings were then included in the Favorites, just like the programmer was, a little earlier. The
result is shown in the following illustration.

Window Help

-0
: a 1 Cordic_Debug

method used for this was similar to that used for the programmer, described earlier in this document. The end

un_fr

Debug As L
iﬁ: Cebug...

Organize Favorites. ..

Fig. 59:

Configuring the Debugger (Step 3)
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3.8 Starting the programmer and the debugger

Once the source code has been successfully compiled and the programmer and debugger have been set up, the

program could be downloaded and debugged.

The Debug window was opened first, as shown in the following illustration.

window Help

e Window
Mewvs Editor

b ¢ (5085l e

Open Perspective

Customize Perspechive. ..
Save Perspective 4s...

Reset Perspective
Close Perspective
Close All Perspectives

Mavigation

Preferences...

-

~ Working Sets

[} [E cyct+ projects

= consale

(@) Make Targers
"2 Mavigator

5= Outline

|’2,_\ Froblerms

| Properties

< Search

Bl+ShiFt+C), ©

BlE+ShiFt+CY, S

Other...
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-

|

Opening the Debug window

48



Actel SoftConsole

The connection to the programmer was then built, by clicking on the attached settings for the programmer (s.

Abb. 56).

EfEC/C++ - main.c - Actel SoftConsole -|of x|
File Edit Refactor Mavigate Search Project Run Window Help
e - 5
[ 8- @ -&-d-G-[F-0-%-|®F |- -0 -0 - 5 | ERcic+
) cfc++ Projects &3 Navigatur‘ =g o | 5| w¥=HB Outl\nE‘MakeTa‘.. fM= Variables 52 T O
Sle B e
ELES Cordic FtConsols v2.0.0. 13)Sourcery-G++1bintam-none-sabi-sprite exe
© Binaries
(= Debug
1] cordic.h
1] core_uartaph.h
5] coreuartapb.h & mainc % =5
1] cpu_types.h
5] h_macros.h -
B platform.h #include "platform.h"”
B utiitrh #include "cpu_types.h”
B Cordi.c #include "core_uartaph.h”
[ core_uartapb.c #include "utility.h"
Bl #include "cordic.h”
[£ sys_poat.c
B uiitr.c #define SYSCLE_FREQ 16000000
Ca e #define UART BUFFER_SIZE 16
~1CT seminara H
static coreUARTapb_t gCoreULRTaph:
int main(void)
¢
uint t rxValue[ULRT BUFFER SIZE]: = x
1] | r ] »
Prablems [ ] Conscle 52\ Properties | Frogress | |[Ge kB2 B -r5-20
|Flashinea-fRPORTET] o ProgrammelActelSoftConsole +2.0.0.13\50Urcery-G-+ imar T T mb-spits, 2ce
< arm-none-sabi-sprite: Listening for connections on 0.0.0.0:3000 -]
---—'——_;
i _>IJ
| J

Fig. 61:

Starting the programmer

The Debug window shows the connection to the programmer. Once this connection has been built

successfully, the display of the Console window would be as shown in the illustration above. The debugging
can then be started by clicking on the Debug settings (s. Abb. 59).
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When the Debugger was started, this was shown in the Debug window. Clicking on arm—-none—-eabi-
gdb. . . in the Debug window, results in status information, concerning the connection to the Debugger and
the downloads, appearing in the Console window. Once the program got loaded successfully, the Debugger
‘jumped’ at the first statement of the main function (s. Abb. 62).
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I e e |

Fig. 62: The debugger started
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When the ‘main’ function was selected in the Debug window, as shown in the illustration below, the buttons
for the debugging were activated.

B i
Run  Window Help
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Fig. 63: Debugging
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4 DESCRIPTION OF THE PROGRAM

In order to test the hardware, a Cordic algorithm was implemented. This algorithm calculates the sine and
cosine functions of a given number. Such a number was entered over the UART interface through a Hyper-
Terminal or some similar program on a PC.

The first action of the main program was to initialise the UART. Then some text was output over the UART,
following which the program would wait for input from the user. Such input would first be checked for any
errors, before being formatted as a fixed point number, with 8 bits before and 24 bits after the decimal point,
and passed on to the function that implemented the Cordic algorithm. The result of the calculation were
transformed back into strings and output over the UART.
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