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This tutorial provides comprehensive information that will help you understand how to create a
FPGA based SOPC system implementing on your FPGA development board and run software
upon it.

1.1 Required Features

The Nios Il processor core is a soft-core central processing unit that you could program onto an

Altera field programmable gate array (FPGA). This tutorial illustrates you to the basic flow

covering hardware creation and software building. You are assumed to have the latest Quartus

I and NIOS Il EDS software installed and quite familiar with the operation of Windows OS. If you

use a different Quartus Il and NIOS Il EDS version, there will have some small difference during

the operation. You are also be assumed to possess a DE2-115 development board (other kinds

of dev.

Board based on Altera FPGA chip also supported).

The example NIOS Il standard hardware system provides the following necessary components:

* Nios Il processor core, that’s where the software will be executed

* On-chip memory to store and run the software

* JTAG link for communication between the host computer and target hardware (typically using
a USB-Blaster cable)

* LED peripheral I/0 (P10), be used as indicators

1.2 Creation of Hardware Design

This section describes the flow of how to create a hardware system including SOPC feature.
1. Launch Quartus Il then select File->New Project Wizard, start to create a new project. See
Figure 1-1 and Figure 1-2.
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Figure 1-1 Start to Create a New Project
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@ Mew Project Wizard ﬁ

_ W . W W W W

Directory, Name, Top-Level Entity [page 1 of 5]

I What is the warking directory for this project?

C:Users Karan,Desktop /Lego_Ecar| E]
What is the name of this project?

Lego_Ecar E]

What is the name of the topdevel design entity for this project? This name is case sensitive and must exactly match
the entity name in the design file,

Lego_Ecar E]

Use Existing Project Settings. ..

[ < Back ][ Mext = ][ Finish H Cancel H Help

Figure 1-2 New Project Wizard
2. Choose a working directory for this project, type project name and top-level entity name as
shown in Figure 1-3. Then click Next, you will see a window as shown in Figure 1-4.
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Directory, Name, Top-Level Entity [page 1 of 5]

I What is the working directory for this project?
C:fUsers Karan,Desktop /Lego_Ecar| E]

What is the name of this project?

Lego_Ecar E]

What is the name of the topdevel design entity for this project? This name is case sensitive and must exactly match
the entity name in the design file,

Lego_Ecar E]

Use Existing Project Settings...

[ < Back ][ Mext = J[ Finish H Cancel H Help

Figure 1-3 Input the working directory, the name of project, top-level design entity
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I Select the design files you want to indude in the project. Click Add All to add all design files in the project directory
to the project.

Mote: you can always add design files to the project later.

File name: E] Add

File Mame Type Library Design Entry/Synthesis Tool HOL Version Add Al
Remowe
Up
Down
Properties
Specfy the path names of any non-default libraries.
[ < Back ] [ Mext = ] [ Finish ] [ Cancel ] [ Help

Figure 1-4 New Project Wizard: Add Files [page 2 of 5]
3. Click Next to next window. We choose device family and device settings. You should choose
settings the same as the Figure 1-5. Then click Next to next window as shown in Figure 1-6.
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I Select the family and device you want to target for compilation.

Device family Show in 'Available devices' list
Family: |Cydone IV E - Package: Any -
Devices: |All - Fin count: Any -
Target device Speed grade:
() Auto device selected by the Fitter Show advanced devices
i@ Specific device selected in 'Available devices' list HardCopy compatible orly &
Other: nfa

Available devices:

Name Core Voltage LEs User I/0s Memory Bits &
EP4CE115F23I8L 1.0V 114430 3981312
I
EP4CE115F29C3 1.2V 114450 529 3981312
EP4CE115F29C3L 1.0V 114450 529 3981312 !
EP4CE115F29C9L 1.0V 114430 529 3981312 :
EP4CE115F29I7 1.2V 114430 529 3981312 E|:|
EP4CE115F29I8L 1.0V 114430 529 3981312 d S
1| i | b

Companion device ()
HardCopy: -

Limit DSP & RAM to HardCopy device resources

< Back ] [ Mext = ] [ Finish ] [ Cancel ] [ Help ]

Figure 1-5 New Project Wizard: Family & Device Settings [page 3 of 5]

4. Click Next and will see a window as shown in Figure 1-7. Figure 1-7 is a summary about
our new project. Click Finish to finish new project. Figure 1-8 show a new complete project.
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Spedify the other EDA tools used with the Quartus II software to develop your project.

EDA tools:
Tool Type Tool Mame Format(s) Run Tool Autg
EDesign Entry/Synthesis [ <Mone > - ] <Mone = - Run this tol
Simulation [<Nune:=— v] <Mone > = Fun gate-s
Timing Analysis [{Nune:b - ] <Mone = - Run this tol
Formal Verification <Mone = -
Board-Level Timing [{Nune:b - ]

Symbol [*:Nune:b - ]

Signal Integrity [*:Nnne:b - ]

Boundary Scan [{Nnne:b - ]
] m | F

[ < Back ] E Mext = ] [ Finish ] [ Cancel ] [ Help ]

Figure 1-6 New Project Wizard: EDA Tool Settings [page 4 of 5]
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—

Summary [page 5 of 5]

I When you dick Finish, the project will be created with the following settings:

Project directory:
Project name:
Top-evel design entity:
Mumber of files added:

Mumber of user libraries added:

Device assignments:

Family name:

Device:
EDA tools;

Design entry fsynthesis;
Simulation:

Timing analysis:

Operating conditions:

C: Users karanDesktop/Lego_Fcar
Lego_Ecar

Lego_Ecar

0

i)

Cyclone IVE

EP4CE115F29CT

<Mone > (<Mone =)
<Mone > (<Mone =)

<Mone > (<Mone )

VCCINT voltage: 1.2V
Junction temperature range: 0-85 =C
e ) [ ][ e

Figure 1-7 New Project Wizard: Summary [page 5 of 5]
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Figure 1-8 A New Complete Project
5. Choose Tools > SOPC Builder to open new SOPC system wizard .See Figure 1-9 and Figure 1-10.
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Launch EDA Simulation Library Compiler
Launch Design Space Explorer
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Chip Planner (Floorplan and Chip Editar)
Design Partition Planner

Metlist Yiewers

SignalTap II Logic Analyzer
In-Systern Memaory Content Editor
Logic Analyzer Interface Editor
In-System Sources and Probes Editor
SignalProbe Pins...

Programmer

JTAG Chain Debugger

Transceiver Toolkit

External Memary Interface Toolkit

MegaWizard Plug-In Manager

Mios IT Software Build Tools for Edipse
SOPC Builder

Qsys

Td Seripts. ..

Customize...

scription Edifion A

MEASLTZABLE

5 NEW DO

L " A

Figure 1-9 SOPC Builder Menu



FPGA Lego Ecar Tutorial Technische Universitat Miinchen

-
‘?_-'l Create Mew System - Altera SCOPC Builder - unnamed.sopc (CA\Users\Karan\Desktop'Lego_Ecar\unnamed.sopc) | =& |

File Edit Module System View Tools Help

System Contents | System Generation |

Compaonent Library Target Clock Settings
g, % Device Family; Cyclone WE - Mame Source MHz
P_rojec‘l - Remove
L New component... W
Library
Awvalon Verification Suite

g;ﬂg:sc?:pj:::::rs Use C.. I{ W Create New System 80 u Clock Baze End
Digital Signal Processing
nterface Protocols

Legacy Components
Memories and Memory Control
Merlin Compenents

m

System Name:|Lego_Ecar_S0O P[:I |

Target HOL: (@ Verilog

() VHDL

Edt. Add.. Xremove | [@est. | [ = |[a|[ v ][ = | [Adiessiiap.] [P Fiters.. ]

4 Prev ’ Next [» ] ’ Generate ]

Figure 1-10 Create New SOPC System [0]

6. Rename System Name as shown in Figure 1-11. Click OK and your will see a window as
shown in Figure 1-12.
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B Create New System S u

System Mame:|Lego_E u:ar_SDF‘CI |
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Target HOL: @ Verilog
i VHDL

[ oK ” Cancel ]

Figure 1-11 Create New System [1]

T R o= 3 |

4 Altera SOPC Builder

IFiIe Edit Module System View Toole Help

System Contents | System Generation |

Component Library

= b4

P_roject -

------ Dg MNew component....
Library

---Avalun Verification Suite
---Bridges and Adapters

ebug Components

igital Signal Precessing
terface Protocols

egacy Components

emeries and Memory Contro
grlin Components
[#-Peripherals

B-PLL

[#-Processor Additions L.

m

Target

Device Family:| Cyclone WE  «

Clock Settings

Name
clk_0

Source
External

MHz

50.0

Remove

Use C.. Mame

Description

Clock

L[}

Base

End

¥ Remove

R Edtt...

Address Map... ] ’ ? Filters... ] Filter: Default

7. Click the Name of the Clock Settings table, rename clk_0 to clk_50. Press Enter to complete

4 Prev [ Next ]

[ Generate ]

Figure 1-12 Create New System [2]

the update. See Figure 1-13.
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(".—I Altera SOPC Builder

Ele |Edit| Module System View Tools Help

System Contents | System Generatiu-n|

Component Library

oy

x

Project

Ig Mew component..
Library
7)-Avalon Verification Suite
ridges and Adapters
cbug Components
igital Signal Processing
+-Interface Protocols
---Legacy Compeonents

s

Target

Device Family| Cyclone ME  »

Clock Settings

Name Source MHz

Use C.. Name

Figure 1-13

Description Clock Baze End

Rename Clock Name

8. Choose Library > Processors > Nios Il Processor to open wizard of adding cpu component.
See Figure 1-14 and Figure 1-15.
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WS Altera SOPC Builder T

File Edit Module System View Tools Help

System Contents | System Generatiun|

Component Library

1

-Ayalen Verification Suite
-Bridges and Adapters
-Debug Components
-Digital Signal Processing
-Interface Protocols
-Legacy Components
-Memories and Memory Contro
-Merlin Components
-Peripherals

-PLL

-Precessor Additions
-Processors

L W lio= || Processor

i |

Target
Drewice Famiby: Cyt

Use C... MNam

P —

[ Mew... | [ Eat.. | [ g Add.. ]

| ¥ Remove | L

CJ To Do: cpu_0: Mo reset vector has been specifisd for this (
CJ To Do: cpu_0: Mo exception vector has been specified for:

A Warning: cpu_0: Reset vector and Exception vector canno

Figure 1-14 Add Nios Il Processor
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[=X=)

4 Nios I Processor - cpu 0 S

Nios II Processor

Documentation

hes and Memory Interfaces Advanced Features ings AG Debug om Instructions
Core Mios Il
Select a Nios Il core:
O Nios life O Nios II/s
. RISC RISC RISC
Nios Il 32-bit 32-bit 32-bit
Selector Guide Instruction Cache Ingtruction Cache
Family: Cyclone IV E Branch Prediction Branch Prediction
Hardware Multiply Hardware Multiphy ll
fsysbem: 50.0 MHz Hardware Divide Hardware Divide
. Barrel Shifter
id: 0
cPu Data Cache
Dynamic Branch Prediction

Performance at 50.0 MHz Up to 8 DMIPS Up to 32 DMIPS

Logic Usage §00-700 LEs 1200-1400 LEs 1400-1800 LEs

Memery Usage Two M3Ks (or equiv.) Two M8Ks + cache _
Hardware Muttiphy: [Embedclecl Muttipliers v] Hardware Divide
Reset Wector: Memory: [ - ] Offzet: |Ux0 | |
Exception Vector: Memory: [ - ] Offset: |gx20 |

Include MMU
Only include the MMU when using an operating system that explicitly supports an MMU
Fast TLB Miss Exception Vector: Memory: - | Offset: |Dxl2|

Include MPU i

", Warning: Reset vector and Exception vector cannot be set unti memory devices are connected to the Nios | processor

[Cancel || < Back | [Mext > | [ Finish |

Figure 1-15 Nios Il Processor

9. Click Finish to return to main window as shown in Figure 1-16.
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" Altera SOPC Builder

ﬁle Edit Module System View Tools Niesll Help

System Contents | System Generation|

Component Library Target Clock Settings

| g, x| Device Famity: Cyclone ME MName Source MHz

Foeeed W Component... -~

-Avalon Verification Suite il
-Bridges and Adapters

Debug Components
Digital Signal Processing Use Conn.. Name Description Clock Base End
Interface Protocols E cpu_0 Nios |l Processor [clk]
Legacy Components E instruction_master Avalon Memory Mapped Master clk_50
-Memories and Memory Contrg E data_master Avalon Memory Mapped Master [clk] IRQ O
-Merlin Components ftag_debug_module Avalon Memory Mapped Slave [clk] 0200000800 0000004
-Peripherals
PLL
‘Processor Additions
‘Processors
e
! i D < m | 3
[ New... ] | Edit... | [ b Add... ] | ¥ Remove | | R Edi.. | | = | | F | | v | | x | [ Address Map... ] ’ 5 Fiters... ] Filter: Default

7 To Do: cpu_0: No reset vector has been specified for this CPU. Please parameterize the CPU to resolve this issue
7 To Do: cpu_0: No exception vector has been specified for this CPU. Please parameterize the CPU to resclve this issue
/&, Warning: cpu_0: Reset vector and Exception vector cannot be set until memery devices are coennected to the Mios Il processor

[ Exit ] [ Help ] | 4 Prev H Next [ ] [ Generate ] I

Figure 1-16 Add Nios Il CPU completely

10. Choose cpu_0 and right-click then choose rename, after this, you can update cpu_0 to
cpu.See Figure 1-17 and Figure 1-18.
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File Edit Module Systerm View Tools Nios |l Help

System Contents | System Gen-eratinn|

t-Avalen Verification Suite il
H--Bridges and Adapters
H-Debug Components

Component Library Target Clock Seftings
| =y x| Device Family; Cyclone VE Name Source MHz
T New component._. ~
Library

£

£

£

[-Digital Signal Processing Use  Conn.. Name
[+-Interface Protocols

[#--Legacy Components
-Memeries and Memory Contrg| =
[#--Merlin Components
[#--Peripherals

E-PLL

[+-Processor Additions
[=-Precessors

e

518 -
4 1 3

—

(Mew.. ][ edt. | [ 4 add. | | [ 3 Remove | @

CJ To Do: cpu_0: No reset vector has been specifisd for this CPU.
CJ To Do: cpu_0: No exception vector has been specified for this C
/&, Warning: cpu_0: Reset vector and Exception vector cannot be g

Connections

Fitter

Rename

Remove

¥
EZ Edi..
&
X

Dietails
Show Arbitration Shares
] Lock Base Address

Expand All

B
[® Collapse Al
. Set Color...

Print...

o

Description

-

ped Slave

Ctrl+E
Ctrl+R

0x00000200 |0x000004

Address Map... ] ’ ? Fiters... ] Fiter: Default

EsUE
his izsue
¢ Nios || processor
H

Figure 1-17 Rename CPU name (1)
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1) Altera SOPC Builder - [ 5 e
IE Edit Module System View Tools Nios Il Help

System Contents. | System Generatiunl

Component Library Target Clock Settings

| g x| Device Family; Cyclone ME  » Name Source MHz

-~

Library
Avalon Verification Suite 7l
Bridges and Adapters
Debug Components

Digital Signal Processing Use  Conn.. Name Description Clock Baze End
nterface Protocols Nios Il Processor k]

Legacy Components E instruction_master Avalon Memory Mapped Master clk_50

Memories and Memory Contro = data_master Avalon Memory Mapped Master [elk] IRQ 0

Merlin Components ftag_debug_module Avalon Memory Mapped Slave [clk] 0x00000800 |0x000004
Peripherals

Processor Additions
Processors

4 (LI r

lll

[(Mew... ] [ Eai. | [ Zh Add... ] [ 3 Remove ] ’ £ Edit.. ] |E| |Z

m |

z| |E| [ Address WMap... ] ’ ? Fiters... ] Fitter: Default

7 To Do: cpu: No reset vector has been specified for this CPU. Please parameterize the CPU to resolve this issue
7 To Do: cpu: No exception vector has been specified for this CPU. Please parameterize the CPU to rescive this issue
/%, Warning: cpu: Reset vector and Exception vector cannot be =et until memory devices are connected to the Mios Il processor

(&t ] [Hew | | dpev [[ Mexth | [ Generate | |

Figure 1-18 Rename CPU Name (2)

11. Choose Library > Interface Protocols > Serial > JTAG UART to open wizard of adding JTAG
UART. See Figure 1-19 and Figure 1-20.
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File Edit Module System Wiew Tools Nic

System Contents | Syetem Generation |

Component Library T:

& b 4 De

= = =

E)-Interface Protocols
A5
--Ethernet
[#-High Speed
--Interla ken Us
[#F-PCI

501 B
E}--Serial

e @ Avalon-5T JTAC
@ Avalon-5T Seric
@ SPI(3 Wire Serii
UART (R5-232 ¢
[+-Legacy Components
[+--Memories and Memory Conti il
p

m

L. Marlin Marmnnnante

[LLJ 2

ey

&
&
o |

Figure 1-19 Add JTAG UART (1)
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- L ol i
1 ITAG UART - jtag_uart_0 e

JTAG UART
& attera_avalon_ttag_uart

[* Block Diagram

ftag_uart_0
clock B=clk ir = interrupl
reset =racet
avalon M=ayalon_jtag_slave

|~ Write FIFO (Data from Avalon to JTAG) |
'l Buffer depth (bytes): [gg |
IRQ threshold: a

|:| Construct uging registers instead of memory blocks

[* Read FIFO (Data from JTAG to Avalon) |
Buffer depth (bytes): (g4 -

IR.Q threshold: a

|:| Construct uging registers instead of memory blocks

[* simulated input character stream |
Caontents:

Cancel || Finish |

Figure 1-20 JTAG UART

12. Click Finish to close the wizard and return to the window as shown in Figure 1-21.
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File Edit Module System View Tools Niosll Help

System Contents | System Generation|

Component Library Target Clock Settings

Device Family: Cyclone WE =

Name

4 |

=

Source

él---lnterfa ce Protocols

MHz

Use Conn... Mame Description Clock
i H cpu Mios Il Processor [clk]
i instruction_master Avalon Memory Mapped Master clk_50
5 data_master Avalon Memory Mapped Master [elk]
Avalen-5T JTAL L, ;
| jtag_debug_module Avalon Memory Mapped Slave

Avalon-5T Serig
SPI (3 Wire Seri
UART (RS-232 ¢
t--Legacy Compenents

£
[#--Memories and Memory Conti
i
o
]

=2 jtag_uart_0

JTAG UART

avalon_jtag_slave Avalon Memory Mapped Slave

C..Marlin Carmnanante

< m

Base End

IRQ 0 I
000000800 |0x00000£4

0x00000000 |0x000000

’ # Remove ] ’ 3 Edit... ] E \z/ \E/ [ Address Map... ] ’ Y Fiters...

] Fitter: Default

CJ To Do: epu: Me reset vector has been specified for thiz CPU. Pleaze paramaterize the CPU to resolve this izsue
C7 To Do: cpu: Mo exception vector has been specified for this CPU. Please parameterize the CPU to resolve this issue
/%, Warning: cpu: Reset vector and Exception vector cannot be set until memory devices are connected to the Nios |l processor

[ Exit ] [ Help ] | 4 Prev H Next [» ] [ Gensrate

Figure 1-21 JTAG UART

13. Choose jtag_uart_0 and rename it to jtag_uart as shown in Figure 1-22.
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File Edit Module System View Tools Nios |l Help

System Contents | System Generation |

Component Librany Target Clock Settings

Y X Device Family:| Cycione ME Name Source MHz

[E-Interface Protocols i

Use  Conn.. Mame Description Clock Base End
= cpu Nios Il Processor [clk]
H cerial 5 instruction_master Avalon Memory Mapped Master clk_50
- Fna_ Avalon-ST JTAC 5 data_master Avalon Memory Mapped Master [clk] IRQ O i
| © Avalon- ‘ ftag_debug_module Avalon Memory Mapped Slave [clk] Dx00000800 |0x00000£3

o Avalon-ST Serig JTAG UART

- HEE U'RT . avalon_itag_slave Avalen Memory Mapped Slave clk_50 0x00000000 |0x000000
@ SPI(3 Wire Seri:

o UART (R5-232 ¢ |

[#l-Legacy Components
[#-Memories and Memory Conti

e
E
4

L. Marlin Camranante

J « | i | r

[(Hew... ] [ Eot. [ 4 Add... ] [ 3 Remove ] [ o Edit.. ] E v || x Address Map... | [ 7 Fiters... ] Fiter: Default

CJ To Do: cpu: Mo reset vector has been specified for this CPU. Please parameterize the CPU to resolve this issus
7 To Do: cpu: No exception vector has been specified for this CPU. Please parameterize the CPU to resolve this issue
/&, Warning: cpu: Reset vector and Exception vector cannot be set until memory devices are cennected to the Nios || processor

4 Prev ’ Next [» ] [ Generats ]

Figure 1-22 Rename JTAG UART

15. Choose Library > Memories and Memory Controllers > On-Chip > On-Chip Memory (RAM
or ROM) to open wizard of adding On-Chip memory. See Figure 1-23 and Figure 1-24.
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Component Library

Je

e

-Avalen Verification Suite
-Bridges and Adapters

-Debug Components

-Digital Signal Processing
-Interface Protocols

-Legacy Components

-Memories and Memory Controllers

[-External Memory Interfaces

=}-On-Chip

----- @ Awvalon-5T Dual Cleck FIFO

@ Avalon-ST Multi-Channel Shared Mem
- @ Awalon-5T Round Robin Scheduler

----- @ Avalon-5T Single Clock FIFO

.. @ On-Chip FIFO Memory

@ On-Chip Memory (RAM or ROM)

[F-SORAM

~Merlin Components
-Peripherals

-PLL

-Processor Additions
-Processors

m

-5LS
Wideo and Image Processing

] | b

1

Edit._ dh Add.

Figure 1-23 Add On-Chip Memory
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“ On-Chip Memory

(RAM or ROM)

Magotars altera_avalon_onchip_memory2

[* Block Diagram

onchip_memory2 0

clock W=clki
avalon =s
recet M=reset]
|"’ Memory type |
Type: 'RAM (Writablg) |
[] Duakport access
Single clock operation
Read During Write: Mode: DONT_CARE
Block type: | At
|"’ Size
Data width: T
Total memory size: 4095 bytes

Minimize memory block usage (may

impact fmax}

~ Read latency

Slave =1 Latency: 1

-

@ Info: onchip_memory2_0: Memory will be initialized from onchip_memoryZ_0.hex

Cancel || Finish |

Figure 1-24 On-Chip Memory Box

16. Modify Total memory size to 204800 as shown in Figure 1-25. Click Finish to return to the
window as in Figure 1-26.
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“ On-Chip Memory (RAM or ROM)

Magatars altera_avalon_onchip_memory2

[* Block Diagram

onchip_memory2 0
clock =ikl
avalon Be=s
! reset@=reset]
i
| |"’ Memory type
Type: RAM (Writable)
[| Dual-port access
[ Single clock operation
| Read During Write Mode: DONT_CARE
Block type: | At
|"’ Size
Data width: ET.
Total memory size: 20 4g|;||;|| bytes

Minimize memory block usage (may impact fmax)

[~ Read latency
Slave =1 Latency: 1 -

@ Info: onchip_memory2_0: Memory will be initialized from onchip_memoryZ_0.hex

Cancel ][ Finish ]

Figure 1-25 Update Total memory size
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1 Altera SOPC Builder = B S

File Edit Module System View Tools Miosll Help

System Contents | System Generation|

Component Library Target Clock Settings

&, ® Device Family| Cyclone VME  « Name Source MHz

[-Avalon Verification Suite  »
[#-Bridges and Adapters
[t-Debug Components
[#-Digital Signal Processing
[#-Interface Protocols .
[-Legacy Components Use  Conn.. MName Description Clock Base End IRQ  Tag|
[E)-Memories and Memory Conti| - B cpu Nios Il Processor [clk] I
External Memory Interfay T instruction_master Avalon Memory Mapped Master clk_50
On-Chip data_master Avalon Memory Mapped Master [clk] IRQ O IRQ 31
| i ® Avalon-ST Dual [T jtag_debug_module Avalon Memory Mapped Slave [clk] 0x00000800 |0x00000££E .
Avalon-5T Multi JTAG UART
Avalen-5T Rour avalon_jtag_slave Avalon Memory Mapped Slave clk_50 0x00000000 |0x00000007 -3
Avalon-5T Singl = onchip_memory2_0 0On-Chip Memory (RAM or ROM) [clk1]
On-Chip FIFQ M =1 Avalon Memory Mapped Slave clk_50 0x00002000 |0x00033££E
s
Ll m r O m T

(New.. ] [dt. | [ e Ada..] | [ X Remove || BEsk. | [=] [Adoressuap | [ P Fiters. | Fiter: Defaut

e Error: cpu.instruction_master: onchip_memory2_0.s1 cannot be at 0x2000 (0x0 or 0x40000 are acceptable)

Q Error: cpu.data_master: onchip_memory2_0.s1 cannot be at 0x2000 (0x0 or 0x£0000 are acceptable)

CJ To Do: cpu: Mo reset vector has been specified for this CPU. Please parameterize the CPU to resolve this issue

) To Do: cpu: No exception vector has been specified for this CPU. Please parameterize the CPU to resolve this issue
@ Info: onchip_memory2_0: Memory will be initialized from onchip_memory2_0.hex

[ Exit ] [ Help ] | 4 Prev |[ Next [» ] [ Generate ]

Figure 1-26 Add On-Chip memory Completely
17. Rename onchip_memory2_0 to onchip_memory2 as shown in Figure 1-27.
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1) Altera SOPC Builder =Rl

File Edit Module System View Tools Nios |l Help
System Contents | System Generation|
Component Library Target Clock Settings
A bo4 Device Family: Cyclone WE  « Name Source MHz
-Avalon Verification Suite  » Remove
-Bridges and Adapters
-Debug Components
-Digital Signal Processing
Interface Protocols i
Use Conn... Name Description Clock Base End RQ Tag
‘Legacy Components
emories and Memory Conti B8 cpu Mios Il Processor [cik]
External Memory Interfal instruction_master (Avalon Memory Mapped Master clk_50
on-Chip data_master Avalon Memory Mapped Master [clk] IRQ O IR 31
Avalon-ST Dual T ftag_debug_module Avalon Memory Mapped Slave [clk] 0x00000800 |0x00000£EE
Avalon-5T Muti Bl jtag_uart JTAG UART e
5 Avalen-ST Rour avalon_jtag_slave Avalon Memery Mapped Slave clk_50 0x00000000 |0x00000007 -E]
Avalon-ST Singl = onchip_memory2 On-Chip Memory (RAM or ROM)
On-Chip FIFO Ms — s Avalon Memory Mapped Slave clk_50 000002000 |0x00033£55
On-Chip Memo
SDRAM i
1 I b < 1 ] 3
[(Hew... ] [ ot [ b Add.. ] [ 3¢ Remove ] [ [ Edit.. ] v |[x Address Map... | [ F Fitters... ] Fitter: Default

Q Errer: cpu.instruction_master: onchip_memory2.s1 cannct be at 02000 (0x0 or 0x40000 are acceptable)
e Error: cpu.data_master: onchip_memory2.s1 cannet be at 02000 (0x0 or 0x40000 are acceptable)

CJ To Do: cpu: Mo reset vector has been specified for this CPU. Please parameterize the CPU to resolve this issue

CJ To Do: cpu: Mo exception vector has been specified for this CPU. Please parameterize the CPU to resolve this issue
@ Info: onchip_memory2: Memory will be initialized from onchip_memory2.hex

- 4 FPrev [ Next [» ] [ Generate

Figure 1-27 Rename On-Chip memory
18. Click cpu in the component list on the right part to edit the component. Update Reset vector
and Exception Vector as shown in Figure 1-28. Then click Finish to return to the window as
shown Figure 1-29.
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Migs I Processor - cpu

Nios II Processor

s and Memory Interfaces Advanced Features  » MMU and MPU Settings Jebug Mo stom Instructions
rCore Mios I
Select a Nios Il core:
ONios Ilfe ONios s |eNiosuF
|
A RISC RISC RISC
I Nios Il 32-bit 32 -bit 32-bit
| Selector Guide Instruction Cache Instruction Cache
I Family: Cyclone IV E Branch Prediction Branch Prediction
| Hardware Multiply Hardware Multiphy
fsysmem: 50.0 MHz Hardware Divide Hardware Divide
. Barrel Shifter
id: 0
epu Data Cache
Dynamic Branch Prediction
Performance at 0.0 MHz Up to 8 DNIPS Up to 32 DMIPS
Logic Usage §00-700 LEs 1200-1400 LEs 1400-1800 LEs
| Memery Usage Two M3Ks (or eguiv.} Two M8Ks + cache _
f|| Hardware Muttply: [Emhedded Muttipliers = ] Hardware Divide
I Rezet Wector: Memory: [un-::hip_rnernuryz - ] Offzet: |U!(U | 0x00002000
Il|' Exception Wector: Memory: [Dnchip_rnerru:hryZ - ] Offset: |gx20 | 0x00002020
|
I Include MMU
Only include the MMU when using an operating system that explicitly supports an MKLU
Fast TLB Miss Exception Vector: Memory: B | Offset: |DxD
Include MPU
[Cancel || < Back | [Next > | [Finish |

Figure 1-28 Update CPU settings
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1 atera SOPC Buiider O o=

File Edit Module System View Tools Nios |l Help

System Contents | System Generation|

Component Library Target Clock Settings

| 3, x| Device Family: Cyclone WME  » Name Source MHz

Dg New component...
Library
1] Awvalon Verification Suite
ridges and Adapters
ebug Compenents L Use Conn.. MName Description Clock Base End IRQ  Tag
igital Signal Processing =
terface Protocols

Nios Il Processor

c i instruction_master Awvalon Memory Mapped Master clk_50
egaq umzur:en Cont data_master Awvalon Memory Mapped Master [clk] IRQ O IR 31
Emories and Hemary Lont jtag_debug_module Awvalon Memory Mapped Slave [clk] 0200000800 (0x00000££E
External Memory Interfa: B jtag_uart ITAG UART el
0”'CF'DA 5T Dual avalon_jtag_slave Avalon Memory Mapped Slave clk_50 0x00000000 (0x00000007 —1]
: A""’I"”'ST M”;_ B onchip_memory2 On-Chip Memory (RAM or ROM) [k
ekl s1 Avalon Memory Mapped Slave clk_50 0x00002000 |0x00033££5
Avalon-5T Rour
Avalon-ST Singl
H Mna Chin FIEM W kv
1 L b < i | 3
[Mew. ] [edt. | [ 4k A | | [ € Remove | [ 3 Eqt.. | =] [Adaressmap.. | [ 7 Fiters.. | Fiter: Defaut

e Errer: cpu.instruction_master: onchip_memory2.s1 cannct be at 0x2000 (0x0 or 0x40000 are acceptable)
0 Error: cpu.data_master: onchip_memory2.81 cannot be at 0x2000 (0x0 or 0x40000 are acceptable)
@ Info: onchip_memory2: Memery will be intialized from enchip_memory2.hex

[ Exit ] [ Help ] | 4 Prev |[ Next [ ] [ Generate ]

Figure 1-29 Update CPU settings Completely

19. Choose Library > Peripherals > Microcontroller Peripherals >PIO (Parallel 1/0) to open
wizard of adding PIO. See Figure 1-30 and Figure 1-31.
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Component Library

t|-Bridges and Adapters

Debug Components
-Digital Signal Processing
Interface Protocols
‘Legacy Components
WMemories and Memory Controllers
t]-ierlin Components
: -Peripherals
-- Debug and Performance
--Displa'_.r
[#-FPGA Peripherals
El--r.'licrncuntruller Peripherals
: ----- @ Interval Timer

N IO (Parallel VD)

-- Multiprecessor Coordination

[
]

H--PLL
| n | *

m

Edit..

Jh Add...

Figure 1-30 Add PIO
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4 PIC (Parallel [/O - pio_|

PIO (Parallel I/O
E". artera_a(valunjiu )

[* Block Diagram I=

FPGA Lego Ecar Tutorial

pin_0

clock B=clk
reset =roaset
avalon =g
conduit = external_connection

m

[~ Basic Settings |

i 1208

Direction: & Bidir

i Input

(™) InOut

i@ Output

Output Port Reset Value: | gx0000000000000000

|~ Output Register |
fl  [C] Enable individual bit setting/clearing |

[* Edge capture register

Synchronoushy capture

| ——— |

| cancel || Finish |

Figure 1-31 Add PIO

20. Click Finish to close PIO box and return to the window as shown in Figure 1-32.
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b )

File Edit Module System View Tools Nios |l Help

System Contents | System Generation|

4 LIS 3

Compenent Library Target Clock Settings
| & x| Device Famiry: Name Source MHz
[+-Bridges and Adapters s
[#-Debug Components
[#-Digital Signal Processing
[#-Interface Protocols
g:ll:lzgr:::eznan;?;::'lt;y Controllers Use Conn.. HName Description Clock Basze End IR
[#--Merlin Components Nios Il Processor ]
[)-Peripherals L instruction_master Avalon Memory Mapped Master clk_50
Debug and Performance T data_master Avalon Memory Mapped Master [clk] IRQ O IRQ 31
Display jtag_debug_module Avalon Memory Mapped Slave [clk] 0x00000800 |0x00000££E
FPGA Peripherals = jftag_uart JTAG UART [clk]
E-Microcentroller Peripherals avalon_jtag_slave Avalon Memory Mapped Slave clk_50 0x00000000 |0x00000007 P
@ Interval Timer [ onchip_memory2 On-Chip Memory (RAM or ROM) [clk1]
=1 Avalon Memory Mapped Slave clk_50 0x00002000 (0x00033££E
-Multiprocessor Coordination B pio_0 PIO (Parallel VO) [elk]
[-PLL - =1 Avalon Memory Mapped Slave clk_50 0x00000010 (0x0000001E

< I

] 3

[(ew... ] [ eat... | [ dh Add... ]

[ # Remove ] [ B Edit ] IEI EI E [ Address Map... ] [  Fiters...

] Filter: Default

0 Error: cpu.instruction_master: onchip_memory2.s1 cannot be at 0x2000 (0x0 or 0x40000 are acceptable)
0 Error: cpu.data_master: onchip_memory2.s1 cannct be at 02000 (0x0 or 0x£0000 are acceptable)
@ Info: onchip_memory2: Memery wil be inttialized frem onchip_memery2.hex

[ Exit ] [ -Help ] | 4 Prev H Next [ ] [ Generate

Figure 1-32 PIO
21. Rename pio_0 to pio_led as shown in Figure 1-33.

|
Altra SOPC Builder s |
4 Altera uilder -

File Edit Module System View Tools Nios |l Help

System Contents | system Generation|

Component Library Target Clock Settings
| &, x| Device Family: Cyclone WE  « Name Source MHz
[+-Bridges and Adapters s
[#-Debug Components
[#-Digital Signal Processing
[#-Interface Protocols
[#-Legacy Components -
u Conn... N D Clock B End RO
[#-Memories and Memory Controllers =€ enn ame Escrotion o ase n
(- Merlin Compenents E cpu Nios Il Processor [clk]
[=)-Peripherals L instruction_master Avalon Memory Mapped Master clk_50
Debug and Performance 1 data_master Avalon Memory Mapped Master [clk] IRQ O IRQ 31
| Display f jtag_debug_module Avalon Memory Mapped Slave [clk] 0x00000800 |0x00000E£E
FPGA Peripherals = jtag_uart JTAG UART [clk]
E-Microcontroller Peripherals avalon_jtag_slave Avalon Memory Mapped Slave clk_50 0x00000000 |0:00000007 F—0
@ Interval Timer E onchip_memory2 On-Chip Memery (RAM or ROM) [clk1]
i =1 Avalon Memory Mapped Slave clk_50 0x00002000 |[0x00033££E
= pio_led PIC (Parallel 'O) clk]
[-PLL - =1 Avalon Memory Mapped Slave clk_50 0x00000010 [0x0000001%
] m 3 o I | 3
[(new...] ot | [ Aga. | | [ %€ Remove | B3 ear. | E] E] v |[=| [Agoressmwap.]| [ rFwers.. | Fiter: eraut

IE’ Error: cpu.instruction_master: onchip_memory2.s1 cannot be at 0x2000 (0x0 or 0x40000 are acceptable)
Q Error: cpu.data_master: onchip_memory2.s1 cannot be at 0x2000 (0x0 or 0x£0000 are acceptabls)
(@ Info: onchip_memory2: Memery will be inttialized from enchip_memory2.hex

[ Exit ] [ Help ] | 4 Prev |[ Mext [ ] [ Generate
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Figure 1-33 Rename PIO
22. Choose Library > Interface Protocols> Serial >UART to open wizard of adding PIO. See Figure
1-34 and Figure 1-35.

Component Library
4 x
EI---In_terfﬂ ce Protocols -
A5

-- Ethernet

[#-High Speed

-- Interlaken =
#-PCl
501
=2 Seril

m

i Avalon-5T JTAG Interface
»  Avalen-5T Serial Peripheral
o JTAG UART

@ 5Pl (3 Wire Serial) |4
[+-Legacy Components

[#-Memories and Memory Controllers

[3

‘

+-Merlin Components
[ m | b

Edit._ g Add..

Figure 1-34 Add UART
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" w
T UART (R5-232 Serial Port) - uarc 0 —"'

UART (RS-232 Serial Port
E artera_axralc':(n_uart )

|"’ Block Diagram

uart_0
clock Bk ire = interrip
reset®=reset

avalon =s

conduit™=external_connection

m

|"’ Basic settings

Parity: None - | k
Data bits: . i
Stop bits: 1 i

-

Synchronizer stages: (2 . |
[] Include CTS/IRTS

lI [ Include end-of-packet

|~ Baud rate |
Baud rate (bps}: 115200 | |
Baud error: 0.01

Fixed baud rate

Cancel ][ Finish ]

Figure 1-35 Add UART

23. Click Finish to close UART box and return to the window as shown in Figure 1-36.
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T Altera SOPC Builcler N |
T — —— -

File Edit Module System View Tools Nios Il Help

System Contents | system Generation|

Component Library Target Clock Settings
| A4 x| Device Family) Cyclone WE Name Source WMHz
[=-Interface Protocols -
Ethernet
High Speed
Interlaken
Use Conn... Name Description Clock Base End
MESU UCLIUN_ITRISLET (AVDIUI METNUTY Mappey masier LIK_2U L
¥ data_master Avalon Memory Mapped Master [clk] IRC O IR0
= ¥ jtag_debug_module Avalon Memory Mapped Slave [clk] 0x00000800 |0x00000EEE
| Avalen-5T JTA.G Inte.rface B jtag_uart ITAG UART [ck]
Awvalon-ST Serial Peripheral avalon_jtag_slave Avalon Memory Mapped Slave clk_50 0x00000000 |0x00000007
JTAGUART B onchip_memory2 On-Chip Memory (RAM or ROM) [ek1]
SPI (3 Wire Serial) 3 =1 Avalon Memory Mapped Slave clk_50 0x00002000 |0x00033555 |5
= pio_led PIO (Parallel 'O} [clk]
=8 Legac}f Components Awvalon Memory Mapped Slave ¢_| {' 0x00000010 Ox
[#l-Memories and Memory Controllers B uart_0 UART (RS-232 Serial Port) [k
E:'" Meriin C”""p":r"'e"'"‘ : ~ =1 Avalon Memory Mapped Slave clk_50 0x00000020 |0x0000003E  ~
< I ] 3

IE [ gk Add... ] [ J Remove ] [ EEdrt... ] E] E] E [ Address Map... ] [ ? Fitters.. ] Filter: Default

Q Errer: cpu.instruction_master: onchip_memory2.s1 cannot be at 0x2000 (0=0 or 0x£0000 are acceptable)
Q Error: cpu.data_master: onchip_memory2.81 cannot be at 0x2000 (0x0 or 0x40000 are acceptable)
@ Info: onchip_memory2: Memory will be initialized from onchip_memeory2.hex

[ Exit ] [ Help ] | 4 Prev |[ Next [ ] [ Generate

[ — e - =

Figure 1-36 UART
24. Rename uart_0 to uart_wifi as shown in Figure 1-37.
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T8 Attera SOPC Buitcier Y o= |
T — . —

File Edit Module System View Tools Nios Il Help

System Contents | system Generation|

Component Library Target Clock Settings.
| cy x| Device Family, Cyclone WE Name Source WMHz
[=-Interface Protocols -
Use  Conn Name Description Clock Baze End I
MESL UCLIUN_ITRISLET (AVDIUT METNUTY Mapped masien CIK_ou L
¥ ) data_master Avalon Memory Mapped Master [clk] IRG O Ing
=} Serial E P jtag_debug_module Avalon Memory Mapped Slave [ch] 0x0D0000800 |0x00000552
[ [ @ Avalon-ST JTA.G Inte.rface B jtag_uart ITAG UART [clk]
""" @ Avalen-ST Serial Peripheral avalon_jtag_slave Avalon Memory Mapped Slave clk_50 0x00000000 |0x00000007
""" @ JTAG UART Bl onchip_memory2 On-Chip Memery (RAM or ROM) [elk1]
r s1 Avalon Memory Mapped Slave clk_50 0x00002000 |0x00033££E |&
B pio_led PIO (Parallel O} [clk]
[#-Legacy Components 51 Avalon Memery Mapped Slave clk_50 0x00000010 |0x0000001%
[#-Memories and Memory Controllers ART ( rial Port)
E:' Merlin c”"“P":r“e“ts ; ~ 51 Avalon Memory Mapped Slave clk_50 0x00000020 |0x0000003E =
< i ] b

IE [ gk Add... ] [ £ Remove ] [ Edit... ] E] E] Izl Izl [ Address Map... ] [ ? Fiters... ] Filter: Default

0 Errer: cpu.instruction_master: onchip_memory2.s1 cannot be at 0x2000 (0x0 or 0x£0000 are acceptable)

0 Error: cpu.data_master: onchip_memory2.e1 cannot be at 0x2000 (0«0 or 0x40000 are acceptable)
@ Info: onchip_memory2: Memory will be initialized from onchip_memeory2.hex

[ Exit ] [ Help ] | 4 Frev |[ Next [» I [ Generate ]

Figure 1-37 Rename l]ART

25. Choose the Add button to add a new component in our case pwm_gen.
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Component Library

4 X
Project o

g 1V component. | E
Library

-Axvalon Verification Suite
-Bridges and Adapters
-Debug Components
-Digital Signal Processing
-Interface Protocols
-Legacy Components
-Memories and Memory Controllers
~Merlin Components
-Peripherals

-PLL

-Processor Additions
-Proceszorz

-5LS

m

1

TUT
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Target
Device Famir'_.r:: Cyclone W E

-Wideo and Image Processing

Use Conn... MName
NSL UL

data_r
fag_d

= jtag_ua
avalor

= onchip
21

[E pio_lec
21

= uart
=1

g
[ Il

<
[

=l
[

<]

* |

Edit... [ 4h Add... ]

’ # Remove ] ’ 3 Edit...

X - { Add a new instance to the system
a Error: cpu.instruction_master: onchlp_ ; {

a Error: cpu.data_master: onchip_memory2.s1 cannot be at 0=2000 (0x0 or !

@ Info: onchip_memory2: Memory will be intialized from enchip_memory2.hex

Figure 1-38 Add pwm_gen
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. : i ————————— . .
1 Compenent Editor - new_component_hw.tcl u

- _—_—
I File Templates

{ Introduction || HDL File.sl Signalsl Interfacasl HOL Paramet&rsl Library Infu|

Introduction

The component editer is a tool for creating and medifying /P components. You can start with an existing Verilog or
WHODL design block, and the compenent editer helps vou create an IP component for that block. Alernativehy, vou can
use the component editor to manually define the interfaces to custom logic. 1

The gutput of the component editer is a file with name ending _hw.tcl. Fer an input HDL file named filename.v or
filename.vhd, the component editor saves a cemponent file named filename_hw.tcl in the directory where the
source HOL file is located.

Te make your compenent appear in the component library, cenfigure the IP Search Path te include the path to the
*_hw.tcl file. To use vour component in other projects or to share vour coemponent with other designers, a good
practice is to move all HDL source files and the *_hw.tcl file into a separate directory and store it in a central location.
%ou can also include supporting files, such as software drivers and simulation files, in the same directory.

“ou can provide software driver files for your component hardware. If you will use yvour companent in Nies Il 1]
processor systems, you will likehy need to create a software driver to integrate into the Nios Il beard suppert package ]
(BSP). |

|Al:|c| a new instance to the system

@ Info: Instances of this component will export reversed-direction =zignals to connect to external modules. Template HOL for the compenent can
&, Warning: The component has no signals.

i,

4 I I

' 4 Prev [ Next ] [ Finish.. |

Figure 1-39 Component Editor: Introduction [page 1 of 6]
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4 Component Editer - new_component_hw.tcl® | 2 | F

I[ Fie Templates | —

Introduction| HOL F"35| Signalsl Interfaces.l HOL Parameters | Library Info

b About HDL Files ‘

[ A Open ﬂ1

File Mame - =
Lookin: | || Legn Ecar = FE ] = ]
HOL Files: 3 I \J .sopc_builder
|-‘;} W db
Recent Items W Images
. pwm_gen.vhd I
Create HD||| |
Desktop

Top Level Module: | (No anaryza{ 1

- ]
. |
E
My Documents I
A |
- I
Computer
@ File name: pwm_gen.vhd
Network  Fies oftype:  [WDL Fies v

9 Error; avalon_slave_0: Cannet have both write and writebyteenable (only cne iz allowed)
/o, Warning: avalon_slave_0: Master has no read or write interface F—
/o, Warning: avalon_slave_0: Has write but nc writedata signal

/0, Warning: avalon_slave_0: Slave with beginbursttransfer alsc needs burstcount for burst transfers

@ Infe: Instances of this compenent will export reversed-direction signals to connect to external modules. Template HOL for the compenent can

4 | 1 | b
Figure 1-40 Component Editor: HDL Files [page 2 of 6]
26. Choose the Add button to add a hdl file in our case pwm_gen.vhd

pwm_gen.vhd : vhdl module which implements the function of pwm generation. Its interface to
Nios Il is Avalon compatible.
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4 Component Editor - pwm_gen_hw.tcl* | 24 |
ITFiIe Templates
introduction | HOL Files | Signals | Interfaces | HOL Parameters | Library info
¥ About HDL Files
File Name: Synth Sim Top
pwm_gen.vhd | | | J
HOL Files:
o

1 Analyzing pwm_genwvhd Completed

o

Info: Infe: Command: guartus_map net_a_project —generate_hdlinterface=C./Users/Karan/Deskiop/Lego
Info: Info: Quartus Il Generate HOL Interface was successful. 0 errors, 0 warnings

T ADTEETTIETIL OT ULMET dppnCdime ICETREE dOTESTITETIL, TTTTOOT,

Info:  Info: without imitation, that vour use is for the 2ole purpose of

Info:  Info: pregramming logic devices manufactured by Aftera and sold by
Top Level Mod | Info:  Info: Attera or itz autherized distributors. Please refer to the

Info:  Info: applicable agreement for further details.

Info:  Info: Processing started: Wed Jan 30 11:28:02 2013

Info:  Info: Peak virtual memory: 258 megabytes

Info:  Info: Processing ended: Wed Jan 30 11:28:04 2013
Info:  Info: Elapsed time: 00:00:02

Info:  Info: Tetal CPU time (on all precegsors): 00:00:01
| 1 |

m

4

@ Analyzing pwm_gen.vhd Completed. 0 Errors, 0 Warnings

9 Error; avalon_slave_0: Cannet have both write and writebyteenable (only one iz allowed)
/0, Warning: avalon_slave_0: Master has no read or write interface
/0, Warning: avalon_slave_0: Has write but no writedata signal

/0, Warning: avalon_slave_0: Slave with beginbursttransfer also nesds burstcount for burst transfers

[(hep | | d prev || nexth |

| Finish... |

Figure 1-41 Component Editor: HDL Files [page 2 of 6]
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1) Component Editor - en_hw.tc E
. - .._g —_ L
File Templates
| Introguction | HDL Files | Signals | interfaces | HOL Parameters | Library info
b About Signals

Name: | Interface | Signal Type Width Direction

csi_|_clk | clk 1 input 1

csi_l_rst clock_reset reset_n 1 input

avs_address avalon_slave_0 address 3 input

avs_write avalon_slave_0 write 1 input

avs_|_cs avalon_slave_0 chipselect 1 input

avs_|_wr_data avalon_slave 0 writedata 32 input \

coe_0_pwmi1 conduit_end_0 export 1 output 1]

coe_0_pwm2 conduit_end_0 export 1 output \
1
| ]
1
1
1]
1]
|

Add Signal Remowve Signal
@ Info: Mo errors or warnings. 1
[ Hep | [ 4 Prev ] [ Next ] [ Finish... |

Figure 1-42 Com‘;')onen"t Editt;r: Sié;\als [p“age 3"of 6] i

27. Please check the signal type as it might not be correct initially. Change it to
make it exactly as shown in the above figure.
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-
1 Component Editor - pwm_gen, hw.'l'cl — E
f .'g — o —
|File | Templates
| introduction | HOL Files | Signals| Interfaces | HDL Parameters | Library Info
F  About Interfaces
-~
|"’ Write Waveforms |
I
clk
write
chipselect
address >'< A >< |
[ ]
writedata Ko X i
]
|b Deprecated
[ ]
~ = "gonduit_end_0" (Conduit) 1
]
|
MName: |cundu'rt_&nd_ﬂ | Documentation i
Type: [Cunduit - ] N
| |
|" Block Diagram |
conduit_end_0 2
exportSHooe_ O pwml [1] N
exportcoe_0_pwm2 [1]

i
Add Interface Remove Interfaces With No Signals
@ Info: No errors or warnings. i
| B i
[ Hep | [ 4 Prev ] | Next p | [ Finish. |
= ]

Figure 1-43 Component Editor: Interfaces [page 4 of 6]
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1] Component Editor - pwm_gen_hw.tc u
e __g — o
File Templates
| Introguction | HOL Files | Signals | interfaces | HDL Parameters | Liprary Info
b About HDL Parameters
Name Default Value Edita... Type Group Tooltip |
Parameters: (Mo top level Verilog™HDL parameters)
|
N
\
| Add Parameter | | Remove Parameter \
|
| Preview the GUL. | :
|
]
|
|
@ Info: Mo errors or warnings. I
| |
1
Ill l Help ] 4 Prev | Mext [ | [ Finizh... ]

"N I

Figure 1-44 Component Editor: HDL Parameters [page 5 of 6]
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S

L t Editor - b tc
F‘H T

e
File Templates
[ Introduction | HOL Files | Signals | Interfaces | HDL Parameters | Library info |
b About Library Info
|" Parameters
Mame: ||Jwrn_g&n | I
Dizplay name: |new_|:|:l mpenent |
Wersion: |1.D |
Group: | - | 1
Description: | | ||
Created by: | | :
Icon: | | [ |
Documentation: Tile URL :
|
L
(-]
1
| |
|
@ Info: Mo errors or warnings. l
[ ]

L [ He | [ d prev || wetp | [ Finisn. | I

Figure 1-45 Component Editor: Library Info [page 6 of 6]

28. Click Finish and you will find the pwm_gen component in the Library as shown below.
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-
B Altera SOPC Builder
— —— —

File Edit Module System View Tools Nios |l Help

System Contents | System Generation|

Component Library Target Clock Settings
|_‘k x| Device Famiry: Name Source WMHz
P_rojec‘t i Y ‘m|
: g New component.... = S——
Library
[-Avalon Verification Suite
[#-Bridges and Adapters Use  Conn.. Name Description Clock Base End
MESU UCLIUN_ITRISLET (AVDIUI METNUTY Mappey masier LIK_2U
8 g;?tilgsci:rl?l::?:ssing data_master Avalon Memory Mapped Master [clk] IRQ O IBQ 0
@-Interface Protocols = B ) ftag_debug_module Avalon Memory Mapped Slave [clk] 0x00000800 |0Ox00000EEE
Ul | @-Legacy components B jtag_uart ITAG UART ek
[-Memories and Memory Controllers aval_nn_nag_slave AVE|DI'! Memory Mapped Slave clk_50 0x00000000 |0x00000007
[-Merlin Components B onchip_memory2 On-Chip Memory (RANM or ROM) [clk1] _
E-Peripherals - =1 Avalon Memory Mapped Slave clk_50 0x00002000 |0x00033££E |
[-PLL = pio_led IO (Parallel 'O} [clk]
[-Processor Additions =1 Avalon Memory Mapped Slave clk_50 0x00000010 |0x0000001E
-Processors — UART (RS-232 Serial Port)
&-SLS il [ =1 Avalon Memory Mapped Slave clk_50 | 0x00000020 |0x0000003E ~
4 mn o

[ dh Add... ] [ 3¢ Remove ] [ (3 Edt... ] E]

Ia Errer: cpu.instruction_master: onchip_memory2.s1 cannot be at 0x2000 (0=0 or 0x£0000 are acceptable)
Q Error: cpu.data_master: onchip_memory2.s1 cannot be at 0x2000 (0x0 or 0x£0000 are acceptable)
@ Info: onchip_memory2: Memory will be initialized from cnchip_memory2.hex

z| |E| [ Address map... | [ 5 Fiters.. ] Fiter: Defautt

[ Exit ] [ Help ] | 4 pPrev |[ Next [ ] [ Generate ]

Figure 1-46 Add pwm_gen
29. Click Finish to close pwm_gen box and return to the window as shown in Figure 1-47.
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-
| = | =@T™="
File Edit Module System View Tools Nios |l Help
System Contents | System Generatmn|
Component Library Target Coekielinrs
| 2, x| Device Family:) Cyclone WE Name Source MHz
Project - A 0.0
: g New compongnt... B pwm_gen - pwm_gen_0
Library
. “ pwm_gen
[#-Avalon Verification Suite =
MogeCors®  PWM_gEN ocumentation
[#-Bridges and Adapters Uﬁ:“gt Base End
&-Debug Components |~ Block Diagram Il el = | ©
[#]-Digital Signal Processing
- [clk] 0x00000800 (0x00000£EE
[#--Interface Protocols =i pwm_gen_0 [ch]
; ---Legaqtnmpnnents Cloc clk_50 0:00000000 [0x00000007
[#-Memories and Memory Controllers reset B=clock_reset I elk] =
fin C: ts T
&-Merin Compornien avalon ®=avalon_slave_0 | clk_50 0x00002000 |0x00033£55
(-Peripherals conduit ™=conduil_snd_0 [ch]
[-PLL
-Processor Additions I clk_50 0x00000010 |0x0000001E
[-Processors bl
[ clk_50 0x000000Z0 |0x0000003f -
518 -
I 3
| - | jiap.. Filter: Defautt
e Error: cpu.instruction_master: onchip_memory2.s1 cann
e Error: cpu.data_master: onchip_memory2.s1 cannot be at 0x2000 (0x0 or 0x40000 are acceptable)
@ Info: onchip_memory2: Memory wil be initialized from enchip_memory2.hex
[ Exit ] [ Help ] | 4 Prev | ’ Next [ ] [ Generate ]
\
Figure 1-47 Add pwm_gen
1) Altera SOPC Builder L= | B |
— — — -
File Edit Module System View Tools Niosll Help
System Contents | Syatem Generatiun|
Component Library Target ErEiEsivgs
| A4 x| Device Family) Cyclone WE Name Source MHz
P_rojec‘l n External
LIl New component... =
Library
[-Avalon Verification Suite
[#-Bridges and Adapters Use Conn... Name Description Clock Base End
JlEy_usuuy_nuuue (AVDIUNT WS Y Mdpped SEve =LY UXUuUUUuUSUY |UHUUUUULTT
el e :
Ej---lntgerfacegPrntncnls 9 = avalon_jtag_slave Avalon Memory Mapped Slave clk_50 0x00000000 |[0x00000007
| [-Legacy Components E onchip_memory2 On-Chip Memory (RAM or ROM) [elk1]
° cy " - s1 Awvalon Memory Mapped Slave clk_50 Ox00002000 |[0x00033EEE
[#-Memories and Memory Controllers .
-Merin Components = pio_led FIO (Parallel 'O} [clk]
E]---Fl‘eri heralsp =1 [Avalon Memory Mapped Slave clk_50 0x00000010 |0x0000001% |
D___PLLD B uart_wifi UART (RS-232 Serial Port) [clk]
£ Processor Additions =1 emnry Mapped Slave clk_50 000000020 |0x0000003£
g::rl_nscessnrs avalon_slave_0 Avalon Memory Mapped Slave clk_50 0x00000040 |0x00000055 =
bl | i | 3
[ b Add... ] [ 3 Remove ] l B3 Edit... ] E] v H x | [Ad:lress Map... ] [ 7 Fiters... ] Fitter: Default
Ia Error: cpu.instruction_master: onchip_memory2.s1 cannot be at 0x2000 (0x0 or 0x40000 are acceptabls)
3 Error: cpu.data_master: onchip_memory2.s1 cannot be at 0x2000 (0x0 or 0x40000 are acceptable)
@ Info: onchip_memory2: Memory wil be inttialized from onchip_memory2 hex
[ Exit ] [ Help ] | 4 Prev | [ Next [ ] [ Generate

Figure 1-48 pwm_gen
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30. Choose System > Auto-Assign Base Addresses as shown in Figure 1-48. After that, you will
find that there is no error in the message window as shown in Figure 1-49.

4 Altera SOPC Builder | 53 .

File Edit Module sttem View Tools Nies Il Help

System Contents Aszsign Base Addresses
Compenent Librai Assign Interrupt Numbers Target Clock Settings
a Insert Avalon-ST Adapters oo Family;| Cyclone ME  w Name Source MHz
Project ~
[ New component... —
Library
[-Avalon Verification Suite
[#-Bridges and Adapters Use Conn.. Name Description Clock Base End
Jldy_usuuy_muuue (ANDIUI METNUTY Mapped Skve LK) UXUUUUuUEUY |UHUUUUULTT
e 5 oo :
& --IntgerfacegPrntncnls g = avalon_jtag_slave Avalon Memory Mapped Slave clk_50 0x00000000 |0x00000007
B}-Legacy Components E onchip_memory2 On-Chip Memory (RAM or ROM) [clk1]
gacy P r s1 Avalon Memory Mapped Slave clk_50 0x00002000 |0x00033££E
[#-Memories and Memory Controllers o pio_led PIO (Paraliel 10) 1]
g::;l:rrihl:;nl;pnnents 51 Avalon Memory Mapped Slave clk_50 0x00000010 [0x00000015 |=
D__PLLD B uart_wifi UART (RS-232 Serial Port) el
1 Avalon M W ed S Ik_50 0x00000020 (0x0000003F
[#-Processor Additions = LT LA LT e [l = x
Py TH
gusrl_nscessnrs avalon_slave_0 Avalon Memory Mapped Slave clk_50 0x00000040 |0x0000005% =
i < 1 ] 3
[ gk Add... ] l 3 Remove ] [ @ Edit... ] v X Address Map... ] [ ? Filters.. ] Fitter: Default

Q Error: pwm_gen: Can't have same name ag its top level hdl medule

e Error: cpu.instruction_master: onchip_memory2.s1 cannct be at 02000 (0=0 or 0x£0000 are acceptable)
e Errer: cpu.data_master: onchip_memory2.s1 cannot be at 0x2000 (0x0 or 0x£0000 are acceptable)

@ Info: oenchip_memeory2: Memory wil be initialized from onchip_memeory2.hex

- - Bl
4 Altera SOPC Builder == g

File Edit Module System View Tools MNios Il Help
System Contents | System Generatiun|
Component Library Target Clock Settings
& b 4 Device Family: Name Source MHz
Project - Remove
Il New component... —
Library
[-Avalon Verification Suite
[-Bridges and Adapters Use  Conn.. Name Description Clock Base End
[-Debug Components E cpu Nios Il Processor [clk] -
[#-Digital Signal Processing instruction_master [Avalon Memory Mapped Master clk_50
[-Interface Protocols E data_master Avalon Memory Mapped Master [cid IRG O IRG
[#-Legacy Components jtag_debug_module (Avalon Memory Mapped Slave [clk 0x00080800 |0x00080£EE |
[#-Memories and Memery Controllers = jtag_uart JTAG UART [clk] =
[#-Merlin Components avalon_jtag_slave Avalon Memory Mapped Slave clk_50 0x00081050 |0x00081057
[+-Peripherals O onchip_memory2 0On-Chip Memory (RAM or ROM) [clk1]
[H-PLL =1 Avalon Memory Mapped Slave clk_50 0x00040000 |0x000T1££E
[#-Processor Additions B pio_led PIO (Parallel 'O} [clk]
[+-Processors P =1 (Awalon Memory Mapped Slave clk_50 0:x00081040 |[0x00051045
E -SLE - "T‘ M nart awifi 1ADT /D2 327 Carial Dartt Tl | .
(4 Ada| | [[X Remove | [EFEar. | v |[x Address Map.. | | 7 Fiters.. | Fiter: Defaut

@ Info: onchip_memory2: Memory will be intialized from enchip_memory2.hex

4 Prev [ Next [ ] [ Generate ]
Figure 1-49 No errors or warnings
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31. Click Generate and then pop a window as shown in Figure 1-50. Click Save and the
generation start. If there is no error in the generation, the window will show successful as
shown in Figure 1-51.

5 Alters SOPC Builder (===
File Edit Module System View Tools Nios il Help
System Contents | System Gen eratinn|
Component Library J W Save
1 S
_ - - -
P_rojec‘l Save in: [ |. Lego_Ecar ] _" = o
Dg New component... |J sopc_buider
Library J_-' =) .
----- <% |k
[-Avalon Verification Suite Recent Items b mages
[+-Bridges and Adapters i End
[#-Debug Components . -
[#-Digital Signal Processing -
[#-Interface Protocols Desktap IRQ O IR0
[-Legacy Components x00080800 (0x00080£EE |
[#-Memories and Memery Centrollef: _ 5
[#-Merlin Components [1 0x00081050 |[0x00081057
[#]-Peripherals ~ J
M-PLL My Documents 00040000 (000071555
[#-Processor Additions
[4-Processors ! | 0x00081040 |0x0008104F
H-5LS - 3
Computer i
Edt... | Filter: Defautt
%I File name: |Leg0 Ec:arl | [ Save ]
@ Infe: onchip_memory2: Memory =
Metwark - . - -
Files of type: | SOPC Builder System Files (*.sopc) -] Cancel
oo [oeeh ] [Coomeme ]

Figure 1-50 Generate SOPC
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44 Altera SOPC Builder - Lego_Ecar.sopc® (Ch\Users\Karan'Desktopilego_Ecar\lego_Ecar.sopc)

File Edit Module System View Tools HNios |l Help

System Contents | System Generation |

Options
System module logic will be created in Verilog.

Simulation. Create project simulator files. Run Simulator

Nios | Tools

[ Nios Il Software Build Tools for Eclipse ]

T T T U T T G OO T OGS S T IO
#2013.01.30 12:01:09 (*) Generating Quartus symbol for top level: Lego_Ecar_SOPC
#2013.01.30 12:01:08 (%) Generating Symbol C:/Users/Karan/Desktop/Lego_Ecar/Lego_Ecar_SOPC.bsf
#2013.01.30 12:01:0% (*) Creating command-line system-generation script: C:/Users/Karan/Desktop/Lego_Ecar/Lego_Ecar_SOPC_generation_script
#2013.01.30 12:01:0% (*) Running setup for HDL simulater: modelsim
#2013.01.30 12:01:10 (*) Completed generation for system: Lego_Ecar_SOPC.
#2013.01.30 12:01:10 (*) THE FOLLOWING S STEM ITEMS HAWE BEEN GENERATED:
SOPC Builder database : C:/Users/Karan/Desktop/Lego_Ecar/Lege_Ecar_SOPC.ptf
System HOL Model : C:/Users/Karan/Desktop/Lege_Ecar/Lege_Ecar_SOPC.v
System Generation Script : C:/Users/Karan/Desktop/lLego_Ecar/Lego_Ecar_SOPC_generation_script
#2013.01.30 12:01:10 (*) SUCCESS: SY'STEM GENERATION COMPLETED. E

@ Info: System generation was successful.

4 I 3

@ Info: onchip_memory2: Memory will be inttialized from onchip_memory2.hex ’“

[eit | [nep | [ dpev |[ net b | [ cenerate |

Figure 1-51 Generate SOPC Complete
32. Click Exit to exit the SOPC Builder and return to the window as shown in Figure 1-52.

@ Quartus I - Cy/Users/Karan/ Deskiap/Lega. Ecar/Lega_ Ecar - Lego E
Fle Edit View Project Assignments Processing Tooks Window Hep &

DESH@ S $BR v o (o HY VG T rY D S8 L 0@

Project Navigator 8 x
Entity / New
Cyclone IV E: EP4CE115F29C7 ) Download Subscription Edition Free 30-Day Trial

Lego Ecar .

%y Hierarchy ‘ B Files | of Design Units |

Tasks 8 x

Fions [Compiation - | [customize... |

Task -

4 P comple Design
> W Analysis & Synthesis

m

[ M Fitter (Place & Route)

I W Assembler (Generate programming fles T Buy Software
b
P

— —
» TimeQuest Timing Analysis Mm \ﬁ:u-ﬂuarlus i
P EDA Netist Writer a Information

8 procram Nevice (Gnen Proarammen)
v @ Documentation

Type Message

«
\_System f\ Pracessing /\ ExtraInfo /\ Info /\ Wiarning /\ Critical Warning /\ Error /\ Suppressed J\ Flag /
[Message: 4| [#] [Losston: <] [ Locate

0% 00:00:00

Messages
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Figure 1-52
33. Choose File > New to open new files wizard. See Figure 1-53 and Figure 1-54.

File Edit View Project Assignments  Processing  Tools  Window Help  S?

O @nﬁ @ é{: E, KD A [nioﬂ'i_uart

‘roject Mavigator g X

Entity

Cyclone IV E: EP4CE115F29CT

b 2 niosi_top

|Mew Quartus II Project
4 Design Files

AHDL File
Block Diagram/Schematic File
EDIF File

* & 4 Qsys System File

State Machine File
SystemVerilog HDL File
Td Script File

VHDL File

Hierarchy | Files | o Design Units |
‘asks g x

Slow: [Compilah'on '] [Customize... ”E"'°9 HDL File L
4 Memory Files £
Task o~ Hexadedmal (Intel-Format) File
- Memory Initialization File
4 4 P Compile Design 4 Verification/Debugging Files
¢ b M Analysis & Synthesis In-5ystem Sources and Probes File
? b M Fitter (Place & Route) E Logic Analyzer Interface File
7 b P Assembler {Generate programming files 4 Oth S|g|j|al‘|'ap 11 Logic Analyzer File
Fd B TimeQuest Timing Analysis e i-HFIZIJESIndude File
b P EDA Netlist Writer Block Symbol File
U8 proaram Nevice fOnen Proarammer) i Chain Description File =
4| L1 | > Synopsys Design Constraints File

Text File B4

i
Figure 1-53 New Block Diagram File

f ” Type Message

P | AR B 1

34. Choose New Block Diagram File and click OK to return to the window as shown in Figure 1-
54. Figure 1-54 show a blank Block Diagram File
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-

T e

Fle Edit View Project Assignments Processing Tools Window Help &)

DEE@ & % B/ v o |nsivt EHY GG Ty sH &8 L e 9
E

Project Navigator 8

x

Entity
& Cycione 1V E: EPACE 1157207
> 2 niosii_top

| ’

Block1.bdf

a8

£ Hierarchy ‘ B Fles | P Design Units |

Tasks 8 x

Flow: [Compilation + | | customize.

Task.

b
b
b
b q Analysis
L") Writer

8 pronram Device (Onen Pronrammer )
ol i J

n

H&S i@ BREAGADL-O11ANN%O00N ™

I

n

; Type Message

<

Messages

Message: 4 | [ ¥ [Location:

\_system /\_Processing f\_ExtraInfo /\ Info /\ Warning /\ Critical Warning /\ Error /\ Suppressed /\ Flag /

- Locate

6,40 0% 00:00:00

Figure 1-54 A blank Block Diagram File

35. Double click on the empty block diagram file to add the Symbols. Add the Lego_Ecar_SOPC
from the Project folder.
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] Symbol - .
Libraries:
4 [ Project
£} Lego_Ecar_SOPC
» O ofalteraf11.0spl/quartus/libraries/ D oo o
oo ilege Ecar SOP
— chk_s0 O
reset_n i
out_pert_frem_the_pic_led[7..0]
coe_O_pwmi_frem_the_pwrm_gen_0
4 } coe_O_pwmZ_from_the_pwm_gen_0
Name: e
LEgD_Ecar_SOF‘d E] -------- rxd_to_the uart_wifi txd_frem_the_uart_wifi
[ Repeat-insert mode
[ Insert symbal as block
Launch MegaWizard Plug-In
[ MegaWizard Plug-In Manager. ..

Figure 1-55
36. Add other symbols to make the following block diagram

clk_50
reset n

cut_port_from_the_pic_led[7.

coe_0_pwml_from_the_pwm_gen_0
coe_0_pwm2_from_the_pwm_gen_0

rxd_to_the_uart_wifi ted_from_the_uart_wifi

Figure 1-56
37. Choose Save Icon in the tool bar. There will appear a window as shown in Figure 1-57. Click
Save.
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e
el J‘#
Recent Flaces

Desktop

A

Computer

&

Metwork

i F » o L4 3
Save As v . A A B B u
Save in: I @ Documents j 4= EF EH~
MName . Date modified Type
L Atmnel Studio 12/28/2012 7:08 AM  File folder
. Outlock Files 1/12/201311:34 AM  File folder
. The KMPlayer 12/28/2012 1:52 P File folder
L Updaters 1272172012 1:17 PM File folder
. Visual Studic 2010 12/27/2012 7:05 PM  File folder
ﬁ Lego_Ecar_Top 1/30/201312:12 PM BDF File
||
4 | 1 | 3
File name: I j Save
Save as type: IBIu:u:k Diagram/Schematic Files {~bdf) ;I Cancel |
W Addfile to cument project
A

Figure 1-57 Save Bdf File

38. Choose Processing > Start Compilation. Figure 1-58 shows the compilation process.
Note: You must select Lego_Ecar_Top.bdf as the top level entity. This can be done by right
clicking and selecting the same.
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[ D

File Edit View Project Assignments Processing Tools Window Help ®

DEEG S BB o oo S B¥ 709G T r Y wH &8 309

Project Navigator & x ]_ﬁ ... /DocumentsjLego_Ecar_Top.bdf B @ Compilation Report a
= Fies Table of Contents &
P rowsomare || Flowstaws Successful - Wed Jan 30 12:45:38 2013
> B Lego Fear_SOPC.gp ER Fon Summary Quartus II Version 11.0Build 208 07/03/2011 5P 15] Web Edition
> ../../oocuments/Lego_Ecar_Top.bdf EE Flow settngs Revision Hame Lego_Fear

E= Flow Non-Default Global Settings Top-evel Entity Name Lego_Ecar Tap
B Flow Elapsed Time Family Cydone IV E
B Flow 03 Summary Device EP4CE115F25CT7
B foulag Timing Models Final

» & Anslysis & Synthesis 4 Total logic elements 3,726 /114,480 (3 %)

Total combinational functions 3,218 / 114,480 ( 3 %)
> O Fitter Dedicated logic registers 2,084/ 114,480 {2 %)
> [ Assembler Total registers 2084

‘ % Hierarchy ‘ B Fles ‘ P Design Units ‘

[Tasks

& X

> [ TimeQuest Timing Analyzer

Total pins

Total virtual pins

Total memory bits

Embedded Multiplier 9-bit elements

15/520(3%)
o

1,702,336 /3,981,312 (43 %)
4/532(<1%)

Flow: [Complation ~ | [customize.. ] TotalPLLs 0/4(0%)
Task =
W 4 W Compile Design
v > W Analysis & Synthesis
o » W Fitter (Place &Route) 3
o > M Assembler (Generate programming files
o » M TimeQuest Timing Analysis L
> W EDA Neffist Writer
& Proaram Device (Gnen Proarammer) 2
4 3
X -
= Type Message
4\ Warning: Skipped module PowerPlay Power Znalyzer due o the assignment FLOW ENASBLE POWER ANALYZER 3
L Info: Quartus II Full Compilation was successful. O errors, 94 warnings -
w m ¢
P —
g Processing (276) /\_Extra Info J\_Info (239) J\_Warning (29) J\_Critical Warning (8) /\_Error /\ Suppressed (10) /\ Flag /
£ [Message: 00F825 4| [#] [Location: - Locate

756,383 100% 00:02:12

R, =5, 3 00 W00
ﬁ = 0 1247 M

Figure 1-58: Compilation
Note: In the compilation, if there is the error which shows “Error: The core supply voltage of
‘1.0v’ is illegal for the currently selected part.”, you should modify the text
“set_global_assignment —-name NOMINAL_CORE_SUPPLY_VOLTAGE 1.0V” to
“set_global_assignment —-name NOMINAL_CORE_SUPPLY_VOLTAGE 1.2V”

39. A window that shows successful compilation will appear as shown in Figure 1-59.

Full Compilation was successful (94 warnings)

. '@, Cuartus 1T

Figure 1-59: Successful

40. Choose Assignments > Pin Planner to open pin planner as shown in Figure 1-60. Figure 1-61
show blank pins.
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& Quartus I - C:/Users/Karan/Desktop/Lego_Ecar/Lego_Ecar - Lego_Eca

r

File Edit \iew Project E&ss.ignments ] Processing Tools  Window Help =
D& & #% pee. D[g
Project Navigator & Settings... Ctrl+Shift+E  entsiL
5 Files TimeQuest Timing Analyzer Wizard. .. K
[ lego_Ecar_SOPC.Qf e . .
> go_=ear w @ Assignment Editor Ctrl+shift+a [ 000
e oofDocumentsfleg * < < LIl
@ Fin Planner Ctrl+shift+y - -
Remowve Assignments...
i‘i. Back-Annotate Assignments...
Impert Assignrments...
Export Assignments... |
Assignment Groups. ..
By Hierarchy Files S
I: ﬁ LogicLock Regions Window At
Tasks Design Partitions Window At Lo
E.TEI esign Partitions Windaw T
Flow: [Cumpilaﬁﬂn *] [Customize... A
Task ol I A
v | 4 P Compie Design SRS
o i M Analysis & Synthesis N
' > M Fitter (Place & Route) 5 L
' > M Assembler (Generate programming files il
v bW TimeQuest Timing Analysis S SRR
i W EDA Netlist Writer L
8y prooram Nevics (Minen Pronrammer il R
Figure 1-60 Pins menu
k
- Edit: x|+ |Filter:{pins: all
Mame Direction Location I/0 Bank VREF Group I/ Standard Reserved
i Input 2.5V {default)
Qutput 2.5V (default)
Input 2.5V {default)
¥ LEDR[7] Output 2.5V (default)
9 € LEDR[5] Output 2.5V {default)
4 & LEDR[5] Output 2.5V (default)
3 LEDR[4] Output 2.5V (default)
) € LEDR[3] Output 2.5V {default)
% i ¥ LEDR[2] Output 2.5V (default)
x % .:uéi | el o Ty Sy = L T S B S TR -
0%  00:00:00

Figure 1-61 Blank Pins
41. Input Location value as shown in Figure 1-62.
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@ Pin Planner - C:/Users/Karan/Desktop/Lego_Ecar/Lego_Ecar - Lego_Ecar | = B 2 |
File Edit Wew Processing Tools Window Help =
= Groups g X Top View - Wire Bond
I Named: = v Cyclonz IV E - EP4CETIEFECT
@ Mode Name .
4 [BF KEY[0..0] :
= KEY[0] :
@), | 4 @ LEDR[7..0] -
m ¥ LEDR[7] -
¥ LEDR[5] Do
:EC L LEDR[S] y
= L LEDR[4] N
¥ LEDR[3] -
4 L LEDR[Z]
' L LEDR[1] -
¥ LEDR[0] R
=yvE < <New group = .
Ell :
ﬁﬁ - ~
= |« & b
| 8 X Named: = - Edit: %[+ [Output [Fitter:| Pins: all -
= Mode Mame Direction Location 1/0 Bank VREF Group 1/0 Stand
E ¥+ CLOCK_S50 Input PIMN_¥2 2 B2 MO 2.5V (defaul
T EMNA Output PIN_AG23 4 B4 N1 2.5V {defaul
== KEY[O] Input PIN_M23 & BS_M2 2.5V {defaul
i LEDR[7] Output PIN_H1g 7 B7 M2 2.5V {defaul
? ¥ LEDR[A] Qutput PIM_J19 7 B7_M2 2.5V (defaul
] LF LEDR[S] Output PIN_E13 7 B7_M1 2.5V (defaul
i L LEDR[4] Output PIN_F13 7 B7_M1 2.5V (defaul
¥ LEDR[F] Output PIN_F21 7 B7_MO 2,5V {defaul
i ¥ LEDR[Z] Output PIN_E19 7 B7_M0O 2.5 (defaul
ﬁ L LEDR[1] Output PIN_F19 7 BY_MO 2.5V (defaul
- & LEDR[O] Output PIN_G19 7 B7_N2 2,5V {defaul
[ d o PWM1 Output PIN_AG25 4 B4 MO 2.5V {defaul
T PWM2 Output PIN_AHZ5 4 B4 MO 2.5V {defaul
B+ UART _R¥D Input PIN_AB22 4 B4 MO 2.5V {defaul
LF UART_T¥D Qutput PIN_AC15 = B4 M2 2.5V (defaul
@ | <<new nodex>
o
=4 1 | [

0% 00:00:00

Figure 1-62

42. Close the pin planner. Restart compilation the project.
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1.3 Download Hardware Design to Target FPGA

This section describes how to download the configuration file to the board.

Download the FPGA configuration file (i.e. the SRAM Object File (.sof) that contains the NIOS Il
standard system) to the board by performing the following steps:

. Connect the board to the host computer via the USB download cable.

. Apply power to the board.

. Start the NIOS Il IDE.

. After the welcome page appears, click Workbench.

. Choose Tools->Quartus Il Programmer.

. Click Auto Detect. The device on your development board should be detected automatically.
. Click the top row to highlight it.

. Click Change File.

. Browse to the myfirst_niosii project directory.

10. Select the programming file (myfirst_niosii.sof) for your board.

11. Click OK.

12. Click Hardware Setup in the top, left comer of the Quartus Il programmer window. The
Hardware Setup dialog box appears.

13. Select USB-Blaster from the Currently selected hardware drop-down list box.

Note: If the appropriate download cable does not appear in the list, you must first install drivers
for the cable. Refer to Quartus Il Help for information on how to install the driver. See Figure 1-

63.
| @ Hardware Setup L ﬁ 1

Hardware Settings JTAG Settings

O oo NOULLES, WN R

Select a programming hardware setup to use when programming devices. This programming
hardware setup applies only to the current programmer window.

Currently selected hardware: [USB—BIaster [UsEB-0] - J

; T Mo Hardware
Available hardware items USB-Blaster [USB-0]

Hardware Server Port Add Hardware...
I |ISB-Blaster Local |SE-0
Femove Hardware
1
|

Close
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Figure 1-63 Hardware Setup Window

14. Click Close.

15. Turn on the Program/Configure option for the programming file.(See Figure 1-64 for an
example).

16. Click Start.

;:.,, Hardware Setup... | USB-Blaster [USB-0] Mode: [JTAG hd Progress:

[] Enable real-time ISP to allow background programming (for MAX II and MAX V devices)

File Device Checksum Usercode Program/ Verify Blank- Examing
W Start Canfigure Check

=y Lego_Ecar_time_limited,sof EP4CE115F29 D0B9ESSF FFFFFFFF
op

¥ Delete

B Add File...

it Change File...
b save File
22 Add Device...

fhup
ﬂﬂ Down —_—

4 L1 2

»

4

m

EP4CE115F29

r N

1

Figure 1-64 Quartus Il Programmer
The Progress meter sweeps to 100% after the configuration finished. When configuration is
complete, the FPGA is configured with the Nios Il system, but it does not yet have a C program
in memory to execute.
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Chapter 2 NIOS Il IDE Build Flow

This Chapter covers build flow of Nios Il C coded software program. The Nios Il IDE build flow is
an easy-to-use graphical user interface (GUI) that automates build and makefile management.
The Nios Il IDE integrates a text editor, debugger, the Nios Il flash programmer, the Quartus Il
Programmer, and the Nios Il C-to-Hardware (C2H) compiler GUI. The included example software
application templates make it easy for new software programmers to get started quickly. In this
section you will use the Nios Il IDE to compile a simple C language example software program to
run on the Nios Il standard system configured onto the FPGA on your development board. You
will create a new software project, build it, and run it on the target hardware. You will also edit
the project, re-build it, and set up a debug session.

2.1 Create the hello_world Example Project

In this section you will create a new NIOS Il C/C++ application project based on an installed
example. To begin, perform the following steps in the NIOS Il IDE:

1. Return to the NIOS II IDE.

Note: you can close the Quartus Il Programmer or leave it open in the background if you want
to reload the processor system onto your development board quickly.

2. Choose File > Switch Workspace to switch workspace. See Figure 2-1 and Figure 2-2.
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' Mios I CAC++ - helle_world.c - Nios I IDE
File | Edit Refactor Mavigate Search Run  Project

Mew Alt+Shift+M - » i
QOpen File.., =
I_
Close Ctrl+W »
Close All Ctel+Shift=W ||
. Sawe Ctrl+5 -
1
HI Save As.. 1:
. Sawe Al Ctrl+5hift+5 1
Fewert
P e, ., T
Renarme... |
i
Refresh FA -
Convert Line Delimiters To L =
. o i1
=] Print... Ctrl+P -
Switch Workspace... i1
]
£y Import... F
& Export... |
I
Properties Alt+Enter L
1 hello_warld.c [hello_world_0] {
2 motor_setting.h [hello_world_0] -
3 motor_setting.c [hello_world_0]
4 motor_settings.c [helle_world_0] le
Exit

| e a3 ”

Figure 2-1 Switch Workspace (1)

- Waorkspace Launcher u1

Select a workspace

Mios DIDE stores your projects in a folder called a workspace.

Choose a workspace folder to use for this session.

Workspace: Ch\lUsers\Karan'\Desktop'Lego_Ecar\Software - I Browse... i
@ QK ] ’ Cancel
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Figure 2-2 Switch Workspace (2)
3. Choose File->New->NIOS Il C/C++ Application to open the New Project Wizard.
4. In the New Project wizard, make sure the following things:
Select the Hello World project template.
® Give the project a name. (hello_world_0 is default name)
e Select the target hardware system PTF file that locates in where the previously created
hardware project resides as shown in Figure 2-3.

r- Mew Project M"

MNios Il C/C++ Application

Click Finish to create application with a default system library as C\Users\Karan'\Desktop @
l “Lego_Ecar\software\Lego_Ecar_nicsiiapp

Mame:  Lego_Ecar_nicsiiapp
[ Specify Location

ChlUsersiKaran\Desktop'Lego_Ecar\software Browse...

Select Target Hardware,

SOPC Builder System PTF File:  Ch\Users'\Karan'Desldtop'lego_Ecarlego_Ecar SOPC.ptf
CPLU: cpu v]

Select Project Template

Count Binary - Description
Hello Freestanding Prints 'Helle from Mios IT'
Hello MicroC/O05%-1

Hello World Details

Hello Warld Small Hello World prints "Hello frem Nios II' to STDOUT. .
Mermeory Test

Mernery Test Small

Simple Socket Server

Simple Socket Server (RGIMID)
Web Server

Web Server (RGMID) =

m

This example runs with or without the MicroC/05- RTOS |i|
and requires an STDOUT device in your system's hardware.

For details, click Finish to create the project and refer to the

1

@ < Back Met> || Finsh || Cancel

Figure 2-3 Nios Il IDE New Project Wizard
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5. Click Finish. The Nios Il IDE creates the Lego_Ecar_niosiiapp project and returns to the Nios I
C/C++ project perspective. See Figure 2-4.

- bl
I Nios 1.C/C+ - hello_world< - Nios TIDE R e ol

File | Edit | Refactor Mavigate Search Project Tools Run  Window Help

i Gl m i@~ B0 Q- @ B v - Ej
!NiusHCa’C++ Projects I3 = 0| e hello_world.c &3 =g EE Outline &2 = B |8 welcome =g
‘ =i l_ - AR e ¥

® "Hallo World"™ examnle
bc altera.components nello World™ example. |4 & ' stdioh

Welcome to the Altera
b‘: Lege_Ecar_nicsiiapp i } R I . @ main NIOS ” lDE

R Lego_Ecar_niosiiapp_syslib [Lego_Ecar

Overview
Overview of the Nios Il IDE.

Tutorials
@ Make Targets &2 =0
& =
bc Lego_Ecar_niosiiapp
#include <stdio.h> =% Lego_Ecar_niosiiapp_syslib What's New
Ne: ures in this
int main() )
printf ("Hello from Nios II'\n
return 0:
P ] + ] ] +
[/ Problems &2 Console| Properties 3=:€> ¥ =0
0 errors, 0 warnings, 0 infos
Description = Resource Path
-
eclipse
] [ (I 1 3
Inf Writable Smart Insert 1:1

Figure 2-4 Nios Il IDE C++ Project Perspective for hello_world_0

When you create a new project, the NIOS Il IDE creates two new projects in the NIOS Il C/C++
Projects tab:

m Lego_Ecar_niosiiapp is your C/C++ application project. This project contains the source and
header

files for your application.

m Lego_Ecar_niosiiapp _syslib is a system library that encapsulates the details of the Nios Il
system hardware.

Note: When you build the system library for the first time the NIOS Il IDE automatically
generates files useful for software development, including:

o Installed IP device drivers, including SOPC component device drivers for the NIOS Il hardware
system

o Newlib C library, which is a richly featured C library for the NIOS Il processor.

e NIOS software packages which includes NIOS Il hardware abstraction layer, NicheStack TCP/IP
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Network stack, NIOS Il host file system, NIOS Il read-only zip file system and Micrium’s uC/0S-Il
real time operating system(RTOS).

e system.h, which is a header file that encapsulates your hardware system.

e alt_sys_init.c, which is an initialization file that initializes the devices in the system.

e Lego_Ecar_niosiiapp.elf, which is an executable and linked format file for the application
located in Lego_Ecar_niosiiapp folder under Debug.

2.2 Build and Run the Program

In this section you will build and run the program to execute the compiled code.

To build the program, right-click the Lego_Ecar_niosiiapp project in the Nios Il C/C++ Projects
tab and

choose Build Project. The Build Project dialog box appears and the IDE begins compiling the
project. When compilation completes, a message ‘Build complete’ will appear in the Console
tab.

The compilation time varies depending on your system. See Figure 2-5 for an example.

I Nics 1C/C++ - Lego_Ecar.c - Nios INIDE = | B |
File Edit Refactor Mavigate Search Project Tools Run  Window Help
MU m @@ B0y @™ I E v v ¥s (o - Eff
| B Mios I C/C++ Projects &2 = B[ [€ "Lege_Ecarc 2 = Hl|go = =
‘ = q><.‘= - _#:umlude <5y3ten’.. h> - laz " &5 e -
m-1as altera.components #:.lnclude <3t'd__?'"_> L e  tdioh
—bc Feria #include <stdlib.h> £ i ® main
H 0 - PP #include <string.h>
) #include "motor setting.h"
g Includes — =

& Debug . int main ()
motor_setting.h :

-l Lego Ecar.c int ka=0,1la=0,strlen2=0;

maotor_setting.c char msghr [100]={{0},{0},{0},{0},{0}}:

| application.stf char temp| },receivedrray wifi[100]={0},sendhrray([200];

- 5] readme.td int starc=0,end=0,1=0,k=0,3=0,4i=0;

125 Lego_Ecar_niosiiapp_syslib [Lego_Fcar int pitch=0,ro0ll=0,ref pitch=0,ref roll=0,pitch_flag=0,roll_ flag=0: @ m 5z =g
9 Pp_sy ] ] _ _ _ =
int Speed=0; =
char ENA=0;: K
FILE* fp; B
fp = fopen ("/dev/uart_wifi", "r+"); //Cpen file for reading and wr #-l=% Lego_Ecar_nic
printf ("hello karan!!!!! " +bc Lego_Ecar_nic
if (fp)
while (1)
fscanf (fp, "¥s", receivefrray wifi);
] [0 r “ i 3
Problems | B Console &2 Properties & Ex| et ~Fi~-=0

C-Build [Lego_Ecar_niosiiapp]

Creating generated app.sh...
Post-processing to create onchip memoryd.hex
Hardware simulation is not enabled for the target S0PC Builder system. Skipping creation
of hardware simulation model contents and simulation symbol files. (Note: This does not
affect the instruction set simulator.)
Build completed in 15.852 seconds

11 3 s

m

~

A

Figure 2-5 Nios Il IDE Build Completed

After compilation complete, right-click the hello_world_0 project, choose Run As, and choose
NIOS Il Hardware. The IDE begins to download the program to the target FPGA development
board and begins execution. When the target hardware begins executing the program, the
message 'Hello from Nios IV appears in the NIOS Il IDE Console tab.
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