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e Character Buffer Block
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- e

ELE 3510

80 char x 60 lines
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e Dual Clock FIFO

Input Output
clock clock
From - -
Input clock domain Output clock domain
Avalon P tp To Avalon
switch switch
fabric Avalon Clock Avalon fabric
s:n"e.:_a.tmng d,omz?m streaming
sink Crossing source
port FIFO port

Allows different incoming and outgoing data rates
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 VGA Controller Block
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Creates and drives the required VGA signals
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ELE 3510

* Create a new Quartus project
* Do not select a Simulation Tool in EDA Tool Settings

e Open Tools = Platform Designer

& Platform Designer - unsaved.qsys* (DAGDrive\MSOEV19_Q1_EE3021\Projects\NIOS_Pixel\unsaved.qsys)
File Edit System Generate View Tools Help

P catalog &% = f=]

3 X/ 52

Project
i1l New Compoanent.
Library

#-Basic Functions

#-DSP

- Interface Protocols

il-Low Power

il Memory Interfaces and Controllers
f#l-Processors and Peripherals

- Qsys Interconnect

-Tri-State Components

&1 University Program

17 System Contents &0 | Address Map

=

Interconnect Requirements &%

-5

W System: unsaved

Use

i< &+

L, Her B0 DeviceF % [ ill=]

unsaved [unsaved.gays*]

<

Conn... Name
B dk_o
dk.in
dk_in_reset
ke
ck_reset

Description
(Clock Source
(Clack Input
Reset Input
(Clock Output
Reset Output

Export

clkc
reset

Base

+ ot

¥ Current filter:

0= Messages % ‘

Type

Path Message

0 Errors, 0 Warnings

Generate HDL...

Finish
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* Add NIOS

* Processors and Peripherals 2 Embedded Processors 2
NIOS Il Processor

PY N I OS I I f = dk_reset Reset Qutput
= ._ = ! H nios2_gen2_0 Mios II Processor
ck Clock Input unconnected
reset Reset Input [clk]

data_master Avalon Memory Mapped Master [clk]
instruction_master Avalon Memory Mapped Master [clk]
irq Interrupt Receiver [clk]
debug_reset_request |Reset Qutput [clk]
debug_mem_slave Avalon Memory Mapped Slave [clk] 0x08

* Add On-chip Memory

e Basic Functions—=> On Chip Memory = On Chip Memory
(RAM or ROM)...

g custom_instruction_m... |[Custom Instruction Master
S I Ze = 1 2 ) OO O byte S = onchip_memory2_0 On-Chip Memory (RAM or ROM) Intel ...

——— debug_mem_slave Avalon Memory Mapped Slave [clk] 0209

ck1 Clock Input unconnecte
sl Avalon Memory Mapped Slave [clk1]
reseti Reset Input [clki]
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e Add JTAG
* |nterface Protocols = Serial=> JTAG Uart Intel FPGA IP

e Add Timer

* Processors and Peripherals = Peripherals = Interval
Timer Intel FPGA IP

e Add System ID

e Basic Functions = Simulation; Debug and Verification =
Debug and Performance = System ID Peripheral Intel

FPGA I P resetl Reset Input [clk1]

= jtag_uart_0 JTAG UART Intel FPGA IP
dk Clock Input wnconnected
reset Reset Input [clk]
avalon_jtag_slave Avalon Memory Mapped Slave [clk]
irq Interrupt Sender [clk]

E timer_0 Interval Timer Intel FPGA IP
dk Clock Input unconnecied
reset Reset Input [clk]
s1 Avalon Memory Mapped Slave [clk]
irq Interrupt Sender [clk]

B sysid_gsys 0 System ID Peripheral Intel FRGA IP
dk Clock Input wnconnected
reset Reset Input [clk]
control_slave Avalon Memory Mapped Slave [clk]

£
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* NIOS Inputs

e Connect up basic NIOS system

[
o

dk_in
dk_in_reset
clk
dk_reset

=l Q nios2_gen2_0

clk

reset

data_master
instruction_master

irg
debug_reset_request
debug_mem_slave
custom_instruction_m...

Clodk Source

Clock Input

Reset Input

Clock Qutput

Reset Output

Mios II Processaor

Clock Input

Reset Input

Avalon Memary Mapped Master
Avalon Memary Mapped Master
Interrupt Receiver

Reset Output

Avalon Memary Mapped Slave
Custom Instruction Master

Lo

clk

clk_0

clk_0
[iclk]
[clk]
[ictk]
[clk]
(k]
[clk]

ELE 3510
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e Connect up basic NIOS system
* On-chip Memory

-~ ck_reset Feset Output
=] E nios2_gen2_0 Mios II Processor
» dk Clock Input clk_0
L reset Reset Input [cli]
————— data_master Avalon Memory Mapped Master [dk]
— instruction_master Avalon Memory Mapped Master [clk]
irq Interrupt Receiver [clk]
debug_reset_request  |Reset Output [clk]
—p— debug_mem_slave Avalon Memory Mapped Slave [clk]
custom_instruction_m... |Custom Instruction Master
B onchip_memory2_0 |(On-Chip Memory (RAM or ROM) Intel ...
®© k1 Clock Input clk_o
sl Avalon Memory Mapped Slave [ck1]
@ \ resetl Reset Input [ck1]

ELE 3510

Connect to data and instruction masters
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e Connect up basic NIOS system
* JTAG, Timer, SysID

resetl Reset Input [clk1]
L O jtag_uart 0 JTAG UART Intel FPGA IP
k. Clock Input clk_0
— reset Reset Input [clk]
C) avalon_jtag_slave Avalon Memory Mapped Slave [iclk] 0x0000 020007
irg Interrupt Sender [clk] )
p \ El timer_0 Interval Timer Intel FPGA IP
4 dk Clock Input clk_o0
reset Reset Input [clk]
N 51 Avalon Memory Mapped Slave [clk] 0x0000 0x001E
irq Interrupt Sender [iclk] >
ﬁ\ B sysid_gsys 0 System ID Peripheral Intel FPGA IP
k. Clock Input clk_0
L reset Reset Input [clk]
ontrol_slave Avalon Memary Mapped Slave [clk] 020000
< \
SN\ yd
Connect to data master Assign Priorities
ELE 3510 11 © tj



e Connect up basic NIOS system
e Assign the NIOS Il Reset and Exception vectors

Nios II Processor

altera_rios2_gen2 Details

~
Main Vectors  Caches and Memory Interfaces  Arithmetic Instructions = MMU and MF

|" Reset Vector

Reset vector memary: Conchip_memaory2_0.s1 e >

Reset vector offset: 000000000

Reset vector: Ox00000000

I"' Exception Vector

Exception vector memory: <.;,n.j-.ip_memgn_,-2_[3,51 e >

Exception vector offzet: 000000020

Exception vector: 0x00000020

|~ Fast TLB Miss Exception Vector
Fast TLB Miss Exception vector memary: \pjone

Fast TLB Miss Exception vector offset:  |qwooooooon

Fast TLE Miss Exception vector: 0x00000000
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ELE 3510

e Create Character System
e Add a PLL

Basic Functions = Clocks; PLLs and Resets = PLL = ALTPLL Intel

FPGA IP

50MHz input clock
no areset or locked output

cO 2 25MHz

: the VGA frequency

—
= altpll_0

inclk_interface
inclk_interface_rese

pll_slave
cd

control_slave

Avalon Memaory Mapped Slave
ALTPLL Intel FPGA IP

Clock Input

Reset Input

Avalon Memory Mapped Slave
Clock Output

altpll_0_c0

0x0000

13
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e Create Character System
* Connect PLL

> control_slave Avalon Memory Mapped Slave [clk] 020000 0x0007
N = altpll_0 ALTPLL Intel FPGA IP
inclk_interface Clock Input clk_0
L indk_interface_reset  Reset Input [inclk_interf...

pll_slave Avalon Memory Mapped Slave [inclk_interf... 020000 0x000E
c0 Clock Output altpll_0_c0

 m—

N AN

ELE 3510

Connect to the 50MHz Clk, reset and the data

master
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e Create Character System
* Character Buffer

e University Program = Audio and Video = Video = Character

Buffer for VGA Display

/ Connect to 50Mhz Clk and reset

i CTock COtp0t Atp_U_t0
/ B video_character_bu... |Character Buffer for VGA Display
clk Clack Input clk_0
t\ reset Reset Input [clk]
avalon_char_contral_... |Avalon Memory Mapped Slave [clk] 000
avalon_char_buffer_s... |Avalon Memory Mapped Slave [clk] 000
\ avalon_char_source Avalon Streaming Source [clk]
Connect to data master
ELE 3510 15
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e Create Character System

e Dual Clock FIFO
e University Program = Audio and Video = Video = Dual Clock

FIFO

Color Bits — 10
Color Planes - 3

ped

Connect to 50Mhz Clk and reset

Nz

~

ha

c

E video_chapacter_bu...
dk
Bset
avalon_char_contral_...
avalon_char_buffer_s...
avalon_char_source

B video_dual_clock_b...
dock_stream_in
reset_siream_in
dock_stream_out
reset_stream_out
avalon_dc_buffer_sink
avalon_dc_buffer_so...

Clock Qutput

Character Buffer for VGA Display
Clock Input

Reset Input

Avalon Memory Mapped Slave
Avalon Memory Mapped Slave
Avalon Streaming Source
Dual-Clock FIFO

Clock Input

Reset Input

Clodk Input

Reset Input

Avalon Streaming Sink

Avalon Streaming Source

altpll_0_c

clk_0
[ck]
[iclk]
Lald
(k]

clk_0
[cock_strea...
altpll_0_cD
[clodk_strea...
[clock_strea...
[clock_strea...

0x0000
Ox0000

/

Connect to cO

ELE 35%

VGA - 25MHz

e

Connect to video character buffer streaming source
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e Create Character System

* VGA Controller
e University Program = Audio and Video = Video = VGA Controller

DE10-Lite
VGA Connector
VGA 640x480

Connect to dual_clock_buffer streaming source

éput

[(OCF_EUEs. ..
Avalon Streaming Sink [clock_strea...
_s0... [Avalon Streaming Source [clodk_strea...
VGA Controller
Clock Input altpll_0_c0
< reset Reset Input [clk]
@ avalon_vga_sink Avalon Streaming Sink [clk]
T external_interface Conduit wga_out
< X
/ N\
Export and rename
Connect to cO
VGA — 25MHz
ELE 3510 17
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e Create Charac

Assign Base Addresses

% Platform Designer - unsaved.qsys” (D:\GDrive\MSOE\19_01_EE3821\Projec

File Edit System Generate View Tools Help

U e Upgrade IP Cores...

Assign Base Addresses

Assign Interrupt Numbers

Assign Custem Instruction Opcodes
Create Glebal Reset Network

[=-Bas;
=3 Show System With Platform Designer Interconnect

Remove Dangling Connections

Import Interface Requirements...

ELE 3510

~~

Use

Cannections

Name
O dk_o
dk_in
dk_in_reset
dk
ck_reset
B I nios2_gen2_0
dk
reset
data_master
instruction_master
irq
debug_reset_request
debug_mem_slave
custom_instruction_m...
B onchip_memory2_0
dki
s1
resetl
O jtag_uart_0
dk
reset
avalon_jtag_slave
irq
B timer_0
dk
reset
51
irq
O sysid_gsys_0
dk
reset
control_slave
B altpll_0
inclk_interface
inclk_interface_reset
pll_slave
(<]
B video_character_bu...
dk
reset
avalon_char_control_...
avalon_char_buffer_s...
avalon_char_source
B video_dual_clock b...
dock_stream_in
reset_stream_in
clock_stream_out
reset_stream_out
avalon_dc_buffer_sink
avalon_dc_buffer _sa...
E video_vga_controlle....
dk
reset
avalon_vga_sink
external_interface

Description
Clock Source
Clock Input
Reset Input
Clock Cutput
Reset Qutput
Mios IT Processor
Clock Tnput.
Reset Input
Avalon Memary Mapped Master
Avalon Memary Mapped Master
Interrupt Receiver
Reset Output
Avalon Memory Mapped Slave
Custom Instruction Master

On-Chip Memory (RAM or ROM) Intel ...

Clock Input

Avalon Memory Mapped Slave
Reset Input

JTAG UART Intel FPGA TP
Clock Input

Reset Input

Avalon Memary Mapped Slave
Interrupt Sender

Interval Timer Intel FPGA IP
Clock Input

Reset Input

‘Avalon Memory Mapped Slave
Interrupt Sender

System ID Peripheral Intel FPGA IP
Clock Input

Reset Input

Avalon Memory Mapped Slave
ALTPLL Intel FPGA TP

Clock Input

Reset Input

Avalon Memory Mapped Slave
Clock Output

Character Buffer for VGA Display
Clock Input

Reset Input

Avalon Memory Mapped Slave
Avalon Memory Mapped Slave
/Avalon Streaming Source
Dual-Clock FIFO

Clock Input

Reset Input

Clock Tnput

Reset Input

Avalon Streaming Sink

Avalon Streaming Source

VGA Controller

Clock Input

Reset Input

Avalon Streaming Sink

Conduit

Export

clikc

'vga_out

Clack

iclk_0

clk_o
[ck]
[kl
[kl
k]
[ck]
[ck]

dlic_o
[ck1]
[ck1]

iclk_o
[ck]
[ck]
[ck]

iclk_0
[clk]
[clk]
[dlk]

dll_o
[clk]
[clk]

iclk_o
[inck_interf...
[inck_interf...
altpll_0_c0

iclk_o
[ck]
[clk]
[clk]
[clk]

«clk_0
[dock_strea...
laltpll_0_c0
[dock_strea...
[dock_strea
[dock_strea...

altpll_o_c0
[kl
[kl

Base

Ox4800

0x3000

0x5040

0x5000

0x5038

0x5020

0x5030
0x0000

IRQ

0|

End

Ox4ffE

Ox3ffE

0x5047

0xS01£

Ox503£

0x502£

0x5037

Ox1£££

IRQ 31

IRQ Tags

=y

18

Ot



* Create Character System

* Check for errors

#Z Messages 33‘

Type

@

Path
5 Info Messages

Message

nios_character.jtag_uart_0

JTAG UART IP input dodk need to be at least double (2x) the operating frequency of JTAG TCK on board

nios_character.sysid_gsys_0

System ID is not assigned automatically. Edit the System ID parameter to provide a unigue ID

nios_character.sysid_gsys_0

Time stamp will be automatically updated when this component is generated.

nios_character.video_character_buffer_with_dma_o0

Character Resolution: 80 x 60

eeeee

nios_character.video_vga_controller_0

Video Output Stream: Format: 640 x 480 with Color: 10 (bits) x 3 (planes) converted to 4 (bits) per color plane

ELE 3510
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* Create Character System
» Save the Platform Designer system

* Generate the Platform Designer system

* The first time you generate you must delete the last directory in the
path —don’t use the “...

== Generation x

|~ Synthesis |

Synthesis files are used to compile the dEaLin a Quartus project.

Create HDL design files for syn

[] Create timing and resource estimates for third-party EDA synthesis tools.

O treate befl

|* Simulation

The simulation model contains generated HOL files for the simulator, and may indude simulation-only features.
Simulation scripts for this companent will be generated in a wendor-specific sub-directory in the specified output directory.

Follow the guidance in the generated simulation scripts about how to structure your design's simulation scripts and how to use the jp-sefuyp-simulzfion and

{p-make-simscrpt command-ine utilitieg dacompile all of the files needed for simulating all of the IP in your design.
Create simulation model: @

|* Output Directory |
Ealh: D: /GDriveMSOE/19_Q 1_EE39z1jPrujectsﬂwos_characterfm><mcter

Generate Cancel

ELE 3510 20
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* Create Character System
* Add the .qip file to the project

(@ Quartus Prime >

,0, ¥You have created an IP Variation in the file
= Do/GDrivef/MSOE[19 01 _EE3921/Projects/NIOS_Character/nios_character gsys.

To add this IP to your Quartus project, you must manually add the .gip and sip

files after generating the IP core.

@will be located in {genemticrn_directu:rr'_.rbj'synthesisjnins_chamc@

The sip will be located in <generation_directory>/simulation/nios_character.sip

Ok

21
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* Create DE10 Design
* |nstantiate into a VHDL file

* Open a new VHDL design
* |n Platform Designer: Generate = Show Instantiation Template
e Copy and Paste into the new design where appropriate

component nios_char is ]
port ( u0 : component nios_char
. . - port map (
Ik_clk : | ="'X'; --clk
: . S—ect et - i': ;tt:—lggi'cc e rceset ] clk_clk => CONNECTED_TO clk_clk, - clk.clk
Y c:ut CLT( T I sta Icg) e ' '__ CLK - reset_reset_n =>CONNECTED_TO_reset_reset_n, -- reset.reset_n
vga_out_HS '.out std _Io gic" —HS vga_out_CLK => CONNECTED_TO_vga_out_CLK, --vga_out.CLK
vga_out_vs out std_logicf VS vga_out_HS =>CONNECTED_TO_vga_out_HS, -- .HS
vga_out_BLANK ) out std_logicl' — BLANK vga_out_VS => CONNECTED_TO_vga_out_VS, -- VS
vga_out_SYNC '.out std_logiC'l - SYNC vga_out_BLANK =>CONNECTED_TO_vga_out_BLANK, -- .BLANK
vga_out_R o std_logic’ vector(3 downto 0); —-R vga_out_SYNC =>CONNECTED_TO_vga_out_SYNC, -- .SYNC
vga_out_G :out std_logic_vector(3 downto 0); -G zg:—zz:—g :_Z Egl:l?\lliixig_;g_\cgz_?:tt_g ' F;
vga_out_B : out std_logic_vector(3 downto 0) -B ga_out_ B —'9_vga_oul_b, ’
) vga_out_B =>CONNECTED_TO_vga_out_B  -- .B
end component nios_char; )
ELE 3510 22
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* Create

* |nstantiate into a VHDL file

DE10 Design

Instantiation template component

-- nios_char_del0.vhdl

-- Created 9/18/18
-- by: johnsontimoj
-- rev: 0

use ieee.numeric_std.all;

VGA_R: out
VGA_G: out
out

Vga_out_SYNC
library ieee; 333‘33%‘2
use ijeee.std_logic_1164.al11; vga_out_B

del0 s
CLOCK_50 : in std_logic;
VGA_HS: out std_Togic;
VGA_VS: out std_logic;

|

] R
-- no signals

H component nios_char 1is
i port (

clk_clk
____________ reset_reset_n :
vga_out_CLK

- vga driver with charad vga_out_HS
vga_out_Vs

vga_out_BLANK :

;
end component nios_char;

farchitecture behavioral of nios_chi::fiig/*é

: in std_logic = 'X'; -- clk
in std_logic 1= 'X'; -- reset_n
:out std_logic; -- CLK
: out std_logic; -- HS
: out std_Tlogic; -- VS
out std_logic; -- BLANK
: out std_logic; -- SYNC
: out std_logic_vector(3 downto 0); -- R
: out std_logic_vector(3 downto 0); -- G
: out std_Togic_vector(3 downto 0) -- B

std_Togic_vector(3 downto 0);
std_logic_vector(3 downto 0);
std_logic_vector(3 downto 0)

DE10 pin aliases from .gsf file

ELE 3510
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* Create DE10 Design
* |nstantiate into a VHDL file

Instantiation template instance
mapped to DE10 gsf pin aliases

begin ‘//////////////,
u0 : component nios_char
port map (
clk_clk => CLOCK_50, -- clk.clk
reset_reset_n => "1"', -- reset.reset_n
--vga_out_CLK => CONNECTED_TO_vga_out_CLK, -- vga_out.CLK
vga_out_HS => VGA_HS, - .HS
vga_out_Vs => VGA_VS, -- . VS
--Vga_out_BLANK => CONNECTED_TO_vga_out_BLANK, -- .BLANK
--vga_out_SYNC => CONNECTED_TO_vga_out_SYNC, -- .SYNC
vga_out_R => VGA_R, -- .R
vga_out_G => VGA_G, -- .G
vga_out_B => VGA_B - .B
s
end architecture;

Note: these 3 signals are not used
- comment out or remove

ELE 3510 24
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* Create DE10 Design

* Prepare to synthesize

* If you did not do these when you created the project be sure to do
them now

e assighnments > device = device and Pin options
* Single Uncompressed with memory initialization

* Import the pin aliases (qgsf file)
e Setup the SDF file

* Be sure to set your top level entity

» Start Compilation

25
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* Create DE10 Design

 Complete the HW setup

 Download the HW project onto the board
* DO NOT CLOSE either of these windows

» Programmer - Dt/GDrive/MSOE/19_C1_EE3921/Projects/MNIOS_Character/nios_character - nios_character - [nios_chara... - m} x
Eile Edit ¥iew Processing Tools Window Help
s Hardware Setup... |USB-Blaster [USB-0] Mode | JTAG Progress: 100% (Successtul)

Enable real-time ISP to allow background programming when available

% crart File Device Checksum Usercode Program/ = Verify = Blank- Examine
Configure Check

iy Stop output_files/nios_char.. 10M50DAF484 00517094  0051709A m
&@ Auto Detect
Delete

Y Add File...

& Change File...

% Save File 4 OpenCore Plus Status x

fltara T TSR Ly

- -
Add Device...

Click Cancel to stop using OpenCore Plus IP.

S | et
' Dowr e eerrrn . .
Time remaining: unlimited

10M50DAF 484
TDO
Cancel
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