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e PC COM port Communication & Microprocessor UART
e The Altera Nios Il Microprocessor and the SOPC Builder
e Building the Nios Il Processor Hardware

e Building the Nios Il processor Software

e Demonstration
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e Serial COM port is present on all computers
e As Legacy RS232 or RS232-emulated USB interface

e Can be used for Computer control of microcontroller-
embedded system

e Simple to use with generic APlIs like
e Open port
o Read port
o Write port
o Close port
e UART is present all most embedded microcontrollers.
e Easy to use
o configure bits rate, data size, etc then send and receive data
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The-Altera Nios Il Microprocessor and the SOPC Builder
e Altera’s Nios Il processor core in on its FPGAs
e Hardware design help from Quartus Il SOPC Builder
e Various hardware components available for use
e Design reduces to assembling desired components

e Changing a few settings and then generating VHDL or
Verilog.

e Part of the code generated is to be used for subsequent
software project for the embedded Nios Il processor and
its peripherals
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—Building the Nios 1 Processor Hardware

Components:

e Nios Il processor

« External CFl flash from the DE2 board
o Debugging JTAG UART

o LED output I0s

o UART

Start a Quartus Il project

Create the top-level entity with 10s
Clock

reset

UART rxd

UART txd

CFl flash

Green LEDs

Launch the SOPC builder
Add the desired hardware components to the design
Generate the SOPC builder VHDL code

Assign the 10 pins, add the top-level VHDL code, compile and download the
code into the FPGA
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File Edit Module System View Tosls Mios I Help

 System Contents || system Generation|

Component Library Target CIIEE T
Project - Device Family: Cyclone Il - Hame Source MHz
L[ New companent... clk_0 External 50.0 Remove
Library
-Avalen Verification Suite
-Bridges and Adapters
Interface Protocols
‘Legacy Components Use  Connecti.. Module Name Description Clack Baze End Tags
: -Memeries and Memory Contro B cpu Nios || Processor
E|---P;eriph erals — instruction_master Avalon Memory Mapped Master clk_0
EI--D:ebug and Performance — data_master Avalon Memory Mapped Master IRQ 0 IRQ 31
@ Avalon-3T Data F — ftag_debug_module  |Avalon Memory Mapped Slave 0x01020800 |0x010Z0££E
o Avalon-5T Data F | B sysid System ID Peripheral
' Avalon-5T Test P = — control_slave Avaloen Memory Mapped Slave clk_0 0x01021030 (0x01021037
' Avalon-ST Test P B jtag_uart ITAG UART
@ Performance Cou —— avalon_jtag_slave Avalon Memory Mapped Slave clk_0 0x01021038 |0x0102108£
System ID Periphe B uart UART (RS-232 Serial Port)
[#-Dizplay —— 51 Avalen Memory Mapped Slave clk_0 0x01021000 |0x0102101%
[-FPGA Peripherals E onchip_memory2 0On-Chip Memory (RAM or ROM)
[+ Microcentroller Peripheral e 51 Avalen Memory Mapped Slave clk_0 0x01010000 |0x0101££££
poe @ Interval Timer B tri_state_bridge Avalen-MM Tristate Bridge
@ PIO (Farallel VO) —— avalon_slave Avalon Memory Mapped Slave clk_0
[-Muttiprocessor Coordinati tristate_master Avalen Memory Mapped Tristate Master
[-PLL [: B cfi_flash Flagh Memory Interface (CFIy
[tl-Processor Additiens L 1 Avalon Memory Mapped Tristate Slave  |clk_0 0x00800000 |0x00E££E£EEE
[+-Processors B pio PIO (Parallel 'O}
E]---SLS . . S — =1 Avalon Memory Mapped Slave clk_0 0:x01021020 |0x0102102F
b X < | 1 3
Edit... Add... Remove || Edit.. = ES v x Address Map... ] [ Fitters... ] Fitter: Default
@ Info: cfi_flagh: Flagh memory capacity; 8.0 MBytes (2322508 bytes).
4 Prev [ Next [ l [ Generate




ios 1FHardware Design Using SOPC Builder

@ Quartus T - Cy/Roger School NIT/PAD/ECEGALte ehardware - thehardware - [thehardware.vhd]
3:“} File Edit View Project Assignments Processing Tools Window Help mmm

|DEE@ |8 & 2R |0 o [nehaavae e T T TIRNEE I
FEEL ST == v 3:",\0 microcantroller.gip I aﬁc thehardware. vhd
{24 Fies —
T = 1 [LIBRERY ieee; e
microcortrollerdip | — 2 USE ieee.std_logic_1164.all;
cpucp 4 3 USE ieee.numeric std.all;
5 4 a2 4 -— This is my hardware
s CPULS0C R 5 EENTITY thehardware IS -----—- > exterface
o 6 = BORT |
7 ext_clk : IN STD LOGIC:
8 ext_resst bit low : IN 3TD_LOGIC;
9 -- the pio 0
— 10 ext_out_io : OUT STD LOGIC_VECTIOR (7 DOWNTIC 0);
A4 11 =
% 12 —-- the tri state bridge 0_avalon slave
13 ext_address_flash : OUT STD_LOGIC VECTOR (22 DOWNIC 0) := "00000000000000000000000";
% 14 ext_flash read bit_low : OUT 5TD LOGIC;
% 15 ext flash chip select laow : OUT STD LOGIC;
—_— 18 ext_flash word data : INOUT 5TD LOGIC VECTOR (15 DOWNIC Q);
Lﬂ 17 ext_flash write bit_low : OUT 3TD_LOGIC;
18
§ 19 -- the uart 0
@ 20 ext_uart_rxd : IN 5TD LOGIC; L
= 21 ext vart_txd : OUT STD LOGIC;
g 2
ab/ 23 -- additional custom external flash control signal
24 ext flash ready bit_high : IN STD LOGIC; -- flas ready input
‘ a5 ext_flash write protect bit_low : OUT 5TD LOGIC := '1'; -- disable write protect
— 26 ext flash rst_bit_low : OUT STD_LOGIC := 'l';
27 ext flash byte_enable bitLow : OUT 5ID LOGIC := '"l1' -- enable 16-bit data
= 28
0 29 1:
B 30 END ENTITY thehardware;
B -1
32
33 EARCHITECTURE fpga OF thehardware IS
34
35 ECCMPONENT microcontroller
38 ECRT
37 = (
38 —- 1) global =signals: it
_JE_ < an mimmal Al A LTI ETR TAmTe. = :

- M

Type IMessage I

System/( Processing )‘ Extra Info }\ Info h Warning }\ Critic:al ' arning )\ Eror h Suppressed )\ Flag f
leessage: ﬁl ﬂ ILocatwon j Locate
For Help, press F1 ln1,Coll  [G#BR & | Idle [ ] [
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Building the Nios Il Processor Software

e Start Nios |l C/C++ Software project using Eclipse

e Add the Nios Il embedded C code for

o UART communication
« Toggling the LED
« Processing input output data

e Build the project
e Download it the external CFl flash memory

e Develop windows RS232 GUI to control the Nios |l
Processor.

e Test the FPGA integrated hardware and software design
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File Edit Refactor
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Navigate Search

8l &

uilding the Nios

Run Project NiosD Window Help

CREASCANCARE R AL BB TR A, Hrfl-worar

%5 NiosT Debug E ”

[7 Project Explorer &2 =0

=% thesoftware
f; Binaries
[l Includes
@ obj
hello_world.c
1;& thesoftware.elf - [alteranios2/le]
= create-this-app
mainFrame session.xml
| & Makefile
= software_app_flash flash-setting
thesoftware.map
= thesoftware.objdump
= thesoftware_bsp
ﬁ Archives
(= drivers
(= flash
(= HAL
& obj
(&= script
alt_sys_init.c
1) linker.h
(A systemh
[ libhal_bsp.a
5| create-this-bsp
linkerx
L@ Makefile
L@ mem_init.mk
= memory.gdb

|.& publicmk
= settings.bsp
@ summary.html

int count = 0;

int i = 0;
int j = O
int k = 0;

int delay = 0;:

_ulé tmpUshortOut = 0;
alt ulé tmpUshortIn = 0;
alt ulé tmpUshortPrev = 0;
alt_ulé pBuff[ 33];

alt_ug pString[ TRT _RCV_BUFFER SIZE << 1];

J// flush any characters sitting in the holding register
ICRD(URRT_BASE, 0):

/{ reset most of the status register bits
IOWR (URRT_BASE, 2, 0x00);

// enable jirg for Bx
IOWR_ALTERA AVALON_URRT_CONTROL( UART EASE, ALTERA AVALON UART CONTROL RRDY MSK):

// Register the URRT ISR
Nalt_ic_isr_register{ UART_IR( INTERRUPT CCNTROLLER ID, UART_IRQ, pFnx uwart_isr func, (void*)0, (void*)0);

alt_ic_isr register( UART IRQ INTERRUPT CONTRCLLER ID, UART IRQ, (alt_isr func)pFnx wart_isr func, (veid®)0,
while { 1)
{

if ( BYTES READY == 1)
{
LED PORT STATE &= OXEO;
LED PORT STATE |= pINCOMING BYTES BUFF[ TRT_RCV_BUFFER SIZE - 2] & Ox1F;
i=3=k=0;
tmpUshortPrev = 0;
while( i < TRT_RCV_BUFFER_S5IZE )
{

tmpUshortIn = pINCOMING BYTES BUFF [ il;
i mn

(void*)0);
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] hello_world.c &% =0|(e= Outlineﬁ@ Debug &2 =0
JrExxssrEresararsar® ond of alt_isr_f'.:mc pFnK_'JaIt_iSI_f'JnctJxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx’,l’ » =
JRERER R kAR AR AR AR R AR A AR AR TATT OF MALN () ¥ AR AR R AR kR R kR R R AR AR AR R AR R AR R AR R R AR AR AR AR AR R AR R AR o 4, ‘

int main() (adld
T

(E Console 2

+B-ri~=0)

Writable Smart Insert
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Demonstration
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