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These slides describe the operation of the Serial
Peripheral Interface (SPI) in a NIOS system

Upon completion: You should be able to develop
your own NIOS based SPI System
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* NIOS SPI System
* Use 2 SPI modules, in loopback mode
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I: System Contents 5% | AddressMap %% | Interconnect Requirements 55 - /|
E | & q System: nios_spi  Path: dk_0
+ Use Connections MName Description Export Clock Base E
! — irg Interrupt Sender [clk] ~
X E timer_0 Interval Timer Intel FPGA IP
E dk Clock Input clk_0
: reset Reset Input [clk]
51 Avalon Memory Mapped Slave [clk] 0x0001_1040 [1]
——< irg Interrupt Sender [clk]
v O sysid_gsys_0 System ID Peripheral Intel FPGA TP
¥ ck Clock Input clk_0
reset Reset Input [clk]
control_slave Avalon Memory Mapped Slave [clk] 0x0001_1060 1}
E spi_master SPI (3 Wire Serial) Intel FPGA IP
ck Clock Input clk_0
reset Reset Input [clk]
spi_control_port Avalon Memory Mapped Slave [clk] 0x0001_1020 [1]
——< irg Interrupt Sender [clk]
A external Conduit spi_master_external
B spi_slave SPI (3 Wire Serial) Intel FPGA IP
ck Clock Input clk_0
reset Reset Input [clk]
spi_control_port Avalon Memory Mapped Slave [clk] 0x0001_1000 1}
- irg Interrupt Sender [clk]
A external Conduit spi_slave_external W
< >
1"-|-'" fh : ¥ Current filter:
e | Library/Interface Protocols/Serial/SPI(3 wire)... [_ ==
Type Path Message
=[] 3 Info Messages
@ nios_spijtag_uvart_0 |ITAG UART IP input dock need to be at least double (2x) the operating frequency of JTAG TCK on board
@ nios_spi.sysid_gsys_0 |System ID is not assigned automatically, Edit the System ID parameter to provide a unigue ID
@ nios_spi.sysid_gsys_0|Time stamp will be automatically updated when this component is generated.
< >
Generate HOL... Finish
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* NIOS SP| Swstem

| %3 Parameters i

System: nios_spi  Path: spi_slave

altera_avalon_spi

SPI (3 Wire Serial) Intel FPGA IP

|~ Master/sSlave

Type:

SPI dock (SCLE]) rate:
Actual dodk rate:

Mumber of select (55_n) signals {one for each slave):

Slave

128000

127551.0

Creates the required

1 divide by circuity in

the Master

Spedfy delay

Target delay: 0.0 ns

Actual delay: 0.0 ns
|~ Data register

Width: 8 -« bits

Shift direction: MSB first -
|~ Timing

Clock polarity: 0 a

Clock phase: 0 -

|~ synchronizer Stages

[] Insert Synchronizers
Depth:

[ =)
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* NIOS SPI System

g

-- nios_spi_del0.vhdl

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

Tibrary ieee;
use ieee.std_logic_1164.a11;
use ieee.numeric_std.all;

Bentity nios_spi_del0 1is
B port(
CLOCK_50 : in std_logic;
) GPIO: out std_Tlogic_vector(3 downto 0)
end éntity;
BE"SO 21

H component nios_spi is
1 port (

clk_c1k

reset_reset_n
spi_slave_external_MISO
spi_slave_external_MOSI
spi_slave_external_SCLK
spi_slave_external_sS_n
spi_master_external_MISO
spi_master_external_MOSI
spi_master_external_SCLK
spi_master_external_sS_n

harchitecture behavioral of nios_spi_del0O is

in std_Tlogic := 'X'; -- clk

in std_Tlogic := 'X'; -- reset_n
out std_logic; -- MISO

in std_logic := 'X'; -- MOSI

in std_logic := 'X'; -- SCLK

in std_logic := 'X'; -- SS_n

in std_logic := 'X'; -- MISO
out std_Tlogic; -- MOSI
out std_logic; -- SCLK
out std_logic -- SS_n

i s
end component nios_spi;
signhal MISO: std_logic;
signal MOSI: std_logic; IOOpbaCk
signal SCLK: std_logic;
signal sS_bar: std_logic; .
d ° signals
begin
h u0 : component nios_spi
o port map (
clk_cTk => CLOCK_50, -- clk.cTk
reset_reset_n = '1l", - reset.reset_n
spi_slave_external_MISO => MISO, -- spi_slave_external.MISO
spi_slave_external_MOSI => MOSI, -- .MOSI
spi_slave_external_SCLK => SCLK, - .SCLK
spi_slave_external_ss_n => SSs_bar, - .55_n
spi_master_external_MISO => MISO, -- spi_master_external.MISO
spi_master_external_MOSI => MOSI, -- .MOSI
spi_master_external_SCLK => SCLK, - .SCLK
spi_master_external_sS_n => SS_bar -- .SS_n
b
GPIO(0) <= MISO,
G013 <= NoST. access for
GPIO(2) <= SCLK; .
7 GPIO(3) <= SS_bar; Analog Discovery
end architecture;
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* NIOS SPI System

nios_spiud

CLOCK_50 [ cli_clk
1°h1 reset_reset_n

spi_master exterral MISC

spi_master_exterral _MOS|

spi_slave_exterral_MOsI

spl_master exterral SCLE

spi_slave external _SCLE

spi_master_external S5 n

spi_slave external S5 n

spi_slave external_MISC

GPIO[3.0]
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* NIOS SPI System

nios_spi_l.c

3o gdefine
37 #define

fdefine
fdefine

P OO

11 #define
12 #define

fdefine

14 f#define

16 fdefine
17 fdefine

f#define
f#define

VR T T

-1 gdefine
-2 gdefine

#dafine
£

altera_avalon_spi_regs.h I3

34 #include <ioc.h>

ALTERA AVALON SPI_RXDATA REG
IOADDR ALTERA AVALON SPI_RXDATA (base)
IORD ALTERA AVALON SPI_RXDATA (base)

IOWR ALTERA AVALON SPI_RXDATA (base, data)

LALTERA AVALON SPI_TXDATA REG
IOADDR ALTERA AVALON SPI_TXDATA (base)
IORD ALTERA AVALON SPI_TXDATA (base)

IOWR ALTERA AVALON SPI_TXDATA (base, data)

ALTERA AVALON SPI_STATUS REG
ICADDR ALTERA AVALON SPI_STATUS (base)
IORD ALTERA AVALON SPI_STATUS (base)
IOWR_ALTERA AVALON SPI_STATUS (base, data)

ALTERA AVALON SPI_STATUS ROE MSK
ALTERA AVALON SPI_STATUS ROE OFST
ATTERA AWVAT.OWN S5PT STATIIS TOF MSE

0
IO CALC ADDRESS NATIVE (base, ALTERA A%
IORD (base, ALTERA AVALON SPI_RXDATA REG)
IOWR (base, ALTERA AVALON SPI_RXDATA REG,

1
IO CALC ADDRESS NATIVE (base, ALTERA A%
ICRD (base, ALTERA AVALON SPI_TXDATA REG)
IOWR (base, ALTERA AVALON SPI_TXDATA REG,

2
__I0 CALC ADDRESS NATIVE (base, ALTERA AL
ICRD (base, ALTERA AVALON_SPI_STATUS REG)
ICWR (base, ALTERA AVALON SPI_STATUS REG,

(0x3)
(3)
{0310

oo
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* NIOS SPI System

* nios spi l.c

* Created on: Oct 22, 2018

&3 Author: johnsontimoj

)
I/ 77
//

// SPI with NIOS loopback example - no spi command
//
1117777777077 7777777777777777777

#include "alt_types.h"

#include "altera_ avalon_spi_regs.h"
#include "altera avalon_spi.h"
#include "system.h"

#include <stdio.h>

#include <unistd.h>// usleep

int main(void) {

printf ("Entered Main\n") ;
alt u8 send M;

alt u8 send S;

alt u8 rcvd S;

alt u8 rcvd M;

alt u8 count;

count = 0;
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while (1) {
send M = count;
send S = 255 - count;

// Load Slave TX buffer THEN load Master TX buffer
// loading master TX causes transmission to start

//

IOWR ALTERA AVALON SPI TXDATA (SPI_SLAVE BASE, send S);
IOWR ALTERA AVALON SPI TXDATA (SPI_MASTER BASE, send M);

// Wait for transfer to complete

//
usleep(75) ;

// Read Master and Slave RX buffers
//

rcvd S

// Print results
printf ("master sent = %i\tslave recv'd

IORD ALTERA AVALON SPI RXDATA (SPI_SLAVE BASE);
rcvd M = IORD ALTERA AVALON SPI RXDATA (SPI _MASTER BASE);

%$i\n", send M, rcvd S);

printf("slave sent = %i\tmaster recv'd = %i\n", send S, rcvd M);

// Setup for next loop
count ++;
usleep (1000000) ;

} // end while

return 0;
} // end main
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| W WaveForms (new workspace) — Od *,
Workspace Settings  Window Help
Welcome [+ Help P | Logic 1 @
Eile Control Yiew Window
) Mode: Repeated | Trigger: Auto - Simple Pulse Posih’on: 35us w ||is
N T b Run Buffer: < Source: Digital ~ |Inputs:  100MHz DIO 0..15 Base: 10 us/div ~| =
.= .7, < >
Mame Pin T| Stop |2IJ-48 samples at 20 MHz | 2018-10-24 15:00:00.064 oL S E
- MOSI N——————— 51 |
Select —| |
cock T L LT LT LT LT LJ LT
Data DIO —| |—|—|
- MISO N————————— 04 |
Select ek |00 | |
Data DIo 0 —I—l—,—|
[*]] Problems J<| Tasks [E Console ¥ Nios Il Console
quf_ipi ‘r:dins I}ﬂardu\'*are conﬁgLirEﬁon :cabIE:HUSB—lilaster onlo
3lave sent = 254 master recv'd = 254
master sent = 2 slave recv'd = 2
3lave sent = 253 master recv'd = 253
master sent = 3 slave recv'd = 3
3lave sent = 252 master recv'd = 252
master sent = 4 slave recv'd = 4
3lave sent = 251 master recv'd = 251
X|* -15us -Sus ‘ Sus 15 us 25us 35us 45 us 55 us master sent = 5 slave recvw'd = 5
Manual Trigger Discover, 3lawve sent = 250 master recv'd = 250
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