S rAPT I

Synaptic Labs'
XSPI-Multi-Bus Memory Controller (xSPI-xSPI-MBMC)
Tutorial

TOO1A: A Qsys based Nios Il Reference design with a simple self test of the Flash Memory using
SLL xSPI-MBMC IP

This tutorial describes a simple reference design for SLL xSPI-MBMC IP targeted specifically to
Trenz MAX10 / Cruvi Reference board (CR00100-01). Most xSPI-MBMC customers using any of
these boards board will want to start with this tutorial. This tutorial describes key aspects of a pre-
configured .qsys reference project and then walks through the process of generating and compiling
that .Qsys project. This tutorial then describes how to compile the example Nios 11 source code,
integrate the firmware into the FPGA bitstream and then run the reference design on the
development board.
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Set-Up Requirements:
Step 1: Obtain core materials

» Download and install Quartus Prime Standard/Lite 18.1 on your PC, please ensure that your
PC meets the required minimum specification.

» Create a folder/directory for your work. We suggest: CA\SLL_lab
»  Ask Synaptic-Labs for the reference design Project (supplied with EMxxLX user guide)
* Extract to: C:\SLL_lab\

It is suggested to shorten folders that are too long. This is due to the
path length limitation when the Quartus is running in Windows. Rename
any long folders .

Step 2: License Setup
* Next you need to apply for Synaptic Labs' xSPI-Multi-Bus Memaory Controller license.

* You can skip this step if you already installed the license at some earlier stage.

» Contact S/Labs for a license (info@synaptic-labs.com).

Step 3 : Install xXSPI-MBMC Qsys Component into the project IP Folder

In this tutorial we assume that SLL xSPI-Multi-Bus Memory Controller (xSPI-MBMC) will
be located in the Project directory.

Other Qsys component installation methods are described in the above mentioned
installation Guides.

Contact Synaptic Labs’ for the latest version of Synaptic Labs' xSPI-MBMC IP

Extract to the project/ip directory :
= C:\SLL_lab\CR00100-01_project_18V_J1_ xxx\ip



Step 4: MAX 10 LP Development Board Cruvi Channels

The Trenz CR00100-01 board contains a power controller that sets the voltage level on the
CRUVI channel. Ensure that the EP53A7HQI power controller signals in the top level verilog
project file are set to the voltage level required by the memory devices mounted on the Cruvi
channels. Check the schematic for more info.

EPS53A7HQI  pwr_ctr vid pwr_ctr vid pwr_ctr vid CruviJl Voltage
2 1 0

//Power Control

//# EP53A7JHQI power and VID control
JA# VID=000 3.3V

J/# VID=100 2.5V

J/# VID=111 1.8Y

assign pwr_ctr _enable = 1'bl;
assign jpwr ctr vide = 1'bl;
assign pwr_ctr vidl = 1'bl;
assign pwr ctr vidz = 1'bl;
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1.0 Contents of the reference project

Synaptic Labs' xSPI-Multi-Bus Memory Controller (xSPI-MBMC) Reference design projects
includes the following files and directories:

+ CRO00100-01_project_18V_J1_xxx folder contains the Quartus Prime and Qsys project
files for the first reference project.

* The CR00100-01 project 18V J1 xxx— ip folder will contain SLL xXSPI-MBMC
encrypted ip (refer to Setup requirements: step3 for more info)

« The CR00100-01_project_18V_J1 xxx — software folder is the workspace folder for Eclipse

* The CR00100-01_project_18V_J1_xxx —source folder contains the source code
for the FlashTest program as used in this xXSPI-MBMC Tutorial 001.

Note: Synaptic Labs' xSPI-Multi-Bus Memory Controller (xSPI-MBMC) IP can ONLY be
simulated with Altera's Modelsim Simulator. Please contact Synaptic Labs for a simulation
model if required.
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2.0 Open the reference Quartus Project

In the menu bar of Quartus Prime, select File — Open Project...

Select the file test_board.qpf in the project directory
Click the [ Open ] button.

2. 1 Check the correct FPGA device s selected

File Edit View Project Assignments Processing Tools Window Help
L rC test_board v & &N
Project Navigator Hierarchy viaMo x || & (%)
Entity:Instance Table of Contents -
4% MAX 10: 10M08SAU169C8G E2 Flow Summary «Q
>~ test board & EE Flow Settings Flow Status Successful - Thu Mar 10 10:45:35 2022
£ Flow Non-Default Global Settings Quartus Prime Version 18.1.0 Build 625 09/12/2018 SJ Standard Edition
B3 Flow Elapsed Time Revision Name test_board
? Flow OS Summary Top-level Entity Name test_board
5] Flow Log Family MAX 10
Andlysls & Synthiesls Device 10MOBSAU169C8G
it Fitter Timing Models Final
Assembler Total logic elements 7,748 [ 8,064 (96 %)
Power Analyzer Total registers 5202
] S © Flow Messages Total pins 61/130(47 %)
: © Flow Suppressed Messages Total virtual pins 0
Tasks Compilation _ v|=M@o x| >~ I Timing Analyzer Total memory bits 72,705/ 387,072 (19 %)
Task A Embedded Multiplier 9-bit elements  6/48(13 %)
Total PLLs 1/1(100%)
Y= P Gomplls Deslgn UFM blocks 0/1(0%)
>~ > Analysis & Synthesis ADC blocks 0/1(0%)

Every Quartus project is targeted to a specific FPGA device.

The Trenz CR00100-01 board employs the 10M08SAU169C8G

device. If you need to change the FPGA device for your specific

board:

Ensure that there are no instances of the Qsys application running.
Right click on the device name.

Select “Devices...” in the pop up window.

A new window will open. Select the “Device” tab.

Copy the required device name into the “Name filter:” field.

A popup window will ask: “Do you want to remove all location assignments?”
Click on the [ No ] button.

Select the requested device in the “available devices:” field so that it is highlighted in
blue.

Then click on the [ Okay ] button.

The Quartus project and the Qsys project are now configured for the FPGA device you selected.
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Enable System Verilog in Quartus

You will need to enable System Verilog in the Compiler Settings. This can be done by
* Right click on the device name and select Settings.
» Locate Compiler Settings / Verilog HDL Input
» Select System Verilog

File Edit View Project Assignments Processing Tools Window Help

Ord | O :|test_board VS EE N DT FES LR
Project Navigator #% Hierarchy v QMo x < Compilation Report - test_board (%)

. Table of Contents 1R M) Flow Summary
Settings - test_board

Entity:Instance
4% MAX 10: T0M08SAU169C8G

>-B® test_board &
7| Category: Device/Board...
General Verilog HDL Input
Ff‘les | Options for directly compiling or simulating Verilog HDL input files. (Click on the EDA Tool Settings
Libraries category to enter options for Verilog HDL files generated by other EDA tools.)
v-IP Settings
IP Catalog Search Locations Verilog version
Design Templates
v~ Operating Settings and Conditior | ./ Verilog-1995
Voltage __ Verilog-2001
<[ ] Temperature ~
= ) S! i
: a v~ Compilation Process Settings (o) Systermverlog
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3.0 Open the reference Qsys project

In the menu bar of Quartus Prime, select Tools—Qsys
» Select the file Nios_test_board.gsys in the project directory

* Click the [ Open ] button.
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4.0 Explore and configuring the reference Qsys

project

4.1 Components employed in the reference project

The reference Qsys project in this tutorial employs a Niosll/f processor, Synaptic Labs' Multi-
Bus Memory Controller (xSPI-MBMC) IP, Altera’s SDRAM controller to store code and data,
Altera’s DMA controllers and various peripherals such as Altera’s JTAG UART and timer

modules as illustrated below. All these Qsys components are connected together.

Eile Edit System Generate View Tools Help

% |P Ccatalog =

/@]

Project
# New Component...
o System
Library
o Basic Functions
& DSP
o Interface Protocols
o~ Low Power
& Memory Interfaces and Controllers
o Processors and Peripherals
©- Qsys Interconnect
o Synaptic Labs
o Tri-State Components
o University Program

| New...

T, Hierarchy #2| Device Family & =]

1 NIOS_test_board [NIOS_test_board.qsys]
| o m= clk

| o= = led

}> - pliLoomhz

| &= »= reset

| o = sdram

o B= sll xspi_mc_top

| o w= uart

| o cik

| o= 4 jtag_uart_0

| o~ 4% mm_bridge_0

; o 08 nios2

| € pio_0

| o pil

| & & sdram

| o € sll_xspi_mc_avmm_top_0
| &= 4 sysid

| o= & timer_0

| &= & vart

le- Connections

Synaptic Labs 2020

- of 0| 6= Messages

-
Tyee | Path ! Message "
|| 3= system Contents 33| Address Map £ | Interconnect Requirements &3 -
System: NIOS_test_board Path: sll_xspi_mc_avmm_top_0
+|[ Use Connections Name Description Export Clock Base End IRQ
9 8 dk Clock Source
o1 ckin Clock Input clk exported
X o clk in_reset Reset Input reset
= clk Clock Output clk
- ——————————————  clkreset Reset Output
= a pll \ALTPLL Intel FPGA IP
- inclk_interface  |Clock Input clk
= inclk_interface_r... [Reset Input | finclk_int.
—|  pli_siave |Avalon Memory Mapped Slave | [inclk_int... |+ 0x1050 ox105f
> ‘ <0 Clock Output | pll_co
@ a Clock Output |pii100mhz pll_c1
2 Clock Output pil_c2
[ c3 Clock Output pil_c3
v [ B sll_xspi_mc_avm.... |SLL Avalon xSP| Memory Contr...|
T i_hbus_clk 0 Clock Input pll_c2
i_hbus_clk 90 [Clock Input pll_c3
Ziavs0_clk Clock Input pll_co
{Jiavs0_rstn Reset Input [i_iavs0_c.
iavs0 lAvalon Memory Mapped Slave [iLiavs0_c. 0x1000_6000 ox17Ff_fFFf
——(  iavs_reg lAvalon Memory Mapped Slave [i[iavs0_c... < 0x1100 ox11ff
o_iavsr_irq Conduit
©f Conduit 10 Conduit |sh_xspi_mc_top
2% nios2 Nios Il Processor
clk Clock Input pll_co
reset Reset Input | [clk]
data_master |Avalon Memory Mapped Master | [clk]
instruction_master |Avalon Memory Mapped Master | [clk]
irq Interrupt Receiver [clk] IRQ 9 IRQ 31
debug_reset_req...Reset Output | [clk]
$——|  debug_mem_slave |Avalon Memory Mapped Slave | [clk] 4+ 0x0300 oxOfff
custom_instructi... (Custom Instruction Master
2] B sdram SDRAM Controller Intel FPGA IP |
clk Clock Input pll_co
reset Reset Input [clk]
sl lAvalon Memory Mapped Slave [clk] 0x0080_06000 ox0eff_ffff
o wire Conduit |sdram
= mm_bridge_0 \Avalon-MM Pipeline Bridge
clk Clock Input pll_co
reset Reset Input | [clk]
s0 \Avalon Memory Mapped Slave | [clk] 0x0116_0000 0x0110_1fff
o lon b A Mast Loy
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4.2 Nios llI/f processor configuration

In this example, the Nios Il/f Reset and Exception vectors are mapped to SDRAM memory as
illustrated below. This means that the Nios I1/f processor will look for the boot code and
exception handling / interrupt code in the SDRAM memory module.

Main | Vectors r Caches and Memory Interfaces rArithmetic Instructions rMMU and MPU Settings rJTAG Debug rAdvanced Features
[~ Reset Vector

Reset vector memory: sdram.sl |v|
Reset vector offset: 0x00000000
Reset vector: 0x00800000

[~ Exception Vector
Exception vector memory: sdram.sl |v|
Exception vector offset: 0x00000020
Exception vector: 0x00800020

[~ Fast TLB Miss Exception Vector
Fast TLB Miss Exception vector memory: | | |

Fast TLE Miss Exception vector offset:
Fast TLE Miss Exception vector: Ox00000000

Main | Vectors | Caches and Memory Interfaces | Arithmetic Instructions | MMU and MPU Settings | JTAG Debug | Advanced Features |
‘|| F instruction cache -
: Size: ( 2 Kbytes |w \
Add burstcount signal to instruction_master: \\\ @E /
[* Flash Accelerator -
| Line Size: None -
Number of Cache Lines: :I:I

|| F Data cache

Size: // 2 Kbytes |w \

Victim buffer implementation: ( RAM )

Enable //

Use most-significant address bit in processor to 5;5@&5&5 cache

Add burstcount signal to data_master: \

~__

A

[~ Tightly-coupled Memories
| Number of tightly coupled instruction master ports: |ygne

-

Number of tightly coupled data master ports: Naone

-

||| _Peripheral Region
Size:

MNone

:

Base Address:

As illustrated below, the instruction and data caches of the Nios Il/f core have both been set to
2KB or 4Kbytes in size to accelerate software performance. The instruction and data caches
have both been configured with their burstcount signal enabled so that both caches issue burst
memory transfer requests. This is done because: (a) the HyperBus protocol employs burst
memory transfer requests with closed page mode of operation; and (b) SLL’s xSPI-MBMC
employs an Avalon interface with burst mode of operation.
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4.3 Configuring SLL xSPI-Multi-Bus Memory Controller

Synaptic Labs' xSPI-Multi-Bus Memory Controller has been pre-configured in this reference
project. The user does not need to change any settings in the configuration. In this section we
will describe various configuration options used in the design.

SLL Avalon xSPI Memory Controller IP (xSPI-MC) - sll_xspi_mc_avmm_top_0

m SLL Avalon xSPI Memory Controller IP (xSPI-MC)

Megetorws  SII_xspi_mc_avmm_top

- 4 , z
~ Block Diagram ¥| [(Info | Master Configuration | Clock and PLL Configuration | IAVS0 Configuration | Device 0 Info r Device 1 Info \
lal Show signals ~ Synaptic Laboratories Limited (SLL)
sll_xspi_mc_avmm_top_0
2 S [
e (AR S/ 1A T L
- | W | —S=s0~ATORIES L TO.

i_hbus clk 90
clock
i iavs0_clk
ptavsO ce  Jiock
~ License And Confidentiality Agr:

i iavs0_rstn et

et By Using SLL xSPI Memory Controller (xSPI-MC) IP,
RS lavalon You acknowledge that You have read the accompanying
Conduit 10 i License and Confidentiality Agreement, understand it,
T ke accept it and agree to be bound by all its Terms.

~ SLL xSPI Memory Controller (xSPI-MC)

Synaptic Laboratories Ltd (SLL) xSPI Memory Controller (xSPI-MC) provisions a
single Memory memory channel with support for up to 2 Memory memory devices.

STT_xspi_mc_avmm_top

You can instantiate multiple instances of SLL xSPI-MC IP in your design.
This version of SLL xSPI-MC IP supports both HyperRAM and HyperFlash devices.

Visit www.synaptic-labs.com to access free documentation, free reference designs and
to download the latest version of this IP.

~ Installation of License Key

The accompanying License Credential with embedded License Key provides a description
of the License Type, Target Application, Supported Device/s, and what capabilities

have been enabled/disabled under Your License. The full terms and conditions contained
in the License Credential with embedded License Key are included by reference into the
License and Confidentiality Agreement.

Your License Credential with embedded License Key is typically found:
(a) in the xSPI-MC IP folder; or (b) as an attachment sent to you by e-mail.

That License Kev must be installed (copied and pasted) in Quartus Prime to synthesise desians
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There are two options to configure the memory device selection mode in SLL xXSPI-MBMC IP .
1) Fixed/static Mode implementation

In this mode, the user configures the controller for the exact memory device present on the Cruvi
adapter.

In the Master Configuration Window, the Memory Channel 0 /1 Configuration contain a list
of memory devices. These lists are grouped according to memory protocols.

For example, to connect an Everspin EM064LX Flash memory ( Everspin EMLX family) on
chip select 0, the user needs to set the follow:

The Memory Channel 0 Configuration field is set to :

* Protocoll as SPI STT-MRAM

« Memory device on chip select 0 as EM0O6LX.

+ SPI-DDR Boot Configuration as Device Powers up in SPI : Switch to DDR
The Memory Channel 1 Configuration field is set to :

* Protocoll as None

“ SLL Avalon xSPI Memory Controller IP (xSPI-MC)

Megocore  SII_xSpi_mc_avmm_top

~ - 1
[~ Block Diagram | ¥ Master Configuration f’ Clock and PLL Configuration r I1AVS0 Configuration r’Device 0 Infa rDewce 1 Info |
[_] show signals |

|| [- Memory Channel Configuration

1| Mumber of Parallel Memory channels:
sll_xspi_mc_avmm_top_0 ]
hous clk 0 || - Memery channel o Configuration
5 lack || Protocol o: XSPI STT-MRAM |~ |
i hbus_clk 90 5 . .
S lock Memory device on chip select 0: EMO64LX (Everspin) 1.8V xSPI STT-MRAM 200 MHz 64 Mbit \v|
lavs0 Cl
lock i
- °c SPI-DDR Boot Configuraton: Device Powers Up in SPI mode: Switch to DDR mode |v|
iavs0_rstn ot
avs0 | : [* Memory Channel 1 Configuration
L ) Protocol 1: LH
& e i nduie Memory device on chip select 1: none i
Conduit_|O : - -
Al nduit /|| [_Memory 10 Configuration
slxspl me_avmm top| | | | Select DQIN Pin configuration: Integrated DDR Registers in 10 Element |v‘
Select I/O Interface: Standad /0 Interface |+
|| [- Memory Powerup Configuration
|| PowerUp Delay Timer: |300 us

|| [- Memory RWD5-DQ SKEW Configuration
Enable Default RWDS-DQ SKEW settings
DQ-DQS skew on channel 0 in ps: 533

: [~ Avalon Target Interface Configuration

Avalon control port: Enabled |«
Control Port Interface Type: AVMM Interface :
Include PSRAM ECC input signal: Disabled :

After a power up delay, SLL xSPI-MBMC will automatically program the Flash or PSRAM
configuration registers. The user does NOT need to program the memaory controller in software.
This implementation results in a much lower resource utilization in FPGA.

Synaptic Labs 2020 info@synaptic-labs.com 8" March 2021 V1.1  page 12



mailto:info@synaptic-labs.com
mailto:info@synaptic-labs.com

2) Generic Mode implementation

In this mode, the user configures the controller in Generic mode. This means that the user can
connect any memory device supported by the controller. The memory devices will later on be
configured through software.

w

Mogeters’

SLL Avalon xSPl Memory Controller IP (xSPI-MC)

sll_xspi_mc_svmm_top

[~ Block Diagram

[[] show signals

sll_xspi_mc_avmm_top_0

i hbus clk 0

lock

i hbus clk 90

lock

iavs0 clk

lock

i iavs0 _rsin

iaws0

javs reg

eset
avalon

o iavsr irg

onduit

Conduit 10

onduit

sl|_xspi_mec_avmm_top

1
| .
‘|| [ Memory Channel Configuration

Number of Parallel Memory channels:

[~ Memory channel 0 Configuration

Master Configuration | Clock and PLL Configuration | 1AVSO Configuration | Device 0 Info | Device 1 Info |

Protocol O:
Memory device on chip select 0:

SPI-DDR Boot Configuraton:

Generic_x8 |v|

Generic x8 Memory Device : 1 Gbit address space ‘v‘

Device Powers Up in SPI mode: Switch to DDR mode |v|

[~ Memory Channel 1 Configuration

Protocol 1:

Memory device an chip select 1:

none -
none :

‘|| [ Memory 10 Configuration

Select DQIN Pin configuration:

Integrated DDR Registers in 10 Element |v|

Select IO Interface:

Standad I/0 Interface |w

Check xSPI-MBMC user manual for more information.
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In this project, the memory controller is configured as a static memory device controller. This
means that only the selected memory device can be can be connected on the CRUVI channel.

The user will NOT need to configure the controller in software. Check the user manual for more
information or study the software application example provided with this tutorial.

In static mode, the user cannot test different devices without the need to re-compile the Quartus
design.

In this example, we will use this port to test Everspin EMLX Flash memory device.
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In the ""Master Configuration®" tab

......for this project CR00100-01 MAX10 Kit

The Memory Channel 0 Configuration field is set to :

* Protocoll as SPI STT-MRAM

« Memory device on chip select 0 as EM0O6LX.

» SPI-DDR Boot Configuration as Device Powers up in SPI : Switch to DDR
The Memory Channel 1 Configuration field is set to :

* Protocoll as None

“ SLL Avalon xSPI Memory Controller IP (xSPI-MC)

Megacore  SII_¥Spi_mc_avmm_top

= - 1
[~ Block Diagram M Master Configuration r Clock and PLL Configuration f’ 1AVS0 Configuration f’Dewce 0 Info r Device 1 Info |
L1 show signals [~ Memory Channel Configuration
| Mumber of Parallel Memory channels: [{
sll_xspi_mec_avmm_top_0 |
|| - Memory Channel 0 Configuration
hbus clk 0 lock 8 | 0:
Fratocel 0: XSPI STT-MRAM | w
i hbus_clk 90 : . .
o lock || Memary device on chip selact 0: EMOBALX (Everspin) 1.8V xSPI STT-MRAM 200 MHz 64 Mbit |v|
lavs0 cl
lock 4
- o | SPI-DDR Boot Configuraton: Device Powers Up in SPI mode: Switch to DDR mode |v|
iavs0_rstn — :
avs0 | [~ Memory Channel 1 Configuration
javs reg ) Protocol 1: none =
o iavsr irg e Memory device on chip select 1: none i
Conduit 10 " ;
onduit || = Memory 10 Configuration
Slxspime_avmm_top | | f | Select DQIN Pin configuration: Integrated DDR Registers in 10 Element |v|
Select /O Interface: Standad /0 Interface [+

[~ Memory Powerup Configuration

Powerlp Delay Timer: [300 us

| [~ Memory RWDS-DQ SKEW Configuration

Enable Default RWDS-DQ SKEW settings
DQ-DQS skew on channel 0 in ps: 533 ps

|| [~ Avalon Target Interface Configuration

Avalon control port: Enabled |w
Control Port Interface Type: VMM Interface :
Include PSRAM ECC input signal: Disabled :
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In the Clock and PLL Configuration Tab

« The Avalon and Memory clock configuration field is set to Two clocks

» The Memory channel clock frequency field will automatically be set to the incoming
frequency on the Hyperbus clock

» The Avalon output clock frequency field will automatically be set to the incoming
frequency on the Avalon slave clock

]
e

1
| [ Info | Master configuration | Clock and PLL Cenfiguration | 1AVS0 Configuration | Device 0 Info | Device 1 Info |

[~ Clock Configuration
Avalon and Memory clock configuration: Two clocks-One clock for all the Avalon ports. One clock for the Memory channel |v|

Unique Name: hypernios_sll_xspi_mc_avmm_top_0

[~ selected Configuration - Clocks
Memory channel clock frequency: 160 1Hz

Avalon output clock (av_out_clk) frequency: 100 Hz
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In the Ingress Avalon Slave 0 (IAVS0) configuration tab

The IAVSO port is used to access all memory devices connected to the xSPI Multi-Bus Memory
Controller IP. The most common configuration of the IAVSO0 port is as follows:

IAVSO: Ingress Avalon port stage

« The Enable Avalon write capability field is checked

« The Enable Avalon byte-enable capability field is checked

» The Register Avalon Write data field is left unchecked
IAVSO0: Burst Converter and address decoder stage

* The max BurstSize (in Words) field is set to 64 words

» The BurstonBurstBoundaries is set to True
IAVSO0: Ingress Avalon return stage

* The Register Avalon Read data path field is left unchecked

» The Use Avalon Transaction Response field is left unchecked

((Info | Master Configuration | Clock and PLL Configuration [ IAVS0 Configuration | Device 0 Info | Device 1 Info |

[ 1AVS0: Ingress Avalon port stage

Enable Avalon write capability

Enable Avalon byte-enable capability
Access capabilities: Read/Write

[ ] Register Avalon write data path {generally recommended for high clock speed designs)

[~ 1AVS0: Ingress Avalon address/data

Address width: 21
Address units:
Word width: bits

[~ 1AVS0: Burst converter and address decoder stage

maxBurstSize (in words): 64 |w

burstOnBurstBoundariesCOnly:

[ 1aVS0: Ingress Avalon return stage

[ ] Register Avalon read data path (sometimes used to increase top clock speads)

O

The GUI interface includes significant inbuilt documentation. Moving your mouse over a
configuration field pops up the on-screen help for that field.
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In the Device 0 Info tab

The “Device 0 Info” tab provides information about the Memory device connected to chip select
device 0.

If in the "Master Configuration™ tab, the Memory Channel 0 Configuration/Protocol field is set
to None, these fields remain empty.

If in the "Master Configuration™ tab, the Memory Channel 0 Configuration/Protocol field is set
to any other device , the table will show the parameters, configuration and timing for the
selected device memory.

["Info | Master Configuration | Clock and PLL Configuration | 1AVSO Configuration | Device 0Info | Device 1 Info |

[~ Device 0 Parameters
Device: em064hx
Memory Type: ¥ccelaflash
Device storage capacity: g Bvtes

Device Speed Grade: 200 Hz
Device DQ data width: a
Device Wrap Support: 0

on-default configuration settings are programmed after Power-Up
[~ Device 0 Timings

Tacc: 18 cycles

Teshi - Trwr: 15 cycles

Tcss: 2 Cycles

Tesh: 1 cycles
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The Devicel Info Tab

The table below will show the parameters, configuration and timing for the memory device.

If in the "Master Configuration™ tab, the Memory Channel 1 Configuration/Protocol field is set
to None, these fields remain empty.

(" Info | Master Configuration | Clock and PLL Configuration | 18vS0 Configuration | Device 0 Infe | Device 1 Info

[ Device 1 Parameters
Device: none
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4.5 Configuration of Altera’s SDRAM
In this reference project, Altera's SDRAM controller is configured as an 8 Mbyte SDRAM
device.

SDRAM Controller Intel FPGA IP - sdra

“ SDRAM Controller Intel FPGA IP

Megutor  2lItera_avalon_new_sdram_controller

It
p l/Memory Profile | Timing |
|| [ Data widt

dth

sdram Bl =

i ﬁrchitecture |

[ Block Diagram
[] show signals

clic :
clack :

1 {| Banks:
avalan :

wire

conduit ‘|| [~ Address width
a_awvalen_new_sdram_centraller Row: 12
i column: g

[ Generic Memory model (simulation only) |
[ ] Include a functional memory model in the system testbench

Memory S5ize = 8 MBytes
4194304 x 16
64 MBits

SDRAM Controller Intel FPGA IP - sdram

“ SDRAM Controller Intel FPGA IP

Megoterss  Gltera_avalon_new_sdram_controller

|~ Block Diagram | ; :
[] Show signals Memory Profile | Timing | 1
i| | CAS latency cycles:: 1
sdram 2
clk clock ®3
eset | Initialization refresh cycles: 2
1 Issue one refresh command every: 15.625 us
i avalon :| | Delay after powerup, before initialization: 200.0 us
S canduit Duration of refresh command (t_rfc): 50.0 ns
a_avalon_new_sdram_controller Duration of precharge command (t_rp): 15.0 ns
|| acTivE to READ or WRITE delay (t_rcd): 15.0 ns
Access time (t_ac): 5.0 ns
Write recovery time (t_wr, no auto precharge): 120 |
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5.0 Generating the Qsys Design

Once the Qsys project has been correctly configured, press the [ Generate HDL... ] button on the
bottom right hand side of the Qsys window.

[~ synthesis |

Synthesis files are used to compile the systemin a Quartus Prime project.

Create HDL design files for symhesis:s \\

[ ] Create timing and resource estima\teg for third-party EDg/z{hthesis tools.
Create block symbol file (.bsf) S

[~ Simulation

The simulation model cantains generated HOL files for the simulator, and may include simulation-only features.
Simulation scripts for this component will be generated in a vendor-specific sub-directory in the specified output directory.

Follow the guidance in the generated simulation scripts about how to structure wour design's simulation scripts and how to use the
Ip-setup-simulation and ip-make-simscript command-line utilities to compile all of the files needed for simulating all of the IP in your
design.

Create simulation model; ﬂ

[~ Output Directory |
Path: |ared,-'DevPrUjects,-'A"v’net,-'prj_aItera,-'FPGAbUard;‘HyperMA\(E 5,-'SLL_H\,eperRAM_Nius_PrDject,.-'h\,eperniDﬂ I:'

| Cenerate || Cancel |

* In the Synthesis section, set the Create HDL design files for synthesis field to Verilog.
* In the Simulation section, set the Create simulation model field to None.

» Then click on the [ Generate ] button.

* You may see a Save System window.

» Click the [ Close ] button to close the save window.

» Generating the .gsys project updates the .SOPC file which will be used by the Nios Il
Software Build Tools (SBT) environment.
» Click the [ Close ] button to close the generate window.

You may want to close the Qsys window.
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6.0 Demo test Application

The pre-compiled project has the following setup
* Niosll running at 100 Mhz
+  SDRAM (8 Mbyte) running at 100 Mhz
* Everspin EM064LX (on J1) memory running at 150 Mhz

The Flash/SDRAM test application provided with this bundle performs a number of functions to
test the SDRAM memory and Flash memory devices.

If errors are encountered, the subsequent tests are bypassed.

{Initialize SLL XSPI-MBMC 0
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6.1 Flash test Application File Structure

Software flash low level drivers and a sample test application is provided with this tutorial. The
low level drivers can be found under the source_files directory. To date, low level drivers are
provides for Everspin EMLX family, Cypress Semper Flash with octospi (28HS/28FL series),
Micron xSPI Flash (MT35XU series) and GigaDevice (GD55LX series). In this demo
application, the Flash Drivers for Everspin Flash (EMLX/28FL series) are provided. Kindly
contact Synaptic Labs’ if you want additional flash drivers or functionality / API for a specific
memory device.

v emlx_flash_test
[@hello_world.c

| sll_ca_xspi_mc_init.c

@Sll_ca_xspi_mc_init.h

L@ sll_ca_xspi_mc_t004 _reg.c
! [_}3%sIl_ca_xspi_mc_t004_reg.h
L@ sll_drvr_emix.h

-
[@ sll_drvr_nor_flash_002.c
L@ sll_drvr_nor_flash_002.h <\

[@sll_drvr_psram.h
| sll_flash_test_003.c \

@sll_ﬂash_test_OO&h
" &y sll_psram_tests.c

@sil _psram_tests.h

| @ target_io.h
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7.0 Preparing the firmware

7.1 Open the NIOS Il Software Built Tools for Eclipse

In Quartus Prime, go to the menu bar and select

* Tools — NIOS Il Software Built Tools for Eclipse.

Workspace Launcher

Select a workspace

Eclipse stores your projects in a folder called a workspace.
Choose a workspace folder to use for this session.

[] Use this as the default and do not ask again

Cancel | ‘ oK

» Click the [Browse...] button. A new file selector window will open. In this tutorial we
are going to select the software folder located inside the project folder as the workspace
and then click the [ OK ] button.

» Besure to leave the [ ] Use this as the default field unticked.

* Click the [ OK ] button.
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7.2 Create a simple application and BSP

The software folder in the reference project is empty. This is because problems can be
experienced when moving the Eclipse Workshop folder between Windows and Linux Systems.
We need to create a Nios Il application, and Nios Il board support package for that Nios 11
application:

In the Eclipse window, go the menu bar and select:

* File - New — NIOS Il Application and BSP from Template

& Nios Il - Eclipse
File' Edit Navigate Search Project Nios!l Run Window Help
Open File... Rios Il Application
Nios Il Board Support Package 2
Nios Il Library !
Project... = :
Other... Ctri+N
)
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A new window will pop up: (most of the fields below will initially be empty)

- Nios Il Application and BSP from Template o x
Nios Il Software Examples

Create a new application and board support package based on a
software example template

Target hardware information

SOPC Information File name: _generic_l_BV/NIOS_test_board.sopcinfo" ‘

CPU name: nios2

A
v

Application project
Project name: EMLX test

v/ Use default location

Project location:

Project template

Templates Template description
Hello World 4 Hello World prints 'Hello from Nios II' to
Hello World Small SIOUT

Memory Test This example runs with or without the
MicroC/OS-Il RTOS and requires an STDOUT

Memory Test Small St
device in your system's hardware.

Simple Socket Servel

Simple Socket Servelv For details, click Finish to create the project
i » and refer to the readme.txt file in the v

"L\‘ B Next > | Cancel Finish |

* Inthe Target hardware information, click on the [...] button

» Afile browser window will open. Locate and select the Nios_test_board.sopcinfo file
generated by Qsys and stored in the project directory. Click [Open].

« It may take around 30 seconds for the Eclipse application to parse the .sopcinfo file.
» Select a Project name. In this example, we are using EMLX_test as the project name.
» Ensure that: [x] Use default location is ticked.

* We now need to select a template from the Project Template list. In this example, select
the Hello World template.

» Press the [ Finish ] button to complete the current step.
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The Nios Il SBT will now generate:

« aEMLX test application folder that contains the hello_world.c file. We will replace
that hello_world.c file with a custom program that tests the Flash device later in this
tutorial.

« aEMLX test bsp folder that contains the Nios Il Board Support Package (BSP)
hardware abstraction layer (HAL).
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7.3 Configure the Board Support Package (BSP)

The Nios Il BSP must be configured before we can compile the source code.

» Inthe Project Explorer tab, right click on:
EMLX test_bsp — Nios Il -> BSP Editor...

4 Nios 1l - Eclipse

Synaptic Labs 2020

info@synaptic-labs.com

File Edit Navigate Segrch Project Nigs Il Bun \Window Help
- S > - S R T c A - S > B SR e
{n Project Explorer 23 — im
— B -
P = Helloworid
P SNl :':)v: >
Fad nto
> =k Open in New Window
P [£a copy Ctri+C
P whi
> is pelete Delete
8 d
=W source >
o
M Rename... F2
n
Import...
A Export...
= s
@ s Build Project
Clean Project
Refresh F5 nsole 3 Propertie
Close Project
Close Unrelated Projects 2
2 x bsp]
Build Configurations >
Make Targets >
B Index > LT
—
S Hellowe  Show in Remote Systems view
Profiling Tools >
Convert To...
Profile As >
Debug As >
Run As >
Compare With >
Restore from Local History...
Nios Nios Il Command Shell...
Run C/C++ Code Analysis Generate BSP
Team b~ BSP Ed
Properties Alt+Enter Flash Programmer...
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In the Main Tab of the BSP editor, in the panel on the left hand side, select:
+ Settings — Common

» Setthe sys_clk_timer field to timer_O . This is used to generate a recurring system
clock interrupt for the hardware abstraction layer.

+ Setthe timestamp_timer field to interval_timer This field is used to enable the
hardware abstraction layer to perform fine precision timing.

The Newlib ANSI C standard library can be configured as small or normal

Generally, when mapping code and data to on-chip memory:

Tick the [x] Enable small C library field to reduce the size of the executable code generated by
the hardware abstraction layer (HAL). Ticking this option also reduces the functionality and
performance of the HAL. Please note that the inbuilt memset() and memcpy() routines will be
very slow.

Generally, when mapping code and data to HyperRAM and/or SDRAM:

Untick the [ ] Enable small C library field to increase the functionality and performance of the
executable code generated by the hardware abstraction layer (HAL). The inbuilt memset() and
memcpy() routines will achieve good performance. However, the executable code will be
considerably larger.

File Edit Tools Help

[ Main I/ Software Packages r Drivers r Linker Script rEnable File Generation rTarget BSP Directory

SOPC Information ... ../, /NIOS_test board. sopcinfo
CPU name: nios2
Operating system: Altera HAL wersion: |default :

BSP target directory: fexport/Sandbox/prj_altera/Companies/Trenz/Cruvi/V3_3/CRO010_project 18V J1_EMLX_Ql8pl/software/EMLX_test bsp

¢ Settings : =
- e[|
# hal - _ -
sys_clk_timer : timestamp_timer: =
timestamp_timer stdin:
| 5 : tag_uart_0 =
stdin =: 1159 = = B
stdout stdout: jtag_uart_0 =
stderr : stderr: {tag_uart 0 =
enable_small_c_library i - -
enable_gprof [[] enable_small_c_library ]
enable_reduced_device_drivers | [] enable_gprof
b fnkableismioptlmwze [[] enable_reduced_device_drivers
inker 5
enable_exception_stack [ enable_sim_optimize
exception_stack_size ;| hal.linker

exception stack memory region nan

D] [[] enable_exception_stack |
1 [l 4 5 L
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In the Main Tab of the BSP editor, in the panel on the left hand side, select:
» Settings — Advanced — hal.linker
For the purpose of this tutorial, the following configuration will generally work:
» Tick [x] allow_code_at_reset
* Tick [x] enable_alt_load
» Tick [x] enable_alt_load copy_rodata
» Tick [x] enable_alt_load copy_rwdata

» Tick [x] enable_alt_load copy_exception

BSP Editor - settings.bsp

File Edit Toels Help

[f’ Main I/ Software Packages r Drivers r Linker Script rEnabIe File Generation rTarget BSP Directory |

SOPC Information ... .././NIO5_test board.sopcinfo

CPU name: nios2

Operating system: Altera HAL version: |default =

BSP target directory: Jrun/media/mbonnici/SLL_MBMC_proj/pri_altera/Companies/Trenz/Cruvi/V3_3/NIOS_SDRAM_Cruvi_M10_generic_1_8V/software/S28HS_test_bsp

S CTR_LITeT [T enable_mul_div_emulation -
timestamp_timer i |
stdin i enable_sopc_sysid_check
stdout B custom_newlib_flags: [none |
stderr - - B
enable_small_c_library : log_flags: o |
enable gprof i - 3
enable_reduced_device_drivers | hal.linker
enable_sim_optimize 3 ]

¢ linker = allow_code_at_reset

enable_exception_stack
exception_stack_size enable_alt_load

exception_stack_memory_region_naf enable_alt load_copy rodata
enable_interrupt_stack - - - -
interrupt_stack_size i enable_alt_load_copy_rwdata
int: t_stack i i

? mall(r:eerrup —steckmemory_reglon_nar i enable_alt load copy exceptions
bsp_cflags_debug hal.make

bsp_cflags_optimization
cflags_mgpopt L
o= Advanced |

build_pre_process: [none |

ar_pre_process: [none | =

However, this specific configuration may not be the best configuration for your project’s needs.

Please refer to Altera’s documentation for detailed information on how to setup the hal.linker
fields:

Generic Nios 1l Booting Methods User Guide, UG-20001, 2016.05.24

https://www.altera.com/content/dam/altera-wwwi/global/en_US/pdfs/literature/ug/
niosii_generic_booting_methods.pdf
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Select the Linker Script Tab of the BSP editor.

File Edit Tools Help

BSP Editor - settings.bsp

[ Main | Software Packages | Drivers | Linker Script | Enable File Generation |  Target BSP Directory |

Linker Section Mappings

Linker Section Name «

Memaory Device Name |

Add....

.bss

.entry
.exceptions
.heap
.rodata
.rwdata
.stack
.text

Linker Region Name
sdram sdram
reset sdram
sdram sdram
sdram sdram
sdram sdram
sdram sdram
sdram sdram
sdram sdram

Restore Defaults...

Linker Memory Regions

For this tutorial example, we are going to:

* Map the reset vector (.reset) to the sdram memory (sdram) .
This is generated by Qsys and depends on the location of the Nios Il reset vector.

Linker Region Name Address Range Memory Device Name Size (bytes) Offset (bytes) | Add... |
s11_xspi_mc_avmm_top_0 iavsO 0x10000000 - Ox17FFFFFF |s11_xspl_mc_avmm_top_0_iavsO 134217728 a
sdram 0x00BOO020 - OxOOFFFFFF (sdram 8338576 3 | Restors Defaults |
reset 0x00B00000 - OxOO0S000LF [sdram 32 a =

Add Memory Device. ..

Memory Usage...

Memory Map...

» Map the exception vector (.exceptions) to the sdram memory (sdram) .
This is generated by Qsys and depends on the location of the Nios Il exception vector.

* Map the instruction code (.text) in the sdram memory (sdram) .

» Map all other data regions (.bss, .heap, .rodata, .rwdata, .stack) to the sdram memory

(sdram) .

This will map all memory regions generated by the GCC tools to the SDRAM memory.

Now:

« Click on the [ Exit ] button on the bottom right hand corner of the BSP Editor window.

« Then click on the [Yes, Save] button on the Save Changes window to save the BSP

settings.
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7.4 Generate the BSP and clean the project

The software developer must re-generate the BSP every time the Qsys project is regenerated.
This ensures that the device drivers and addresses of peripherals are reflected correctly in the
hardware abstract library. To (re)generate the BSP:

» Go to the Nios Il eclipse window.
* Right click on EMLX_test_bsp project then select Nios Il then select Generate BSP.

» Rightclick onthe EMLX _test_bsp project then select Clean Project to delete any
intermediate files generated by the gcc compiler for this application library.

* Rightclick onthe EMLX _test project then select Clean Project to delete any
intermediate files generated by the gcc compiler for this application folder.
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7.5 Copy the memory testing source code

* We now want to replace the original HelloWorld.c source code with software that checks
the Flash Memory. Copy and replace all files located in:

o CRO00100-01_project_18V_J1 xxx/source_filessEMLX_test
to:

o CR00100-01_project_18V_J1 xxx/software/EMLX_test

In the project explorer window of Eclipse, right click on the EMLX _test folder.

Then select Refresh. The new source code files should now be visible within Eclipse.
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7.6 Build the Nios Il Application

We now want to run the compiler and linker:
» Go to the Nios Il eclipse window.

* Go to the menu bar and select:
Project ->Build All

If the project produces warning / error messages, you may need to build the project twice.

The EMLX _test executable firmware (.ELF) is now generated. The .ELF can be downloaded
directly into the off-chip SDRAM using the Nios Il Debugger.
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8.0 Synthesize and assemble the Design

» Go to the Quartus Prime window.

* Inthe menu bar, select: Processing — Start Compilation

Windows users, please note: If the compilation fails to start you may need to reduce the
path length of your project folder. This is because some versions of Windows have a
maximum path length of 260 characters which can be exceeded when compiling projects
in Quartus Prime.

Quartus Prime Standard Edition - /run/media/mbonnici/SLL_MBMC_proj/prj_altera/Companies/Trenz/Cruvi/V3_3/NIOS_SDRAM_Cruvi_M10_generic_1 8§

File Edit View Project Assignments Processing Tools Window Help

0 = r test_board v & & % P FES SAVR®
Project g # Hierarchy v QMo x Qo Compilation Report - test_board (%]
4% MAX 10: 10MO8SAU169C8G E8 Flow Summary R <<Filter
>~ B test board B3 Flow Settings Flow Status Successful - Thu Mar 10 10:45:35 2022
EE Flow Non-Default Global Settings Quartus Prime Version 18.1.0 Build 625 09/12/2018 SJ Standard Edition
ER Flow Elapsed Time Revision Name test_board
Ei Flow OS Summary Top-level Entity Name test_board
=l Flow Log Family MAX 10
> Analysis & Synthesis Device 10MO8SAU169C8G
> Fitter Timing Models Final
7 Assembler Total logic elements 7,748 / 8,064 (96 %)
> Power Analyzer Total registers 5202
7 — 1S © Flow Messages Total pins 61/130 (47 %)
© Flow Suppressed Messages Total virtual pins 0
Tasks Compilation vi=Mo x > Timing Analyzer Total memory bits 72,705 /387,072 (19 %)
Task o Embedded Multiplier 9-bit elements  6/48(13 %)
Total PLLs 1/1(100%)
v- P> Compile Design H UFM blocks 0/1(0%)
>~ P Analysis & Synthesis ADC blocks 0/1(0%)

The assembler step will create the SRAM FPGA Bitstream file (.SOF) with the memory
initialisation file (.hex) for the SRAM embedded in that FPGA Bitstream file.
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9.0 Program the FPGA Bitstream into the FPGA
device

» Connect the Trenz CR00100-01 Evaluation kit to the USB port of your computer
*  Open the Quartus Prime window

* Inthe menubar, click on Tools then Programmer to start the Altera Programmer

% Programmer - /run/media/mbonnici/SLL_MBMC_proj/prj_altera/Companies/Trenz/Cr
File Edit View Processing Tools Window Help \‘|> | @

« Hardware Setup... | -Blaster [AR45MRW.J] Mode: |JTAG v Progress: [

__| Enable real-time ISP to allow background programming when available

P start

w Auto Detect TDI E
- ——>1

e

10M0O8SAU169
TDO
<

i

|r® Add Device...

i

* Click on “Hardware Setup...”. A new window will open.

» Double Click on the (Arrow-USB-Blaster [AR45MRW/J]) device, then click the [ Close ]
button.

« Ifthe test board.sof (or testboard_time_limited.sof) is not already selected:
* Click “Add File...” in the programmer window.

» Go to the output_files folder

* Double click on test_board.sof (or testboard time_limited.sof)

» Click the [ Start ] button and the FPGA bitstream will be programmed into the
SRAM configuration memory of the FPGA device.

For the trial version a window “OpenCore Plus Status” will opens Do not close this window.
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10.0 Run the application from within Nios Il SBT

» Select the Nios Il Software Built Tools for Eclipse window.

* Right click on EMLX_test — Run As — Run Configurations...
* Anew window will open

» Make sure the Project name: field says EMLX_test.

» Select the Target Configuration tab.

» Press the [Refresh Connection] button to detect the Nios Il processor.

- Run Confnigurations
Create, manage, and run configurations

The expected Stdout device name does not match the selected target byte stream device name.

>

FERB X B > ~ Name: [EMLX_testNinsllHardwareconﬁguration

type filter text El Project | JlL Target Connection %> Debugger| C] Common| %~ Source|

Connections
[E] ¢/C++ Application Processors: —

Arrow-USB-Blaster on localh...|10MB8SA(. ... |1 o In1os2 INios2:3 — i+
= Launch Group

~ ¥ Nios Il Hardware Byte Stream Devices:

= B Cable | Device | Device 1D ‘ Instance ID | Name | Version
I LG ||| lArrow-Use Blaster on localh...[16MG8SA(. ... [1 ] |itag wart...[1

P Nios Il Hardware v2 (beta)

Nios Il ModelSim [_] Disable 'Nios Il Console' view
Nios Il ModelSim v2 (beta) Quartus Project File name:|< Using default .sopcinfo & .jdi files extracted from ELF >
¥ SystemTap System ID checks

Ignore mismatched system ID
Ilgnore mismatched system timestamp
Download

Download ELF to selected target system

[w] Start nracessar

. . Cable | Device | Device 1D ‘ Instance ID | Name | Architecture Refresh Connections -
[E] C/C++ Remote Application —
System |D Propertie..

4 »

Revert
Filter matched 9 of 9 items

Apply

Close

» Tick the [Ignore mismatched System ID] field.

» Tick the [Ignore mismatched System timestamp] field.

» Press the [ Run ] button to download the firmware from the desktop and copy it directly

into SDRAM and then run the firmware from SDRAM.

If the download does not work, please check that the static timing constraints of your project are

passing.
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Messages similar to the one below are displayed in the Nios Il Console Window.

EMLX test Mios || Hardware configuration - cable: Arrow-USEB-Elaster on localhost [AR4S5MRW]] device ID: 1 instance ID: 0 name: jtag uart 0.jtag

- PASS

= 4x08-bit
- 32-bit
- 1&8-bit
- 16-bit
- 08-bit
- 08-bit
- 08-bit
- 08-bit
= 2x16-bit
- 32-bit
- 16-bit

Synaptic Labs 2020

PSRAM Test :

Write:

Read
Read
Read
Read
Read
Read
Read

[ol:
[al:
[1]:
[al:
[11:
[2]:
[3]:

Write:

Read
Read

[al:
[a]:
- 16-bit Read [1]:

. Nios II Read/write tests
Running pass 1 of 1 passes
Test: Sliding single data bit test within 32-bit word at Address: OxGE900000

PASS
PASS
PASS

SDRAM memory buffer allocated at address Gx900000
Testing SDRAM

Test: PSRAM 8/16 bit Byte Enable Test at address: Ox00900000
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