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Synaptic Labs'
Everspin STT-MRAM Bandwidth Reference
design

This tutorial describes how to run the Bandwidth Reference Project on Trenz C10LP / Cruvi FPGA
board (CR0010).
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Set-Up Requirements

Step 1: Obtain core materials

1. Download and install Quartus Prime Standard/Lite 18.1 on your PC, please ensure that

your PC meets the required minimum specification.

2. Obtain Project From SLL and extract bundle to your preferred working folder.

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 .
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Step 2: MAX 10 LP Development Board Cruvi Channels

i kA -
W,

: tre nz CR00010-01

@ €lectronic

'o CRUVI o :

The Trenz CR0010 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.

//Power Control
//# EP53ATHOQI power and VID control
S /# VID=000 3.3V
f/# VID=1lee 2.5V
f/# VID=111 1.8V

assign pwr_ctr_enable = 1'bl; ories:
assign pwr ctr vide = 1'bl; '
assign pwr_ctr wvidl = 1'bl; ial Th
assign pwr_ctr wvid2z = 1'bl; ial. The
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1.0 Contents of the reference project

Everspin EMLX Demo reference design projects includes the following files and directories:

* CRO0010_project_18V_J1_xxx folder contains the Quartus Prime and Qsys project files
for the first reference project.

e The CR0010_project_18V_J1_xxx — precompiled folder contains the Quartus Prime
precompiled FPGA bitstream and precompiled .elf file

* The CR0O010_project_18V_J1_xxx — ip folder will contain SLL xSPI-MBMC encrypted
IP and Altera’s DMA IP.

* The CR0O010_project_18V_J1_xxx — software folder is the workspace folder for Eclipse

e The CR0O010_project_18V_J1_xxx — source folder contains the source code for the
FlashTest program as used in this xSPI-MBMC Tutorial 001.
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2.0 Demo test Application

The pre-compiled project has the following setup
* NioslI 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}

~ Test DMA on
MI Devic

e

e
*

Synaptic Labs 2020  info@synaptic-labs.com 2™ June 2022 V1.0


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

3.0 Program the FPGA Bitstream into the FPGA
device
* Connect the Trenz CR0010 C10LP Evaluation kit to the USB port of your computer

% Programmer - /export/Sandbox/prj_altera/Companies/Trenz/Cruvi/V3_3/CR0010_project_1& __ [ X

| @

File Edit View Processing Tools Window Help

&, Hardware Setup... I!laster[AR45MRWJ] Mode: |JTAG s

Enable real-time ISP to allow background programming when available

[ i | File Device Checksum Usercode Program/ Verify Blank- Exan
[_ Start Configure Check
iy ‘output_filesftest board.sof 10M0O8SAU169 00SAB1DO 0O05AB1DO o4

gwﬁxuto Detect|
l f» Add File... | | (4] [ D]
I

i JETTITITIT 3
— DI X g .
r* Add Deuice___: E
- % EEEEEEEER

10MO085AU169
TDO
1, 4

Open the Quartus Prime window
* In the menubar, click on Tools then Programmer to start the Altera Programmer
* Click on “Hardware Setup...”. A new window will open.

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

* Click “Add File...” in the programmer window.
© Go to the precompiled folder
© Double click on ¢cr0010_emlx_test_board.sof

* C(Click the [ Start ] button and the FPGA bitstream will be programmed into the
SRAM configuration memory of the FPGA device.
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4.0 Run the nios2-terminal application

* In Linux: Open a Linux command shell / terminal
* In Windows: Run the Nios I Command Shell application from the Windows start
menu.

Intel FPGA 17.0.0.535 Lite Edition
% Uninstall Quartus Prime Lite Edition

. MiesBEDSTTO00595 il
<" Mios I Command Shell (Quartus >
_| Nios T Documentation (Quartus ||

L@ Nios I Software Build Tools for E
Quartus Prime Lite Edition 17.0.0.595
- Design Space Explorer I (Quartus

b Device Installer (Quartus Primel =

* Change directory to CR0010_project_18V_J1_xxx/precompiled folder
* Type the following command from the terminal:

© nios2-download -r -g cr0010_emlx_test.elf && nios2-terminal

-r -g creele _emlx test.elf && nios2 ——l
device 1, instance 8x00

0K
Downloaded 101KB in ©.2s (585.8KB/s)
Verified 0K
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* Messages similar to the ones below are shown in the console window

[mbonnici@localhost prec 1% nios2-d ( -r -g cré@le emlx test.elf &% nios2-terminal
Using cable "Arrow-USB- er [AR45MRWI] device 1, instance @x0e@

Resetting and pausing t processor: OK

Initializing CPU cache (if present)

0K

Downloaded 181KB in @.25 (5085.0KB/s)

Verified OK

Starting processor at address Ox80800244

nios2-terminal: connected to hardware target using JTAG UART on cable
nios2-terminal: "Arrow-USB-Blaster [AR45MRWI]", device 1, instance @
nios2-terminal: (Use the IDE stop button or Ctrl-C to terminate)

SDRAM memory buffer allocated at address 8x980880
Testing SDRAM

e tests
0 1 |:|-

it t within 32-bit word at Address: 8x88988000
- PAS:

Test: PSRAM 8/16 bit Byte Enable Test at address: 8x80980000
= 4x08-bit Write:
32-bit Read [8]:
16-bit [8]:
16-bit d [1]:
@8-bit [@]:
@8-bit Read [1]:
@8-bit Read [2]:
88-bit Read [3]:
2x16-bit e:
32-bit
16-bit Re
16-bit Read [1]:
@88-bit Read [8]:
88-bit
88-bit d [2]:
88-bit [3]:
1x32-bit Write:

32-bit Read [8]:
16-bit [0]:
16-bit [1]:
@88-bit [0]:
88-bit [1]:
88-bit Re [2]:
@8-bit Read [3]:

"YU
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est: Read and Write to each 32-bit word in
- Writing value of index into each 32-bit
eading val from each 32-bit
PASS verification t
- Writing value of ind
eading value of ind

ch 32-bit
ch 32-bit

PSRAM Test :Pass Number:
ting Everspin EMO64LX

ios II Read/write t

d and Write to bit word in
esach 32-bit
each 32-bit

each 32-bit
ch 32-bit

into
from

value of index
Reading value of ind
ification tes
to continue

word
word

Various test runs are included.
sequence.

DATA_SOURCE_BAS
DATA_DESTINATION

| BUFFER_LENGTH_ENABLE:
NUMBER_OF BUFFERS:

01
82
a3
04
@5
06
07

- Avg

- Avg

s - Avg
s - Avg
- Avg

- Avg

- Avg

- Avi
Av

memory
memory
memory
memory
memory
memory

copy thr
copy thr

copy thr
copy through
copy thr

2020
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0x08900000 to Ox00AQ0000
span using IOWR erations
span using IORD operations

tions
tions

span using (cacheable) WR ope
span using (cacheable) RD op

0x10000000 to 0x10800000
of span using IOWR operations
of span using IORD operations

of
of

span using (cacheable) WR operations
span using (cacheable) RD o

When asked, please press any key to continue to the next test

Avg
Avg
Avg
Avg
Avg
Avg

Write t
Write thrc
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At the end of the test, a table of results should be printed out in the NiosII Terminal Console
Window.

: Read Write DMA Bandwidth
: EMee4LX EMBE4LX 230 Mbytes/s

Test Result : Size 1824 Kbytes
: EMBO64LX

Erase Time (ms) : 52

Erase Verify Time (ms) : 1460

Program Time(ms) : 155

Program Verify Time(ms)

11 tests have completed.
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