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SECTION I
1. INTRODUCTION
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Unleash Your Creativity with Compact Power

The Elbert S7 is a compact and versatile FPGA development board designed to
support a wide range of educational and practical digital design applications. Built
around the Spartan-7 FPGA (XC7S50-1CSG324C) from AMD, this board offers a
reliable platform for both beginners and experienced developers looking to
explore the world of FPGAs.

Whether you're a student learning digital logic or a developer building custom
hardware solutions, the Elbert S7 makes FPGA development more accessible and
engaging. Its thoughtful design supports hands-on experimentation, helping users
understand fundamental concepts while also enabling the development of more

advanced projects.
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The board is an ideal choice for anyone interested in digital design, embedded
systems, signal processing, or rapid prototyping. With strong support for
industry-standard tools like Vivado and Vitis, and compatibility with both Verilog
and VHDL, the Elbert S7 provides a smooth and scalable learning path for anyone
stepping into the field of FPGA design.
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2. BOARD FEATURES

The Elbert S7 FPGA development board offers a rich set of features, making it a
powerful tool for learning and developing digital systems. Its well-balanced
combination of core components and peripherals allows users to implement a wide

variety of applications—from basic logic design to advanced embedded systems.

2.1. FPGA Device
e Model: AMD Spartan-7 (XC7S50)

o Package: CSGA324

e Speed Grade: -1
This low-power, high-performance FPGA offers enough logic resources and

I/0 options for both educational and practical digital design tasks.

2.2. Configuration and Memory
e DDR3 SDRAM: MT41J128M16JT-125: KTR, A high-speed 2 Gb (128M x 16)

DDR3 memory chip used for applications requiring larger memory capacity,

such as video processing, buffering, or running soft processors.

o Flash Memory: 128 Mb Quad-SPI (MT25QU128 ABA1ESE-0SIT TR)

Used to store FPGA configuration bitstreams and other application data.

e Clock Source: 100 MHz CMOS oscillator

Serves as the main clock input to drive system timing.
o Configuration Methods:
o JTAG (standard FPGA programming method)

o USB (via onboard FTDI chip; supported on Both Windows and Linux

systems)
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2.3. Communication Interface

FTDI FT2232H: Dual-channel USB-to-serial/FIFO interface
Enables high-speed communication between the FPGA and a host PC. Also
supports USB-based FPGA programming and debugging.

2.4. User I/O

8 DIP Switches & 8 LEDs:
Useful for creating simple input/output projects and learning digital logic

control.

Four PMOD Headers:
Standard 2x6 connectors for attaching external modules and user-defined

peripherals.

2.5. Peripheral Interfaces

SD Card Slot:
Provides external storage, useful for embedded applications requiring file

access.

HDMI Transmitter:
Enables the board to send video signals to external displays, suitable for image

processing or display generation projects.

Gigabit Ethernet Port:
Supports high-speed networking, ideal for IoT, remote monitoring, or

network-based applications.

Audio Jack:

Allows audio input/output for sound-related projects.

Seven-Segment Display:
Displays numeric or limited alphanumeric information, ideal for counter or

output visualization tasks.
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3. APPLICATION

The Elbert S7 is a versatile development board suitable for a wide range of educational

and practical applications:

o Educational Use: Ideal for teaching digital design and embedded systems in
schools and universities.

o Prototype Development: Enables rapid hardware prototyping and testing of
new product ideas.

e Accelerated Computing: Supports hardware-based acceleration of
compute-intensive tasks.

o Custom Processor Design: Allows development and testing of soft-core or
custom embedded processors.

« Signal Processing: Suitable for implementing and testing real-time digital
signal processing applications.

o« Communication Systems: Enables the design and evaluation of
communication protocols and devices.

e« Video Processing: Supports projects involving HDMI output and

image/video processing tasks.
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4. WIRING DIAGRAM
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5. USB Interfacing and Programming Options

The Elbert S7 board features a high-speed USB
interface powered by the FTDI FT2232H chip, enabling
seamless communication with Windows, Linux, or
macOS computers. A standard USB Type-A to Type-C

cable is used to connect the board to a host system. The

USB connection also supplies power to the board by

default, so it's important to avoid connecting it to overloaded or unpowered USB hubs.

To provide flexibility in programming, the board includes a programming mode
selection mechanism. A multiplexer (MUX) is used internally to switch between two

configuration sources:
. JTAG (via external programmer)
. USB-JTAG (via onboard FT2232H chip)

The FT2232H's Channel A is configured specifically for USB-based FPGA
programming. A PGM SEL switch is provided on the board, allowing users to select

the desired programming method: JTAG  USB

EEJ PGM SEL

. Set the switch to JTAG to program via an external JTAG programmer.

. Set the switch to USB to use onboard USB-JTAG.

This flexible configuration makes the Elbert S7 suitable for both beginners using USB

for simplicity and advanced users who prefer direct JTAG access.
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6. JTAG Connector

The Elbert S7 board includes a standard JTAG header that provides access to the
FPGA’s internal JTAG registers. This interface supports programming and debugging
using tools such as the Xilinx Platform Cable USB. Users can connect a compatible
JTAG cable to this header to perform direct configuration, in-system debugging, or
low-level hardware testing. This option is especially useful for advanced users

requiring greater control and visibility into the FPGA during development.

7. PROG_B and Reset Buttons

Elbert S7 features a Push-button PROG__B normally meant to be used as a “PROG_B”
signal for configuration reset. Push-button PROG_B is connected to FPGA
pin R8. For enabling manual configuration reset, push-button PROG_B is
connected to GND. The user can reconfigure the FPGA manually, by
pressing this push-button PROG_B.

PROG B
[
“PROG_B” controls the configuration logic. When the PROG_B pin is

de-asserted, resets the FPGA and initializes the new configuration.

Elbert S7 features a Push-button RESET normally meant to be used as “Reset” signal
for designs running on FPGA. Push-button RESET is connected to FPGA
pin T14. Push-button RESET is active-high. This push button can RESET

also be used for any other input and is not just limited to be used as a ] ] []

Reset signal.
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8. Power Supply

Do Power

LED
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POWER |  FILTER AND o .

5V DCJACK —l ZL" SELECTOR *| PROTECTION . VIR
Power
Switch

The Elbert S7 board features a dual power input architecture, allowing users to power
the board either through a USB Type-C port or a 5V DC jack. This flexible design is
ideal for both development and deployment environments, where users may prefer

different power sources based on convenience or availability.

Each input is routed through a Schottky diode (D2 for USB Type-C and D4 for the DC
jack), which plays a crucial role in protecting the board. These diodes prevent reverse
current flow, ensuring that power does not back feed into the sources, and also helps
in automatic source selection by allowing the input with the higher voltage to take

priority.

The outputs of these diodes feed into a power selector stage that determines which
source will power the board. This intelligent selection ensures that only one source

supplies power at a time, eliminating any risk of conflict or damage.

Once selected, the power signal goes through a filter and protection block. This section
typically consists of inductors and capacitors to filter out voltage ripples and
electromagnetic noise, ensuring clean and stable voltage. Additionally, it protects the

board against sudden spikes or other electrical disturbances.
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A user-accessible PWR SW (Swi11) is provided to manually control the
power delivery to the board. This switch adds convenience by allowing

users to turn the board ON or OFF without needing to disconnect the

power cable physically.

Finally, an onboard Power LED (PWR) connected after the switch provides a visual

indication when the board is powered. PWR

The stable output voltage is labelled as VIN, which is then distributed to various

subsystems and regulators on the board.

Note: Only a regulated 5V DC power supply should be used to power the board
through either the USB Type-C port or the DC jack. Supplying a voltage higher than

5V may damage the internal circuitry.
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9. USERI/O

9.1. LEDs
The board features 8 user-controllable LEDs. These LEDs serve as visual indicators
and are commonly used for debugging or representing binary output data. Each LED

is connected to a dedicated FPGA pin and can be driven directly using logic outputs.

PIN NAME FPGA PIN I0 STANDARD
LED o V14 LVCOMS33
LED 1 Vi5 LVCOMS33
LED 2 U12 LVCOMS33
LED 3 Vi3 LVCOMS33
LED 4 T12 LVCOMS33
LED 5 T13 LVCOMS33
LED 6 Ri11 LVCOMS33
LED 7 T11 LVCOMS33

Table 1: LED Pin Mapping

9.2. DIP Switches

There are 8 onboard DIP switches that can be used to input binary data or control
signals into the FPGA. These inputs are ideal for controlling the flow of a design,

setting modes, or triggering actions within a design.
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ELBERT S7 HANDBOOK

% NumatoLab

REV: V1.0

PIN NAME
SWo
SW 1
SW 2
SW3
SW 4

SW 5

SW 6

SW ~

9.3. PMOD Headers

FPGA PIN

Cq
B4
C3
B3

A5

&k

10 STANDARD

LVCOMS18

LVCOMS18

LVCOMS18

LVCOMS18

LVCOMS18

LVCOMS18

LVCOMS18

LVCOMS18

Table 2: DIP Switch Pin Mapping

PMOD (Peripheral Module) connectors are a widely adopted standard for connecting

peripheral devices to FPGA and microcontroller development boards. The Elbert S7

development board provides four 2x6 PMOD headers (P3, P4, P5, P6), allowing

users to interface a variety of external modules including sensors, displays,

communication interfaces, and custom digital circuits.

Each PMOD header offers eight general-purpose I/0 (GPIO) signals plus two

dedicated power pins (3.3V and GND), organized in a dual-row format. The I/O

lines from each PMOD are connected directly to the FPGA, enabling flexible software-

defined control and configuration.

Doc No: NSQMS25FP06B0o7-HB
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1-Data P
2-CLE_P
3- Data_P
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PIN NAME FPGA PINS 10 STANDARD
CONNo(P1) | CONN1(P2) | CONN2(P3) | CONN3(P4)
Do Mi18 H18 A10 C17y LVCMOS33
D1 P14 G16 Ci10 D18 LVCMOS33
D2 P17 H16 Ci12 D16 LVCMOS33
D3 R18 K14 B11 E16 LVCMOS33
D4 N18 G18 A9 B18 LVCMOS33
D5 P15 G17 Co C18 LVCMOS33
D6 P18 H17y C11 D17 LVCMOS33
D7 T18 Jis A11 E17 LVCMOS33

Doc No: NSQMS25FP06B0o7-HB
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10. PERIPHERAL INTERFACES

10.1. Seven Segment Display
A seven-segment display is a simple output device commonly used for displaying
decimal numbers or characters. The Elbert S7 includes a 4-digit seven segment

display, which is useful for displaying counters, timers, or debugging information.

Each digit is made up of 7 individual segments (labelled A—G) and an optional decimal
point (dp). The display works by quickly switching between digits using ~ ——

control signals-a technique known as multiplexing. ‘F B‘

G
You can control which digit is shown by activating the digit's enable line ‘ E c‘
and then lighting up the correct segments to form a number or letter. D >

Note: All signals (a, b, ¢, d, e, f, g, dot, enable 1, enable 2, enable 3, enable 4) used for
controlling 7-Segment display are active-low signals. So, for example, for displaying
“8” in display-2, users need to drive Enable 2 to 0 as well as drive signals a, b, c, d, e,

fto o. All other signals need to be driven to 1.

JSEG O

B13
JSEG 1

TSEG 2

AL3
B14
a1 | ZSEG 3
TSEG 4
ISEG S
ISEG &
TSEG_7

B15
AlS
Bl&
AlS

SPARTAMN 7
XCTS50-1C5GAIZAC

£12 SEGLEN t

p1z FSEG2_EN

ALY

FsEG3_El
c13 —EH

AL

c1affSEG3_E

LR

V3
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10.2. HDMI TRANSMITTER
The HDMI (High-Definition Multimedia Interface) Transmitter on the Elbert S7 board
allows the FPGA to send digital video and audio signals to an external display such as

a monitor or TV.

HDMI uses a high-speed signalling technology known as TMDS (Transition-
Minimized Differential Signalling). This ensures reliable transmission of data
over HDMI cables by reducing electromagnetic interference and ensuring signal

integrity.

Inside the FPGA, video signals are generated in digital format—usually in RGB (Red,
Green, Blue) colour space—along with synchronization signals such as horizontal sync,
vertical sync, and data enable. These signals are then encoded and sent through the

HDMI transmitter chip to the display device.
The HDMI interface typically includes the following signals:
o« TMDS Data Channels (3 pairs): Carry video/audio/control data.
o TMDS Clock: Synchronizes the data.
« DDC (I2C lines): Used to read the display's capabilities (EDID)
o HPD: Lets the FPGA know a display is connected.
« CEC: Optional control communication between HDMI devices

J4

R1s|_HOMI_TX2_P 4 35| v4_D2_P
15 [_HOMI_TX2_N 55| _v4_D2_N
u1s|_HEMI_TXI_P 5 5o 94-P1P
v17|__HBMI_TXI_N 30l_U4-D1_N

SPARTAN 7

u17|_HDMI_TxO_P 10 29| v4_po_p

XC7550-1CSGAI24C HDMI TX HDMI
u1a|__HPMI_TXO_N 2 47]_94-DO_N

BUFFER COMNECTOR
TPD12S520D08TR
R1s|__HDMI_TX_CLK_P 15 25| 94_CLK_P
R17|_HOMI_TX_cLK_N 15 ag] V4_CLK_N
u1s HDMI_TX_CEC 15 2x| V4_CEC
vis| HDMI_TX_SGL - 2| 94_scL
HDMI_TX_SDA

P13 = = 15 21 JI-SDA
m1s|__HDMI_TX_HOT 9 2ol 94_HPD
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10.3. Micro SD Card

The Elbert S7 board features a microSD card slot, which allows users to interface
with removable flash memory for data storage and retrieval. This is especially useful
for embedded applications where storing files, logs, configuration settings, or

multimedia content is required.

The SD card slot on the board is wired to the FPGA through an SPI (Serial
Peripheral Interface). SPI is a simple and widely used protocol for communicating
with memory devices like SD cards. Although SD cards also support a more complex
SD bus mode, SPI is preferred in FPGA designs due to its simplicity and ease of

implementation.
The typical SPI signals used are:
« MOSI (Master Out Slave In) — Data sent from the FPGA to the SD card.

e MISO (Master In Slave Out) — Data received from the SD card to the
FPGA.

e SCLK (Serial Clock) — Clock signal generated by the FPGA to control

communication timing.

e CS (Chip Select) — Used to select and activate the SD card.

13| SD_D2 "
f1s Lsp_cs 5
S0 _SDI
ALT =
SPARTAN T N — 3 mICRO &
F14 -
KCTS50-1CSGAT2AC 5 SO CARD
S0_SDO 9
B17 7
SD_RSV 10
J14 A
VCC_3V3 |, n Lo
= 12 z
]
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10.4. Gigabit Ethernet

Elbert S7 Development Board features KSZ9031RNX, a highly integrated Ethernet
transceiver from Microchip that comply with 10BASE-T, 100BASE-TX, and 1000Base-
T IEEE 802.3 standards. It supports communication with the Ethernet MAC layer via
standard RGMII interface. KSZ9031RNX implements auto-negotiation to
automatically determine the best possible speed and mode of operation. It contains a
high-performance 10/100/1000T transceiver and the RGMII interface supports

1000Mbps (1Gbps) operation.

o7 LETH_TXDO 19 naas
cy | ETH-_TXD1 20 Lo |cery_TxRx_D1_N
g7 |E-TX02 1 Lol_GPHY_TXRX_D1_P
a6 | ETH_TXD3 2
. [Emncen . o |_SPHY_TXRX_c1n

SPARTAH 7
ETH_TX_CLK ETHERMET PHY 7 |SPAY_TXRX C1_P
KCTSSO-ICSEAIIAC Fa —— 12 Y sTO03LRNKIC-TR

ETH_RXDO g GPHY_TXRX_BL_M

AB 32 &

a7 | ETH_RXDI o s |_cPHy_TxRx_B1_P
ETH_RXDZ

cs = 28 GPHY_TXRX_AL_N
ETH_RXD3 3

ES 7 , Leerv_mxrx_a1_p

ce | ETH_RX_CTL '3
ETH_RX_CLK

Cl1 35 17| LED_ACT

o |ETH_MDC 16 15l LED_LImM
ETH_MDIO

ES = 37 2
ETH_RST

Bl = a2
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10.5. Audio Jack

The Elbert S7 FPGA board is equipped with a 3.5mm stereo audio jack, enabling audio
output to external speakers or headphones. This output is managed by a dedicated
digital-to-analog converter (DAC) — the CS4345-CZZ, a high-performance stereo DAC
from Cirrus Logic. The inclusion of this audio interface makes the board well-suited

for multimedia, audio signal processing, and embedded audio playback applications.

Key Features

o Stereo Output: Supports two audio channels (Left and Right) for full stereo
playback.

o High-Quality DAC: The CS4345 provides low distortion and high dynamic

range, resulting in clear and high-fidelity sound.

o Digital Audio Interface: The DAC accepts audio data in I2S (Inter-IC
Sound) format, a standard serial protocol for transmitting PCM audio between

digital audio devices.

e 16/24-bit Audio Support: Capable of processing CD-quality and high-

resolution audio streams.

« Headphone Compatible: The output is designed to drive line-level audio,

which can be connected to headphones or powered speakers.

J3

M17 SO AUDIO_R
N1S SCLK —[:}—'
SPARTAN 7 CS4345-CZZ
P16 LRCK
XC7550-1CSGA324C AupIO_L
| —
STEREO JACK
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11. Generating Bitstream Using Vivado

The bitstream can be generated for Elbert S7 in Vivado by following the steps

below:

Step 1: It is recommended to generate .bin bitstream file along with .bit bitstream

file. Click “Bitstream Settings”.

v PROGRAM AND DEBUG TelC

Ji Generate Bitstream fa)

Bitstream Settings...

~ (Open Hardware M /]

Open Target e
Program Device

Add Configuration Memory Device

Step 2: Select “-bin_ file*” option in the dialog window and Click OK.

Settings £3
Bitstream b |
Project Settings Specify various settings related to writing Bitstream [ 4
Gemeral e
simulation @ Mote: Additional bitstream settings will be available once you open an implemented design.
Elaborati
aoration “Write Bitstream (write_bitstream)
Synthesis tepre =
Implementation
P! tdl.post H
Bitstream
- —raw_bittle 0
>
-mask_file 0
Tool Settings “no_binary_bitfile ]
Project ~bin_file
1P Defaults —readback_file 0
» Vivado Store -logic_location_file [m]
Source File Lebose 0
Displ
1spiay More Options
Help
» Text Editor
-bin_ile
3rdPary Simulators Wiite a binary bitfile without header (bin)
» Colors
Selection Rules
Shorteuts
> Strategies
> Window Behavior
2
) ok | [ cancel | [ aomy | [ Restore

Step 3: Finally click “Generate Bitstream”.

¥ PROGRAM AND DEBUG

I”ﬁ Generate Bitstream I

~  Open Hardware Manager
Open Target
Frogram Device

Add Configuration Memaory Device
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12. Programming Elbert S7 Using JTAG

Set Switch PGM__SEL to JTAG for JTAG programming,.

Elbert S7 FPGA features an onboard JTAG connector which facilitates easy
reprogramming of SRAM and onboard SPI flash through JTAG programmer like
“AMD Platform cable USB”. Following steps illustrate how to program FPGA on Elbert

using JTAG.
Step 1: By using JTAG cable, connect AMD platform cable USB to Elbert S7 and
power it up.

Step 2: Open Vivado project and open the target by clicking on the “Open Target”
in “Open Hardware Manager” in the “Program and Debug” section of the Flow

Navigator window. Select “Auto Connect”.

¥ PROGRAM AND DEBUG Tcl Col
ii Generate Bitstream Q

~ Open Hardware Manager Mame

Open Target h g

Program Devil &  Auto Connect
Add Configura Recent Targets '
Open Mew Target...

Step 3: If the device is detected successfully, then select “Program Device” after right

clicking on the target device “XC7S50_0" as shown below.

Hardware

Qa = €
Name

~ B localhost (1)

? 00X

&

Status
Connected

~ B xiling_tcfXiling000016385788...  Open
~ {8 xc7s50_0 (1)
IE XADC (System Monitod

Hardware Device Properties... Ctrl+
Program Device...
WVerify Device...

* Refresh Device

Add Configuration Memory Device...

Boot from Configuration Memaory Device

FProgram BBR Key..

Step 4: In the dialog window which opens, Vivado automatically chooses correct

bitstream file if the design was synthesized, implemented and bitstream generated
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successfully. If needed, browse to the bitstream which needs to be programmed to
FPGA. Finally, click “Program”.

Program Device ey

Select a bitstream programming file and download it to your hardware device. You can optionally
select a debug probes file that corresponds to the debug cores contained in the bitstream
pragramming file.

Bitstream file: C:Iprnjen:tsiEIbert_S?IDemn.biﬂ

Cebug probes file:

[+| Enable end of startup check

If';\l
L2 Brogram Cancel

As soon as “Program” is clicked, a green coloured DONE LED (DONE) on Elbert S7

should light up, indicating that programming process is going on. This LED will turn

off when the configuration is complete.
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13. Programming Elbert S7 Using USB-JTAG

Ensure that the D2XX drivers are installed prior to programming. The channel A of
FTDI FT2232H chip on Elbert S7 board is connected to the JTAG interface of the

FPGA. Through this connection, USB interface can be used as a JTAG programmer,
eliminating the need for a dedicated JTAG cable or connector. Following steps

illustrate how to program FPGA on Elbert S7 using USB.

1. Ensure that Switch PGM_SEL is set to USB and Connect the USB Type-C cable to
the FPGA board.

2. Click on “Auto connect” under hardware manager and it will automatically establish

the connection.

Hardware ? 008 X
Q = = £
Name Status
~ I localhost (1) Connected
~ B e xilinx_tcfXilinNLIFGFZZA (1) Open
~ {8 xcTs50_0 (1) Mot programmadd
IE XADC (System Monitar) Hardware Device Properties...

Program Device...
Verify Device...
' Refresh Device

Show Bus Plat...

Add Configuration Memaory Device...
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14. Programming QSPI Flash using Vivado.

A .bin or .mcs file is required for programming Elbert S7 onboard QSPI flash.

Step 1: Open Vivado project and open the target by clicking on the “Open Target”
in “Open Hardware Manager” in the “Program and Debug” section of the Flow

Navigator window. Select “Auto Connect”.

v PROGRAM AMD DEBUG Tcl Cot
¥ Generate Bitstream Q

~ Open Hardware Manager Name

Open Target ™ g

Program Devil ﬁ? Auto Connect
Recent Targets »

Add Configura

Open Mew Target...

Step 2: If the device is detected successfully, then select “Add Configuration Memory

Device” after right clicking on the target device “xc7s50_0" as shown below.

Hardware 7 00O X
a T s @
Mame Status

~ # localhost (1) Connected

~ @@ xiling_tcfiXilinw000016385788..  Open
~ {8 xc7550.0 (1)
3F XADC (System Monito|

Hardware Device Properties... Cirl+E

Program Device
Werify Device...

C  Refresh Device

Add Configuration Memory Device

¢ Boot from Configuration Memory Device

Program BBR Key...

Step 3: Select the memory device “mt25ql128-spi-x1_x2_x4”, then click OK.

Add Configuration Memary Device X

o Choose a configuration memory part

Device: {8 xc7a50t 0

Filter

Manufacturer | Micron v Type | spi

Density (Mb) | 128 - Width | All

Select Configuration Memory Part

Search: O
Mame Part Manufacturer Alias
mt25q1128-spi-x1_x2_x4 mi25q1128 Micron n25q128-3.3v-spi-x1_x2_x4
mit25qu128-spi-x1_x2_x4 mt25qu128 Wicron n25q128-1.8v-5pi-1_x2_x4
< b
o
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Step 4: After completion of Step 3 the following dialog box will open. Click OK.

Add Configuration Memory Device Completed >

0 Do you want to program the configuration memory device now?

|:| Dont show this dialog again

Step 5: Browse to the working .bin file or the .mcs file (whichever applicable) and
click OK to program as shown below. If programming is successful, a confirmation

message will be displayed.

Program Cenfiguration Memory Device >

Select a configuration file and set programming options.

Memory Device: i85k mt25ql128-spi-x1_x2_x4

BBl -

Caonfiguration file: | Ciprojects/Elbert_S7/sample.bin

State of non-config mem WO pins:

Program Operations
Address Range: Configuration File Only w
[+*] Erase
[) Blank Check
[+ Program
[ verify
[ werify Checksum
SVF Options

[ ] Create SVF Only (no program operations)

|/‘?\|
[ ] [ s
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SECTION II
TRAIN ON THE BOARD

Getting Started with Vivado: Creating a New FPGA Project

Before diving into the peripheral interface projects, it is essential to understand the
basic procedure for setting up a new project in Vivado tailored for the Elbert S7 FPGA
board. This section will guide you through the initial steps, including downloading and

configuring the Board Support Package (BSP).

To begin, download the Elbert S7 BSP from our official GitHub repository and place

it in the appropriate board files directory (follow the readme file in GitHub repo) on
your computer. This allows Vivado to recognize the Elbert S7 board during project

creation, simplifying IP integration and pin assignments.

The procedures described in this part will remain consistent across all peripheral
interface projects throughout Section II. By following this workflow, you’ll ensure
that your development environment is correctly set up, enabling a smooth and efficient

design experience.
Prerequisites:
Hardware:
o Elbert S7 FPGA Development Board.
o Xilinx Platform Cable USB II JTAG debugger. (optional)
o USB A to USB Type C cable.
e 5V DC power suppy.
Software:
e Vivado Design Suite with Vitis installed (2024.1)

o Serial terminal application (PuTTY, Tera Term, etc.)
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Basic procedures to create new project in Vivado.

Step 1:

Download and install the Vivado Board Support Package files for Elbert S7 from here.
Follow the README.md file on how to install Vivado board support files for Numato
Lab boards.

Step 2:

Open the AMD Vivado Design suite, go to “File -> Project -> New” to create a new

project. The “New project” window will pop up. Click “Next”.

Vivado 2024.1
File  Flow Tools Window  Help Q- Quick Ac
Project New...

Checkpoint » Open
Open Recent ¥

Open Example...

It

Exit

Step 3:

In the “Project Name” window, enter a name for the project and save it at a suitable
location. Select the option “Create project subdirectory” to keep all the project files in

a single folder.

New Project X

Project Name

Enter a name for your project and specify a directory where the project data files will be stored
Project name Basic_procedure |
Project location: Ciprojects/Elbert_S7 E‘
[¥] Create project subdirectory
Project will be created at: C:/projects/Elbert_S7/Basic_procedure

O] N

\z2) = Back Next > Cancel
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Now you will see the “Project Type” page as shown below. Select the “RTL Project” and

select the option “Do not specify sources at this time”. Click “Next”.

New Project

x
Project Type
Specify the type of project to create.
e RTLProject

You will be able to add sources, create block designs in IP Integrator, generate IP, run RTL analysis, synthesis, implementation, design planning and analysis.
| Do not specify sources at this time
Project is an extensible Vitis platform

Post-synthesis Project
You will be able to add sources, view device resources, run design analysis, planning and implementation.

0 Planning Project
Do not specify design sources. You will be able to view partipackage resources

Imported Project
Create a Vivado project from a Synplify Project File.

Example Project
Create a new Vivado project from a predefined template

Step 4: In the “Default Part” window, select the “Boards” tab. Choose the Vendor as
“numato.com”, filter the Name “Elbert_S7” and select the board as shown below. Click
“Next” to continue. If Elbert S7 is not displayed in the boards list, make sure that the
board support files are installed correctly.

Bl New Project X
Default Part
Choose a default AMD part or board for your project.

Parts | Boards

0 To fetch the latest available boards from git repository, click on ‘Refresh’ button. Dismiss

Reset All Filters

Vendor: numato.com w Name: | Elbert_S7 v Board Rev:  Latest ~
Q o, T,
Search: A
Display Mame  Preview Status  Wendor File Version  Part /0 Pin Count Board Rev  Available IDBs  LUT Elements  FlipFlops  Block RAMs
Elbert 57 g
Installed numato.com 1.0 x¥c7560csga324-1 324 1.0 210 32600 65200 75
< >

Catalog was last updated on 02/28/2025 12:36:09 PM
© e |

In the next window, click “Finish” to complete creating the new project. When the new

project wizard exits, a new project will be created by Vivado with the specified settings.
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1. UART Communication — Printing “Hello World”

INTRODUCTION

In this first hands-on project, we will verify the UART (Universal Asynchronous
Receiver/Transmitter) interface on the Elbert S7 FPGA board by printing a simple
"Hello World" message to the serial terminal. UART is a widely used serial
communication protocol that allows the FPGA to communicate with a host PC or other

devices using simple text-based messaging.

This project serves as a basic sanity check to ensure the UART peripheral is functioning
correctly and that the board can transmit data over a serial connection. It also helps
familiarize users with integrating IP cores and observing output through a terminal

emulator like Tera Term or PuTTY.

By completing this project, users will gain confidence in creating Vivado projects,

generating bitstreams, using the BSP, and verifying output via UART communication.

Creating Microblaze based Hardware Platform for Elbert S7

The following steps will walk you through the process of creating a new project with
Vivado and building a hardware platform with MicroBlaze soft processor using an IP

integrator.
STEP 1:

To create a new Vivado project specifically for the Elbert S7 FPGA board, follow the
procedure outlined in the section “Getting Started with Vivado: Creating a New
FPGA Project.”

STEP 2:

After creating a new project successfully, In the “Flow Navigator” panel, select “Create
Block Design” under the IP integrator section. Give an appropriate name (Eg:
“Hello_world “) to the design and click “OK .
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Create Block Design X
Please specify name of block design.
Design name: Hello_waorld |
Directory: « =Local to Project= w
Specify source set: Design Sources 4 l

@

Step 3:

Go to Diagram window, right click and select “Add IP” from the popup menu. Search

for “MicroBlaze” and add it to the design by double-clicking it.

Search: - mic:| (6 matches)

MicroBlaze

MicroBlaze Debug Module (MDM}
MicroBlaze Debug Module (MDM) V
MicroBlaze MCS

MicroBlaze MC3 WV

MicroBlaze V

EMTER to select, ESC to cancel, Ctrl+Ql for IP details

Click “Run Block Automation” present in the “Designer Assistance available” bar on
the top left corner of the window to complete the design. Select the settings as shown
in the following image. Click “OK” for Vivado to automatically configure the blocks for

you.
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Run Block Automation 'Y

Automatically make connections in your design by checking the boxes of the blocks to connect Select a block on the |eft to display its configuration options on the right

Description

~ [ All Automation (1 out of 1 selected
T ( ) MicroBlaze connection automation generates local memory of selected size, and caches can be configured

[+] %% microblaze_0 MicroBlaze Debug Module, Peripheral AXl Interconnect, Interrupt Controller, a clock source, Processor System Reset

are added and connected as needed. A preset MicroBlaze configuration can also be selected

Information about the options can be found in the tooltips

Options |
Preset None A [
Local Memary B4KB ~ |
Local Memory ECC Mone w
Cache Configuration Mone ~
Debug Module Debug Only -

Peripheral AX| Port Enabled

[¥] Interrupt Controller

Clock Connection Mew Clocking Wizard  +

Step 4:

Double click “Clocking Wizard” IP and customize “Board” settings as shown in the

following image.

| ] Re-customize IP

X
| Clocking Wizard (6.0)

| @ Documentation - IP Lacation

1P Symbol  JEEE Compenent Name |clk_wiz_1
() show disabled parts
Board  Clocking Options | OutputClocks | MMCM Settings | Summary

Associate IP interface with board interface

1P Interface Board Interface

sys dlock -
CLK_INZ Custom -
EXT_RESET_IN

reset -]

|
|
|
| CLK_IN1
|
|
|
|

Clear Board Parameters

reset clk_out1

clk_in1 locked

Step 5:

Run “Connection Automation” and select all the pins.
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Run Connectian Automation_ e - _ - .

Automatically make connections in your design by checking the boxes of the interfaces to connect Select an interface on the left to display its configuration options on
the right.

Q = <
v ¥ }RII Automation (3 out of 3 selected)
v v F clk_wiz_1
] = elk_in1
) = reset

v [ T rst_clk_wiz_1_100M
] = ext_reset_in

Select an interface pin on the left panel to view its options

!
\Z) OK Cancel

Step 6:

Go to the Board section, Drag and drop the USB UART from the Board section to the

design.

BLOCK DESIGN - Hello_world *

Sources | Design Signals | Board  x ? 00
Q = 2= ¥
= Elbert

v [ Clocks (0 out of 1 connected)
¥ System Clock
v | External Memory (0 out of 1 connected)
¥ DDR3 SDRAM
w [ Reset (1 out of 1 connected)
» FPGA Reset
v [& UART (0 out of 1 connected)
3 USE UART

Click on “Run Connection Automation” select all the pins and click ok.
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Run Connection Automation X

Automatically make connections in your design by checking the boxes of the interfaces to connect. Select an interface on the left to display its configuration options on
the right.

O. = =
~ [ All Automation (1 out of 1 selected)
~ W) 7F axi_uartite_0

Description

Connect Slave interface (faxi_uartlite_0/S_AXl) to a selected Master address space.

¥ 0 5_AxI Options
Master interface (Periph)
Bridge IP
Clock source for driving Bridge IP (100 MHz)
Clock source for Slave interface Auto ~
Clock source for Master interface (100 MHz)

=
@

Step 7:

Connect interrupt output lines from “AXI Uartlite” to the “Concat” block as shown in
the below figure. Select the “Validate Design” option from the “Tools” menu to make

sure that connections are correct.

Diagram x Address Editor x| Address Map x 200

@ a i X © Qq s + E » C 9 Default View ~ o

micrablaze 0 axi perigh

ush_uant

p—
} o owe +|l—
MicroBlaze ,,},;:1!!:}

Moomae

Step 8:

Select the “Validate Design” option from the “Tools” menu to make sure that

connections are correct.
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Tools Repors  Window  Layout  View

Hel

IB' Validate Design Fé

Create and Package New IP...

Create Interface Definition...

Run Tcl Script...

Property Editor

Associate ELF Files...

Generate Memory Configuration File...

Compile Simulation Libraries...

Vivado Store...

Custom Commands
Launch Vitis IDE

Language Templates

Settings...

Step 9:

Right-click “Hello_world” in the “Sources” window and select “Create HDL Wrapper”

from the popup menu. Click “OK” on the window that appears to finish generating a

wrapper.
BLOCK DESIGN - Hello_world *
« || Sources »x Design Signals | Board ? 00
S
tla = & + o
E b Design Sources (1)
'?'; Hello_world (Hello_world.bd)
2 > [= Constraints Source Node Properties...
— A Simulation 5
imulation Source Open File
> sim_1 (1)
o Open With
> Utility Sources
Create HDL Wrapper... I
View Instantiation Template
Generate Output Products...
Reset Output Products...
Step 10:

Click “Generate Bitstream” under the “Program and Debug” section to synthesize,

implement, and generate a bitstream.

~ |[MPLEMEMTATION
P> Run Implementation

> OpenImplemented Design

v PROGRAM AND DEBUG

I ¥ Generate Bitstream I

» Open Hardware Manager
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Step 11:

Once the implementation and generation of the bitstream are completed, we need to
export the hardware along with the bitstream. Go to the “File” menu and select
“Export->Export Hardware “. Select the “Include bitstream” checkbox and click “OK”

in the “Export Hardware” wizard.

FEile Edit Flow Tools Reports Window Layout View

uw
Project [ | ® [ ’. I -
I Add Sources... BLOCK DESIGN - Hello_world
b Sources x Design
Save Block Design As... E .
Bl = % +
Close Block Design E
= |+~ Design Sources (1)
Checkpoint ' E > @ % Hello_world_y
3‘, » [ Constraints
e ~ = Simulation Sources
> osim_1(1)
P 4 » [ Utility Sources
Text Editor 3
Import 3
Export I Export Hardware... I
Print.. Export Block Design...
Exit
Export Simulation...
Export Hardware Platform X
Output
Setthe platform properties to inform downstream tools of the intended use of the target platform’s hardware design.

7 Pre-synthesis
" This platform includes a hardware specification for downstream software tools.

@ Include bitstream
This platform includes the complete hardware implementation and bitstream, in addition to the hardware specification for
software tools,
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Step 12:

Select Launch Vitis IDE from the Tools menu.

Tools Reports Window Layout View He

[ validate Design

Create and Package New IP...

Create Interface Definition...

Run Tel Script...

Property Editor

Associate ELF Files...

Generate Memory Configuration File...

Compile Simulation Libraries...

Vivado Store...

Custom Commands 3

| Launch Vitis IDE |

y Q@ Language Templates

£  Seftings...

Step 13:

After Vitis Unified IDE window opens, click on “Open Workspace” and select necessary

folder to keep the Vitis files.

Welcome to the Vitis Unified IDE

Get Started

E Open Workspace

& Examples

= Migrate Classic IDE Workspace

Step 14:

Create a new platform for the project, by selecting “Create Platform Component”, click
“Next”, in the Flow tab select the XSA file saved using the step 11 and finally click

“Next” and “Finish” respectively.
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Create HL S Component
Create Application Component
nt

Open Example View

Browse examples

Create example components

Open Analysis View

Open existing reports

Create Platform Component

Name and Location > Flow > OS and Processor >

Select Platform Creation Flow

Create a platform component by selecting the hardware design and add software domains.

(@ HardwareDesign () Existing Platform

Hardware Design (X5A) C:\projects\Elbert_S7\Hello_world\Hello_world_wrapper.xsa
For Implementation

> Advanced Options

~ FLOW

Component | HELLO_ WORLD  ~ | {8k
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Step 15:

Next create the Hello world Application component by selecting the “Hello world”

template from the “examples”,

P LA

~ Embedded Software Examples

DDR self refresh

Dhrystone

Op Op Qb

Empty Application
FreeRTOS Hello World

Ob

FreeRTOS IwlP Echo Server

FreeRTOS IwlP TCP Perf Client

Op Op Ob

FreeRTOS IwlP TCP Perf Server

FreeRTOS IwIP UDP Perf Client

Ob

FreeRTOS IwlP UDP Perf Server

O

Hello waorld

Ob

In “Create Application Component” tab specify project name and location, click
“Next”.

Create Application Compenent - Hello World

Name and Location > Hardware >

Name and Location

Choose a name for your component and specify a directory where component data files will be stored

Component name Hellq
Component location Chprojects\Elbert_S7\Hello_worldWITIS ~ Browse

Component will be created at C\projects\Elbert_S7\Hello_world\WITIS\Hello

Select newly created Platform and click “Next”.
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Create Application Compenent - Hello World

Name and Location > Hardware > Domain »

Select Platform
Platforms supporting the selected example from your repositories. To create a new platform, use "File -~ New Component - Platform™

Je!
PATH

«1_SNHello_world\WITIS\HELLO_WORLD\export HELLO_WORLD
Cprojecrs\Elbert_S7\Hello_world\WITIS\HELLO_WORLDV

m

@ HELLO_WORLD Embedded limccom  _VITIS\HELLO_WORLD\export\HELLO_WORLD\HELLO_WORLDx Info

Select the domain as “Standalone microblaze 0” and click “Next” and click on
“Finish”.

Create Application Component - Hello World

Name and Location > Hardware > Domain > Summary

Select Domain

Choose a domain from the available domains in the platform

Name Details

standalone_microblaze 0
[ET standalone_microblaze 0

+ create new...

Display Name standalone_microblaze 0

0s standalone

Processor microblaze 0

| Cancel )
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When the Helloworld project is added successfully, build the project manually.

~ FLOW v A

Step 16: Once the build is completed successfully, power up Elbert S7 FPGA
Development Board using USB type C cable.

Step 17: Program the FPGA on Elbert S7 with a simple boot loop program by selecting

the Program Device option from the Vitis menu.

Vitis Help
Platform Repositories...
Embedded SW Repositories...
Program Flash
Program Device
X5DB Console...

Target Connections...

Create Boot Image

New Feature Preview

Once the “Program Device” window opens click on “Program “.

Program Device

Spedify the bitstream and the ELF files that reside in BRAM memory.

Project
Connection

Bitstream/PDI Aprojects\Elbert_STHello_worldWITIS\Hello\_ide\bitstreamHello_world_wrapper.bit
D Partial Bitstream

BMM/MMI File projects\Elbert S7\Hello_world\VITIS\Hello\_ide\bitstream\Hello_world wrapper.mmi

Software Configuration

PROCESSOR ELF/MEM FILE TO INITIALIZE IN BLOCK RAM

microblaze_0
bootloop ~

D Skip Revision Check

. Generale . (" Program )
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Step 18:

Meanwhile, open any serial terminal program (such as PuTTY, Teraterm etc) and open
the port corresponding to Elbert S7 with a 9600 baud rate (the default baud rate given
in UART IP). Program the board by selecting the “Run.”

~ FLOW ¥ R

— ®

¥ Build

> Run
1t Debug

Step 19:

If everything went well, the application running on the board should print “Hello

World” over the UART and should be displayed on the Serial Terminal application.

BB COM4S - PuTTY - O X

iello World -5.1::1::'_'_-:-5.1:.'_-:::I
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2. Controlling Onboard Peripherals (LEDs, Seven Segment
Display, and PMOD) with Slide Switches

INTRODUCTION

This project demonstrates how to interface and control key onboard peripherals-
LEDs, Seven Segment Display, and PMOD connectors-using the slide switches
on the Elbert S7 FPGA board. It serves as a foundational experiment to understand
how input signals (from switches) can control output peripherals in an FPGA-based

system.
The design includes predefined behaviours:

« When no switch is active, the seven-segment displays continuously count
from o to 9 (same digit on all displays), while the LEDs perform a running light

pattern.

o When specific switches are turned ON, the system displays corresponding

values:

o Switch 1 (SWo0): The seven-segment shows 3, and its binary

representation (00000011) is shown on the LEDs.

o Switch 2 (SW1): The seven-segment shows 5, and the LEDs display

00000101.

o Switch 3 (SW2): The seven-segment shows 77, and the LEDs display

00000111.

e When Switch 4 (SW3) is turned ON, all PMOD pins go high, enabling

external module activation or signalling.

This project is designed as a basic interface demo. You are encouraged to modify the
functionality-such as changing the numbers shown on the seven-segment display,
customizing LED patterns, or controlling PMOD outputs differently-to suit your

specific application needs or to experiment with your own designs.

By completing this project, you’ll gain hands-on experience with I/O interfacing, logic

control based on inputs.
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STEP 1:

To create a new Vivado project specifically for the Elbert S7 FPGA board, follow the
procedure outlined in the section “Getting Started with Vivado: Creating a New
FPGA Project.”

STEP 2:

After creating a new project successfully, In the Sources tab, Right-click ‘Design
Sources’ and click ‘Add Sources’. It will open a new ‘Add Sources’ window.

Sources ? 00O X
a = = + ) o
Design Sources

> Constraints

v Simulation Sol

Hierarchy Update 4
im_1
Sim- C' Refresh Hierarchy
> Utility Sources .
IP Hierarchy 4

Copy Constraints Set...
Edit Constraints Sets...

Edit Simulation Sets...

Hierarchy = Libral 4+ Add Sources... Alt+A

Once the “Add Sources” window opens select “Add or create design sources”
and click on “Next “

|rE| AddSowces N
|
. AM D a Add Sources
. This guides you through the process of adding and creating sources for your project
Vivado
ML Edition Add or create constraints

®) Add or create design sources

Add or create simulation sources

TN
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Step 3:

Download and extract the RTL source files from here and add them to the project by
selecting ‘Add Files’ in the “Add or Create Design Sources” tab and click on
“Finish"”.

- — - _— — —

| Ad_d--Sources x|
! Add or Create Design Sources
Specify HDL, netlist, Block Design, and IP files, or directories containing those file types to add to your project. Create a new source file on disk

and add it to your project.

Use Add Files, Add Directories or Create File buttons below

Add Files Add Directories ‘ ‘ Create File

an and add R clude

N

Step 4:

In Sources tab of Vivado, Right-Click on ‘Constraints’ and click ‘Add Sources’.

> Con

Hierarchy Update 4
v Simi

Refresh Hierarchy

i b
i Utili IP Hierarchy
Copy Constraints Set...
Edit Constraints Sets...

Edit Simulation Sets...

4+ Add Sources... Alt+A

Report IP Status

Hierarchy [P Sources Libraries Compile Order

Doc No: NSQMS25FP0o6Bo7-HB CONFIDENTTIAL and PROPRIETARY 46 | Page


https://numato.com/download/peripherals-control-source-code-for-elbert-s7/

% NumatoLab
ELBERT S7 HANDBOOK REV: V1.0

Step 5:

Once the “Add Sources” tab opens select “Add or create constraints” and click
on “Next “.

"m AddSowces ) x
|
AM D a Add Sources
. This guides you through the process of adding and creating sources for your project
Vivado

ML Edition ®) Add or create constraints
Add or create design sources

Add or create simulation sources

TN

Step 6:
Download and extract the xdc file from here and add them to the project by
selecting ‘Add Files’ in the “Add or Create Constraints” tab and click on

“Finish®.

Add Sources X
Add or Create Constraints
Specify or create constraint files for physical and timing constraint to add to your project
Specify constraint set constrs_1 (active v
+,
Use Add Files or Create File buttons below

I| Add Files I| Create File
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Step 7:
In Project Manager tab, click on ‘Generate Bitstream’.

¥ SYNTHESIS

P Run Synthesis

> Open Synthesized Design

v~  IMPLEMENTATION

P Run Implementation

> Open Implemented Design

~ PROGRAM AND DEBUG

I !;é Generate Bitstream 1

> Open Hardware Manager

Step 8:

Once the bitstream is successfully generated, close any “Bitstream Generation
Completed” dialog which comes up asking for what to do next.

e e

o Bitstream Generation successfully completed.
Next

(®) Open Implemented Design

() view Re ports

Open Hardware Manager

() Generate Memory Configuration File

() Don't show this dialog again

Step 9:

Click on ‘Open target’ and ‘Auto Connect’.
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HARDWARE MANAGER - unconnected

© No hardware target is open. Open target

T
1 £ Auto Connect I

Hardware oo X

I

Open New Target...

No content

Step 10:
Right Click on the device (xe7s50_0) and select “Program Device” option.
Step 11:

Click “Program” and observe the output.

Program Device x>
Select a bitstream programming file and download it to your hardware device. You can
optionally select a debug probes file that corresponds to the debug cores contained in the

bitstream programming file.

Bitstream file: ieven_segment’Seven_segmentrunsimpl_1/Seven_segment bit HZI

Debug probes file: |Z|

[+| Enable end of startup check

I/"_:'\I
\ 2 Program Cancel

- R ——
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3. HDMI OUTPUT EXAMPLE DESIGN

INTRODUCTION

HDMI (High-Definition Multimedia Interface) represents a significant advancement
over the older VGA standard by offering a digital solution that integrates both high-
resolution video and audio into a single interface. Unlike VGA, which relies on analog
signals, HDMI uses digital transmission to deliver superior picture and sound quality.
HDMI achieves this by transmitting pixel data serially at ten times the pixel clock
frequency through TMDS (Transition Minimized Differential Signalling). This method
reduces the number of signal transitions, which helps minimize potential data errors

and maintains signal integrity.

The tutorial focuses on demonstrating DVI-D output through the Elbert S7 FPGA
Module. DVI-D, or Digital Visual Interface — Digital, is a variant of HDMI and shares
the same electrical and physical layer specifications. As a result, HDMI cables can also
carry DVI-D signals, meaning that HDMI monitors are fully compatible with DVI-D

outputs.
STEP 1:

To create a new Vivado project specifically for the Elbert S7 FPGA board, follow the
procedure outlined in the section “Getting Started with Vivado: Creating a New
FPGA Project.”

Step 2:
After creating a new project successfully, then in the Sources tab, Right-click ‘Design

Sources’ and click ‘Add Sources’. It will open a new ‘Add Sources’ window.

| PROJECT MANAGER - HDMI

Sources
o T 2 + &
Design Sources

Constraints

Simulation Sol Hierarchy Update

sim_1 C'  Refresh Hierarchy

Utility Sources .
IP Hierarchy

Copy Constraints Set...
Edit Constraints Sets...

Edit Simulation Sets...

Hierarchy | Librf +  Add Sources... Alt+A
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Once the “Add Sources” window opens select “Add or create design sources”

and click on “Next “

‘rm Add Sources x
|
| AM D n Add Sources
. This guides you through the process of adding and creating sources for your project
Vivado

ML Edition Add or create constraints
#) Add or create design sources

Add or create simulation sources

Q)
Step 3:

Download and extract the RTL source files from here and add them to the project by
selecting ‘Add Files’ in the “Add or Create Design Sources” tab and click on
“Finish"“.

B assouces i x
‘ Add or Create Design Sources

Specify HDL, netlist, Block Design, and IP files, or directories containing those file types to add to your project. Create a new source file on disk
and add it to your project.

Add Files Add Directories ‘ ‘ Create File

The HDMI interface has 3 pairs of differential data signals and 1 pair of differential

clock signals:

o data_p[2:0] & data_n[2:0] : These are HDMI/DVI differential signals carrying

the video data to be displayed on screen.

e clk_p & clk_n: HDMI pixel clock differential pair of signals.
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First, VGA signals are generated inside vga module. Then the VGA signals are encoded
to 10-bits per channel and the data is then serialised to 10x of pixel clock rate. Finally,
the three channels along with pixel clock are driven out using TMDS differential

drivers.

In the top module (dvid_test), the two submodules dvid and vga are instantiated.

Clocking IP (clocking wizard) is used to generate clocks for VGA and DVI-D.

dvid_test: In this module, a “Clocking Wizard” IP core is instantiated to generate
required clocks for VGA and DVI-D. A 100MHz clock from the onboard oscillator is

provided as input, and following clocks are derived from it:

o clk_vga: 25MHz clock. This is the pixel clock frequency for 640x480@60Hz
VGA resolution.

e clk_dvi & clk_dvin: 125 MHz clocks. clk_dvinis 180 degrees out of phase

to clk_dvi. These clocks are used for serialization using ODDR2.

vga: VGA signals are generated in this module. This design generates VGA at
640%x480@60 Hz resolution.

dvid: VGA signals and clocks are given as input to this module and the DVI TMDS
signals are generated as the output. It uses TMDS_ encoder module to generate TMDS
signals. TMDS uses 8b/10b encoding in which the 8-bit color data (red, green & blue)
generated in VGA module is converted to 10 bits. Then this data is serialised using
ODDR2 (Double Data Rate primitive). The 10-bit TMDS data is generated at 25 MHz.
ODDR2 uses 5 times the frequency of pixel clock (i.e. 125MHz) to serialize the 10-bit
encoded data. Note that ODDR2 serialises 2-bits in 1 clock cycle of 125MHz clock. This
serialised data is converted into differential signals in top module (dvid_ test) using
OBUFDS drivers.

Step 4:

Add Clocking Wizard by clicking on IP catalog in Project Manager, type ‘clocking’ in
search box and double-click ‘Clocking Wizard’ IP.It will open customisation

window for ‘Clocking Wizard’.
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Cores | Interfaces
a z s [® u 4
Search: Q. dlocking

Name
v Vivado Repository
~ FPGA Features and Design
~ Clocking

Project Summary % IP Catalog x

(2 matches)

R V(T Status License

4+ Clocking Wizard

AXl4 Production Included

Details

Name: Clocking Wizard
Version: 6.0 (Rev. 14)
Interfaces:  AXI4

xilinx.com:ip:clk_wiz:6.0

Step 5:

In ‘Clocking Options’ tab, give Component Name as ‘clocking’ and primary clock

port name as ‘clk_in’.

Customize 1P

Clocking Wizard (6.0)

| @ Documentation IP Location €' Switch to Defaults

IP Symbol  Resource

| Show disabled ports

+ll

k
di_out =
locked =

= dkin

ICompenent Name clocking I
Board  Clocking Options  Output Clocks | Port Renaming
] Frequency Synthesis Minimize Power
] Phase Alignment ] Spread Spectrum
Dynamic Reconfig Dynamic Phase Shift

Safe Clock Startup

Dynamic Reconfig Interface
Optinne

Input Clock Information

Input Clock  Port Name  Input Frequency(MHz)

] Primary 100.000

Secondary clk_in2 100.000

Maximize Input Jitter filtering

Input .
- 0010

0.010

v

>

Cancel

In ‘Output Clocks’ tab, enable 3 output clocks and provide their name, frequency as

well as phase as shown in the image below. Click ‘OK’.
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—
Re-customize IP P
|
Clocking Wizard (6.0)
| @ Documentation IP Location C' Switch to Defaults
IPSymbol  Resource Component Name  clocking
() Show disabled ports Board | Clocking Options | Output Clocks  Port Renaming A MMCM Settings | Summary
~
The phase is calculated relative to the active input clock.
Output Fi MH. Ph: di
Output Clock  Port Name utput Freq (MHz) ase (degrees)
Requested Actual Requested Actual
] clk_out1 CLK_DVI 125.000 125.00000 0.000 0.000
CLK_DVI
«) CLK_DVI 125.000 X 0.000 .
CLK_DVIn v ck_out2 _DVIn 125.00000 0.000
CLK VGA ) clk_out3 CLKVGA 25.000 25.00000 0.000 0.000
locked ] clk_outa clk_outd 100.000 0.000
ck_out5 100.000 0.000
ck_out6 100.000 0.000
— Moo e v
< >

Step 6:

In Sources tab of Vivado, Right-Click on ‘Constraints’ and click ‘Add Sources’.

PROJECT MANAGER - HDMI

Sources ? 00X
Q = = + B &
v Design Sources (2)

> @ 5 dvid_test{Behavioral) (dvid_test.vhd) (3)

> T

> Conl
Hierarchy Update >

~ o Sim|

C' Refresh Hierarchy
i >
5 Uil IP Hierarchy
Copy Constraints Set...
Edit Constraints Sets...

Edit Simulation Sets...

I 4+ Add Sources... Alt+A I

Report IP Status

Hierarchy [P Sources Libraries Compile Order

Step 7:

Once the “Add Sources” tab opens select “Add or create constraints” and click

on “Next “.
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|
| Add Sources
e\ngo n This guides you through the process of adding and creating sources for your project

ML Edition ®) Add or create constraints
Add or create design sources

Add or create simulation sources

Step 8:

Download and extract the XDC file from here and add them to the project by selecting
‘Add Files’ in the “Add or Create Constraints” tab and click on “Finish“.

Step 9:
In Project Manager tab, click on ‘Generate Bitstream’.

~  SYNTHESIS

P Run Synthesis

> Open Synthesized Design

~ IMPLEMENTATION

P Run Implementation

> Open Implemented Design

~ PROGRAM AND DEBUG

| %% Generate Bitstream |

> Open Hardware Manager

Step 10:

Once the bitstream is successfully generated, close any “Bitstream Generation

Completed” dialog which comes up asking for what to do next.
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o Bitstream Generation successfully completed.

Next

® Open Implemented Design

{_J View Reports
Open Hardware Manager
() Generate Memory Configuration File

() Don't show this dialog again

Step 11:

Now click ‘Open Hardware Manager’ to program the FPGA.

~ IMPLEMENTATION

P Run Implementation

> Open Implemented Design

~ PROGRAM AND DEBUG

¥ii Generate Bitstream

> Open Hardware Manager

Step 12:

Click on ‘Open target’ and ‘Auto Connect’.

HARDWARE MANAGER - unconnected

© No hardware target is open. Open target

I & Auto Connect l_

Hardware oo X

&

Open New Target...

No content

Step 13:

Right Click on the device (xc7s50_0) and select “Program Device” option.
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Step 14:

Click “Program” and observe the output.

Program Device *

Select a bitstream programming file and download it to your hardware device. You can optionally
select a debug probes file that corresponds to the debug cores contained in the bitstream
pragramming file.

Bitstream file: C:iprojects/Elbert_STHDMIHDMILrunsfimpl_1/dvid_test bit “z‘

Debug probes file: IE‘

[+) Enable end of startup check

)
2/ Program Cancel

Step 15:

Once Elbert S7 is successfully programmed, it should begin generating HDMI signals

and the monitor should display a colourful pattern at 640x480 @ 60Hz resolution.

That was it! You can play with the vga module to output different patterns and try to

generate higher resolutions as well.
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4. DDR3 Mem test on ELBERT S7

INTRODUCTION

This article aims to guide readers on how to effectively utilize the DDR3 memory
available on the Spartan-7 FPGA using the AMD Memory Interface Generator (MIG)
7 IP Core. The MIG 7 IP core is a powerful tool provided by AMD that simplifies the
process of interfacing with external DDR3 memory by handling the complex timing

and calibration requirements.
When working with the MIG 7 IP core, users are presented with two interface options:

User Interface: This is a straightforward wrapper built on top of the Native Interface.
It simplifies communication with the DDR3 memory by providing clear signal naming

and intuitive data flow control.

AXI4 Interface: This interface follows the AXI4 protocol, which is widely used in
FPGA designs for memory-mapped transactions. It allows seamless integration with
AXI-based designs, providing better scalability and compatibility with IP cores that
utilize the AXI protocol.

In this tutorial, we'll focus on how to test the DDR3 memory using the Memory Tests
Template available in Vitis. This test template is a convenient way to verify memory
functionality, ensuring that data can be reliably written to and read from the DDR3
memory. By following this guide, you'll gain insights into configuring the MIG 7 IP
core, integrating it into your Vivado design, and performing practical memory tests on
the Spartan-7 FPGA.

Whether you're a beginner or an experienced FPGA developer, this article will provide
clear steps and explanations to help you successfully interface with DDR3 memory on

the Spartan-7 platform.

STEP 1:
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To create a new Vivado project specifically for the Elbert S7 FPGA board, follow the
procedure outlined in the section “Getting Started with Vivado: Creating a New
FPGA Project.”

Step 2:

After creating a new project, Under the “Flow Navigator” panel, click “Create Block
Design” under the IP Integrator section. Enter a name for the block design and click
“OK”. An empty block design will be created.

Create Block Design *
Please specify name of block design.
e\
Design name: |DDR] |
Directary: » <Localto Project= ~
|
Specify source set: Design Sources ~

Step 3:

In the Diagram window, right-click and select “Add IP” from the popup menu. Search
for “MicroBlaze” & “AXI Timer” and add them to the design by double-clicking them.

Search:  ©- MICR (6 matches) Search: Q- AXITI (6 matches)
MicroBlaze AXl4-Stream Verification IP
MicroBlaze Debug Module (MDM) AX] Multi Channel Direct Memory Access
MicroBlaze Debug Module (MDM)V Al Sideband Utility
MicroBlaze MCS AXl Timebase Watchdog Timer
AXl Timer

MicroBlaze MCS W

MicroBlaze V AXl Verification IP

EMNTER to select ESC to cancel, Ctrl+Q for IP details
EMNTER to select, ESC to cancel, Cirl+Q for IP details
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Step 4:

Click “Run Block Automation” present in the “Designer Assistance available” bar on
the top left corner of the window to complete the design. Select the settings as shown

in the following image.

Automatically make connections in your design by checking the boxes of the blocks to connect. Select a block on the left to display its configuration options on the right.

Description

v [
) Al Automation (1 out of 1 selected) MicroBlaze connection automation generates local memory of selected size, and caches can be configured

[+) 7 microblaze_0 MicroBlaze Debug Medule, Peripheral AXI Interconnect, Interrupt Controller, a clock source, Processor System Reset
are added and connected as needed. A preset MicroBlaze configuration can also be selected.

Information about the options can be found in the tooltips.

Options
Preset None v
Local Memary B4KB ~
Local Memory ECC None v
Cache Configuration None v
Debug Module Debug Only v
Peripheral AXI Port Enabled v

[« Interrupt Controller

Clock Connection New Clocking Wizard

Step 5:

Click the “Board” tab. The default peripherals available for the Elbert board will be

listed as shown below.

BLOCK DESIGN - DDR *

« || Sources | Design | Signals | Board x ? 00
K

zla = &«

o

& Elvert
[ Clocks (0 out of 1 connected)
» System Clock
~ [ External Memory (0 out of 1 connected
¥2 DDR3 SDRAM
w [& Reset (0 out of 1 connected)
Cr FPGA Reset
~ [& UART (0 out of 1 connected)
¥ USB UART

m

Add DDR3 SDRAM and USB UART to the design by double-clicking the corresponding

peripherals.
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Step 6:

Double-click on the “Clocking Wizard” IP block and change the settings as shown

below. In the “Output Clocks” section, set clk_out1 frequency to 100 MHz and
clk_out2 to 200MHz.

| B Re-customize 1P
| Clocking Wizard (6.0)

@ Documentation - IP Location

B .

IP Symbol  Resource Component Name | clk_wiz_1
Show disabled ports

Board  Clocking Options | Output Clocks | MMCM Settings | Summary

Associate IP interface with board interface

1P Interface Board Interface.
CLK_INT sys clack
CLK_IN2 Custom

EXT_RESET_IN

reset

reset clk_out1

clk_in1 locked
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[ ] Re-customize 1P
| Clocking Wizard (6.0)

@ Documentation - IP Location

| ipsymbol  Resource

Show disabled ports

clk_out1
reset
clk_out2
clk_int
locked

Component Name  clk_wiz_1

Board | Clocking Options

OutputClocks  MMCM Settings | Summary

The phase is calculated relative to the active input clock.

OutputClock  Port Name
) clk_outt di_outt
) clk_outz dlic_outz
cli_outs dlic_out3
clik_outd
diouts
dlic_outs

clk_out?

Output Freq (MHz)

Requested
100.000

Actual Requested
100.00000 0.000

2p0.000 100.00000 0.000

100.000

100.000

100.000

100.000

100.000

Output Clock Sequence Number

Enable Optional Inputs / Outputs for MMCN/PLL
<

0.000
0.000
0.000
0.000
0.000

Clocking Feedback

Source

®) Automatic Control On-Chip
Autematic Control Of-Chip
User-Controlled On-Chip

User-Controlled Of-Chip

Reset Type

Phase (degrees)

Actual
0.000

0.000

signaling

Duty Cycle (%)
Requested
50.000

50.000
50.000
50.000
50.000
50.000

50.000

Actual

50.0

50.0

H .

~
Drives
BUFG
BUFG
v
>

Step 77: Remove the existing connection to sys_clk_i of the “MIG 7 Series” block and

connect it to clk_out2.

Step 8: Run “Connection Automation” so Vivado can connect the blocks to make a

complete system.
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Run Connection Automation
|

Automatically make connections in your design by checking the boxes of the interfaces to connect. Select an interface on the left to display its configuration options on

the right.

Q

-
—

[E] »d

v

Automation (7 out of 7 selected)

w

®

v @

v

T axi_timer_0
[ I 5_ax1

T axi_uartlite_0
) 0 5_Ax1

T clk_wiz_1

% NumatoLab
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[¥) = dli_in1

[+ = reset |
~ ] 9F mig_7series_0 |

W) 0 s_axi |

&) = sys_rst Select an interface pin on the left panel to its options

~ W) FF rst_clk_wiz_1_100M
[v] = ext_reset_in

F

Click on "Run Block Automation" and select keep Classic Microblaze option as shown

in the picture below.

| Run Black Automation x

Automatically make connections in your design by checking the boxes of the blocks to connect. Select a block on the left to display its configuration options on the right.

Description
v [ All Automation (1 out of 1 selected)

- MicroBlaze conversion automation converts classic MicroBlaze processors to the RISC-V MicroBiaze V processor. The |
[+ % microblaze_0

corresponding MicroBlaze Debug Module (MDM) is also converted

Information about the options can be found in the tooltips
Options

[+] Keep Classic MicroBlaze

P
)
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Step 9: Connect interrupt output lines from “AXI Timer” and “UARTLite” to the
“Concat” block as shown below figure. Select the “Validate Design” option from

the Tools menu to make sure that connections are correct.

Diagram  x AddressEditor  x | AddressMap  x 280

e E o aQ £ + E 4 C o Defautt View v &

et_mig Teeries_0_83M

—

stk wiz_1_100M

LECEET

Step 10: Right-click “ddr3” in the “Sources” window and select “Create HDL
Wrapper” from the popup menu. Click “OK” on the window that appears to finish

generating a wrapper

BLOCK DESIGN-DDR *

w Sources » Design Signals Board
1| P

2|e = &+

i ~ [ Design Sources (1)

5 DOR (DDR.bd}

5 > Constrair Source Mode Properties...
w

~ [ Simulatio & Open File
> [= sim | Open With
b Utility Sou
Create HDL Wrapper...
View Instantiation Template
Generate Output Products...
Reset Output Products...

Step 11:

Click “Generate Bitstream” under the “Program And Debug” section to

synthesize, implement and generate a bitstream.
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~  IMPLEMENTATION

P Run Implementation

» OpenImplemented Design

v~ PROGRAM AND DEBUG

I ¥ii Generate Bitstream I

» Open Hardware Manager

Step 12: After generating the bitstream successfully, select Export

Hardware from the File menu. Click Next.

Eile Edit Flow Tools Repgorts Window Layout View

M
Project v B Ok, KB

-> Export

Add Sources.

BLOCK DESIGN - DDR

Sources x Design
Save Block Design As. - "
QT & +
Close Block Design
~ Design Sources (2
Checipaint > @ - DDR_wrappe
> Configuration Fi
> Constraints
~ [ Simulation Sources
P 4 > osim_1(1
Text Editor » > Utility Sources
Import 13
Export Export Hardware.
Print.. Export Block Design.
Exit

™ Export Simulation.

Select the “include bitstream” checkbox and click Next.

Export Hardware Platform X

Output

Setthe platform properties to inform downstream tools of the intended use of the target platform's hardware design

“ Pre-synthesis
" This platform includes a hardware specification for downstream software tools.

@ Include bitstream

This platform includes the complete hardware implementation and bitstream, in addition to the hardware specification for
software tools
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Export Hardware Platform

Files

Enter the name of your hardware platform file, and the directory where the XSA file will be stored.

XSAfile name: DDR_wrapper

Exportto C:lprojects/Elbert_ST/DDR3

The XSAwill be written to: C\projects\Elbert_S7T\DDR3\DDR_wrapperxsa

‘ Cancel

Step 13: Select Launch Vitis IDE from the Tools menu.

Tools Reports  Window  Layout  View  Helj

[ Validate Design

Create and Package New IP.

Create Interface Definition

Run Tel Script

Property Editor

Associate ELE Files...

Generate Memory Configuration File

Compile Simulation Libraries...

Vivado Store...

Custom Commands »

1 I Launch Vitis IDE I

| ©Q  Language Templates

£+ Settings..

Step 14: After Vitis Unified IDE window opens, click on “Open Workspace” and

select necessary folder to keep the Vitis files.

Welcome to the Vitis Unified IDE

Get Started

£ Open Workspace

& Examples

& Migrate Classic IDE Workspace
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Step 15: Create a new platform for the project, by selecting “Create Platform
Component”, click “Next”, in the Flow tab select the XSA file saved using the step 12

and finally click “Next” and “Finish” respectively.

Create HLS Component
Create Application Component

Create Platform Component

Browse examples

Create example components

Create Platform Component

Name and Location > Flow > OS and Processor >

Select Platform Creation Flow
Create a platform component by selecting the hardware design and add software domains.

(@ Hardware Design () Existing Platform

Hardware Design (X5A) C\projects\Elbert S7\Hello_world\Hello world wrapper.xsa
For Implementation

> Advanced Options

~ FLOW v A
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Step 16: Next create the DDR3_ test Application component by selecting the “Memory

tests” template from the “examples”,

PO A -

~ Embedded Software Examples

DDR self refresh

Dhrystone

Empty Application

FreeRTOS Hello world
FreeRTOS IwIP Echo Server
FreeRTOS IwlP TCP Perf Client
FreeRTOS IwiP TCP Perf Server
FreeRTOS IwiP UDP Perf Client
FreeRTOS lwlIP UDP Perf Server
Hello World

Image Recovery

Libmetal AMP Demo

Linux Empty Application

Linux Hello World

IwIP Echo Server

wiP TCP Perf Client

wiP TCP Perf Server

IwiP UDP Perf Client

IwlP UDP Perf Server
mba_fs_boot

Memory Tests

Ob Op Op On Op Op Op Op Op Op Op Ob Op Op Op Op Op Op Op Op Op Op

OpenAMP echo-test

In “Create Application Component” tab specify project name and location, click “Next”

Create Application Component - Memory Tests

Name and L n > Hardware >

Name and Location

Choase a name for your component and specify a directory where component data files will be stored

Component location C\projects\Elbert_ST\DDR3\witis_unified

Component will be created at C:\projects\Elbert ST\DDR3\witis_unifiedimemory_tests
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Select newly created Platform and click “Next”.

Create Application Component - Memory Tests

Name and Location > Hardware > Domain >

Select Platform

Platforms supporting the selected example from your repesitories. To create a new platform, use “File > New Component > Platform™

ol
VENDOR PATH

..\projects\Elbert_S7\DDR3\vitis_unified\DDR\export\DDR
Ch\projects\Elbert S7T\DDR3\itis_unified\DDR\export\DD

m

Embedded xlimecom . \Elbert_STADDR3\Witis_unified\DDR\export\DDR\DDR xpfm

Select the domain as “Standalone__microblaze o0” and click “Next” and click on

“Finish”

Create Application Compenent - Memory Tests

Name and Location > Hardware > Domain > Summary

Select Domain

Choose a domain from the available domains in the platform

Name Details

standalone_microblaze_0
Name standalone_microblaze 0

+ create new...
Display Name standalone_microblaze_0

o5 standalone

Processor microblaze_0

When the Memory tests project is added successfully, build the project manually.
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~ FLOW

Step 17: Once the build is completed successfully, power up Elbert S7 using an USB

type C cable

Step 18: Program the FPGA on Elbert S7 with a simple boot loop program by selecting

the Program Device option from the Vitis menu.

Vitis Help
Platform Repositories...
Embedded SW Repositories...
Program Flash
Program Device
XSDB Console...

Target Connections...

Create Boot Image

New Feature Preview

Once the “Program Device” window opens click on “Program “.

Program Device

Spedify the bitstream and the ELF files that reside in BRAM memaory.

o

Bitstream/PDI rojects\Elbert SMDDR3\vitis_unified\memory tests\ ide\bitstream\DDR_wrapper.bit
[[] Partial Bitstream

BMM/MMI File siects\Elbert_S7ADDR3Witis_unified\memory_tests\_ide\bitstream\DDR_wrapper.mmi

Software Configuration

PROCESSOR ELF/MEM FILE TO INITIALIZE IN BLOCK RAM

microblaze_0
bootloop ~

[] skip Revision Check

{ Generate ) [ Program
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Step 19:

Meanwhile, open any serial terminal program (such as PuTTY, Teraterm etc) and open
the port corresponding to Elbert S7 with a 9600 baud rate (the default baud rate given
in UART IP). Program the board by selecting the “Run”.

v FLOW ¥ A

— &

7 Build &

[> Run
1 Debug

Step 20:

If everything went well, the application running on the board should print the memory
testing Process over the UART and should be displayed on the Serial Terminal

application.

f@ COM45 - PuTTY — a x
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5. Gigabit Ethernet Example Design

INTRODUCTION

Ethernet is a Link Layer Protocol in the TCP/IP protocol stack between the physical
and data link layer. It is the most widely used protocol for Local Area Networks
(LANs). Every device on Ethernet is assigned a unique MAC address for

communication. Gigabit Ethernet refers to various technologies developed for

transmitting Ethernet frames at the rate of gigabits per second. The Reduced Gigabit
Media-Independent Interface (RGMII) is used to interface the Ethernet IP core on
FPGA with the Gigabit Ethernet PHY chip on Elbert S7. The Media Access Layer

converts the packets into a stream of data to be sent while the Physical Layer converts

the stream of data into electrical signals. RGMII provides a media-independent
interface so that MAC and PHY can be compatible, irrespective of the hardware used.
In this tutorial, the Numato Lab Elbert S7 FPGA Development Board is used to
demonstrate a TCP/IP echo server application. The echo server application runs on
lightweight IP (IwIP) TCP/IP stack.

STEP 1:

To create a new Vivado project specifically for the Elbert S7 FPGA board, follow the
procedure outlined in the section “Getting Started with Vivado: Creating a
New FPGA Project.”

Step 2: After creating a new project successfully, In the Flow Navigator panel,
select Create Block Design under IP INTEGRATOR. Enter a name for the block
design and click OK. An empty block design will be created

Create Block Design X
| Please specify name of block design.
Py
Design name: Ethernet |
Directory: » <Local to Project= 4

Specify source set Design Sources b
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Step 3: Go to Diagram window, right click and select “Add IP” from the popup menu.
Search for “MicroBlaze” and add it to the design by double-clicking it.

Search: mid (6 matches)

MicroBlaze

MicroBlaze Debug Module (MDM)
MicroBlaze Debug Module (MDM) WV
MicroBlaze MCS

MicroBlaze MCS WV

MicroBlaze

EMTER to select, ESC to cancel, Ctri+Q for IP details

Click “Run Block Automation” present in the “Designer Assistance available” bar on
the top left corner of the window to complete the design. Select the settings as shown
in the following image. Click “OK” for Vivado to automatically configure the blocks for

you.

Ez] Run Black Automation X

| Automatically make connections in your design by checking the boxes of the blocks to connect. Select a block on the left to display its configuration options on the right.

Q = 2

~ ] All Automation (1 out of 1 selected)

Description

MicroBlaze connection automation generates local memory of selected size, and caches can be configured.
v microblaze_0 MicroBlaze Debug Module, Peripheral AXI Interconnect, Interrupt Controller, a clock source, Processor System Reset
are added and connected as needed. A preset MicroBlaze configuration can also be selected.

Information aboutthe options can be found in the tooltips

Options |
Preset None ~ ‘
Laocal Memary 64KB ~
Local Memory ECC Mone v
Cache Configuration Mone v
Debug Module Debug Only ~
Peripheral AXI Port Enabled ~

| Interrupt Controller

Clock Connection Mew Clocking Wizard +

Step 4: Double click “Clocking Wizard” IP and customize “Board” settings as shown

in the following image.
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Re-customize IP

| Clocking Wizard (6.0)

B,

@ Documentation - IP Location

| P symbol  Resource ComponentName ck_wiz_1

) Show disabled ports
Board ©

cking Options | Output Clocks | MMCM Settings | Summary

Associate IP interface with board interface

IP Interface Board Interface
CLK_IN1 sys clock ~
CLK_INZ Custom ~

EXT_RESET_IN reset [-]

Clear Board Parameters

reset clk_outl

cli_int locked

Re-customize P

| Clocking Wizard (6.0)

B .

@ Documentation /- IP Location

| P symbol  Reson Component Name | clk_wiz_1

[ Show disabled ports

Board | Clacking Options | QutputClocks ~ MMCM Settings | Summary
~
The phase is calculated relative to the active input clock
Output Freq (MHz) Phase (degrees) Duty Cycle (%)
OutputClock  PortName  popuested Actual Requested Actual Requested  Actual Drives
) clk_out1 clic_out1 100.000 100.00000 0.000 0.000 50.000 500 BUFG
) clk_out2 cli_out2 200.000 200.00000 0.000 0.000 50.000 500 BUFG |
() clk_outz cli_out3 100.00000 0.000 0.000 50.000 50.0 BUFG |
ok outs | clk_outd 100.000 0.000 50.000
clk_outs 100.000 0.000 50.000
cik_outs 100.000 0.000 50.000
clk_out1
clk_out? 100.000 0.000 50.000
reset clk_out2
Clocking Feedback
clk_in1 clk_out3
Source Signaling
OutputClock  Sequence Number
locked " a
1 ®) Automatic Control On-Chip
1 Automatic Control Off-Chip
1 User-Controlled On-Chip
1 User-Controlled OfF-Chip
3
1
3
Enable Optional Inputs | Outputs for MMCMIPLL Reset Type "
< >

Click OK to customize the IP.

Step 5: Click the Board tab. The default peripherals available for the Elbert S7 board
will be displayed.
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BLOCK DESIGN - Ethernet

« || Sources | Design | Signals | Board x 2 _000
2
ija = & w
* | & Elpen_s7
[ Clocks (0 out of 1 connected
¥ System Clock
v [ Ethernet (0 out of 1 connected
¥ Gigabit Ethernet PHY

~ [ External Memary (0 out of 1 connected

¥ DDR3 SDRAN

v [ Reset (0 out of 1 connected
» FPGAReset

[ UART (0

¥ USB UART

out of 1 connected

Drag and drop DDR3 SDRAM, USB UART, and Gigabit Ethernet PHY into IP

Canvas.

Ensure that sys_ clk_ i of Memory Interface Generator is connected to clk_out2.

Step 6: Click Run Connection Automation and select all.

Step 7:

B Run Connection Automation
I

a = =
“@
~ )7 axi_ethernet_0
v = gix_clk
v = ref_clk
) O 5_axi
v ) clk_wiz_1
v = clk_in1
v = reset
v )% mig_Tseries_0
v b S_AXI
W = sys_rst
~ o) rst_clk_wiz_1_100M

¥ = ext_reset in

Run Block Automation

Select an interface pin on the left panel to view its options

X

Automatically make connections in your design by checking the boxes of the interfaces to connect Select an interface on the leftta display its configuration options on
the right

|

o for AXI Ethernet and select “FIFO” for the AXI Streaming interface.
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| Run Block Automation X

Automatically make connections in your design by checking the boxes of the blocks to connect Select a block on the left to display its configuration options on the right

Q = = Description
v [
%] Aﬂkummalmn (2 out of 2 selected) AXI Ethernet connection automation generates DMA or FIFO for TX and RX streaming interfaces of instance
|| 7 axi_ethernet 0 “axi_ethernet_0"
[+ microblaze_o
GTX clock will be connected to 125MHz source fclk_wiz_1iclk_out3.

REF clock will be connected to 200.00MHz source /clk_wiz_1/clk_out2.

These clock connections are for Physical interface type "RGMII".

Options
Physical Interface Selection RGMII ~
Connect AXI Streaming Interfaces to | FIFO ~

DMA
FIFO

© [comat |

for Microblaze_ o select "Keep Classic MicroBlaze” option and click "OK"

Run Block Automation X

Automatically make connections in your design by checking the boxes ofthe blocks to connect. Select a block on the leftto display its configuration options on the right.

- | a

a = = Description

~

~ ) All Automation (2 out of 2 selacted) MicroBlaze conversion automation converts classic MicroBlaze processors to the RISC-V MicroBlaze V processor. The

| [v] % axi_ethernet 0 corresponding MicroBlaze Debug Module (MDM) is also converted
[v] 7 microblaze_0
Information about the options can be found in the tooltips
Options

] Keep Classic MicroBlaze

Step 8: Click Run Connection Automation. Select the All Automation option

and click OK.
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Run Connection Automation X
|

Automatically make connections in your design by checking the boxes of the interfaces to connect. Select an interface on the left to display its configuration options on |
the right

Q = 2
() Jil Automation (1 out of 1 selected)| ‘
v [ T axi_sthemet_0_fifo

) 5_ax1

Select an interface pin on the left panel to view its options

©)
\z) 0OK Cancel

Step 9: Add AXI Timer into IP Canvas and click Run Connection Automation.

Run Connection Automation X

Automatically make connections in your design by checking the boxes of the interfaces to connect. Select an interface on the left to display its configuration options on
the right.

Description

v
v Aﬂﬁglumalmn (1 outol 1 selected) Connect Slave interface (faxi_timer_0/3_AX]) to a selected Master address space.
| w o) I axi_timer_o

)+ 5_Ax Options
Master interface (Periph)
Bridge IP
Clock source for driving Bridge IP (100 MHz)
Clock source for Slave interface Telk_wiz_1/clk_out1 (100 MHz) -

Clock source for Master interface

)
)

Step 10: Customize the Concat IP block as shown below.
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Bl Re-customize 1P x
Coneat (2.1)
@ Documen tation IP Location
() show disabled ports Component Name  microblaze_0_xiconcat

Number of Ports 5 [1-128 °
[ Jnowidn 1 [1-4095
T Jintwion 1 [1-4095
e Jinzwion 1 -4
T Jimnawion 1 -4
T Jinawion 1 14
'
- (n0[0:0]
- n1[0:0]
- n2[0:0] dout[4:0] e
- (n3[0.0]
- (n4[0:0]
~

Route the following connections to the inputs of the Concat block:

o interrupt on AXI Uartlite block

o interrupt on AXI Timer block

o interrupt on AXI-Stream FIFO

o interrupt and mac_irq on AXI 1G/2.5G Ethernet Subsystem

BLOCK DESIGN - Ethemet *

o || Diagram  x  Address Edit

zlala ¥ ® o a s 4+ B # C O = Deaiview v

1o
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Make sure that the final design looks as shown above.

Step 11: Select the Validate Design option from the Tools

connections are correct.

Tools Reports Window Layout View

Hel

IB Validate Design F6

Create and Package New IP

Create Interface Definition

Run Tcl Script

Property Editor

Associate ELE Files..

Generate Memory Configuration File...

Compile Simulation Libraries...
Vivado Store...
Custom Commands »
g Launch Vitis IDE
| @
£ Settings

Language Templates

menu to ensure that

Step 12: In the Sources window, right-click on the design and select Create HDL

Wrapper. Click OK in the dialog box that appears.

BLOCK DESIGN - Ethernet *

W

>
>

" Sources x Design Signals Board

S

zlla = & +

E w Design Sources (1

= Ethemet (Ethernet bd)

= > Constraints Source Mode Properties...

Simulation Source [ Open File
sim_101

Utility Sources

Open With

Create HDL Wrapper...

View Instantiation Template

Generate Qutput Products...

Reset Output Products..

? 00

Step 13: Click Generate Bitstream under the PROGRAM AND DEBUG section

of Vivado to synthesize, implement and generate the bitstream.
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¥ PROGRAM AND DEBUG
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Step 14: After generating the bitstream successfully, select Export -> Export

Hardware from the File menu. Click Next.

File Edit Flow Tools Reports Window Layout View

Project 3 7® = " L 'ﬂ‘

I Add Sources.. BLOCK DESIGN - Ethernet
b Sources » Design
Save Block Design As... E
E QT 2 4+
Close Block Design -
w ~ Design Sources (2
Checkpoint ' E > @ 2. Ethernet_wra
=] » [ Configuration Fi
B

> Constraints

hd Simulation Sources
P * > osim_1 0

> Ltility Sources

Text Editor ¥
Import 3

Export Export Hardware...
Print.. Export Block Design...
Exit

Export Simulation

Select the “include bitstream” checkbox and click Next.

Export Hardware Platform X
Output
Setthe platform properties to inform downstream tools of the intended use of the target platform’s hardware design.

() Pre-synthesis
" This platform includes a hardware specification for downstream software tools

Include bitstream
;This platform includes the complete hardware implementation and bitstream, in addition to the hardware specification for
‘software tools,

Provide the XSA file name and save it at a suitable location. Click Next and

click Finish in the next dialog box.
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Export Hardware Platform X
Files
Enter the name of your hardware platform file, and the directory where the XSA file will be stored. |

XSAfile name: Ethernet_wrapper

Exportto Cifprojects/Elbert_S7/Ethernet E‘

The XSA will be written to: C:\projects\Elbert_S7\EthernetiEthernet_wrapperxsa

| Einish ‘ ‘ Cancel

Step 15: Launch Vitis classic.

Note: In Vivado 2024.1, accessing Vitis via the tools menu inadvertently launches
Vitis Unified instead of Vitis Classic, which is our preferred tool for project creation.

To utilize Vitis Classic, it is necessary to launch it separately.

Step 16: In Vitis, IDE window select Create Application Project and click Next in
the dialog box that appears.

£\ New Application Project a X

Create a New Application Project H

This wizard will guide you through the 4 steps of creating new application projects

1. Choose a platform or create a platform project from Vivado exported XSA
2. Put application project in a system project, associate it with a processor

3. Prepare the application runtime — domain

4. Choose a template for application to quick start development

Platform System
Project Project
e
XSA

+ A platform provides hardware information and software environment settinas.

Skip welcomne page next time. (Can be reached with Back button)

z Next > Cancel
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In the Platform, window select Create a new platform from the hardware Tab
and import the XSA file which is already created (Provide XSA file location).
Click Next.

£\ New Application Project a x|
Platform
Note: A platform project will be generated automatically in workspace for the selected XS4, It can be customized later.

Select a platform from repository | 1] Create 2 new platform from hardware (XSA)

Hardware Specification

[ CiAprojects\Elbert_ST\Ethemet\Ethernet_wrapper.sa

vck190
vmk180

2702
XSA File: 2706 Browse...
2eu102
2cu106
zed
C:\projecis\Elbert_SA\Etheret\Ethemet_wrappersa

Platform name: Ethemet_wrapper

@ < Back Next > Finish Cancel

In the Application Project Details window, give an appropriate name for the Vitis

Project and click Next. Click Next in the Domain window.

Select the IWIP Echo Server template from the list of available templates and

click Finish.

£\ New Application Project a x

Templates E

Select a template to create your project.

Available Templates:

Find: o IwlP Echo Server
~ Embedded software development templates The lwiP Echo Server application provides a simple
Dhrystone demonstration of how to use the light-weight IP stack
Empty Application (C++) (wlP). This application sets up the board to use IP
Empty Application(C) address 192.168.1.10 or IPv6
Hello World FEB0:0:0:0:20A:35FF-FE0D:102, with MAC address
00:0a:35:00:01:02. The server listens for input at port 7
IwlP Echo Server i :
and simply echoes back whatever data is sent to that
IwliP TCP Perf Client port.
IwlP TCP Perf Server
IwlP UDP Perf Client
hwlP UDP Perf Server
Memory Tests
OpenAMP echo-test
OpenAMP matrix multiplication Demo
QpenAMP RPC Demo
| Peripheral Tests
RSA Authentication App
Zyng DRAM tests
Fuemn ECEI
{ ; .
b < Back | Finish J Cancel
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Step 17: Select Navigate to BSP Settings from Application Project Settings.

X Ethemet system | % Ethemet 52 =5
X Application Project Settings Active build configuration: Debug ~ &3

General Options

View current BSP settings, or configure settings like STDIO peripheral selection, compiler flags, SW intrusive profiling,
add/remove libraries, assign drivers to peripherals, change versions of O/librariesfdrivers etc.

Project name: Ethernet

Platform:  Ethernet wrapper [ - |

Runtime: PR
Domain: standalene_microbleze_0
cPU: microblaze_0

08 standalon

Hardware Specification; View processors, memory ranges and peripherals.

Select Board Support Package and click on Modify BSP Settings option.

& Ethernet_system % Ethemnet L\ Ethernet wrapper 53

pefitertet B @+ Board Support Package

v [ Ethernet_wrapper

~ £} microblaze 0 View current BSP settings, or configure settings like STDIO peripheral selection, compiler flags, SW intrusive profiling, add/remove libraries, assign drivers to

B3 standslone_microblaze.0 peripherals, change versions of O3/libraries/drivers etc.

= EBoard Support Package I Modify BSP Settings. | Reset BSP Sources

A BSP settings file is generated with the user options selected in the settings dialog, To use exising settings, click the below link. This aperation clears any
existing modifications done. All the subsquent changes are applied on tap of the loaded settings.

Load BSP seftings from file
Operating System

Name: standalone
Version: 9.1

tandalone is  simple, low-level software layer. It provides access to basic processor features such as caches, interrupts and exceptions

. =
Description: _ wellas the basic features of a hosted environment, such as standard input and output, profiling, abort and exit

Documentation: -

Drivers  Libraries

Name Driver Documentation Eamples
axi_ethernet 0 axiethernet Documentation Link Import Examples
axi_ethernet_0_fifo fifo Documentation Link Import Examples
axi_timer_0 trarctr Documentation Link Import Examples
axi_uartlite_0 uartlite Documentstion Link Import Examples
microblaze_0_ax_intc intc Documentation Link Import Examples
microblaze_0_local_memery_dim... bram Documentation Link Import Eemples
microblaze_0_local_memery_ilmb... bram Documentation Link Import Eemples
mig_Tseries_0 mig_Tseries Documentation Link -

Main | Hardware Specification

In the Board Support Package Settings window, select lwip (Iwip220) library, change

the dhep_options to “false” and ensure that “debug options” are “false”.

Select phy_link_speed in temac_adapter_options as
CONFIG_LINKSPEED1000.
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£ Board Support Package Settings *

Board Support Package Settings

Control various settings of your Board Suppert Package,

~ Overview
w standalone Configuration for library:  hwip220
L2 Name Value Default Type Description
~ drivers
microblaze 0 api_mode RAW API (RAW_API) RAW_AP| enum Mode of operation for lwiP (RAW
- hwip_tcp_keepalive false false boolean Enable keepalive processing with
no_sys_no_timers true true boolean Drops suppoert for sys_timeout w
sgmii_fixed_link false false boolean Enable fixed link for GEM SGMII
socket_mode_thread_prio 2 2 integer Pricrity of threads in socket moc
use_axieth_on_zyng 1 1 integer Optien if set to 1 ensures axiethe
use_emaclite_on_zyng 1 1 integer Option if set to 1 ensures emacli
» arp_options true boolean ARP Options
> debug_options true boolean Turn on lwlP Debug?
~ dhcp_options true true boolean Is DHCP required?
wip_dhep false false boolean Is DHCP required? I
|lwip_dhcp does acd _check false false boolean ACD check on offered addresses
» lemp_options true true boolean ICMP Options
gmp_opticns false false boolean IGMP Options
» lwip_ip_options true true boolean IP Opticns
> ipvh_s 3 false false boolean IPv6 enable value
» lwip_memory_options Options controlling IwlP memor
» mbox_options true boolean Mbox Options
» pbuf_options true boolean Pbuf Options
» stats_options true boolean Turn on hwiP statistics?
» tcp_options true boolean Is TCP required ?
» temac_adapter_options true boolean Settings for xps-ll-temac/Axi-Eth
> udp_options true boolean Is UDP required 7
£\ Board Support Package Settings X

Board Support Package Settings
Control various settings of your Board Support Package.

~ Owverview
+ standalone Configuration for library:  lwip220
.‘WIpZZO Name Value Default Type Description
~ drivers
micrablaze D | socket mode_thread_prio 2 2 integer Priority of threads in socket n
- use_axieth_on_zyng 1 1 integer Option if set to 1 ensures axie
use_emaclite_on_zyng 1 1 integer Option if set to 1 ensures emi
> arp_options true boolean ARP Options
> debug_options true boolean Turn on lwlP Debug?
> dhecp_options true boolean ls DHCP required?
> icmp_options true boolean ICMP Opticns
gmp_options false boolean IGMP Opticns
> lwip_ip_options true boolean IP Options
> ipvi ble false boolean IPvE enable value
> lwip_memory_optiens Options controlling lwlP mer
> mbaox_options true true boolean Mbox Options
> pbuf_options true boolean Pbuf Options
» stats_options true boolean Turn on lwlP statistics?
> tcp_options true boolean Is TCP required 7
~ temac_adapter_options true true boolean Settings for xps-ll-temac/Axi-
emac_number ] integer Zynq Ethernet Interface numl
n_r_coalesce 1 integer Setting for RX Interrupt coale
n_r_descriptors 64 integer Nurnber of RX Buffer Descrip
n_tx_coalesce 1 integer Setting for TX Interrupt coale
n_tx_descriptors 64 integer Nurnber of TX Buffer Descripr
phy_link_speed bps (COMFG_LINKSPEED1D KSPEED_AU... enum link speed as negotiated by tl
= - = boolean Offload TCP and IP Receive c
tep_ip_tx_checksum_offload  false false boolean Offload TCP and IP Transmit
tep_me_checksum_offload false false boolean Offload TCP Receive checksu
tep_tx_checksum_offload false false boolean Offload TCP Transmit checks
temac_use_jumbo_frames false false boolean use jumbo frames

v nrdn antinne Frie tre hanlaan e 1IND renuirad 7

Doc No: NSQMS25FP0o6Bo7-HB CONFIDENTTIAL and PROPRIETARY 84 | Page



% NumatoLab
ELBERT S7 HANDBOOK REV: V1.0

After changing the library settings, click OK. vitis will update the BSP automatically. If

that didn’t happen for any reason, run a build manually.

NOTE: Vitis does not include built-in support for KSZ Ethernet PHY drivers. To enable
compatibility, the xaxiemacif physpeed file must be manually updated with the KSZ
driver modifications. Replace the existing xaxiemacif physpeed file in your project
with the provided file, which includes the necessary changes to support KSZ PHY

drivers. This ensures proper Ethernet functionality in your application.
After modifying the xaxiemacif physpeed file Build the project.

Step 18: Once the build is completed successfully, power up Elbert S7 using an USB
type C cable.

Step 19: Program the FPGA on Elbert S7 by selecting the Program Device option
from the vitis menu.
Vitis  Project  Window Help

Platform Repositories...

Software Repositories...

® ®

Scan Repositories

Examples...

Libraries...

Vivado Integration ¥

-

HSCT Console
Vitis Shell

Generate Linker Script

Generate Device Tree

Start/Stop Emulator

andE e P2 O

Program Device I

Create Boot Image ¥
Program Flash
Dump/Restore Memory

Export Workspace To Unified IDE
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| :l Program Device

Program Device

Specify the bitstream and the ELF files that reside in BRAM memary

Project: Ethernet_system ~ |
Connection: Local e Mew
Device: Auto Detect Select...
Bitstrearn/PDI: S{project_loc:Ethernet}/_ide/bitstream/Ethernet_wrapper.| Search... Browse...
] Partial Bitstream
BMM/MMI File: S project_loc:Ethermnet)/_ide/bitstream/Ethernet_wrapper. Search... Browse... |
|

Seftware Configuration

Processor ELF/MEM File to Initialize in Bleck RAM

microblaze 0 bootloop

[_] Skip Revision Check
Generate Cancel

Step 20:

Open the COM port corresponding to Elbert S7 in any serial terminal (PuTTY, Tera
Term, etc.) with a 9600 baud rate. Now, right-click on the .elf file in Project Explorer

and select “Launch on Hardware” as shown below.

£\ vitis - Ethernet_wrapper/platform.spr - Vitis IDE

Eile Edit Search Vitis Project Window Help
e R S R R A1 R
[ Explorer 53 Bl § = 3
v E‘ Ethernet_system [ Ethernet wrapper ]
~[{c} Ethemet [ standalone_microhla= 11l
» ﬁb Binaries New ?
» [l Includes Move To System Project...
» (= Debug
> = src
> (#% ide 3 Delete Delete
A& Ethemet.py Refresh Fs
» (= _ide
& Ethernet_system sprj f=3 Import Sources..,
v |&] Ethernet_wrapper 5 Export as Archive
> (= export
> & hw Build Project
» = logs Clean Project
» i= microblaze 0
& resources Tl Generate Linker Script
L\ platform.spr S
£ platiormcl /C++ Build Settings
Team »
Run As >
Debug As »
Properties Alt+Enter
L\ Assistant 83] = Y § =8

v % Ethernet_system [Syster]
y 13 Ethernet [Application]

Doc No: NSQMS25FP0o6Bo7-HB

2, Ethemet_system % Ethemet [n Ethemnet_wrapper S@]_
type filter text L]
bpefiltertet B Board Sy
~ [ Ethernet_wrapper
Vi:} microblaze 0 View current B!
w [ standalone_microblaze_0 peripherals, ch
|= Board Support Package Meodify BSP S
A BSP settings
existing modifi
Load BSP settir
Operating Sys
Nan
Versic
Descriptic
Documentatic
Drivers  Libri
—
-1 Launch Hardware (Single Application Debug) I 3
= v
Ti[-F 2 Launch SW Emulator (Single Application Debug) E
EiD:B 3 Launch Hardware (Single Application Debug (GDE)) 0
Run Configurations... =
nnLuwiale,
microblaze_
microblaze_
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Observe the details displayed on the serial terminal.

EP COMJS - PuTTY

Step 21: Connect the Ethernet cable to the board and the other end to the PC Ethernet
port. Go to Control Panel. Go to Network and Internet -> Network and
Sharing Centre -> Change adapter settings. Select “Change adapter settings”.
Right-click on Ethernet, click properties, and select “IPv4”. Change the IPv4 address
t0 192.168.1.15 (any IP address can be used) and the default gateway to 192.168.1.1.

5;
™ & « Network and Internet > Network Connections v C Search Network Connections 2
Organise ~ Disable this network device Diagnose this connection Rename this connection > 5= - @ o
— Ethernet v VMware Network Adapter ~— VMware Network Adapter
- A« L * Ry M >
- Networking Sharing General
l =
X dﬂﬂ Connect using You can get IP settings assigned automatically if your network supports
[ Realtek USB GbE Family Controller this capability. Otherwise, you need to ask your network administrator
8 - for the appropriate IP settings.
Config
= ) Obtain an IP address automatically
This connection uses the following items X
© Use the following IP address:
v B3 Client for Microsoft Networks
v BB yMware Bridge Protocol L= 192.168 . 1 . 15
V| 5 File and Printer Sharing for Microsoft Networks Subnet mask: 255,255,255, 0
w| %8 QoS Packet Scheduler
v T giidge Driver Default gateway: 192.168. 1 . 1
v . Intemet Protocol Version 4 (TCP/IPv4)
Microsoft Network Adapter Multiplexor Protocol Rla DNS server address automatica
| © Use the following DNS server addresses:
Install Propen Preferred DNS server: 8 .8 .8 .8
Description Alternative DNS server: 8 .8 .4 .4
Transmission Control Protocol/Intemet Protocal. The det
wide area network protocol that provides communication -
across diverse interconnected networks [ validate settings upon exit Advanced...
Aitems 1 oK OK Cancel
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Step 22: Open a telnet session with IP Address 192.168.1.10 (IP address as per
main.c) at port 7, give input through the keyboard and observe the output. If you enter
a character from the keyboard, you can observe the transmitted and echoed characters

on telnet as shown.

&2 192,168.1.10 - PuTTY - a X

NHUUMMARTTOO
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6. SD card test

Introduction

In this tutorial, we’ll explore the process of creating an SD card test project using
Vivado and Vitis Unified IDE for the Elbert S7 FPGA Development Board. Our design
will feature a MicroBlaze soft processor, which will be integrated with an SD card
interface via the AXI bus. This project will allow us to perform basic read and write
operations on the SD card, helping to verify the functionality of the SD card interface
on the Elbert S7. Although MicroBlaze designs can utilize either PLB or AXI bus
systems, we’ll focus on the AXI bus for this tutorial. For detailed information on
MicroBlaze and additional resources, including the datasheet, please visit AMD’s

dedicated MicroBlaze page.

STEP 1:

To create a new Vivado project specifically for the Elbert S7 FPGA board, follow the
procedure outlined in the section “Getting Started with Vivado: Creating a New
FPGA Project.”

Step 2: After creating a project, In the “Flow Navigator” panel, select “Create Block
Design” under the IP integrator section. Give an appropriate name (Eg: “SD__card )

to the design and click “OK “.

Create Block Design x|
Please specify name of block design. |
Design name: |SD_card |
Directory: = =Local to Project= w

Specify source set: Design Sourcas ~

|

Step 3:

Go to Diagram window, right click and select “Add IP” from the popup menu. Search

for “MicroBlaze” and add it to the design by double-clicking it.
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Diagram
bR +
Search: micro (6 matches)

MicroBlaze

MicroBlaze Debug Maodule (MDM)
MicroBlaze Debug Module (MDM) vV
MicroBlaze MC3S

MicroBlaze MCS W

MicroBlaze vV

Click “Run Block Automation” present in the “Designer Assistance available”
bar on the top left corner of the window to complete the design. Select the settings as
shown in the following image. Click “OK” for Vivado to automatically configure the

blocks for you.

2] Run Block Automation X

| Automatically make connections in your design by checking the hoxes of the blocks to connect Select a block on the left to display its configuration options on the right

a =z #

~ & All Automation (1 out of 1 selected)

Description

WicroBlaze connection automation generates local memory of selected size, and caches can be configured.
o microblaze_0 MicroBlaze Debug Module, Peripheral AXI Interconnect, Interrupt Controller, a clock source, Processor System Reset
are added and connected as needed. A preset MicroBlaze configuration can also be selected.

Information about the options can be found in the tooltips.

Options
Preset Mone ~
Local Memaory 64KB v
Local Memory ECC MNone -
Cache Configuration Mone v
Debug Module Debug Only w

Peripheral AX| Port Enabled
«| Interrupt Controller

Clock Connection New Clocking Wizard  +

© N

Step 4:

Double click “Clocking Wizard” IP and customize “Board” and "Output Clocks"

settings as shown in the following image.
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Re-customize IP

Clocking Wizard (8.0)

@ Documentation IP Location

IP Symbol

Resource

| [T show gisabled ports

= roset clk_outt
= clk_in1 locked
|
Re-customize IP
|
Clocking Wizard (6.0)
© Documentation '~ IP Location
|
IP Symbol  Resource
[_] Show disabled ports
clk_out]
reset
clk_out2
cli_in1
locked

Doc No: NSQMS25FP0o6Bo7-HB

Component Name | cli_wiz_1

Board jocking Opti

Output ks

Associate IP interface with board interface
IPInterface
CLK_INT

CLK_INZ
EXT_RESET_IN

Clear Board Parameters

Component Name  clk_wiz_1

Board | Clocking Options | Output Clocks

MMCM Settings | Summary

Board Interface
sys clock

Custom

Custom

MMCM Settings | Summary

The phase is calculated relafive to the active input clock.

Output Freq (MHz)

Phase (degrees)

GRS 0L Requested Actual Requested Actual
) ak_out1 clk_outt 100.000 100.00000 0.000 0.000
) dk_out2 32.000 32.00000 0.000 0.000
() dk_out3 clk_out3 100.000 0.000
clk_outd 100.000 0.000
clk_outs 100.000 0.000
clk_outs 100.000 0.000
cli_out? 100.000 0.000
Clocking Feedback
Source Signaling
OutputClock | Sequence Number
1 Automatic Control On-Chip
1 ) Automatic Control Off-Chip
1 ) User-Contralled On-Chip
L ) User-Controlied OFF-Chip
E
f
c
Enable Optional Inputs / Outputs for MMCM/PLL Reset Type
@ reset [ power_down [ input_clk_stopped Active High () Active Low
(¥ locked [ cikibstopped

CONFIDENTTIAL and PROPRIETARY

oK Cancel |

Duty Cycle (%)

Drives
Requested

Actual

50.000 50.0 BUFG |

50.000 50.0 BUFG

50.000

50.000

50.000 |
50.000

50.000
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Step 5:

Run “Connection Automation” and select all the pins.

B2l Run Connection Automation X

Automatically make connections in your design by checking the boxes of the interfaces to connect Select an interface on the left to display its configuration options on
the right.

~ |+ @Il Automation (3 out of 3 selected)

v v clk_wiz_1
W = cli_inl
%) = reset
w1 T rst_clk_wiz_1_100M

| = ext_reset_in

Select an interface pin on the left panel to view its options

©

Step 6:

Go to the Board section, Drag and drop the USB UART from the Board section to the

« | Sources | Design | Signals | Board X ?2-0C
2

glla =/ &

= | Ewer_s7

v [= Clocks (0 out of 1 connected)
» System Clock
v [& Ethernet (0 out of 1 connected
¥ Gigabit Ethernet PHY
~ [ Bxternal Memory (0 out of
%2 DDR3 SDRAM
v [ Reset (0 out of 1 connected,
» FPGA Reset
v = UART (0 out of 1 connected
¥ USB UART

Click on “Run Connection Automation” select all the pins and click ok.
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Run Connection Automation %

Automatically make connections in your design by checking the boxes of the interfaces to connect. Select an interface on the left to display its configuration options an
the right

Description
~ [ All Automation (1 out of 1 selected)

oo Connect Slave interface (/axi_uartlite_0/S_AX) to a selected Master address space
v FF axi_uartlite_0

[=RIE-N Options
Master interface (Periph
Bridge IP
Clock source for driving Bridge |P (100 MHz)
Clock source for Slave interface Auto ~
Clock source for Master interface (100 MHz)

@
@ cancel

Connect interrupt output lines from “AXI Uartlite” to the “Concat” block as shown

in the below figure.

|_ microbiaze_0_axi_inke
= 0k

micrabiaz_0_concat

oo

wifo0) =

rst_ch_wiz_1_100M

misobiaze_0

|+ snesser
e+ cEBUIG FE <

- MicroBlaze #  we+

—
[ ] microbiaze_0_local_memory
. | I+ cms

JI[+ wse
e G
ve e

M_a e+

Step 7:

Add the SD card IP repository to Vivado IP catalog from here.
Open IP Catalog under PROJECT MANAGER, right click on Vivado Repository -> Add
Repository.
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Flow Navigator

v PROJECT MANAGER
£} Settings
Add Sources

Language Templates

o IP Catalog

Diagram  x | Address Editor x| Address Map x| IPCatalog x

Cores | Interfaces

al = & [#7 m
Search: O
Name A1 Ax4 Status License
> Vivado Repository
Broperties...
IP Settings...
| add Repositary... |

Refresh All Repositaries

Exportto Spreadsheet...

Provide the Directory path of the IP and click Select.
And Add the SDcard IP to the Block Design

Mame A1 A4
w User Repository (c:/projectsiEloert_S7/S0_card/sdcard)
W AX] Peripheral
" sdcard_v3.0 AXl4

Step 8:

VLMW

After adding the SD card Ip to the Block design, click on Run Block Automation.

Now, connect the clock_32 pin of the SD card IP to the clk_SD pin of the Clocking

wizard as shown in the below figure.
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I:.m':). X::;m:ssgc(:wax ;EIEI-E:M:— ) PEH.MUETX)‘ c g Default View v ' Di:

microtsaze 0

-||‘+ NTERET

ek wiz 11004

j::““ MicroBlaze® a1k

Ve

Step 9: Right click on Sdcard ip and click on Make External.

sdeard_0
w4 5 _AXI
dock_32
<l
s_axi_aclk Block Interface Properties
5_axi_aresa
®  Highlight '
T sdcal
E copy
Q  search...
W SelectAl
4+ AddIP..
Add Module...

S5 Make External Clr+T

Step 10: In Sources tab of Vivado, Right-Click on ‘Constraints’ and click ‘Add

Sources’.

Q

w

>
¥
>

Doc No: NSQMS25FP0o6Bo7-HB

Sources

x Design

+

Design Sources (1)

Signals ? 00

z ¢
> @ & SD_card_wrapper (SD_card_wrappery) (1)
Com
Sim
Utili Hierarchy Update 3
Refresh Hierarchy

IP Hierarchy 3

Copy Constraints Set..
Edit Constraints Sets..
Edit Simulation Sets...

-

Add Sources... Alt+A

Repaort IP Status
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»

Step 11: Once the “Add Sources” tab opens select “Add or create constraints

and click on “Next “.

Ez] Add Sources hed
AMD“ Add Sources
. This guides you through the process of adding and creating sources for your project
Vivado
ML Edition

&) Add or create constraints
Add or create design sources

Add or create simulation sources

@

Click on ‘Create File’ and give ‘SD__test’ as File name. Click ‘OK’ and ‘Finish’

Add 5 es
Add or Create Constraints
Specify or create constraint files for physical and timing constraint to add to your project.
Specify constraint set: constrs_1 (active) v |
Create Constraints File X
+

Create a new constraints file and add itto 1
your project [

File type: " xoc v

File name: |SD_tesﬂ |

File location: e« =Local to Project= hd
e
| Add Files || LCreate File |

|/‘?\| at
\7) = Back MNext = Cancel
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Step 12:
Copy the following constraints in your constrains file and save it.

SET PROPERTY -DICT {PACKAGE PIN F14 IOSTANDARD LVCMOS33} [GET PORTS
SDCARD IF 1 0 SD CLK]

SET PROPERTY -DICT {PACKAGE PIN F15 IOSTANDARD LVCMOS33} [GET PORTS
SDCARD IF 1 0 SD CS]

SET PROPERTY -DICT {PACKAGE PIN B17 IOSTANDARD LVCMOS33} [GET PORTS
SDCARD IF 1 0 SD MISO]

SET PROPERTY -DICT {PACKAGE PIN A17 IOSTANDARD LVCMOS33} [GET PORTS
SDCARD IF 1 0 SD MOSI]

Step 13:

Right-click “SD_card” in the “Sources” window, and select “Create HDL
Wrapper” from the popup menu. Click “OK” on the window that appears to finish

generating a wrapper.

Sources x Design Signals ? 00
a T & + o
w Design Sources (1)

~ @ 5. SD_card_wrapper (S0 _card_wrappery) (1)

w - [F] 8D_card_i: SD_card (SD card.bd) (1)
> @ SD_card (SD_cardy) Source Node Properties...
~ = Constraints (1) @ OpenFile
~ o constrs_1 (1) Open With
[" SDxdc
» = SBimulation Sources (1) e
5 Utility Saurces View Instantiation Template

Step 14:

Click “Generate Bitstream” under the “Program and Debug” section to

synthesize, implement and generate a bitstream.
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v SYNTHESIS

P Run Synthesis

~  IMPLEMEMNTATION
P Run Implementation

» Openlmplemented Design

¥ PROGRAM AND DEBUG

I J& Generate Bitstream I

» Open Hardware Manager

Step 15: After generating the bitstream successfully, select Export -> Export

Hardware from the File menu. Click Next.

File Edit Flow Tools Repos Window  Layout  View
n
Project -
I Add Sources... OCK DESIGN - SD_card *

Save Block Design Ssources  x Desion

Save Block Design As.

Q z & +
Close Block Design

~ [ Design Sources (1
Checkpoint 4 > @ .. SD_card_wrap

e Constraints (1
v = constrs_1 (1

I sD.xdc
s » || > simulation Sources
Text Editor » > [ Utility Sources
Import »
Export Export Hardware.
Brint Export Block Design.
Bt Export Bitstream File

Export Simulation

Select the “include bitstream” checkbox and click Next.

Bl Export Hardware Platform X
Output
Set the platform properties to inform downstream tools of the intended use of the target platform’s hardware design :

Pre-synthesis
This platform includes a hardware specification for downstream software tools.

(® Include bitstream
This platform includes the complete hardware implementation and bitstream, in addition to the hardware specification for
software tools

o] N oo [
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Provide the XSA file name and save it at a suitable location. Click Next and

click Finish in the next dialog box.
Step 16:
Select Launch Vitis IDE from the Tools menu.

Tools Reports Window Layout View He

[¥ validate Design

Create and Package MNew IP...

Create Interface Definition...

Run Tcl Script...

Property Editor

Associate ELE Files...

Generate Memory Configuration File...

Compile Simulation Libraries...

Vivado Store...

Custom Commands 3

I Launch Vitis IDE I

[ Q Language Templates

£  Seftings...

Step 17:

After Vitis Unified IDE window opens, click on “Open Workspace” and select
necessary folder to keep the Vitis files.

Welcome to the Vitis Unified IDE

Get Started

B Open Workspace

& Examples

2 Migrate Classic IDE Workspace

Step 18:

Create a new platform for the project, by selecting “Create Platform Component”,
click “Next”, in the Flow tab select the XSA file saved using the step 20 and finally
click “Next” and “Finish” respectively.
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Create HLS Component

Create Application Component
Create Platform Component

Open Example View

Browse examples

Create example components

‘Open Analysis View

Open existing reports

Open Explorer View

Manage files in your workspace

Edit Build Configurations

Edit Launch Configurations

Create Platform Component

Name and Location > Flow > OSand Processor >

Select Platform Creation Flow

Create a platform component by selecting the hardware design and add software domains.

(@ Hardware Design (_) Existing Platform

Hardware Design (XSA) C\projects\Elbert S7\SD_cal ard_wrapper.xsa
For Implementation

> Advanced Options

After successful creation of the platform, build the platform.

~ FLOW ¥ A

7% Build

Step 19:

Next create the Helloworld Application component by selecting the “Helloworld”

template from the “examples”,
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PO A -

~ Embedded Software Examples

DOR self refresh

Dhrystone

Empty Application

FreeRTOS Hello World
FreeRTOS IwlP Echo Server
FreeRTOS IwlP TCP Perf Client
FreeRTOS IwlP TCP Perf Server
FreeRTOS IwiP UDF Perf Client
FreeRTOS IwiP UDP Perf Server

Op Or Op Or Op Op Op Op Op Op

Hello World

In “Create Application Component” tab specify project name and location, click “Next”

Create Application Component - Hello World

Name and Location > Hardware >

Name and Location

Choose a name for your component and specify a directory where component data files will be stored

Component name

Component location Cprojects\Elbert S7\SD._cardivitis

Component will be created at C:\projects\Elbert_S7\SD_card\witis\SD_card_test

Select newly created Platform and click “Next”.
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Create Application Component - Hello World

Name and Location > Hardware > Domain >

Select Platform

Platforms supporting the selected example from your repaositories. To create a new platform, use "File > New Component > Platform™

VENDOR PATH

~.ojects\Elbert S7\SD_card\witis\SD_test\export\SD_test
C\projects\Elbert_ST\SD_cardWwitis\SD_test\export\SD._te

)

Embedded xilinx.com ... ST\SD_cardwitis\SD_test\export\SD_test\SD_test.xpfm

Select the domain as “Standalone__microblaze o0” and click “Next” and click on

“Finish”

Step 20: Download the SD_test.c file from here, Copy the content of SD_ test.c file to
the helloworld.c file to test SD card .

After adding the source file build the Project.
Step 21:

Once the build is completed successfully, power up Elbert S7 FPGA Development
Board using an USB type C cable. and insert the SD card into the micro SD card slot of
Elbert S7 FPGA Development Board.

Step 22:

Program the FPGA on Elbert S7 with a simple boot loop program by selecting

the Program Device option from the Vitis menu.
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Terminal = Vitis Help

+ Platform Repositories...

Embedded SW Repositories...
Program Flash
Program Device

XSDB Console...
Target Connections...

Create Boot Image

New Feature Preview

Once the “Program Device” window opens click on “Program “.

Program Device

Spedify the bitstream and the ELF files that reside in BRAM memory.

Project SD_card_test ~

Bitstream/PDI “\projects\Elbert_S/\SD_card\witis\SD_card_test\_ide\bitstream\SD_card_wrapper.bit e  Search
D Partial Bitstream

BMM/MMI File projecesiElbert_ST\SD_card\vitis\SD_card_test\_ide\bitstream\5D_card_wrapper.mmi = Search

Software Configuration

PROCESSOR ELF/MEM FILE TO INITIALIZE IN BLOCK RAM

microblaze_0
bootloop ~

D Skip Revision Check

. Generate . . Program .
Step 23:

Meanwhile, open any serial terminal program (such as PuTTY, Teraterm etc) and open
the port corresponding to Elbert S7 with a 9600 baud rate (the default baud rate given
in UART IP). Program the board by selecting the “Run”.

~ FLOW ¥ A

Component ® SD_card_test w {::_-3
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Step 24:

If everything went well, Serial terminal would show the execution is Successful.

COMA44 - PuTTY - ] X

Welcome to ELBERT 57 5D Card

ELEERT 57 SD Card
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REFERENCES

> PRODUCT LINKs:
o Product Page.

o User manual.
o Schematics.

o Xdc Constraints file.

» Tools Link:

o Vivado Design suite.
o PUTTY.
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