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Summary

Parallel NOR flash memory is a popular UltraScale™ FPGA configuration solution. The value of
this solution is increased when it is used post-configuration to store non-volatile user data or to
remotely update configuration images. This application note demonstrates post-configuration

access between a Virtex® UltraScale FPGA and parallel NOR flash memory provided by a
VCU108 evaluation board. Vivado® Design Suite 2016.1 is the development environment.

You can download the Reference Design Files for this application note from the Xilinx® website.
For detailed information about the design files, see Reference Design.

Introduction

The reference design in this application note uses a MicroBlaze® processor core to interface to the
AXI external memory controller (AXI EMC) core and the STARTUPE3 primitive to implement
post-configuration read and write access through a dedicated BPI configuration interface to the
on-board parallel NOR flash memory. Figure 1 shows operation of the post-configuration
reference design.
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Figure 1: Reference Design Post-Configuration Access Flow
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i? IMPORTANT: This application note is not suitable for use with an update image that is a partial bitstream.
Programming a partial bitstream uses a shutdown command that disables the USRCCLKO/USRCLKTS
connection from the STARTUPE3 block and disrupts parallel NOR flash memory access.

When the BPI configuration mode is used to configure the FPGA, the initial bitstream image
loads from the parallel NOR flash memory. After the FPGA is initially configured, the BPI
configuration interface typically remains unused. However, the unused space in the parallel
NOR flash memory can be used to store additional configuration images or application data,
eliminating the cost of adding extra memory and reducing the required board space. Figure 1
shows how the reference design executes this flow:

Step 1 configures the FPGA using the golden bitstream image (golden.bin) stored in the
parallel NOR flash memory. The golden bitstream image includes the STARTUPE3 primitive,
interface logic, IP cores, and constraints to enable reading from and writing to the unused
storage in the parallel NOR flash memory.

Step 2 runs application code on the MicroBlaze processor to download a new update
bitstream from the computer via Tera Term Xmodem protocol. Each 1024-byte data packet
is checked using CRC, and then written into parallel NOR flash. Then an IPROG operation is
performed and the FPGA is reconfigured from the update bitstream image (update.bin)
replacing the original golden bitstream image (golden.bin).

Document Organization
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Introduction: Describes the overall reference design operation.

System Overview: Provides the reference design block diagram, file structure, and IP core
addresses.

Running the Reference Design: Lists the hardware and software required to run the
reference design and describes how to:

- Set Up Host Computer

- Set Up VCU108 Evaluation Board

- Download Reference Design Files

- Generate Reference Design Project

- Generate Programming Files

o Configure FPGA with golden.bin

o Program Parallel NOR Flash Memory with update.bin
o Configure FPGA with update.bin

Hardware System Details: Describes the hardware clock topology, AXI EMC core, and
STARTUPE3 primitive details. Core customization, timing, and constraints are also detailed.

Software System Details: Describes reference design software and the flash command set.

Checklist and Debug Tips: Highlights settings which should be verified to ensure successful
operation of the reference design. Provides tips to correct common oversights.
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« Conclusion: Summarizes the value of accessing the parallel NOR flash memory
post-configuration.

Recommended Design Experience

A general knowledge of:

« The UltraScale FPGA BPI configuration mode
See the UltraScale Architecture Configuration User Guide (UG570) [Ref 1]

« Vivado Design Suite
See Vivado Design Suite Quick Reference Guide (UG975) [Ref 2]

System Overview

Software running on the MicroBlaze processor core drives the AXI EMC core to read and write
to parallel NOR flash memory through the STARTUPE3 primitive in asynchronous mode. The
software presents a command menu to the host computer running Tera Term through the AXI
UART Lite interface. The menu provides commands to allow erasing, programming, and
verifying parallel NOR flash memory content. Software System Details describes the flash
command set and software flow.

Vivado Design Suite IP Integrator (IP) is used to create a block diagram with the cores. The IPI
block design and the STARTUPE3 primitive are instantiated within the top-level wrapper design
file (design_1_wrapper.vhd) shown in Figure 2.
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Figure 2: Post-Configuration Reference Design System Block Diagram

Reference Design Files

Project script files:

run_vcul08(.bat/.tcl) (creates reference design project and launches SDK)

make_download_files(.bat/.tcl) (creates download .bin files (golden.bin,
update.bin))

load_golden(.bat/.tcl) (programs golden.bin into parallel NOR flash memory
using the Vivado device programmer)

Reference design files:
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design_1_wrapper.vhd (top-level hardware file with the STARTUPE3 primitive) includes:
o design_1.vhd (board design hardware wrapper)
o design_1.bd (board description file)

vcul08.xdc (constraints file that includes STARTUPE3 timing constraints and pin
locations)

binary configuration files:
o golden.bin (pre-generated initial bitstream image)

- update.bin (pre-generated update bitstream image)
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SDK source code files:

o vcul08_emc_rw.c (main loop, Xmodem download, and flash update functions)
o vculO8_emc_rw.h

lscript.1d (linker script)

vcul08_emc_rw.elf (generated software image)

IP Core Address Map

Table 1: IP Core Addresses
IP Core Version I:r‘::‘tucel::\:( Offset Address Range High Address

MicroBlaze Processor (microblaze_1) 9.6 N/A N/A

AXI Block RAM Controller (axi_bram_ctrl_1) 4.0 0xC000_0000 1 MB 0xC003_FFFF
AXI Interrupt Controller (microblaze_1_axi_intc) 4.1 0x4120_0000 64 KB 0x4120_FFFF
AXI UART Lite (axi_uartlite_0) 2.0 100 MHz | 0x4060_0000 | 64 KB | 0x4060_FFFF
AXI Interconnect (axi_mem_intercon) 2.1 N/A N/A
AXI_TIMER (axi_timer_0) 2.0 0x41C0_0000 | 64 KB | 0x41CO_FFFF
JTAG_AXI (jtag_axi_0) 1.1 N/A N/A

AXI EMC (axi_emc_1) 3.0 0x4800_0000 | 128 MB | 0x4FFF_FFFF
AXI_HWICAP (axi_hwicap_0) 3.0 50 MHz | 0x4020_0000 N/A 0x4020_FFFF
Processor System Reset Module (proc_sys_reset) 5.0 N/A N/A

Parallel NOR Flash Memory Map

The reference design stores two images in the parallel NOR flash memory (shown in Figure 1):

Golden Bitstream starting at 0x00000000

Update Bitstream starting at 0x01000000

Running the Reference Design

This section describes the Required Hardware and Software and how to:

XAPP1282 (v1.1) February 8, 2022

Set Up Host Computer

Set Up VCU108 Evaluation Board
Download Reference Design Files
Generate Reference Design Project
Generate Programming Files

Configure FPGA with golden.bin (Corresponds to step 1 in Figure 1.)
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« Program Parallel NOR Flash Memory with update.bin (Corresponds to step 2 in Figure 1)

« Configure FPGA with update.bin (Corresponds to step 2 in Figure 1.)

Required Hardware and Software

« VCU108 evaluation board which includes:
Virtex UltraScale XCVU095-2FFVA2104 FPGA (U1)
Micron MT28GUOTGAAATEGC 1 Gb (256 MB) Parallel NOR flash (U133)

« Power supply: 100-240 VAC input, 12 VDC 5.0A output (included with the VCU108
evaluation kit)

« Two USB cables, standard-A plug to micro-B plug
« Host computer with:
Two USB ports
Windows operating system supported by Vivado Design Suite
» Vivado Design Suite 2016.1, Design Edition with SDK
« Tera Term terminal emulator program (version 4.90 was used for reference design testing)
« Silicon Labs Dual CP210x USB UART Drivers

« Reference Design Files

Set Up Host Computer
If not already installed:

1. Install Vivado Design Suite version 2016.1.

2. Download and install Tera Term (version 4.90 was used for reference design testing). Follow
the procedure in Tera Term Terminal Emulator Installation Guide (UG1036) [Ref 3].

3. Download and install the UART drivers. Follow the instructions in Silicon Labs CP210x
USB-to-UART Installation Guide (UG1033) [Ref 4]

O TIP: The UART communication settings are set up later in this procedure.

Set Up VCU108 Evaluation Board
Referring to Figure 3:

1. Place switch SW1 to the OFF position and connect the power supply to J15.

2. Connect the USB cables between the computer and the UART connector (J4) and JTAG
connector (J106) on the VCU108 board.
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3. Set the FPGA DIP switch SW16 as shown in Figure 3. SW16[3:5] select the BPI mode
M[2:0] = 010. The parallel NOR flash upper address bits (A25 and A24) connected to the

FPGA RS[1:0] are set by SW16[1:2].

Power Supply
PROG Pushbutton 100-240 VAC Input

(Sw4) 12 VDC 5A Output

Micron

MT28GUO1AAA

JTAG UART Flash Memory
(U133)

(J106) (J4)

SW16
Settings

USB Cable
Standard-A plug to Mini-B plug

ey

B

L
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Figure 3: Connection Diagram for Preliminary Setup

Download Reference Design Files

1. Download and unzip the Reference Design Files to c: \xapp1282. Figure 4 shows the
resulting file structure that is created.

. ready_to_download
| source
run_veul08.bat
|®] veull8.tel

X17500-09121€
Figure 4: Reference Design File Structure
2. Do one of the following:

« Go to Generate Reference Design Project (do this to perform the steps to create an SDK
project and become more familiar with the reference design code).

« Skip to Configure FPGA with golden.bin (do this to run the demonstration using the
pre-generated bitstreams supplied with the reference design).
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Generate Reference Design Project

1. Goto c:\xappl282. Double-click run_vcul08.bat to run the batch file.

This batch file generates the Vivado IPI hardware project (project_1.xpr) and exports
the created hardware to SDK (project_1.sdk) under the project_1 directory. Figure 5
shows the project directory addition.

O TIP: The project build takes approximately 30 minutes depending on host computer.

. project 1 -
. ready_to_download
| source

Z] run_veul08.bat

] veul08 tel

X17501-091216

Figure 5: New Project Directory
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When the build is complete, the batch file opens the SDK Integrated Design Environment
(IDE). Figure 6 shows the project information in the IDE including the system.hdf file.

4 E design_1_wrapper_hw_platform_0
] design_1_wrapper.bit
|=| design_1_wrapper.mmi
|4 system.hdf

=8
& 42

4 Target Connections &3
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axi_timer 0 0x41c00000 Ox4lcOffff

8

= Hom =5
Quick Access = |
B2 0. B @ = B8

m

IP blocks present in the design

axi_mem_intercon axi_interconnect 2.1

Launching X5DB server: xsdb.ba =
: XSDB server has started succes:
: Processing command line option

microblaze_1_local_memory_ilmb_v10 Imb_v10 3.0

microblaze_1 microblaze 96

axi_hwicap_0 axi_hwicap 3.0 -
Overview
[ Pro... 2 Tas Co Pro SO = B [E|SDKLeg

¥ 14:21:24 INFO

0 items 14:21:27 INFO
Description ‘ Resource 14:21:28 INFO
4 T 3 d UL

An outline is not available.

BE =0

XAPP1282 (v1.1) February 8, 2022

Figure 6: Project in the SDK IDE
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2. Create an application for the parallel NOR flash memory read and write access:
a. Select File > New > Application Project to open the new Application Project window.
b. In the Project Name field, Enter vcu108_emc_rw.

c. Select, enter, or verify the values in the remaining fields shown in Figure 7.

-

wNewPruject = (==

Application Project s
Create a managed make application project. f /
Project name: veul08_emc_rw 4\

Enter vcu108_emc_rw

[¥] Use default location
C\uappl282\project 1\project 1.sdk\veul0B emc_rw Browse...

default

05 Platform: |sﬁandal-one Vl

Target Hardware

Hardware Platform: |desig.n_I_WIapper_hw_pFatform_ﬂ vl lNew]

Processor: | microblaze 1 b4 ‘

Target Software
Language: @C @ Ces
32-hit
Board Support Package: @ Create New  vcul08_emc_rw_bsp

Use eisting

@' < Back | Next > | | Finish I [ Cancel

X17503-091516

Figure 7: Create Application Project

d. Click Next to open the template window.
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e. Under Available Templates select Empty Application (Figure 8).

@ New Project

Templates

Create one of the available templates to generate a fully-
functioning application project.

~

= [@]=]

Available Templates:

Dhrystone A blank C project.

| @ Iication I

IwIP Echo Server
Memory Tests
Peripheral Tests
SREC Bootloader
SREC SPI Bootloader

@ Net> || Finish

] [ Cancel

X17504-072616

Figure 8: Available Templates

f. Click Finish to build the application project.

g. After the project build is complete, select Modify this BSP's Settings as shown in

Figure 9.

ER C/Ce+ - veul08_emc_rw_bsp/system.mss - Xilinx SDK
File Edit Source Refactor Navigate Search Project Run XilinxTools Window Help

[mild ‘;\;gv‘-w LN AR A MU A R A EEETREE =Wk -
[ Project Explorer 31 BS|¥ ¥ = B [gsystemhdt [ systemmss 5
4 (3 design_1_wrapper_hw_platform_0
6] design 1 wiapperit vcul08_emc_rw_bsp Board Support Package
| design_1_wrapper.mmi
8] download.bit | Modity this Bsps setings | Re-generate BsP sources|
{33 system.hdf

b (55 veul08_emc_rw

Target Information
b 8 veul08_emc_r_bsp

This Board Support Package is compiled to run on the following target.

Hardware Specification: C:\Xappl282\project 1\project 1.sdk\design 1 wrapper_hw_platform_O\system.hdf
Target Processor: microblaze 1

Operating System

Board Support Package OS.
Name: standalone
Version: 5.4
Description:
environment, such as standard input and output, profiling, abort and exit
Documentation: standalone v5 4

Peripheral Drivers

Drivers present in the Board Support Package.

axi_bram_ctrl1 bram  Documentation Import Examples

ai emc1 emc  Documentation
axi_hwicap_0 hwicap Documentation Import Eamples
ax_timer 0 tmrctr - Documentation Impott Examples
axi_uartlite 0 uartiite Documentation Import Examples
microblaze 1_axi_intc intc  Documentstion Import Examples
microblaze 1_local_memory_dimb_bram_if_cntir bram  Documentation Import Exsmples
microblaze 1_local_memory_ilmb_bram_if_cntlr bram  Documentation Import Eramples

X17505-072616

Figure 9: Modify BSP Settings
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h. In the Board Support Package Settings window shown in Figure 10, select the Xilinx
Flash Library xilflash and click OK. This step includes the software functions necessary
to communicate with the parallel flash memory. The BSP is regenerated and recompiled.

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

Ove
I veul08 eme_rw_bsp
4 standalone
silflash

4 drivers

OSType  standalone

S Version: 54 ~
microblaze_1
Target Hardware

Processor:

Supported Libraries

Hardware Specification: C:\Xapp1282\project 1\project 1.sdk\design 1_wrapper_hw_platform 0\system.hdf
microblaze 1

Check the box next to the libraries you want included in your Board Suppert Package.Vou can configure the library in the navigator on the left.

E

Standalone is a simple, low-level software layer. It provides access to basic processor features such as
caches, interrupts and exceptions as well as the basic features of a hosted environment, such as standard
input and output, profiling, abort and exit.

Description

IwiP TCP/IP Stack library: kwiP v1.4.1
OpenAmp Library

Generic Fat File System Library

Xilins Flash library for Intel/AMD CFI compliant paral..|

Name Version
] hwipd1 14
7] openamp 10
] xifs 32

[ itash 12
] st 55
] it 20
7] xitpm 20
F] xilrsa 12
] silsecure 1
] xitskey 50

P
(&)

Xilin In-system and Serial Flash Library
Xilinx Memory File System

Power Management API Library for ZyngMP
Xilins: RSA Library

Xilink Secure Library

Xilin: Secure Key Library
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Figure 10:

Board Support Package Settings

i. Inthe SDK IDE Project Explorer tab, double-click the folder veu108_emc_rw and select
src. Right-click on src and select Import.

j. In the Import window, expand the General folder and select File System (Figure 11).

m Import
Select

Select an import source:

type filter text

4 (= General
5, ArchiveFile

[T}, Preferences

& C/Ce+
= Git
& Install

(& Remote Systems
(& Run/Debug

= Team

& Tracing

’/‘7)\'

&/

Import resources from the local file system into an existing project.

= Existing Projects into Workspace
File System

o &)=

N\

=]

Cancel

X17507-072716

Figure 11:
k. Click Next.
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Browse to the C:\xappl282\source directory, click OK, and select the highlighted
files shown in Figure 12.

B import = |fe ]
File system ; s
Import resources from the local file system.
-
From directory: C\xappl282\source - Browse...
(W (= source [] ®] design_1_wrapper.vhd
[7] 8] design_1.tcl
I & jtag to auitel
Tl Iscript.ld
€] veu108_emc_rw.c
[€] veu108_emc_rw.h
] 8] VCU108.xdc
Filter Types.. | [ SelectAll | [ DeselectAll |

Into folder: vculO8_emc_rw Browse...

Options

Overnwrite existing resources without waming

[C] Create top-level folder

Advanced >>
@ < Back Finish [ cancel
X17508-09141€
Figure 12: Import Files from the Local File System

m. Click Finish to add all source files to the project.

3. (Optional Step) Review the MicroBlaze code: In the SDK project explorer, double-click
vcu108_emc_rw.c under src to open the file and review some of the code. This file contains
the main function as well as the code that presents the Tera Term command menu.

o
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Near the top of the file are a set of definitions for the flash memory width, the number
of bytes, blocks, pages, and the sizes of the blocks and pages in the flash memory. Flash
memory test addresses for some of the test functions below are also defined. If the
reference design is used with other parallel flash memory types, these definitions must
be altered to match that flash.

Below the flash definitions are a set of definitions for the XMODEM protocol download
function that brings the update.bin file from the computer to the MicroBlaze
processor for writing into the flash memory. These define the appropriate characters for
XMODEM-CRC (1K), as well as some of the states for the function, and some additional
Tera Term commands to create the user interface.

A set of flash memory functions used in the reference design (and built from the lower
level functions included in the xilflash library) are given at the top of the code in the
Function Prototypes section. The code for these functions is shown below the main
function. The main function is a case structure that presents a menu on the UART, and
allows the user to choose flash operations (Read ID, Erase, Program, Read) or cause an
IPROG to occur.

l Send Feedback I 13
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IPROG

To see the IPROG code, go to the function HwlcapLowLevellPROG in the vcul08_emc_rw.c

Q

XAPP1282 (v1.1) February 8, 2022

file.

- IPROG is an internal programming of the FPGA commanded by a series of register

writes through the internal configuration access port (ICAP). When this operation is
chosen, the MicroBlaze processor performs a series of register writes to the axi_hwicap
peripheral that causes the IPROG to occur. After IPROG commences, the FPGA erases all
of the current configuration except for the Warm Boot Start Address Register (also
called WBSTAR). This register can contain a non-zero address where the FPGA begins
loading the configuration image.

o In this way, the user can command a reconfiguration of the FPGA and specify a location
to find the updated configuration image in parallel flash. There are numerous ways that
the address bits can be set to retrieve an image programmed in flash. In this reference
design, a single example is shown that stores an update.bin image at a particular
address and then retrieve it when IPROG occurs. For additional information on the
WBSTAR register refer to the section Configure FPGA with update.bin or the
UltraScale Architecture.

Generate Programming Files

1.

Close the SDK GUI.

2. GotoC:\xappl282\ready_to_download. Double-click make_download_files.bat
to run the batch file. The golden.bin and update.bin bitstream images are generated in
the directory.

TIP: Generation of these files takes approximately 5 minutes depending on host computer system.

Configure FPGA with golden.bin

This part of the procedure corresponds to step 1 in Figure 1.

1.

Turn on power to the VCU108 board by placing switch SW1 to the ON position as shown in
Figure 3. The power good LED, DS3 (located near SW1) illuminates green to indicate the
board power is on and the power system is operating properly.

Go to C:\xappl282\ready_to_download. Double-click 1oad_golden.bat to run the
batch file.

After golden.bin (the reference design initial bitstream) has been copied into the parallel
NOR flash memory at address 0x00000000, the batch file issues an FPGA reset to initiate
FPGA configuration from the parallel NOR flash memory which now contains the
golden.bin image.

TIP:

Programming the parallel NOR flash memory takes approximately 10 minutes depending on host

computer system to erase, program, and verify the memory.

o l Send Feedback I 14
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3. Verify the FPGA is successfully configured with the reference design initial bitstream
(golden.bin) by observing the DONE LED is lit and the LED 0 is flashing (Figure 13).

LED O
(Flashing)

DONE

X17509-072616

Figure 13: The Reference Design Initial Bitstream golden.bin is Running

Program Parallel NOR Flash Memory with update.bin
This part of the procedure corresponds to step 2 in Figure 1.

After the FPGA is running the golden.bin image, update.bin can be downloaded from the
host computer and written into parallel NOR flash at address 0x01000000, and then be used
to reconfigure the FPGA.

1. Confirm the host computer and VCU108 evaluation board are connected as shown in
Figure 3.

i? IMPORTANT: For the operations shown in menu selection 3 (Program <*.bin via XMODEM_1K>) and
selection 5 (Reconfigure from IPROG), enter the Programming Start Address <hex> value

highlighted in Figure 17 or Figure 21. In this example, a flash memory start address of 0x01000000 is
translated by the MicroBlaze processor code and written into the equivalent WBSTAR format as
0x40000000. The automatic translation allows entering the flash memory address directly without having
to calculate to the WBSTAR definition. If you intend to modify the design, or to use the design with a
different board, the mapping of the flash address pins to the WBSTAR bit positions must be understood.
Refer to the WBSTAR Register table in UltraScale Architecture Configuration User Guide (UG570) [Ref 1] for
more information on WBSTAR.

2. Launch Tera Term and under the Setup > Serial port... menu use the values shown in
Figure 14. Ensure that the Standard COM Port is selected (Refer to the Checklist and Debug
Tips step 4 for details).

XAPP1282 (v1.1) February 8, 2022 Send Feedback 15
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Tera Term: Sernial port setup @
Port: COM15 - 0K
Baud rate: | 921600 - |
Data: 8 bit - [ Cancel ]
Flow control:
Transmit delay
0 msecfchar 1] msecfline

X17510-07261€

Figure 14: Tera Term Serial Port Settings

3. Pulse the PROG pushbutton (SW4 on the VCU108 board) to load the golden.bin code. If
the serial connection set up properly, Tera Term displays the reference design menu shown
in Figure 15.

-;-, COM15:921600baud - Tera Term VT EI@

File Edit Setup Control Window Help

e XAPP1282 (U1.A>: UltraScale FPGA Post—Configuration Access e
sxruxnn® of Parallel NOR Flash Memory using STARTUPE3 ssssescssstssn

000 -0 o000 o000 S-S0 a0 M-S0 -0 oo oS00 0

Ehuose from Parallel NOR Flash coperations helow:

: Program {(*_bin via XMODEM_1K>

2
3
4: Read
i: Reconf igure from IPROG

X17511-072616

Figure 15: Reference Design Flash Memory Command Menu

4. Inthe Tera Term window, enter 1 to display the parallel NOR flash manufacturer information
and ensure proper board setup (Figure 16).
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¥ COM15:921600baud - Tera Term VT =N ENES
File Edit Setup Contrel Window Help

e BAPP1282 (U1.8>: UltraScale FPGA Post—Configuration fAccess e
xxwunxmx nf Parallel MOR Flash Memory using STARTUPEZ eesscaccscasmss

hoose from Parallel HOR flash coperations below:
: Read ID

Erase

Program {#*_bhin via XMODEM_1K>
Read

Reconf igure from IPROG

Parallel NOR Flazh Properties:

Press any Key to Main Menu

X17512-080516

Figure 16: Option 1: Parallel NOR Flash Memory Information

5. Enter 3 to program the parallel NOR flash memory with the update.bin image at offset
(programming start address) 0x01000000 (Figure 17).

L COMI5:921600baud - Tera Term VT =

File Edit Setup Control Window Help

s KAPP1282 (U1.8>: UltraScale FPGA Post—Configuration Access wsesese
eesennnumnx gf Parallel NOR Flach Memory using STARTUPES sesscssesescsssici

96 60 BB - DD B D606 A BB -6 DD BB 3630 D06 -0 DB IEME 3236

Chooze from Parallel NOR flach operations below:
1:

Program (*_hin via XMODEM_1K>
Read
: Reconfigure from IPROG

Program Binary File Uia XMODEM_1K (*_hin>

Programming Start Address C(hex?: 01000606868

AMODEM File Download

Goto TeraTerm Menu—> File-> Transfer —> BMODEM -> Send File -> 1K->

X17513-091916

Figure 17: Option 3: Program
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6. In the menu bar, select File > Transfer > XMODEM > Send... (Figure 18).

& XILINX.

MNew connection...
Duplicate session

Cygwin connection

Leg...
Comment te Leg...
View Log

Show Log dialog...
Send file...
Transfer

SSH SCP...
Change directory...
Replay Log...

TTY Record
TTY Replay

Print...
Disconnect
Exit

Exat All

L COMI5:921600baud - Tera Term VT
Edit Setup Control Window Help

Alt+N
Alt+D
Alt+G

Kermit

XMODEM 2 Receive...
ZMODEM 2
B-Plus 3 i
Quick-VAN 2 |
Alt+P
Alt+1
Alt+Q
X17514-07261€
Figure 18: Send File Command

7. In the Look in field, enter C:\xapp1282\ready_to_download, select update.bin, select
Option 1K and click Open (Figure 19).

Look in:

Mame

L Tera Term: XMODEM Send

| ready_to_download

load_golden.bat
|® load_golden.tcl
| systemn.hdf

m

| = update.bin

|®| update.bit

4

Option

File name:

update bin

Files o type: | AIC7)

X17515-091316
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Figure 19:
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8. When the update.bin programming has successfully completed you will see the Tera Term
window shown in Figure 20.

M COM15:921600baud - Tera Term VT o || =2 =
File Edit Setup Control Window Help

Choose from Parallel HOR flash operations belouw:

1:
2:
3:
4z
5

EET
Reconfigure from IPROG

Program Binary File Uia XMODEM_1K <*_.hin>

Programming Start Address C(hex)>: 1000888

®MODEM File Download

goto TeraTerm Menu-> File-> Transfer —> XMODEM -3 Send File —> 1K->

HMODEM File received & programmed successful

Press any key to continue...

X17858-091316

Figure 20: Programming Status

Configure FPGA with update.bin
This part of the procedure corresponds to the final part of step 2 in Figure 1.

The update.bin (the update bitstream image) is placed in flash memory by the reference
design at address 0x01000000. After writing the image into flash memory, the reference
design uses the FPGA internal configuration access port (ICAP) to reconfigure the FPGA with
this new image.

The reconfiguration happens in two steps:

1. The MicroBlaze™ processor uses the AXI_HWICAP IP core as an interface to the ICAP port to
write a value into the warm boot start address register (WBSTAR). The contents of the
WBSTAR specifies the flash memory starting address when the next internal programming
command (IPROG) is issued to the ICAP interface.

The WBSTAR register is described in UltraScale Architecture Configuration User Guide
(UG570) [Ref 1], Table 9-31.

WBSTAR[31:30] (the upper two register bits) correspond to external FPGA pins RS[1:0].
These pins can be driven by the contents of WBSTAR or controlled using external pull-up or
pull-down resistors. Bit 29 of the WBSTAR allows the RS[1:0] bits to either be 3-stated
(controlled externally) or driven by the contents of WBSTAR [31:30].

The WBSTAR[28:0] bits connect to the address bits of the configuration flash, and allow the
FPGA to control what address is used to load the configuration file.

When the user provides a flash memory start address in the Tera Term/UART menu, the
MicroBlaze processor translates the address into a write command that sets the contents of
the WBSTAR appropriately.

XAPP1282 (v1.1) February 8, 2022 Send Feedback 19
www.xilinx.com [—\/—]



https://www.xilinx.com
https://www.xilinx.com/about/feedback/document-feedback.html?docType=Application_Notes&docId=XAPP1282&Title=UltraScale%20FPGA%20Post-Configuration%20Access%20of%20Parallel%20NOR%20Flash%20Memory%20using%20STARTUPE3&releaseVersion=1.1&docPage=19

Running the Reference Design { X”_INX
A ®

In the Tera Term window, select option 5. When prompted for the parallel NOR flash address,
enter 1000000 to load the update bitstream (Figure 21).

. COML5:921600baud - Tera Term VT =n| Nl <

File Edit Setup Control Window Help

e XAPP1282 <U1.@>: UltraScale FPGA Post—Configuration Access o
pesexsexwxx® of Parallel NOR Flash Memory using STARTUPE3J sesexsescrescssescescs
3030030003000 J0E- o030~ J0E- o003 J0E- 0030303003030 JuE- o o303 JuE- oo Jef e Jef -3 JuE- o oo oo

Choose from Parallel NOR flash operations bhelow:
1: Read

8 se
: Program ¢*.bin via XMODEM_1K>

= Baad

S - Reconfigure from IPROG

MultiBoot with IPROG from Parallel NOR Flash Address: p 555555

X17924-091416

Figure 21: Option 5: Reconfigure the IPROG

2. The MicroBlaze processor executes step 2 (Figure 1) by writing a series of commands that
cause a reconfiguration to occur. This set of writes to the ICAP interface (through the
AXI_HWICAP IP) is called IPROG, and results in a warm boot of the FPGA.

All of the previously configured contents of the FPGA are cleared except for the location
specified in the WBSTAR address. Then, a reconfiguration occurs beginning at the flash
address specified by the user and loaded into the WBSTAR by MicroBlaze. This results in the
update.bin file being loaded into the FPGA.

Verify the FPGA is successfully configured with the update.bin reference design. Ensure
the DONE LED is lit and the LED 1 is blinking as shown in Figure 22 (replacing the original
golden.bin LED 0 pattern).

LED 1
(Flashing)

DONE

X17516-090616

Figure 22: The Reference Design Update Bitstream update.bin is Running

TIP: After update.bin is loaded into the FPGA, parallel NOR flash operations can no longer be
O performed. To run the demonstration again, execute the procedure starting at Configure FPGA with
golden.bin.
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Hardware System Details

The reference design includes a MicroBlaze processor core and peripheral IP cores to
implement downloading the update.bin file. This section describes the system clocking
topology, AXI EMC core settings, STARTUPE3 primitive usage, and the constraints for
post-configuration parallel NOR flash memory access.

Clock Topology

The reference design uses a 300 MHz differential clock input from a Silicon Labs Si5335A quad
clock generator/buffer located on the VCU108 board. The clock distribution is shown in
Figure 23.

VCU108 Evaluation Board

Virtex UltraScale FPGA

microblaze_1_local_memory

microblaze_1_axi_periph
Peripheral Interconnect

microblaze_1_axi_intc

Interrupt Controller

axi_mem_intercon
AXI Interconnect

microblaze_1
MicroBlaze Processor

axi_bram_ctrl_0
AXI Block RAM Controller

jtag_axi_1
JTAG AXI Controller
axi_uvartlite_0
UART - -
| axi_hwicap_0
axi_timer_0

proc_sys_reset_1

MMCM Clk_out1 = 100 Mhz axi_emc_1
—| >_ — AXI EMC Controller Parallel NOR
S l Flash Memory

Differential

Clk_out2 = 50Mhz
System —|> STARTUPE3 HH— CLK
Clock

X17517-091316

Figure 23: Reference Design Clocking Topology

The differential clock is supplied to a mixed-mode clock manager (MMCM) inside the clocking
IP block (clk_wiz_0) that divides the input clock and provides a 100 MHz and 50 MHz clock to
the rest of the system. The 50 MHz clock (clk_out2) is supplied to the AXlI EMC, processor
system reset, and axi_hwicap blocks, and the 100 MHz clock is supplied to the AXI peripheral
interconnect and all the remaining peripherals in the system.

The 50 MHz clock used by the AXI EMC is also routed via the STARTUPE3 block to the parallel
NOR flash memory. For the AXI EMC peripheral to function correctly, the same clock used by the
flash must be provided to the AXI EMC. The AXI EMC (axi_emc_1) uses the 50 MHz clock to clock
transactions on the AXI interface, as well as to create read and write transactions going to the
parallel NOR flash memory.
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IMPORTANT: This reference design is targeted for use with the Micron MT28GUOTGAAATEGC-0SIT flash
memory provided on the VCU108 evaluation board. If the design is modified for use with other parallel
NOR flash memories, the clock frequency supplied to the MicroBlaze system and to the parallel NOR flash
memory via the STARTUPE3 block might require adjustment.

AXI EMC Core and STARTUPE3 Primitive

The connections required for post-configuration access between the AXI EMC core, the
STARTUPE3 primitive, the FPGA BPI configuration interface pins, and the external parallel NOR
flash are shown in Figure 24.

Kintex UltraScale FPGA

STARTUPES3 Primitive 1 Gb Parallel NOR

(External Option) Flash Memory
(MT28GUOTGAAAEGC)

_|usrccLko
“|usrcclkTs b1

7 CCLK ek

Clk_out ,l>

T

GSR

GTS
KEYCLEARB
—{s_axi_aclk PACK
—{s_axi_mem USFRQNEO
—]s_axi_aresetn USﬂ(q6NETS
—{rdclk

AXI EMC -1

T

X DONE

_|FcsBo

RDWR_FCS B _
"|FcsBTs o

mem_cen[0:0] CE#

=

= |DO[3:0]
DTS[3:0]
DI[3:0]

D[03:00]

le——————»|DQ[3:0]

mem_dg_o[3:0]
mem_dq_t[3:0]
mem_dq_i[3:0] |

Yy

ALW ~

mem_dq_o[15:4] D o le——»|DQ[15:4]
mem_dqg_o[15:4] I/I/
mem_dq_i[15:4] =
mem_a[31:0] 4@ > A[25:0]
mem_oen »| OE#
mem_wen »| WE#
mem_adv_|ldn »| ADV#
mem_wait »| WAIT

X17518-07261€

Figure 24:  AXI EMC Core to STARTUPE3 Connectivity

The AXI EMC core address (mem_a[31:0]) is truncated to 26 bits (Linear_Flash_address[25:0])
and routed to the dual-purpose I/O pins of the FPGA. The 16 data bits of the AXI EMC are
divided into two vectors.

The first vector (mem_dq[3:0]) is routed to the DI[3:0], DO[3:0], and DTS[3:0] ports of the
STARTUPE3 primitive. These bits are routed through the STARTUPE3 block to dedicated FPGA
pins interfacing with the parallel NOR flash. The second vector (upper 12 bits mem_dq[15:4]) is
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routed to 3-state IOBUFs in the top level wrapper design (design_1_wrapper.vhd) and then
to dual purpose I/0O pins of the FPGA.

The chip enable signal coming from the AXI EMC core is connected to the FCSBO port of the
STARTUPE3 primitive, routed to the dedicated RDWR_FCS_B pin of the FPGA, and connected to
the CE# pin of the parallel NOR flash. The mem_adv_ldn, mem_oen, mem_wait, and mem_wen
signals coming from the AXI EMC do not travel through the STARTUPE3, and travel directly to
dual-purpose FPGA pins and then to the parallel NOR flash.

The 50 MHz clock signal provided by the MMCM for the parallel NOR flash is routed to the
USRCCLKO port of the STARTUPE3 primitive, travels to the dedicated CCLK pin of the FPGA, and
then to the CLK pin of the parallel NOR Flash. The signals that travel through the STARTUPE3
primitive appear on the dedicated configuration pins of the FPGA, and do not require pin
location constraints. The signals that travel from the AXI EMC to the dual use FPGA pins must be
location constrained and are also handled slightly differently by the timing constraints.

Customizing the AXI EMC IP Core (3.0)

The AXI EMC IP core (3.0) used in this example design is set up specifically for the
XCVU095-2FFVA2104 FPGA, and the Micron (previously Numonyx) MT28GUOTGAAATEGC
parallel NOR flash memory on the VCU108 board. The IP Integrator window shown in Figure 25
is used for customization, and shows the timing parameter values used by the AXI EMC IP Core.

Q Re-customize IP @

AXI EMC (3.0) ‘

ﬁﬂDoo.lmentaﬁon [ IP Location

Show disabled ports Component Mame |design_1_axi_emc_1 0

AXIEMC: Memory Bank 1 = Advanced Configuration | Summary

Memory Type | Numonyx Flash -

Data Width 15 -

Parity Mo Parity

Delay Model | Flow Through Model

Timing Parameters(In Pico Seconds)
Read CE Low to Data Valid Period 96000
Read Address Valid to Data Valid Period | 96000
Page Access Period 15000
Read CE High to Data Bus HZ Period 7000
Read OF High to Data Bus HZ Period 7000
Write Cydle Period 40000

B axi_aresemn =iy Write Enable Min, Pulse Width 40000

Write Phase Period 20000

Write WE High to Data Bus LZ Period 20000
Write Recovery Period For Flash Memory | 200000

o |

X17519-07261€

Figure 25: Re-customize Window showing AXI EMC (3.0) Core Settings
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Table 2 and Timing Parameter Definitions provide more timing parameter information.

Table 2:

AXI EMC IP Core Timing Parameters

IP Re-Customization Settings

MT28GUO1GAAA1EGC Parallel NOR Flash Memory Settings

Parameter Description User Parameter Default Value (ps) Parameter User Value (ps)(1)

Read CE Low to Data Valid Period C_TCEDV_PS_MEM_* 15,000 teLqv 96,000
Read Address Valid to Data Valid Period | C_TAVDV_PS_MEM_* 15,000 tavqQv 96,000
Page Access Period C_TPACC_PS_FLASH_* 25,000 tapa 15,000
Read CE High to Data Bus High-Z Period | C_THZCE_PS_MEM_* 7,000 teHQz 7,000

Read OE High to Data Bus High-Z Period | C_THZOE_PS_MEM_* 7,000 teHQz 7,000

Write Cycle Period C_TWC_PS_MEM_* 15,000 tew = (twiwH + tewe + twHen) 40,000
Write Enable Minimum Pulse Width C_TWP_PS_MEM_* 12,000 twiwH 40,000
Write Phase Period C_TWPH_PS_MEM_* 12,000 twHWL 20,000
Write WE High to Data Bus Low Period C_TLZWE_PS_MEM_* 0000 twHGL 20,000
Write Recovery Period for Flash Memory | C_WR_REC_TIME_ME 27,000 teHWH 200,000

Notes:

1. Parameter values in this column are from the Micron Parallel NOR Flash Memory MT28GUO1GAAATEGC Data Sheet [Ref 6].

Timing Parameter Definitions

« Read CE Low to Data Valid Period: Read Chip Enable to Data Valid Period specification for
the memory in the selected bank. This configuration option is applicable only when
memory type in the bank is asynchronous. This option is equivalent to tg qy for flash
memory in the respective memory device data sheets.

+ Read Address Valid to Data Valid Period: Read Address Valid to Data Valid Period
specification for the memory in the selected bank. This configuration option is applicable
only when memory type in the bank is asynchronous. This option is equivalent to typ for
asynchronous SRAM and tayqy for flash memory in the respective memory device data

sheets.

« Page Access Period: Page Access Period specification for the asynchronous flash memory
in the selected bank. This configuration option is applicable only when memory type in the
bank is Page Mode Flash Memory. This option is equivalent to tpacc/tapa in the Page Mode
Flash device data sheet and must be assigned only when the memory type selected for the
bank is Page Mode Flash.

« Read CE High to Data Bus HZ Period: Read CE High to data bus High impedance period
specification for the memory in the selected bank. This configuration option is applicable
only when memory type in the bank is asynchronous. This option is equivalent to tyzcg for
asynchronous SRAM and tgyqz for flash memory in the respective memory device data

sheets.

« Read OE High to Data Bus HZ Period: Read OE High to data bus High-impedance period
specification for the memory in the selected bank. This configuration option is applicable
only when memory type in the bank is asynchronous. This option is equivalent to tyzog for
asynchronous SRAM and tgyqz for flash memory in the respective memory device data

sheets.
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« Write Cycle Period: Write cycle time of the memory bank. This configuration option is
applicable only when memory type in the bank is asynchronous. This option is equivalent
to tyyc for asynchronous SRAM and tcyy for flash memory in the respective memory device
data sheets. The AXI EMC core uses this parameter to hold CEN logic-Low for each write at
the memory interface.

+ Write Enable Minimum Pulse Width: Write enable minimum pulse width duration of the
memory bank. This configuration option is applicable only when memory type in the bank
is asynchronous. This option is equivalent to tyyp for Asynchronous SRAM and tpy for flash
memory in the respective memory device data sheets. The AXI EMC core uses this
parameter to hold WEN logic-Low for each write at the memory interface.

« Write Phase Period: Write cycle phase time period of the memory bank. This
configuration option is applicable only when memory type in the bank is asynchronous.
The AXI EMC core uses this parameter to determine the number of NOP cycles between two
consecutive writes at the memory side. When this parameter is set to zero, CEN goes
logic-High for one clock cycle between writes.

« Write WE High to Data Bus LZ Period: Write cycle Write Enable High to Data Bus Low
impedance duration of memory bank. This configuration option is applicable only when
memory type in the bank is asynchronous. This option is equivalent to t; sy for
asynchronous SRAM and typg, for flash memory in the respective memory device data
sheets. This option is also used to meet write recovery to read time requirements of the
memory.

« Write Recovery Period for Flash Memory: Write recovery period for flash memories of
the memory bank. This configuration option is applicable only when memory type in the
bank is any flash memory or PSRAM. This option is equivalent to tyy for flash memory in
the respective memory device data sheets. The AXI EMC core uses this parameter to
determine the number of NOP cycles at memory interface after each AXI WLAST.
RECOMMENDED: You should provide the value for C_AXI_CLK_PERIOD_PS which is
equivalent to AXI clock used. This value is used for internal calibration of counters when
Asynchronous memories are used. By default this is set to 10,000 which is a value
corresponding to 100 MHz AXI clock. If the AXI clock connected is not 100 MHz, the
parameter has to be set using command set_property CONFIG.C_AXI_CLK_PERIOD_PS
{time period in picoseconds of AXI clock} [get_ips <component name of emc IP
created>] in the Tcl console.

STARTUPE3 Primitive

The dedicated UltraScale FPGA BPI interface signals (RDWR_FCS_B_0, CCLK_0, D03_0, D02_0,
D01_DIN_0, DO0_MOSI_O0) reside in Bank0. By default, these pins are not accessible for
post-configuration access of the parallel NOR flash memory. To access these dedicated pins, the
design instantiates the STARTUPE3 primitive. Table 3 shows the internal logic signal name
associated with each dedicated configuration pin, the STARTUPE3 port it connects to, and the
corresponding FPGA output pin location.
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Table 3: STARTUPE3 BPI Configuration Interface Dedicated Pins

Logic Signal STARTUPES3 Port Dedicated Pin Name Pf:fﬁc(al:ilczn
Linear_Flash_ce_n(0) FCSBO RDWR_FCS_B_0 AJ11
Clk_out USRCCLKO CCLK_O AF13
dg_o_e(3) DOI3] D03_0 AL11
dg_o_e(2) DOI2] D02_0 AM11
dg_o_e(1) DOI1] DO1_DIN_O ANT1
dg_o_e(0) DOI0] D00_MOSI_0 AP11
dq_i(3) DI[3] D03_0 AL11
dqg_i(2) DI[2] D02_0 AM11
dq_i(1) DI[1] DO1_DIN_O AN11
dq_i(0) DI[0] D00_MOSI_0 AP11

The STARTUPE3 primitive allows a user design to drive or 3-state the FPGA outputs on the
dedicated pins by connecting the design to the appropriate STARTUPE3 ports. In addition,
D[03:00] can be read as inputs. The dedicated FPGA pins are accessed by the user design
through the .USRCCLKO, .USRCCLKTS, .DO, .DTS, .FCSBO, and . FCSBTS ports of the
STARTUPE3 block. The data signals returning from the parallel NOR flash memory are provided
to the user design through the . DI port. The UltraScale FPGA pins CCLK, DO0_MOSI_0,
D01_DIN_0, D02_0, D03_0, and RDWR_FCS_B_0 are dedicated and not assigned in the
constraints file because their physical locations cannot be altered.

For example, forwarding the Clk_out externally to the flash is accomplished by connecting it to
the USRCCLKO port of the STARTUPE3 instantiation. There is no explicit port declaration for
Clk_out at the top level of the design because the CCLK output of the FPGA can only be
accessed via connections to the STARTUPE3 block. The STARTUPE3 port USRCCLKTS controls
the enable of the USRCCLKO, and is tied to 0 so that the CCLK signal is always actively driven
out to the parallel NOR flash memory. The signals going from the internal logic through the
STARTUPE3 block to the dedicated external pins of the FPGA are not shown as top level ports of
the design, and do not appear in the .xdc file.
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Because the connections between the AXI EMC core and the STARTUPE3 primitive are made
inside the top-level design_1_wrapper.vhd wrapper, the STARTUPE3 block does not appear
in the IP Integrator block design. The instantiation of the STARTUPE3 is shown here:

STARTUPE3_inst : component STARTUPE3

generic map

(

PROG_USR => "FALSE", -- Activate program event security feature.
SIM_CCLK_FREQ => 0.0 -- Set the Configuration Clock Frequency(ns) for simulation.
)
port map
(
CFGCLK => open, -- 1-bit output: Configuration main clock output
CFGMCLK => open, -- 1-bit output: Configuration internal oscillator clock output
DI => dg i, -- 4-bit output: Allow receiving on the D input pin
EOS => startupe3_eos, -- 1-bit output: Active-High output signal indicating the End Of Startup
PREQ => open, -- 1-bit output: PROGRAM request to fabric output
DO => dg_o_e(3 downto 0), -- 4-bit input: Allows control of the D pin output
DTS => dg_t_e(3 downto 0), -- 4-bit input: Allows tristate of the D pin
FCSBO => Linear_Flash ce_n(0), -- 1l-bit input: Controls the FCS_B pin for flash access
FCSBTS => '0', -- 1-bit input: Tristate the FCS_B pin
GSR => '0"', -- 1-bit input: Global Set/Reset input (GSR cannot be used for the port)
GTS => '0', -- 1-bit input: Global 3-state input (GTS cannot be used for the port name)
KEYCLEARB => '1"', -- 1-bit input: Clear AES Decrypter Key input from Battery-Backed RAM
PACK => PACK_int, -- 1-bit input: PROGRAM acknowledge input
USRCCLKO => Clk_out, -- 1-bit input: User CCLK input
USRCCLKTS => '0', -- 1-bit input: User CCLK 3-state enable input
USRDONEO => '1°', -- 1-bit input: User DONE pin output control
USRDONETS => '1' -- 1-bit input: User DONE 3-state enable output
TIP: Designs that require the use of the STARTUPE3 primitive for multiple cores should use the STARTUPE3
O external selection as demonstrated in this reference design. The external option provides the most flexibility.

If a user design only requires STARTUPE3 port access with the AXI EMC core then the setting Use STARTUP
primitive internal to IP could be used.

STARTUPE3 Timing Constraints

While the output pins of the STARTUPE3 block do not appear in the top-level
design_1_wrapper.vhd wrapper, it is still necessary to apply timing constraints to signals
going into, or coming, out of the STARTUPE3 block.

The data and control signals that go between the AXI EMC core to the parallel NOR flash
memory in parallel to the signals traversing the STARTUPE3 block are aligned using the FIFO
logic in the AXI EMC core. The required timing constraints for these signals are shown in
Figure 26. The timing parameters entered in Figure 25 are extracted from the parallel NOR flash
memory data sheet and set the alignment of the control signals to the data and address of the
parallel NOR flash memory.
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Figure 26 also shows the signals traveling through the STARTUPE3 block. The paths that are
covered by timing constraints as well as the fixed delays that are not considered by the tools are
shown. The paths that are constrained are covered by set_max_delay and set_min_delay
constraints shown here.

#### Following are the timing parameters of MT28GUO0L1GAAAIEGC-0SIT flash, delays for the STARTUPE3 element, and
#### delays related to the VCU108 board traces
#### Max Tco -- Clock to input delay for flash
set tco_max 5.5

set tco_min 5.5

#### Trace delays for VCU108 board

set tdata_trace_delay max 0.25

set tdata_trace_delay_min 0.25

set tclk_trace_delay max 0.2

set tclk_trace_delay min 0.2

set startup_delay_max 6.700

set startup_delay_min 1.000

set board_del_max 1.000

set board_del_min 0.500

#### Input delay constraints (max/min) for Linear_flash_wait[O0]

set_input_delay -clock [get_clocks clk_out2_design_1_clk_wiz_0_0] -max [expr Stco_max + Stdata_trace_delay_max
+ Stclk_trace_delay max + $board _del_max] [get_ports Linear_Flash_wait[0]]

set_input_delay -clock [get_clocks clk_out2_design_1_clk wiz_0_0] -min [expr S$tco_min + S$tdata_trace_delay_min
+ S$tclk_trace_delay_min + $board_del_min] [get_ports Linear_Flash wait[0]]

The logic to STARTUPE3 path constraints below are referenced in Figure 26.

#### These constraints cover the paths going between logic and the STARTUPE3 block
set_max_delay -datapath_only -from [get_pins -hier {*STARTUP*_inst/DI[*]}] -to [get_cells -hier
{*Mem_DQ_T v_reg[*]}] 1.500

set_max_delay -datapath_only -from [get_cells -hier {*mem_dg o_reg regl[*]}] -to [get_pins -hier
*STARTUP*_inst/DO[*]] 1.500

set_max_delay -datapath_only -from [get_cells -hier {*mem_dg t_reg regl[*]}] -to [get_pins -hier
*STARTUP*_inst/DTS[*]] 1.500

The data signals that bypass STARTUPE3 constraints below are referenced in Figure 26.

#### Input and output delay constraints max/min for mem dg io[*] signals that bypass STARTUPE3 block. Includes
#### startup_delay max/min values to match the paths of the bits traveling through STARTUPE3

set_input_delay -clock [get_clocks clk_out2_design_1_clk _wiz_0_0] -max [expr Stco_max + S$tdata_trace_delay_max
+ Stclk_trace_delay _max + S$startup_delay max + Sboard_del_max] [get_ports mem _dg io[*]]

set_input_delay -clock [get_clocks clk out2_design_1_clk wiz_0_0] -min [expr S$Stco_min + $tdata_trace_delay min
+ $tclk_trace_delay_min + $startup_delay_min + $board_del_min] [get_ports mem _dg io[*]]

set_output_delay -clock [get_clocks clk_out2_design_1_clk_wiz_0_0] -max [expr Stdata_trace_delay_max -
Stclk_trace_delay min + $startup_delay max + S$board_del_max] [get_ports mem_dg io[*]]

set_output_delay -clock [get_clocks clk out2_design_1_clk _wiz_0_0] -min [expr Stdata_trace_delay min -
Stclk_trace_delay max + S$startup_delay min + Sboard_del_min] [get_ports mem_dg io[*]]
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The address and control signals that bypass STARTUPE3 constraints below are referenced in
Figure 26.

#### Output delay constraints (max/min) for Linear_Flash_ address[*], Linear_Flash_oe_n, Linear_Flash_we_n, and
#### Linear_Flash_adv_1ldn pins

set_output_delay -clock [get_clocks clk_out2_design_1_clk _wiz_0_0] -max [expr Stdata_trace_delay_max -
Stclk_trace_delay min + $board_del_max] [get_ports Linear_Flash_address[*]]

set_output_delay -clock [get_clocks clk_out2_design_1_clk_wiz_0_0] -min [expr Stdata_trace_delay_min -
Stclk_trace_delay _max + S$board_del_min] [get_ports Linear_Flash_address[*]]

set_output_delay -clock [get_clocks clk out2_design_1_clk _wiz_0_0] -max [expr Stdata_trace_delay _max -
Stclk_trace_delay _min + $board_del_max] [get_ports Linear_Flash_oe_n[0]]

set_output_delay -clock [get_clocks clk_out2_design_1_clk _wiz_0_0] -min [expr Stdata_trace_delay_min -
Stclk_trace_delay max + $board_del_min] [get_ports Linear_Flash_oe_n[0]]

set_output_delay -clock [get_clocks clk_out2_design_1_clk_wiz_0_0] -max [expr Stdata_trace_delay_max -
Stclk_trace_delay _min + S$board_del_max] [get_ports Linear_Flash_we_n]

set_output_delay -clock [get_clocks clk_out2_design_1_clk _wiz_0_0] -min [expr Stdata_trace_delay _min -
Stclk_trace_delay max + $board_del_min] [get_ports Linear_Flash_we_n]

set_output_delay -clock [get_clocks clk_out2_design_1_clk _wiz_0_0] -max [expr Stdata_trace_delay_max -
Stclk_trace_delay min + $board_del_max] [get_ports Linear_Flash_adv_1ldn]

set_output_delay -clock [get_clocks clk_out2_design_1_clk_wiz_0_0] -min [expr Stdata_trace_delay_min -
Stclk_trace_delay_max + S$board_del_min] [get_ports Linear_Flash_adv_1dn]
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Logic to STARTUPE3 path constraints
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Figure 26: STARTUPE3 Timing Delays

To reduce the delay on the clock traveling from the design logic to the USRCCLKO pin, use the
set_max_delay constraint. The data and 3-state signal paths to and from the STARTUPE3
primitive are constrained using set_output_delay and set_input_delay constraints with respect
to the generated clock on the USRCCLKO pin. To show how the constraints are created, the
delays of the STARTUPE3 block and the setup requirements of the parallel NOR flash memory
are obtained from the Virtex UltraScale FPGAs Data Sheet: DC and AC Switching Characteristics
(DS893) [Ref 5] and the Micron Parallel NOR Flash Memory MT28GUOTGAAATEGC Data Sheet
[Ref 6]. Sample parameters are provided in Table 4 and Table 5 to be used for the constraints.

Some of the constraints above cover signals that travel from the AXI EMC core to the
STARTUPE3 block. The remainder of these constraints cover the signals that travel directly from
pins of the FPGA to the AXI EMC core without going through the STARTUPE3.
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The fixed delays for the CCLK and the data signals traveling through the STARTUPE3 are shown
in Table 4.

Table 4: Virtex UltraScale Timing Parameters

Vccint Operating
Symbol Description Voltage = 0.95V Units
-2 Speed Grade

STARTUPE3 Ports
Tusrcclko | STARTUPE3 USRCCLKO input port to CCLK pin output delay 1.00/6.70 ns, Min/Max
Too DO[3:0] ports to D03-D00 pins output delay 1.00/7.70 ns, Min/Max
Tors DTS[3:0] ports to D03-D00 pins 3-state delays 1.00/8.30 ns, Min/Max
Tecseo FCSBO port to FCS_B pin output delay 1.00/8.00 ns, Min/Max
TEcsBTS FCSBTS port to FCS_B pin 3-state delay 1.00/8.00 ns, Min/Max
Tp D03-D00 pins to DI[3:0] ports input delay 0.5/3.1 ns, Min/Max
Table 5: Micron MT28GUO1GAAA1EGC Parallel NOR Flash Memory Timing Parameters

Symbol Description Units
TeLqy (Max) CE# LOW to output valid 96 ns
Tavqy (max) Address to output valid 96 ns
Tapa (Max) Page address access (non-MUX only) 15 ns
Tacc (min) Read access time from address latching clock 96 ns
TGHqz (Mmax) OE# HIGH to output in High-Z 7ns
Twiwn (min) WE# write pulse width LOW 40 ns
Tepwe (Min) CE#setup to WE# LOW 0ns
Twhen (Min) CE# hold from WE# HIGH 0ns
TwHaL (Min) WE# HIGH to OE# LOW Ons
TgHwH (mMin) WP# setup to WE# HIGH 200 ns
TEHQZ (max) CE# HIGH to output in High-Z ns
TGHQZ (max) OE# HIGH to output in High-Z 7 ns

XAPP1282 (v1.1) February 8, 2022

Example constraints for the VCU108 board are shown in Figure 26. The timing delays for the
board, and the Micron MT28GUO1GAAATEGC flash memory are obtained from measurement
and the flash memory data sheet.

These constraints account for the path delay to and from the AXI EMC IP core logic, the setup
and hold requirements of the parallel NOR flash memory, the FPGA I/O port delays, the
STARTUPE3 primitive delays, and the board trace delays. The timing constraints for the
reference design are included in the vcu108.xdc constraints file. If this example design is
adapted to a board other than the VCU108, values for the trace delay, clock delay, and output
delay of the flash must be modified to ensure correct functionality.

BPI Configuration Mode Constraints

The correct properties must be used during golden.bin file generation to ensure a successful
master BPIl x16 configuration. The properties listed in Figure 25 are included in the
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reference .xdc constraint file supporting the VCU108 evaluation board 1.8V parallel NOR
flash. For additional details on the options see UltraScale Architecture Configuration User Guide
(UG570) [Ref 1] and UltraScale FPGA BPI Configuration and Flash Programming Application Note
(XAPP1220) [Ref 7].

set_property CONFIG_VOLTAGE 1.8 [current_design]

set_property CFGBVS GND [current_design]

set_property CONFIG_MODE BPI16 [current_design]

set_property BITSTREAM.GENERAL.COMPRESS TRUE [current_design]

set_property BITSTREAM.CONFIG.CONFIGFALLBACK Enable [current_design]
set_property BITSTREAM.CONFIG.TIMER_CFG 0x00050000 [current_design]
set_property BITSTREAM.CONFIG.BPI_SYNC_MODE Typel [current_design]
set_property BITSTREAM.CONFIG.UNUSEDPIN Pulldown [current_design]
set_property BITSTREAM.CONFIG.NEXT CONFIG_REBOOT Enable [current_design]
set_property BITSTREAM.CONFIG.NEXT_ CONFIG_ADDR 32'h01000000 [current_design]

Software System Details

Software running on the MicroBlaze processor drives the AXI EMC core to read and write to the
parallel NOR flash memory using the hardware connections to the STARTUPE3 primitive. The
vcul08_emc_rw.c file included with this reference design provides example low-level
software read and write operations. These read and write functions are used to implement the
Micron flash memory operations described by the command descriptions in the Micron Parallel
NOR Flash Memory MT28GUOTGAAATEGC Data Sheet [Ref 6]. This memory is located on the
VCU108 evaluation board at location U133 (see Figure 3).

The functions in vcul08_emc_rw.c are provided as a starting point for creating memory
operations that might be necessary with flash memories from other vendors. Most parallel NOR
flash memories share a similar set of commands that allow control logic to read, write, or erase
the flash array and access registers that control the flash memory behavior. This reference
design uses the command set for the Micron MT28GUO1GAAATEGC parallel NOR flash memory
used on the VCU108 evaluation board and supports the set of instructions listed in [Ref 6].

Flash Command Set

There are a number of commands that provide access to the flash array or perform other
operations on the parallel NOR flash memory. All parallel NOR flash transactions depend upon
commands supported by the flash memory connected to the AXI EMC core. Refer to the
respective parallel NOR flash memory data sheet for the supported commands. The Micron
MT28GUO1GAAATEGC parallel NOR flash memory commands are described in [Ref 6]. This
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reference design provides user access to a subset of commands by way of the menu shown in
Figure 15. See Figure 27 for the flash command set flow diagram.

CStart (Board Power On))
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Menu Selection?
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Specified Offset Address
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Display Error Message Tera Term Main Menu
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Figure 27: Flash Command Set Flow Diagram

Each of the supported operations shown in Figure 27 has a specific command sequence. The
command sequences are provided below for each of the major operations.

The XILFLASH library implements the functionality for flash memory devices that conform to
the common flash interface (CFl) standard. CFl allows a single flash library to be used for an
entire family of parts. This is not a library for a specific device, but for a set of command read,
write, and erase algorithms. CFl permits the determination of which algorithm to utilize at
runtime.

The XILFLASH Library APl description for basic parallel NOR flash access operations is provided
here:

1. Flash Initialize: The function call XFlash_Initialize() should be called by the application
before any other function is used by the application from the library. The initialization
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function checks for the device family and initializes the XFlash instance with the

family-specific data (for example, Micron or Spansion, etc.). After the target flash CFl query
is read successfully, the vector table maintained for the further operations like erase, read,
and write operations. The vector table that contains the function pointers to family-specific
APIs is setup and the family specific initialization routine is called that performs these tasks:

a. Issue the CFl query command: Write base address with 0x0098 (CFl query command).

b. Identify the Flash family and layout: From CFl data at 0x10, 0x11, 0x12 (QRY character
hex value).

c. Populate the vector table with the geometry readback: Provides specific options from the
flash architecture. See Micron Parallel NOR Flash Memory MT28GUOTGAAATEGC Data
Sheet.

d. Set up the Vector Table with the CFl data: Readback the base address with data from the
vector table).

2. Flash Erase: The erase operations are provided to erase a block of specified address range
in the flash memory. The erase call is blocking in that control is returned back to user only
after the erase operation is completed successfully or an error is reported. The number of
bytes to erase can be any number as long as it is within the bounds of the devices. Flash
erase performs these tasks:

a. Lock the block.

b. Write 0x20, block address.

¢. Unlock the block address.

d. For confirmation erase with 0xDO0, block address.

e. Read Status register = 0x7 then the block is erased.

3. Flash Write: The flash write operation can be used to write a minimum of zero bytes and a
maximum including the entire flash memory. If the offset address specified to write is
outside of the flash memory, or if the number of bytes specified from the offset address
exceed flash memory boundaries, an error is reported back to the user. The write is blocking
in that the control is returned back to user only after the write operation is completed
successfully or an error is reported. This operation programs the flash memory with the data
specified in the user buffer. The source and destination addresses must be aligned to the
width of the flash data bus. If the processor supports unaligned access, then the source
address does not need to be aligned to the flash width. However, this library is generic, and
because some processors (such as MicroBlaze processors) do not support unaligned access,
this APl requires that the source address be aligned. Flash write performs these tasks:

a. Lock the block = 0x20.

b. If the device is initialized the state will be IsReady = 1.

c. Flash Reset: This function resets the flash device and places it in read mode.
d. Unlock the block = 0x60h.

e. Send buffer data to the flash device.

f. If returned, get the success then the write operation gets fixed.
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4. Flash Read: The flash read operation is used to read a minimum of zero bytes and maximum
of entire flash memory. If the offset address specified to read is out of flash boundary an
error is reported back to the user. The read function reads memory locations beyond the
flash memory boundary. Care should be taken to make sure that the number of
bytes + offset address is within the flash memory address boundaries. The write is blocking
in that the control is returned back to user only after the read operation is completed
successfully or an error is reported.

a. Lock the block = 0x20.

b. If the device is initialized the state will be IsReady = 1.

C. Flash Reset: this function resets the flash device and places it in read mode.
d. Unlock the block = 0x60h.

e. Read the block of data from the flash memory from offset address.

Checklist and Debug Tips

1. When Customizing the AXI EMC IP Core (3.0), verify Use STARTUP Primitive External to
the IP selected for this demonstration (see Figure 25).

2. Ensure Set Up VCU108 Evaluation Board is completed before running the reference design
demonstration. This ensures that:

- The board power is connected properly and power switch SW1 is in the ON position.

- Master BPI configuration mode is properly set (Mode pins are set to M[2:0] = 010). See
DIP switch SW16 settings shown in Figure 3.

. Both UART and JTAG cables are connected from the VCU108 evaluation board to the
host computer See Figure 3.

3. If a Xilinx Platform Cable USB Il is used instead of the on-board JTAG cable supplied with the
VCU108 evaluation board, the reference design scripts need to be modified for the different
cable target. Refer to Vivado Design Suite User Guide: Programming and Debugging (UG908)
[Ref 9].

4. If you do not see the Reference Design Main Menu displayed in Tera Term (Figure 15) or if
UART communication is not working between the host computer and the VCU108 board
(J4), then verify the Tera Term and Computer COM port setup is correct:

o Confirm proper COM port driver is selected in Windows Device Manager. Select the
standard version, not the enhanced version (Figure 28). The COM number might be
different on different computers. If the VCU108 System Controller Main Menu is
displayed in Tera Term this indicates that the enhanced COM port was incorrectly
selected instead of the standard COM port target.
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“? |:T.;.rt5 (COM & LPT) - - COM number will vary
R . depending on computer
o ? ECP Printer Port (LPTL)

----- X ? Silicon Labs Dual CP210x USB to UART Bridge: Enhanced COM Port (COM14)

|‘? Silicon Labs Dual CP210x USB to UART Bridge: Standard COM Port {COMIS)'

X17524-072616

Figure 28: Standard COM Port Driver

o Confirm Tera Term is installed correctly (version 4.90 was used for reference design
testing).

o Confirm COM port settings in the Tera Term Port Settings tab match the values shown
in Figure 14.

5. If the FPGA does not seem to be configuring:
o Confirm a valid bitstream image is loaded into parallel NOR flash memory

- Start FPGA programming by momentarily pressing the FPGA PROG pushbutton SW4 or
cycle power using SW1 (See Figure 3 for locations)

6. If the batch files do not run correctly:
o Ensure Vivado Design Suite 2016.1 is installed and that the path is set up correctly.

7. The DONE LED does not light and the Master BPI configuration mode is properly set on DIP
switch SW16:

o Verify that the FPGA golden.bin can be programmed directly using the JTAG interface
(J106)

o Perform a readback to check the contents of the parallel NOR flash memory
programmed at different locations (Figure 29).
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Choose from Parallel NOR flash operations below:
1: Read

2: Erase

3: Program (#_bin via XMODEM_1iK>
4: Read

%: Reconfigure from IPROG

Read Parallel NOR flach:
Start Address Chex>: DABABAAA
Number of Bytes to read <(hex>»>:38

Performing Flach Read Operation..._

Flash Start Address:
Flash End Address

Of fsetCh): Bx68

B:xA0BRRAAR = BxFF
A:xARARAAARS = BAxFF
BxARPRAA1A : BxFF
B:xARBAAA1S = BxFF
B:xA0RAA2EA = BxFF
A:xARARAAZS = BAxFF
BxARRAA3A : BxFF
B:xARBAAAIS = BxFF
B:xA0BRAAAE = B8
BxARPAAA4S = BxFF
B:xARRRAASA = Bx29
B:xA0BRAAGS = BxCH

due to the use of

BxBAAREARA
BxBAAREA6 A

Bxa1

BxFF
BxFF
BxFF
BxFF
BxFF
BxFF
BxFF
BxFF
Bx88
BxFF
Bx5h5
BxBC

Press any Key to Main Menu

interface B

BxB2
BxFF

Bx03

BxFF
BxFF
BxFF
BxFF
BxFF
BxFF
BxFF
BxFF
Bx08
BxFF
BxAR
Bx@7

S8tart address provided has been multiplied hy a
PIX16

BxA4
BxFF

PE2

factor of 2,

BxA5

BxFF
BxFF
BxFF
BxFF
BxFF
BxFF
BxFF
BxFF
Hx88
BxFF
Bxf4
Bx08

Bx86

BxFF
AxFF
BxFF
BxFF
BxFF
AxFF
BxFF
BxFF

& XILINX.

X17523-090616

Figure 29: Option 4: Read Parallel NOR Flash Output

o For user designs, ensure the write_bitstream constraints are implemented correctly for
BPI configuration mode as described in Hardware System Details.

o In the rare instance that a download error occurs during the update.bin download
and LEDO is still blinking, erase and try to program update.bin again. If XMODEM

hangs, make sure the device has been erased.

o The DONE LED is lit, but the wrong pattern is loaded. Ensure 1load_golden.bat was
used. The pattern for the initial image (golden.bin) is LEDO blinking, and the pattern

for the update image (update.bin) is LED1 blinking.

8. This reference design uses operations that are targeted for the Micron
MT28GUO1GAAATEGC parallel NOR flash memory. If your design is based on this reference

10.

design but targets a different flash memory, the design must be modified to support the

different flash memory. Refer to the target flash vendor data sheet.

The JTAG-to-AXI IP enables the Vivado hardware manager to send low-level JTAG
commands via the JTAG cable. To perform an IDCODE check on the parallel NOR flash

memory use the following Tcl command sequence:

a. Inthe Tcl console change the path to the ¢: /xapp1282/source directory and type the

commands below to display the parallel NOR flash ID:

source jtag_to_axi.tcl

As an option, the Platform Cable USB Il can be used as a JTAG interface between the
computer and the VCU108 evaluation board, but this will require changes to the Vivado
scripts provided to indicate the cable targeted.
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Conclusion

The ease of accessing the parallel NOR flash memory from the UltraScale FPGA
post-configuration has been demonstrated. Accessing parallel NOR flash memory for multiple
bitstreams or remote updates has the potential to not only reduce board space but also
decrease the memory storage solution cost.

Reference Design

You can download the Reference Design Files for this application note from the Xilinx website.

Table 6 shows the reference design matrix.

Table 6: Reference Design Matrix

Parameter

Description

General

Developer names

Steven Howell, Shashikant Jadhav, and Stephanie Tapp

Target device

Virtex UltraScale FPGA (XCVU095-2FFVA2104)

Source code provided

Yes

Source code format

Verilog

Design uses code and IP cores from existing Xilinx
application notes and reference designs or third party

Vivado Design Suite

Simulation

Functional simulation performed No
Timing simulation performed No
Test bench used for functional and timing simulations No
Test bench format N/A
Simulator software/version used N/A
SPICE/IBIS simulations N/A

Implementation

Synthesis software tools/versions used

Vivado synthesis

Implementation software tools/versions used

Vivado Design Suite and SDK 2016.1

Static timing analysis performed Yes
Hardware Verification
Hardware verified Yes

Hardware platform used for verification

VCU108 evaluation board
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Revision History

The following table shows the revision history for this document.

Date Version Revision
09/27/2016 1.0 Initial Xilinx release.
02/08/2022 1.1 In STARTUPE3 Timing Constraints, updated startup_delay_max and startup
delay_min values.
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