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A glossary of terms used in this document.

Acronym

Definition

Alternative Boot

After the FPGA device has been configured, this pattern is loaded when the PROGRAMN pin is toggled
or the Refresh instruction is issued. Up to four Alternative Boot patterns are possible.

Binary Hex Data File
(.bin File)

The data image of the Hex data file in binary format. All Hex data files are converted into this format
prior to consumption. This type of file is not printable.

Bitstream Data File (.bit
File)

The configuration data file, for a single FPGA device, in the format that can be loaded directly into the
FPGA device to configure the SRAM cells. The file is expressed in binary Hex format. The file is not
printable.

Configure Write the pattern into the SRAM fuses of the FPGA device and wake up.
Dual Boot The device has two patterns, a Primary pattern and a Golden pattern, to choose to load.
EBR Embedded Block RAM

FD-SOI (Fully Depleted
Silicon On Insulator)

A process that uses an ultra-thin buried oxide layer.

The feature provides protection to the Flash fuses against accidental erase or corruption. Most of the
SPI Flash devices support Soft Lock. Lock choices include:

e Whole device

Flash Lock e  Bottom half
[ Bottom quarter
e  lastsector
Details can be found in the SPI Flash device data sheet.
Golden Boot The guaranteed good pattern loaded into the FPGA device when booting failure occurs. It is also

known as the root boot. Only one Golden Boot pattern is allowed.

Hex Data File (.exo,
.mcs, .xtek Files)

The data record files that are in the format commonly known as Intel Hex, Motorola Hex or Extended
Tektronix Hex. They are also known as addressed record files. The advantages include its small size
and it is printable, and thus good for record keeping. This type of file is not directly consumable by the
utilities supporting it.

LRAM Large RAM
Multi-Boot The device has more than two patterns, a Primary pattern, a Golden pattern and some Alternative
Multiple Boot patterns, to choose to load.

Primary Boot

Upon power cycling, the FPGA device loads this pattern in first. Only one Primary pattern is allowed.

Program Writes into the selected Flash cells state a logical zero (0) (close fuse).

RAM Random Access Memory

Refresh The action loads the pattern from a non-volatile source to configure the FPGA device.

Sector (Block) The smallest number of bytes of Flash fuses can be erased at the same time by the erase command.
SPI Stands for the Serial Peripheral Interface defined originally by Motorola.

SRAM Static Random Access Memory
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1. Introduction

CrossLink™-NX, Certus™-NX, CertusPro™-NX, MachXO5™-NX families of low-power FPGAs can be used in a wide range
of applications and are optimized for the bridging and processing needs in the Embedded Vision space. It is built on
Lattice Nexus FPGA platform, using low-power 28-nm FD-SOI technology. CrossLink-NX, Certus-NX, CertusPro-NX,
MachX05-NX families support various booting options for loading the configuration SRAM from a non-volatile memory
for configuration flexibility and fail-safe configuration. CrossLink-NX, Certus-NX and CertusPro-NX families use an
external memory while MachXO5-NX families have an internal memory for storage of configuration bitstreams. The
CrossLink-NX family includes LIFCL-17, LIFCL-33, and LIFCL-40 parts. The Certus family includes LFD2NX-17 and
LFD2NX-40 parts. The CertusPro-NX family includes LFCPNX-100 parts. The MachXO5-NX family includes LFMXO05-25,
LFMXO5-55T, and LFMXO5-100T parts.

The CrossLink-NX, Certus-NX, CertusPro-NX, and MachXO5-NX families support various configuration boot modes to
mitigate risk during the field upgrade process and to allow flexibility of executing different patterns. Field upgrade
disruptions may occur due to power disruption, communication interruption or bitstream pattern corruption. The
CrossLink-NX, Certus-NX, CertusPro-NX, and MachXO5-NX families support the following boot modes:

e Dual Boot mode — Switches to load from the second known good (Golden) pattern when the first pattern becomes
corrupted.

e  Ping-Pong Boot mode — Switches between two bitstream patterns based on your choice. If the system fails to boot
from one of the bitstreams, it automatically boots from the second bitstream.

e  Multi-Boot mode — Allows the system to dynamically switch between two to five bitstream patterns while still
being protected with a Golden (sixth) pattern.

The CrossLink-NX, Certus-NX, CertusPro-NX, MachXO5-NX families support these boot modes by combining all the
bitstream patterns into a single boot image and storing it in a single external SPI Flash device (internal flash for
MachX05-NX family). This solution decreases cost, reduces board space and simplifies field grades.
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2. Resources

The CrossLink-NX, Certus-NX, and CertusPro-NX families are SRAM-based FPGAs. The volatile SRAM configuration
memory must be loaded from an external non-volatile memory that can store all of the configuration data. The size of
the configuration data is based on the amount of logic available in the FPGA, number of pre-initialized Embedded Block
RAM (EBR) components and number of pre-initialized Large RAM (LRAM) Block components. A CrossLink-NX
/Certus-NX/CertusPro-NX/MachX05-NX design using the largest device, with every EBR and LRAM pre-initialized with
unique data values and generated without compression requires the largest amount of storage. The minimum SPI Flash
densities or embedded flash required to support the different configuration boot modes are listed in Table 2.1,

Table 2.2, and Table 2.3.

Table 2.1. Maximum Configuration Bitstream Size — Single Bitstream Boot Mode

Uncompressed? SPI Mode
Device Configuration ini i
& Single Bitstream Size (Mb) LGS RS )
(Mb)
No LRAM, No EBR 2.817 4
LIFCL-17 No LRAM, MAX EBR 3.273 4
LFD2NX-17 MAX LRAM, No EBR 5.517 8
MAX LRAM, MAX EBR 5.873 8
No LRAM, No EBR 6.232 8
LIFCL-40 No LRAM, MAX EBR 7.758 8
LFD2NX-40 MAX LRAM, No EBR 7.281 8
MAX LRAM, MAX EBR 8.807 16
No LRAM, No EBR 14.310 16
No LRAM, MAX EBR 17.966 32
LFCPNX-100
MAX LRAM, No EBR 17.810 32
MAX LRAM, MAX EBR 21.466 32
No LRAM, No EBR 4.451 NA2
LFMXO5-25
No LRAM, MAX EBR 5.077 NA2
LFMXO5-55T
MAX LRAM, No EBR 6.028 NA?
LFMXO5-100T
MAX LRAM, MAX EBR 6.653 NA?
No LRAM, No EBR 4.453
No LRAM, MAX EBR 5.967
LIFCL-33
MAX LRAM, No EBR 7.150
MAX LRAM, MAX EBR 8.667 16

Notes:
1. CrossLink-NX/Certus-NX/CertusPro-NX/MachXO5-NX family of devices support bitstream compression. Compression ratio

depends on the bitstream. Therefore, Table 2.1 only provides uncompressed bitstream data.
2. MachX05-NX family of devices boot from internal flash memory.
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Table 2.2. Maximum Configuration Bitstream Size — Dual Boot Mode/Ping-Pong Mode

Uncompressed? SPI Mode
Device Configuration Single Bitstream Two Bitstreams Minimum SPI Flash
Size (Mb) Size (Mb) Size (Mb)
No LRAM, No EBR 2.817 5.634 8
LIFCL-17 No LRAM, MAX EBR 3.273 6.546 8
LFD2NX-17 MAX LRAM, No EBR 5.517 11.034 16
MAX LRAM, MAX EBR 5.873 11.746 16
No LRAM, No EBR 6.232 12.464 16
LIFCL-40 No LRAM, MAX EBR 7.758 15.516 16
LFD2NX-40 MAX LRAM, No EBR 7.281 14.562 16
MAX LRAM, MAX EBR 8.807 17.614 32
No LRAM, No EBR 14.310 28.620 32
No LRAM, MAX EBR 17.966 35.933 64
LFCPNX-100
MAX LRAM, No EBR 17.810 35.620 64
MAX LRAM, MAX EBR 21.466 42.933 64
No LRAM, No EBR 4.451 8.902 NA2
LFMXO5-25
No LRAM, MAX EBR 5.077 10.154 NA2
LFMXO5-55T
MAX LRAM, No EBR 6.028 12.056 NA2
LFMXO5-100T
MAX LRAM, MAX EBR 6.653 13.306 NA2
No LRAM, No EBR 4.453 8.906 16
No LRAM, MAX EBR 5.967 11.934 16
LIFCL-33
MAX LRAM, No EBR 7.150 14.300 16
MAX LRAM, MAX EBR 8.667 17.334 32
Notes:

1.  CrossLink-NX/Certus-NX/CertusPro-NX/ MachX05-NX family of devices support bitstream compression. Compression ratio
depends on the bitstream. Therefore, Table 2.2 only provides uncompressed bitstream data.
2. MachX0O5-NX family of devices boot from internal flash memory.
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3 Bitstream 4 Bitstream 5 Bitstream 6 Bitstream
Uncompressed*
Patterns? Patterns? Patterns? Patterns?
Device Configuration Single
Bitstream Size Minimum SPI Flash Size (Mb)
(Mb)
No LRAM,
2.817 8.451 16 11.268 16 14.085 16 16.902 32
No EBR
No LRAM,
LIFCL-17 MAX EBR 3.273 9.819 16 13.092 16 16.365 32 19.638 32
LFD2NX-17
M?\IEIERBA';M' 5.517 16.551 32 22.068 32 27.585 32 33.102 64
MAX LRAM,
MAX EBR 5.873 17.619 32 23.492 32 29.365 32 35.238 64
No LRAM,
6.232 18.696 32 24.928 32 31.160 32 37.392 64
No EBR
No LRAM,
LIFCL-40 MAX EBR 7.758 23.274 32 31.032 32 38.790 64 46.548 64
LFD2NX-40
RSN 7.281 21.843 32 | 20124 | 32 36.405 | 64 | 43.686 | 64
MAX LRAM,
MAX EBR 8.807 26.421 32 35.228 64 44.035 64 52.842 64
No LRAM,
No EBR 14.310 42.930 64 57.240 64 71.550 128 85.861 128
e 17.966 53.899 64 | 71865 | 128 | 89.832 | 128 | 107.798 | 128
LFCPNX-100
Mﬁl)(()IERBA&M' 17.810 53.430 64 71.240 128 89.050 128 106.861 128
MAX LRAM, 21.466 64.399 128 85.865 128 107.332 128 128.798 256
MAX EBR
No LRAM,
4.451 13.353 NA3 NA4 NA NA4 NA NA?# NA
No EBR
LFMX05-25 “;:A;R’ém' 5.077 15231 | NA3 NA NA NA NA NA? NA
LFMXO5-55T
Lrmx0s-1007 | MAXLRAVY 6.028 18.084 | NA? NA? NA NA NA NA? NA
MAX LRAM
, 3 4 4 4
MAX EBR 6.653 19.959 NA NA NA NA NA NA NA
NolRawWNo | 4.453 13.359 16 17812 | 32 22265 | 32 26718 | 32
No LRAM,
MAX EBR 5.967 17.901 32 23.868 32 29.835 32 35.802 64
LIFCL-33 VIAX LRAM
No EBR ’ 7.150 21.450 32 28.600 32 35.750 64 42.900 64
MAX LRAM,
MAX EBR 8.667 26.001 32 34.668 64 43.335 64 52.002 64
Notes:
1.  CrossLink-NX/Certus-NX/CertusPro-NX/MachXO5-NX family of devices support bitstream compression. Compression ratio
depends on the bitstream. Therefore, Table 2.3 only provides uncompressed bitstream data.
2. Includes Golden bitstream pattern.
3. MachXO5-NX family of devices boot from internal flash memory.
4. MachXO5-NX internal flash memory supports a maximum of three bitstreams.
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3. CrossLink-NX/Certus-NX/CertusPro-NX/MachX0O5-NX Dual

Boot Mode

The CrossLink-NX/Certus-NX/CertusPro-NX/MachXO5-NX Dual Boot mode supports booting from two configuration
patterns that reside in an external SPI Flash device (internal flash for MachXO5-NX family). One pattern is designated as
the Primary pattern, and the second pattern is designated as the Golden pattern. When the CrossLink-NX/Certus-
NX/CertusPro-NX/MachXO5-NX part boots up, it attempts to boot from the Primary pattern. If loading of the Primary

pattern fails, the CrossLink-NX/Certus-NX/CertusPro-NX/MachX0O5-NX part boots from the Golden pattern.

Address 0

Address X

Internal/Exte mal Flash

Primary Pattern

Golden Pattern

Load Primary Pattern

Start Reading SPI

FPGA

Set Count=0
Send Read Opcode
Send Address 0

v

Start Reading SPI
Address 0

A 4
A

Address X

JUMP Instruction

A

Preamble

Detected?

Yes

Read JUMP Command &
Golden Pattern Address

h

Send Read Opcode
Send Address JUMP

h

Continue Reading
SPI

A

Retry

No

Release DONE Pin

Wake-Up

Count=Count+1

Drive INITN Low

Yes

Figure 3.1. CrossLink-NX/Certus-NX/CertusPro-NX/MachX05-NX Dual Boot Flow Diagram
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3.1. Description of the CrossLink-NX/Certus-NX/CertusPro-NX/MachXO5-NX Dual
Boot Flow Diagram

This flow is triggered either by power cycle, the PROGRAMN pin being toggled, or by the REFRESH instruction being
received.

When the Dual Boot mode is selected, in addition to the standard CRC check, a time-out check is performed while

reading the Primary pattern, the Golden pattern, and the JUMP command.

e Time-Out Check — CrossLink-NX/Certus-NX/CertusPro-NX/MachX0O5-NX device searches for the preamble code
0xBDCD (0xBDB3 when Byte Wide Bit Mirror is enabled) from the Primary Pattern as part of the configuration
protocol. The number of retries the CrossLink-NX/Certus-NX/CertusPro-NX/MachXO5-NX device attempts is
defined in Control Register 1 [3:2] (Table 3.1).

e Data Corruption Check — After the detection of the preamble code, the CRC engine is turned on to detect whether
or not the bitstream is corrupted. This determines whether the Flash device has a corrupted Primary pattern or
Golden pattern due to Flash program disruption or data loss.

Table 3.1. Control Register 1 [3:2] — Master Preamble Timer Retry Value

Bit 3 Bit 2
No retry 0 0
Retry 1 time 0 1
Retry 3 times 1 0
Reserved 1 1

If the Primary pattern fails one of the two checks above, the CrossLink-NX/Certus-NX/CertusPro-NX/MachX0O5-NX
device knows that the Primary pattern is not valid. It drives the INITN pin LOW briefly to indicate an error and resets
the configuration engine. After clearing all the SRAM fuses, it drives the INITN pin HIGH, and reads the JUMP command
that directs it to the location of the Golden pattern in the Flash.

If the JUMP command is corrupted, it also causes a configuration failure. It is important to note that a corrupted
Golden pattern is not the only possible cause for Dual Boot configuration failure.

If the JUMP command is valid, the CrossLink-NX/Certus-NX/CertusPro-NX/MachX0O5-NX device stops the SPI clock,
drives the INITN pin LOW, resets the configuration engine, and performs a Clear All operation. The device then drives
the INITN pin HIGH after the completion of the Clear All action, restarts the SPI clock, and reads the Golden pattern
from the Flash address designated in the JUMP command.

CrossLink-NX/Certus-NX/CertusPro-NX/MachXO5-NX device performs the same time-out check and CRC check when
searching for the preamble code from the Golden pattern. If the Golden pattern is also corrupted, configuration fails.
The CrossLink-NX/Certus-NX/CertusPro-NX/MachXO5-NX device stops driving the SPI clock, and the INITN pin is driven
LOW.
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4. CrossLink-NX/Certus-NX/CertusPro-NX/MachX0O5-NX
Ping-Pong Boot Mode

The CrossLink-NX/Certus-NX/CertusPro-NX/MachXO5-NX Ping-Pong Boot mode supports booting from two
configuration patterns that reside in an external SPI Flash device (internal flash for MachX0O5-NX family). One pattern is
designated as the Primary pattern and the second pattern is designated as the Secondary pattern.
CrossLink-NX/Certus-NX/CertusPro-NX/ MachXO5-NX boots from the pattern assigned in the Jump table. The Jump
table allows the CrossLink-NX/Certus-NX/CertusPro-NX/MachXO5-NX device to boot from either the Primary pattern or
the Secondary pattern without changing the physical location of the patterns within the Flash. Only the Jump table
needs to be updated to change the boot pattern. The other pattern, by default, becomes the Golden pattern.
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FPGA
Set Count=0
Send Read Opcode
Internal/Extemal Flash Send Address 0
Address 0 l
JUMP Table Read JUMP Table
Address 0
Address X A
. JUMP to Address X*
P Patt i
rimary Pattern Load Primary Pattern Start reading SPI
Start Reading SPI
Address Y y'y L
Y
Address Y Preamble No
Detected?,
Secondary Pattern Load Secondary Pattern
Yes
Retry
ves Jump No
Backup JUMP Instruction Command?
Continue Reading
SPI
Read JUMP Command & |__]
Golden Pattern Address No
r'y Release DONE
Wake-up
Send Read Opcode Yes
Send Address JUMP
A
Count=Count+1 |4
No Yes .
Drive INITN Low
Notes:

1. Assumes Primary Pattern selected
as First Boot option

2.Secondary Pattern becomes the
Golden Pattern in this configuration

Figure 4.1. CrossLink-NX/Certus-NX/CertusPro-NX/MachX05-NX Ping-Pong Boot Flow Diagram
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4.1. Description of the CrossLink-NX/Certus-NX/CertusPro-NX/MachXO5-NX
Ping-Pong Boot Flow Diagram

This flow is triggered either by power cycle, the PROGRAMN pin being toggled, or by the REFRESH instruction being
received.

When Ping-Pong Boot mode is selected, in addition to the standard CRC checking, a time-out check is performed while

reading the Primary pattern, the Secondary pattern, and the JUMP command.

e Time-Out Check — CrossLink-NX/Certus-NX/CertusPro-NX/MachX0O5-NX device searches for the preamble code
0xBDCD (0xBDB3 when Byte Wide Bit Mirror is enabled) from the pattern designated as “First Boot” selection as
part of the configuration protocol. The number of retries CrossLink-NX/Certus-NX/

CertusPro-NX/MachX0O5-NX attempts is defined in Control Register 1 [3:2] (Table 4.1).

e Data Corruption Check — After the detection of the preamble code, the CRC engine is turned on to detect whether
the bitstream is corrupted. This will determine whether the Flash device has a corrupted Primary or Secondary
Pattern due to Flash program disruption or data loss.

Table 4.1. Control Register 1 [3:2] — Master Preamble Timer Retry Value

Bit 3 Bit 2
No retry 0 0
Retry 1 time 0 1
Retry 3 times 1 0
Reserved 1 1

If the “First Boot” pattern fails one of the two checks above, the CrossLink-NX/Certus-NX/CertusPro-NX/MachX0O5-NX
device knows that the pattern is not valid. It drives the INITN pin LOW briefly to indicate an error and resets the
configuration engine. After clearing all the SRAM fuses, it drives the INITN pin HIGH, and reads the JUMP command
that directs it to the location of the other pattern, acting as the Golden pattern, in the Flash.

If the JUMP command is corrupted, it also causes a configuration failure. It is important to note that a corrupted
Golden pattern is not the only possible cause for Ping-ping mode configuration failure.

If the JUMP command is valid, the CrossLink-NX/Certus-NX/CertusPro-NX/MachX05-NX device stops the SPI clock,
drives the INITN pin LOW, resets the configuration engine, and performs a Clear All operation. The device then drives
the INITN pin HIGH after the completion of the Clear All action, restarts the SPI clock, and reads the Golden pattern
from the Flash address designated in the JUMP command.

CrossLink-NX/Certus-NX/CertusPro-NX/MachXO5-NX device performs the same time-out check and the CRC check
when searching for the preamble code from the Golden Pattern. If the Golden Pattern is also corrupted, configuration
fails, stops driving the SPI clock, and the INITN pin is driven LOW.
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5. CrossLink-NX/Certus-NX/CertusPro-NX/MachXO5-NX
Multi-Boot Mode

CrossLink-NX/Certus-NX/CertusPro-NX/MachXO5-NX device Multi-Boot supports booting from up to six patterns that
reside in an external SPI Flash device (up to three patterns for MachXO5-NX internal memory). The patterns include a
Primary pattern, a Golden pattern, and up to four Alternate patterns, designated as Alternate pattern 1 to Alternate
pattern 4.

CrossLink-NX/Certus-NX/CertusPro-NX/MachXO5-NX device boots by loading the Primary pattern from the internal or
external Flash, depending on the device family. If loading of the Primary pattern fails,
CrossLink-NX/Certus-NX/CertusPro-NX/MachXO5-NX device attempts to load the Golden pattern. When a
reprogramming of the bitstream is triggered through the toggling of the PROGRAMN pin or receiving a REFRESH
command, Alternate pattern 1 is loaded. Subsequent PROGRAMN/REFRESH event loads the next pattern defined in the
Multi-Boot configuration. The bitstream pattern sequence, target address of the Golden pattern, and target addresses
of the Alternate patterns are defined during the Multi-Boot configuration process in the Lattice Radiant® Deployment
Tool.

The Multi-Boot flow is similar to the Dual Boot flow (Figure 3.1). Each PROGRAMN/REFRESH event becomes a Dual
Boot event with the addresses being different depending on the pattern being loaded.
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6. Creating a PROM File

The various boot features on the CrossLink-NX/Certus-NX/CertusPro-NX family of devices are simple, requiring only one
external SPI Flash device, and flexible, due to the intelligent use of the JUMP command or table. The Lattice Radiant
software provides a turn-key solution to implement this feature. The Lattice Deployment Tool, part of Lattice Radiant
Software, merges the different patterns and the JUMP command and table into one PROM hex file. The PROM hex file
can later be programmed into the internal or external Flash device using Radiant Programmer or a third-party
programmer.

6.1. Using Radiant Deployment Tool to Create a Dual Boot PROM Hex File

The following steps provide the procedure for generating a Dual Boot PROM hex file using the Radiant Deployment
Tool.
1. Generate the Golden and Primary bitstream files in Lattice Radiant Software.

e Golden bitstream file MCCLK_FREQ (SPI Master Clock Frequency) setting should not exceed the external Flash
device normal/standard read speed.

e MCCLK_FREQ can be configured using the Global tab of the Device Constraint Editor in Lattice Radiant
software.

Invoke Lattice Radiant Deployment Tool from Start > Lattice Radiant Programmer > Deployment Tool.

In the Radiant Deployment Tool window, select External Memory as the Function Type and select Dual Boot as
the Output File Type (Figure 6.1).

4. Select OK.

Radiant Deployment Tool - Getting Started 7 x

(@ Create New Deployment

Function Type: External Memaory -
Output File Type: | Dual Boot -
O Open an Existing Deployment

[
erent Files:
mELETIL L=H

Close

Figure 6.1. Creating New Deployment for Dual Boot PROM Hex File
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Step 1 of 4: Select Input File(s) window (Figure 6.2)

e  Click the File Name fields to browse and select the two bitstream files to be used to create the PROM hex file.

e The Device Family and Device fields auto populates based on the bitstream files selected.

e Select Next.

ﬂ Facant Deployment Tool- project?.ddt”

AMHEH oD EOR LE

External Memory: Dual Boot

Step 1 of 4 Sedect Input File(s)

fi. Mt ('.pd ';hll '.;I;l) bnue Famity
|1 CuFPGA-TN-02145/Bastream_t.bit LIRCL
2 G/FPGA-TN-02145/Bitstresm_2 bat - LIFCL

LFCL-20

LFCL-20

Vth: .

Figure 6.2. Select Input Files Window
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Step 2 of 4: Dual Boot Options window (Figure 6.3)

e  Select the Output Format (Intel Hex, Motorola Hex or Extended Tektronix Hex).

e Select the SPI Flash Size (4, 8, 16, 32, 64, 128, 256 or 512 Mb).

e Select SPI Flash Read Mode (Standard Read, Fast Read, Dual I/O SPI Flash Read or Quad 1/O SPI Flash Read).

e The Radiant Deployment Tool automatically assigns the bitstream files selected in Step 1 to be used for the
Golden pattern and Primary pattern.

e Change the pattern options by clicking on the drop down menu of the respective fields.
e The Starting Address of the Golden pattern is automatically assigned.
e Change the Starting Address of the Golden pattern by clicking on the drop down menu.
e Select the following options as required.
e Byte Wide Bit Mirror — Flips each byte in Intel, Extended Tektronix, or Motorola hexadecimal data files.

For example, OxCD (b1100 1101) can become 0xB3 (b1011 0011) when this is selected.

e Retain Bitstream Header — By default, Radiant Deployment Tool replaces the bitstream header information
(name, version number and date of the file) with OxFF values.

Selecting this option retains the header information that was generated as the header.

e Select Next.

Radiant Deployment Tool- project].ddt” = m} X
File Edit Help

o O = N s = o [ << v [ R i o

External Memory: Dual Boot

Step 2 of 4: Dual Boot Options

Output Format: Intel Hex -

SPI Flash Size (Mb): 128 -

SPI Flash Read Mode: | Standard Read -

Golden Pattern: C:fFPGA-TN-02145/Bitstream_1.bit = | Starting Address: | 0x000ED0QQ hd
Primary Pattern: C:/FPGA-TN-02145/Bitstream_1.bit +

Protect Golden Sector
[ Byte Wide Bit Mirror
[] Retain Bitstream Header

Optimize Memory Space

Previous Mext

Figure 6.3. Dual Boot Options Window
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Step 3 of 4: Select Output File(s) window (Figure 6.4)
e  Specify the name of the output PROM hex file in the Output File 1 field.

e Select Next.

E Radiart Deployenent Tool- peeject ] 48" = m] x

b
15}

AEEH SO E D
Extemal Memeey: Dual Boot

Step 3 of 4: Select Output File(s)

Outgaut Fiel: THO2I4E 0 Boal.res

Figure 6.4. Select Output File Window
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Step 4 of 4: Generate Deployment window (Figure 6.5)

Review the summary information.

To exit, select File > Exit.

If everything is correct, click the Generate button.

Save the deployment settings by selecting File > Save.

The Generate Deployment pane should indicate that the PROM file was generated successfully.

B Raciant Deployment Tool- propect . ddt”

pon L L= SO - R~ B < I
External Memary: Dwal Boot
Step 4 of 4: Generate Deployment

L E

OQutpus Format: Inzel Fex
SPI Flash Sise Mo 13%
SPI Tlash Sead Mode
Colden Pavvern: <
Coldun Stazting Ad
Frimazy Jettezn: g
Fzosec: Golden Sectoc:
P e i P W e ... SN,

Izpar File 1o Co/FRGR-TH-02148/Bitetres= Il bis
Izpar Filw 2@ Co/FRGR-TH-02133/Bizetreas I.bicz

—
| Command Live

| "Cofsccirogranmer /2.0 bnMnts4ddiond” oft -boot dev LIFC. 40 gaden T: FFGA-TN G214581strean_Lbxt" goldenadd Owd02E0000 primary T FPGA-TH 02145 Btstream_Lbe" format nt
| ashmze 120 quedt | of "TAPGA-TN-02145 00l _Boot.mes”

|

| Rinading Goldden Input Fle: COFPGA-TH-02145/Btatrewm_Lint
ONOIEN000

| User Specfy Golden Address !
l%kﬂﬂ": Start (OOOENG00 End 0wl TADOOO

| Sector Ce00PPO000: 1MP:

: Coe20200000.
| Sector Ow000EQ020: C:FPGA TNO2145Bitstream_Lbw,

| Pormeat: intel Hex

| Otput Fle: C: FPGATNO2 14500l _Boot.mes
\.'nwwvm.

TW'M Troel rex PROM Fe.....

| Successfully generate fie(s)

ILW TNOZIAS D Boolmex

| Lattice Radant Degloyrend Took ha eated successily.

Figure 6.5. Generate Deployment Window
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6.2. Using the Lattice Deployment Tool to Create a Ping-Pong Boot PROM Hex File

The following steps provide the procedure for generating a Ping-Pong boot PROM hex file using the Radiant
Deployment Tool.

1. Generate the Primary and Secondary bitstream files in Lattice Radiant software.

e  When the Primary or Secondary bitstream is the second boot option, it by default becomes the Golden
bitstream.

e Golden bitstream file MCCLK_FREQ (SPI Master Clock Frequency) setting should not exceed the external Flash
device normal/standard read speed.

e MCCLK_FREQ can be configured using the Global tab of the Device Constraint Editor in Lattice Radiant
software.

Invoke Lattice Radiant Deployment Tool from Start > Lattice Radiant Programmer > Deployment Tool.

In the Radiant Deployment Tool window, select External Memory as the Function Type and select Ping-Pong Boot
as the Output File Type (Figure 6.6).

4. Select OK.
Radiant Deployment Tool - Mew Deployment ? >
Function Type: External Memory v
Output File Type: | Ping-Pong Boot M

Figure 6.6. Creating New Deployment for Ping-Pong Boot PROM Hex File
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Step 1 of 4: Select Input File(s) window (Figure 6.7)

e  Click the File Name fields to browse and select the two bitstream files to be used to create the PROM hex file.
e The Device Family and Device fields auto populates based on the bitstream files.

e Select Next.

ﬂ Radiart Deployment Tool- peoject3.ddt*

fEEl SRR e 2B
External Memory: Ping-Pong Boot

Step 1 of 4: Seloct Inpet Fe(s)

' Fle Mame ("5t *sbt} Device Family
1 C/FPGA-TN-D2145/Bnstream_1 be LIFCL

| 2 CUFPGA-TN-02145/Bitstswam_2.bit w! LIFCL

l'lt.u;

Figure 6.7. Select Input Files Window
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Step 2 of 4: Ping-Pong Boot Options window (Figure 6.8)

Select the Output Format (Intel Hex, Motorola Hex, or Extended Tektronix Hex).
Select the SPI Flash Size (4, 8, 16, 32, 64, 128, 256 or 512 Mb).
Select SPI Flash Read Mode (Standard Read, Fast Read, Dual I/O SPI Flash Read or Quad 1/0O SPI Flash Read).

The Radiant Deployment Tool automatically assigns the bitstream files selected in Step 1 to be used for Primary
and Secondary Patterns.

Change the pattern options by clicking on the drop down menu of the respective field.

The Starting Address of the Primary Pattern is automatically assigned and can be modified by clicking on the
drop down menu.

The Starting Address of the Secondary Pattern is automatically assigned and can be modified by clicking on the
drop down menu.

Select the following options as required.

Generate Jump Table Only — Generates a JUMP table to select an image for booting without changing the
physical location of the images in the external SPI Flash.

For example, a JUMP table file can be created to attempt to load Bitstream_2.bit file first. This new JUMP
table file can be programmed to the external Flash to overwrite the previous JUMP table file.

Byte Wide Bit Mirror — Flips each byte in Intel, Extended Tektronix or Motorola hexadecimal data files

For example, OxCD (b1100 1101) becomes 0xB3 (b1011 0011) when this is selected.

Retain Bitstream Header — By default, Radiant Deployment Tool replaces the bitstream header information
(name, version number and date of the file) with OxFF values.

Selecting this option retains the header information that was generated as the header.

Select Next.

Radiant Deployment Tool- project0.ddt* - O x

O i == R 15 === =5 = v R " R P . 0
External Memory: Ping-Pong Boot

Step 2 of 4: Ping-pong Boot Options

Cutput Format: Intel Hex A

SPI Flash Size (Mb): 128 hd

SPI Flash Read Mode: Standard Read >

Primary Pattern: C: [FPGA-TN-02145Bitstream_ 1.bit ¥ | Starting Address: | 0x00010000 -
Secondary Pattern: C: [FPGA-TN-02145/Bitstream_2.bit ¥ | Starting Address: | Ox000ED000 -
First Boot Selection: Primary Pattern s

[] Generate Jump Table Only
[ Byte wide Bit Mirror
[ Retain Bitstream Header

Previous Mext

Figure 6.8. Ping-Pong Boot Options Window
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Step 3 of 4: Select Output File(s) window (Figure 6.9)

e Select Next.

Specify the name of the output PROM hex file in the Output File 1 field.

Output File1:

] Radiant Deployment Tool- project0.ddt

A E ISCI-=C i
External Memory: Ping-Pong Boot

Step 3 of 4: Select Qutput File(s)

B mE L E

gy |

CiFPGA-TN-02145/Ping-Fong_Boot.mcs

Previous Mext

Figure 6.9. Select Output File Window
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Step 4 of 4: Generate Deployment window (Figure 6.10)

e  Review the summary information.

e If everything is correct, click the Generate button.

e The Generate Deployment pane should indicate the PROM file was generated successfully.
e Save the deployment settings by selecting File > Save.

e To exit, select File > Exit.

B Radant Deployment Tool- peojectl.ddr® — =] X

nEH DGR w £ 8
Oxtermal Memory: Ping-Pong Boot
Step 4 of 4: Generate Deployment

Deployment Tool Semeary A

Inpuu File 1: CL/FTPOR-TN-CIl45/Bitsuresn l.bic
Inpat File 3 Co/TPGA-TH-0J145/Ricstrean 2 bis

Opzions:
Cutput Tormat: insel Hex
SP1 Flaah Size (M) 128
SPI Flash Reasd Mode Szandard Read
Prinary Pattern: C/FPGA-TH-0314%/Ritstresm i bic
Prizaczy Starcing Addreas: Ox00010000
Seccedary Patters C:/EPCA-IN-02I46/Bivscrean 2 bin
Secondary Starting Address: 0x0GUECO0C
Byte Wide Bir Mirrcz: Off
Rotain Bicavzess Header: Off et

( Une
“Cs fsccforogrammes (2. 0fbnntth4ddiond” -oft pngoong -dev LIFCL 40 prmary "CAPGA-TN-02145 Bastrasm | L.bt™ -primeryadd Ox000 10000 -secondary "C: FPGA-TN-02145/
Distreanm_2 bit" -seconderyadd (x000E0000 -format nt -Aadheize 128 of "C; FPGA-TNO2145P 00 Pong_Boot mcs'

PingPong Boot Secondary Sectors: Start 0x000E0000 S Ox 1H0000 -

Sector (x0OFFO000: JUMP: 0000000,

Sector (xOOMECO00: C: FPGA-TN-02135Btstrese_2_tmp it
Format: Intef Hex

Output Fe; C;FPGA-TN-021458ng-Pong_BSoot.ncs

Start generabon.

Generating Intel Hex PROM Me....,

Successfully generate fle(s)
CIFPGA-TN-O2 145'PiIngFong_Boot.mes
umwwndmswmﬁl_p -

Figure 6.10. Generate Deployment Window
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6.3. Using Radiant Deployment Tool to Create a Multi-Boot PROM Hex File

The following steps provide the procedure for generating a Multi-Boot PROM hex file using the Radiant Deployment
Tool. This procedure is an example for four total bitstreams, Primary Pattern, Golden Pattern, Alternate Pattern 1 and
Alternate Pattern 2.
1. Generate all the bitstream files needed in Lattice Radiant Software.
e Golden bitstream file MCCLK_FREQ (SPI Master Clock Frequency) setting should not exceed the external Flash
device normal/standard read speed.
e MCCLK_FREQ can be configured under the Global tab of the Device Constraint Editor in Lattice Radiant
software.
Invoke Lattice Radiant Deployment Tool from Start > Lattice Radiant Programmer > Deployment Tool.

In the Radiant Deployment Tool window, select External Memory as the Function Type and select Advanced SPI
Flash as the Output File Type (Figure 6.11).

4. Select OK.
Radiant Deployment Tool - New Deployment ? >
Function Type: External Memaory v
Output File Type: | Advanced SPI Flash -

Gese

Figure 6.11. Creating New Deployment for Multi-Boot
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Step 1 of 4: Select Input File(s) window (Figure 6.12)

e  Click the File Name field to browse and select the primary bitstream file to be used to create the PROM hex file.

e The Device Family and Device fields auto populates based on the bitstream files selected.

e Select Next.

B Radiant Deployment Tool- project2.ddt™

"EH R LE 2B
Extermal Memory: Advanced SPI Flash
Step 1 of 4: Select Input File(s)

File Name (it *.ribt “.hin "hex)
1 CUFPGA-TN-C2145/Bitstream_1.b1t - UL

Device Family

Device
LIFCL-40

Ravos

Hext

Figure 6.12. Select Input File Window
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Step 2 of 4: Advanced SPI Flash Options window (Figure 6.13)

e Go to the Options tab.

e Select the Output Format (Intel Hex, Motorola Hex or Extended Tektronix Hex).

e Select the SPI Flash Size (4, 8, 16, 32, 64, 128, 256 or 512 Mb).

e Select SPI Flash Read Mode (Standard Read, Fast Read, Dual I/O SPI Flash Read or Quad 1/0O SPI Flash Read).

e Select the following options as required:

e Byte Wide Bit Mirror — Flips each byte in Intel, Extended Tektronix, or Motorola hexadecimal data files
For example, OxCD (b1100 1101) becomes 0xB3 (b1011 0011) when this is selected.

e Retain Bitstream Header — By default, Radiant Deployment Tool replaces the bitstream header information
(name, version number and date of the file) with OxFF values. Selecting this option retains the header
information that was generated as the header.

e  Optimize Memory Space — By default, the Radiant Deployment Tool uses the worst case file size for SPI Flash
memory space allocation.

a. Worst case size is an uncompressed bitstream with maximum EBR and PCS. This allows maximum
flexibility for field upgrades. If a new Primary Pattern file size grows significantly due to less compression
or adding EBR blocks, it is guaranteed to fit in the sectors already allocated for Primary Pattern.

b. When this option is selected, the Radiant Deployment Tool uses the actual file size for the address
allocation. This reduces wasted SPI Flash space and may allow for a smaller Flash device. If one or more of
the new patterns have smaller compression ratio or more EBR/PCS, the new pattern(s) can encroach into
another pattern bitstream memory space. If this occurs, the entire SPI Flash needs to be erased/
re-programmed with a new Hex file.

e  Go to the Multiple Boot tab (Figure 6.14).
e Select the Multiple Boot option.

e C(Click on the Golden Pattern browse button to select the Golden Pattern bitstream.
e The Starting Address of the Golden Pattern is automatically assigned. Change the Starting Address of the
Golden Pattern by clicking on the drop down menu.

e Select the following option as required:
Protect Golden Sector — By default, the golden sector, where the Golden Pattern is stored, is located immediately
after the primary sector to save SPI Flash space. When this option is selected, the Golden Pattern location is moved
to the first sector in the upper half of the SPI Flash. The new location is reflected in the Golden Patten Starting
Address field. This protects the Golden Pattern from accidental erase/reprogram by protecting the upper half of
the SPI Flash when it is programmed.

e In the Number of Alternate Patterns field, select the number of alternate patterns to include through the drop
down menu.
e Inthe Alternate Pattern 1 field, click on the browse button to select the first alternate pattern.
e The Starting Address of Alternate Pattern 1 is automatically populated. You can change the Starting Address of
Alternate Pattern 1 by clicking on the drop down menu.
e The Next Alternate Pattern to Configure field is automatically populated.
e This is the pattern that is loaded during the next PROGRAMN/REFRESH event. You can change the pattern by
clicking on the drop down menu.
e Inthe Alternate Pattern 2 field, click on the browse button to select the second alternate pattern.

e The Starting Address of Alternate Pattern 2 is automatically populated. You can change the Starting Address of
Alternate Pattern 2 by clicking on the drop down menu.

e The Next Alternate Pattern to Configure field is automatically populated.
e This is the pattern that is loaded during the next PROGRAMN/REFRESH event. You can change the pattern by
clicking on the drop down menu.

e Select Next.
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Figure 6.13. Advanced SPI Flash Options — Options Tab Window
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Radiant Deployment Tool- project2.ddt” — O *
AEH DR DR 2 E
External Memory: Advanced SPI Flash
Step 2 of 4: Advanced SPI Flash Options
Options User Data Files Multiple Boot

Multiple Boot

Golden Pattern: C:FPGA-TM-02145/Bitstream_2.bit hd

Starting Address: 0x00DEDOOD hd

[ protect Golden Sector

Number of Alternate Patterns: 2 A
Alternate Pattern 1: | C:/FPGA-TN-02145/Bitstream_3.bit -
Starting Address: 0x001C0000 -
Mext Alternate Pattern to Configure: | Alternate Pattern 2+
Alternate Pattern 2: | C:/FPGA-TN-02145/Bitstream_4.bit -
Starting Address: 0x00280000 b
Mext Alternate Pattern to Configure: |Primary Pattern -
Alternate Pattern 3: e
Starting Address: *
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Figure 6.14. Advanced SPI Flash Options — Multiple Boot Tab Window
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Step 3 of 4: Select Output File(s) window (Figure 6.15)
e  Specify the name of the output PROM hex file in the Output File 1 field.

e Select Next.

B Racsamt Deployment Took projects.dor - m] x
EE ToEEDE 2B
L | Memory: Adh d SP1 Mash
Step 3 of 4: Select Output Fle(s)
Outpot Fe L [ C:/FPGA TN 21458t Boot_4 Sitweams.rice v
Brevous fet

Figure 6.15. Select Output File Window
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Step 4 of 4: Generate Deployment window (Figure 6.16)

e  Review the summary information.

e If everything is correct, click the Generate button.

e The Generate Deployment pane should indicate the PROM file was generated successfully.
e Save the deployment settings by selecting File > Save.

e  To exit, select File > Exit.

Radiant Deployment Tool- project5.ddt* - O X
File Edit Help
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address 0x002B0000 -next prim -of "C: [FPGA-TN-02145/Multi-Boot_4_Bitstreams.mcs”™

Sector Ox000E0000: C:/FPGA-TN-02145/Bitstream_2.bit. ~
Sector Ox00FFFFO0: JUMP: Ox000EQQ00.
MultiBoot Golden Sectors: Start 0x000E0000 End 0x001A0000

Reading Alternate Pattern File: C:\FPGA-TN-02145\Bitstream_3.bit
Reading Alternate Pattern File: C:\FPGA-TN-02145\Bitstream_4.bit
Format: Intel Hex

Qutput File: C:FPGA-TN-02145/Multi-Boot_4_Bitstreams.mcs
Sector 0x001C0000: C:\FPGA-TN-02145\Bitstream_3.bit.

Sector 0x002B0000: C:\FPGA-TN-02145'Bitstream_4.bit.

Start generation.

Generating Intel Hex PROM File.....

Successfully generate file(s)
C:\FPGA-TN-02145'Multi-Boot_4_Bitstreams.mcs

Lattice Radiant Deployment Tool has exited successfully. w

Previous Generate

Figure 6.16. Generate Deployment Window
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7. Programming the Dual Boot, Ping-Pong Boot, or Multi-Boot

Pattern into the External SPI Flash Device

The following procedure is for programming a Dual Boot, Ping-Pong Boot, or Multi-Boot Pattern into the SPI Flash
Device using Radiant Programmer:

1.
2.

Connect power to the board and connect a download cable from the board to the PC.

Invoke Radiant Programmer using one of the following methods:

e In Radiant Software window, select Tools > Programmer;

e In Radiant Software window, select the Programmer icon (@) in the Radiant toolbar;

e Inthe Windows Start menu, select Start > Lattice Radiant Programmer > Radiant Programmer;
e Inthe Windows Start menu, select Start > Lattice Radiant Software > Radiant Programmer.
Radiant Programmer — Getting Started window opens (Figure 7.1).

e Select Create a New Project from a Scan, or Create a new blank project, or Select Open an existing
programmer project.

e Select Detect Cable to scan the PC to determine what cable is connected. Or, manually select the type of Cable
and Port.

e Select OK.

Select the Operation field by moving the cursor over it and double clicking the left mouse button.
The Device Properties window opens (Figure 7.2).

e  For Target Memory, select External SPI Flash Memory (SPI Flash).

e  For Port Interface, select JTAG2SPI.

CrossLink-NX/Certus-NX/CertusPro-NX and Radiant Programmer automatically takes care of the details to
connect the JTAG port pins to the SPI interface pins and to program the external SPI Flash device via the JTAG
port.

e For Access Mode, select Direct Programming.
e  For Operation, select Erase, Program, Verify.
e  For Programming File, browse to select the .mcs file.

e Inthe SPI Flash Options field, specify the Family, Vendor, Device, and Package of the Flash device used on the
board.

e  For Data File Size (Bytes), click on the Load from File button.

e  Click the OK button.

Program the external Flash device with one of the following methods:
e In the Radiant Programmer window, select Run > Program Device.

e In the Radiant Programmer window, click on the Program Device icon (* ) in the toolbar.
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£3 Radiant Programmer - Getting Started ? >

MNew Project:

Project Mame: |Ur1ﬁt|ed |

Project Location: | C:/FPGA-TN-02145 ~| | Browse...

@ Create a new project from a scan

Cable: |HW-USBN-2B (FTDI) ¥  Port: FTUSE-O - Detect Cable
TCK, Divider Setting (0-30x): IEI
() Create a new blank project

Open Project:

O Open an existing programmer project

D:\D_Projects\Jedi TM'Blinking_LED \sourcelimpl_1. xcf Browse. ..

QK Cancel

Figure 7.1. Radiant Programmer — Getting Started Window
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£3 LIFCL - LIFCL-40 - Device Properties et
General Device Information
Device Operation
Target Memaory: External SPI Flash Memary (SPI FLASH) -
Port Interface: SSPIZSPI -
Access Mode: Direct Programming 7
Operation: Erase,Program,Verify =
Programming Options
Programming file: |C:,."FPGA—TN—UEHE,."DUEI_Euut.mcs
5PI Flash Options
Farmily: SPI Serial Flash -
Vendar: Macronix -
Device: MX25L12833F ~
Package: 8-pin SOP -
SPI Programming
Data file size (Bytes): |1E?'}"]"030 Load from File
Start address (Hex): 0x00000000 -
End address (Hex): Ox00FFO000 -
|:| Erase SPI part on programming error
[] secure SPI flash golden pattern sectors
Ok Cancel

Figure 7.2. Radiant Programmer — Device Properties Window
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8. Programming the Dual Boot, Ping-Pong Boot, or Multi-Boot
Pattern into the Embedded Flash

The following procedure is for programming a Dual Boot, Ping-Pong Boot, or Multi-Boot Pattern into the embedded
Flash, such as MachXO5 device, using Radiant Programmer:

1. Connect power to the board and connect a download cable from the board to the PC.
2. Invoke Radiant Programmer using one of the following methods:
e In Radiant Software window, select Tools > Programmer;
e In Radiant Software window, select the Programmer icon (@) in the Radiant toolbar;
e Inthe Windows Start menu, select Start > Lattice Radiant Programmer > Radiant Programmer;
e Inthe Windows Start menu, select Start > Lattice Radiant Software > Radiant Programmer.
3. Radiant Programmer — Getting Started window opens (Figure 7.1).

e Select Create a New Project from a Scan, or Create a new blank project, or Select Open an existing
programmer project.

e Select Detect Cable to scan the PC to determine what cable is connected. Or, manually select the type of Cable
and Port.

e Click OK.

Select the Operation field by moving the cursor over it and double clicking the left mouse button.
5. The Device Properties window opens (Figure 8.1).

e  For Target Memory, select Flash Configuration Memory.

e  For Port Interface, select JTAG.

e For Access Mode, select Direct FLASH Programming.

e  For Operation, select Erase, Program, Verify.

e  For CFGx Programming Files, browse to select the .jed files.

e  C(Click the OK button.

e  Refer to MachX0O5-NX Programming and Configuration User Guide (FPGA-TN-02271) for designation of
primary boot and secondary boot.

6. Program the embedded Flash device with one of the following methods:
e In the Radiant Programmer window, select Run > Program Device.

e In the Radiant Programmer window, click on the Program Device icon () in the toolbar.
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Figure 8.1. Radiant Programmer — Device Properties Window
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Technical Support Assistance

Submit a technical support case through www.latticesemi.com/techsupport.

For frequently asked questions, refer to the Lattice Answer Database at
www.latticesemi.com/Support/AnswerDatabase.
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