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1 Introduction
The primary purpose of this document is to describe the basic composition of the fbBASIC image for the Silicom 
fb4CGg3 – 4 x QSFP28unconfigured FPGA card. This includes the toolset delivered by Silicom for programming 
the FPGA and accessing registers, and also gives an overview of the hardware with emphasis on interfacing to the 
FPGA.

Silicom delivers together with all its cards an fbBASIC image. fbBASIC has the purpose of serving as the image that 
is used during production test at Silicom to exercise/test all interfaces and hardware elements connected to the 
FPGA, but also to serve as example/”how to” interface to all other hardware present on the card. Constraints for all 
pins can be found in the fbBASIC image. The source code for this mage is delivered as is and can freely be included 
in parts or all, as long as it is understood that it is restricted to be used on Silicom boards ONLY. 

Typical use cases for this card include:

•  Line rate data capture

•  Low latency networking 

•  In-line acceleration of compression, encryption and similar

•  Video streaming applications

The fb4CGg3 card can be mounted with different versions of both Virtex Ultrascale and Virtex Ultrascale+ FPGAs. 
This document covers both the Ultrascale and Ultrascale+ variants. Beside for the internal FPGA architecture and 
speed are there two major differences.

For Virtex Ultrascale+ devices:

•  The FPGA supports up to PCIe gen3 x16.

•  100GE Ethernet Hard IP core supports RS-FEC.

For Virtex Ultrascale devices:

•  The FPGA supports up to PCIe gen3 x8. The card supports bifurcation with two x8 endpoints in the PCIe 
connector.

•  100GE Ethernet Hard IP core does NOT support RS-FEC. This can only be implemented with soft core.
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2 fbBASIC package contents

2.1 Software & Driver
The card is associated with a software utility called fbUpdate and a simple driver. This utility/driver is supplied 
by Silicom as a Linux package. The user first must build both fbupdate and driver, then load the driver onto his 
system of choice:

Driver build:

./make

fbupdate build:

./make -f makefile_fbupdate

Load driver:

./load_driver.sh

When the fbBASIC image is running, the utility can be used to program a new FPGA image to on-board flash and 
to read/write registers in the FPGA. The following commands are available:

Load to flash of primary image:

./fbupdate --flash <file>

Load to flash of secondary image:

./fbupdate --flashsafe <file>

Read or write register in the FPGA registers:

./fbupdate -c reg r|w <register> <data>
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3 fbBASIC image contents
Fig. 1:   fb4CGg3 block diagram

  

As mentioned in the introduction, Silicom supplies a default configuration - an fbBASIC image - that the card 
programmer can use as a starting point for the development of new images for this card. The block diagram 
pictured above functions as an overview of the image, while the subsequent sections/chapters of this document 
provide a brief description of the individual blocks. All blocks are delivered either as source code or as Xilinx IP 
Cores.
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3.1 FPGA-connected memory
There are up to 4 memory interfaces available on the card. Two on-board DDR4 and two SO-DIMM connectors 
with different memory type options.

3.1.1 DDR4 Memory Blocks

The board includes two banks of on-board DDR4 memory, connected to the Xilinx FPGA. The two banks each 
consist of 4 pcs. Micron MT40A512M16 512Mx16 devices, organized as 64-bit wide banks of 4GBytes each. The 
on-board DDR4 memory operates at 2400 MT/s.

3.1.2 SODIMMs

Two SO-DIMM slots (260-pin) can be used to mount additional memory of the following type:

•  64-bit DDR4@2133MT/s 4 GB

•  36-bit QDRII+ @633Mhz 288 Mb (Optional @550Mhz 576Mbit)

•  36-bit SQIVe/QDRIV @800Mhz 288 Mb

The Silicom-supplied FPGA code is targeted at the Micron MTABATF51264HZ 4GBytes DDR4 module, operated at 
2133 MT/s.

Separate FPGA code with controllers for both QDRII+ and SQIV can be supplied along with the modules.

3.1.3 DDR4 Core

The DDR4 controller in the design is generated by using the Xilinx Memory Interface Generator (MIG).

For further information, see Xilinx UltraScale Architecture-Based FPGAs Memory IP product guide (PG150).

3.1.4 Memory test block

Silicom internal test block, used in production for validating the memory and the physical connections to the on-
board as well as the memory in the SO-DIMM connectors. This block can be removed when an application design 
is created.
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3.2 Ethernet/network
The network connections consist of 4 x QSFP28 connections. The fbBASIC reference design supports 4 x 100GE 
without Forward Error Correction (RS-FEC).

The following speed options are supported on each of the four QSFP28 by changing the PCS/PMA and MAC layer 
in the FPGA:

•  4 x 10GE

•  4 x 25GE

•  1 x 40GE

•  2 x 50GE

•  1 x 100GE

3.2.1 CMAC

The 100GE network interface in the fbBASIC reference design is generated by using the Xilinx built- in hard IP block 
CMAC. For more information, see Xilinx UltraScale Devices Integrated 100G Ethernet (PG165).

3.2.2 I2C Controller

The I2C controller works as a management interface for the QSFP28 modules. The controller handles four I2C 
busses - one for each QSFP28 module with the QSFP28 modules having the same physical address on separate 
I2C busses.

3.2.3 QSFP28

fb4CGg3 has four (up to) 100Gbit/s network interfaces exposed as QSFP28 slots.

Use standard QSFP28 fiber optical plugs or direct-attach cables to connect to external link partners.

QSFP28 data lanes and control signals are connected to the Xilinx FPGA. Four bi-color (green/red) LEDs per 
QSFP28 slot are controlled by the Xilinx FPGA.

3.2.4 Pkt Gen Mon test block

Silicom internal test block, used in production for validation of the physical QSFP connections by utilizing the 
CMAC. When an application design is created, this block can be removed.
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3.3 Configuration
Board housekeeping duties are performed by a bootloader, which controls most power supplies (voltage levels, 
power sequencing, voltage and current monitoring), as well as the PLL clock generator.

3.3.1 Bootloader & Flash

The bootloader transfers the FPGA image from on-board flash memory to the Xilinx FPGA using the Xilinx slave 
SelectMAP x16 configuration mode. Attached to the bootloader are two flash chips, containing a primary and 
a secondary FPGA image. If the primary image is missing or fails to be programmed, the bootloader will try to 
program the secondary image.

The bootloader reads out the configuration from one of the attached flash chips and programs the FPGA when 
the power on the card reaches stability following a power-on sequence. It is possible to re-program the FPGA with 
a primary or secondary FPGA image at runtime, but be aware that the PCIe endpoint will disappear from the PCIe 
bus, which can cause the server/OS to crash if it is not handled accordingly.

3.3.2 SPI Master

The SPI interface between the FPGA and the bootloader is used to transfer information and operations between 
the two. The bitfile with the FPGA image can be transferred via the SPI interface to the bootloader that programs 
it into one of the selected flash chips.

3.4 PCIe
Depending on the type of FPGA mounted on the fb4CGg3 card will the PCIe configuration differ.

For Virtex Ultrascale+ devices:

•  The FPGA supports up to PCIe gen3 x16.

•  The physical connections on the card are wired so the PCIe connector supports x16 PCIe slot.

For Virtex Ultrascale devices:

•  The FPGA supports up to PCIe gen3 x8.

•  The physical connections on the card are wired so the PCIe connector supports bifurcation with 2x  gen3 
x8. This can only be utilized if the server supports bifurcation as well. If the server does not support 
bifurcation, it is recommended to have only one PCIe endpoint in the design, since there is no guarantee 
which PCIe endpoint will enumerate in a x16 PCIe slot.

3.4.1 PCIe Core

The PCIe core in this design is generated by using the Xilinx built-in hard IP block for PCI Express. Around the PCIe 
core are TX and RX blocks that does the TLP translation.
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For Virtex Ultrascale+ devices:

•  This design will have one PCIe endpoint supporting either gen3 x8 or gen3 x16.

For more information, see Xilinx UltraScale+ Devices Integrated Block for PCI Express (PG213).

For Virtex Ultrascale devices:

•  This design will have two PCIe endpoints supporting 2 x gen3 x8 bifurcation.

•  The Register Interface will only be connected to the primary endpoint connected to lane 0-7.

•  The secondary endpoint on lane 8-15 will enumerate and be shown with “lspci”, but it is not connected 
to any internal logic.

For more information, see Xilinx UltraScale Devices Gen3 Integrated Block for PCI Express (PG156).

3.4.2 Register Interface

The register block in this design has both 32-bit and 64-bit registers for the different test blocks and miscellaneous 
setup. It can easily be refactored and extended to be used in another application.

3.4.3 DMA test block

Silicom internal test block, used in production for stress testing the PCIe interface with a lot of transactions. When 
an application design is created, this block can be removed.

3.5 Other fbBASIC modules

3.5.1 System monitor

System monitoring is done via the Xilinx System Monitor IP block for reading of FPGA die temperature as well as 
core and VCC_AUX voltages.

For further information, see Xilinx UltraScale Architecture System Monitor (UG580).

3.5.2 Fan monitor

Counts the three individual Tacho outputs from the fans and exposes the value to the register interface. This 
makes it possible to discover if a fan error occurs.

3.5.3 LED serial controller

Interface block that will translate the desired states of the activity/link LEDs to a serial stream of data to enable/
disable LED light. Using this block, it will look like the LEDs were connected directly to a I/O pin on the FPGA. 

The LED controller is by default controlled by the firmware.
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3.5.4 PLL

The main clock source on the board is a SiLabs Si5341 PLL, operating from a 50MHz TCXO. It provides the following 
clocks for the FPGA:

•  4 x differential 161,13 MHz - one for each of the QSFP28 interfaces

•  4 x differential 266,66 MHz - one for each memory interface

•  Single-ended 50 MHz - can be used for miscellaneous purposes

3.5.5 Startup seq.

The Startup sequencer releases the reset to the four memory interfaces and the four 100G Ethernet interfaces 
in a stage sequence to limit the inrush current to the FPGA when the FPGA comes out of reset. It is highly 
recommended to reuse this block in all designs and to extend it with more reset domains if there are greater 
parts of the design that use the same reset domain.

3.5.6 Clock count module

Silicom internal test block, used in production for validation of the different clock domains in the FPGA. This block 
can be removed when an application design is created.

3.5.7 DNA

Xilinx Ultrascale/Ultrascale+ FPGAs contain an embedded, unique device identifier (device DNA). The identifier is 
non-volatile and permanently programmed into the FPGA. It is unchangeable, which makes it tamper resistant.

The DNA block reads out the Xilinx DNA serial string in the FPGA. This string is available in the register of the 
design, and the upper 64 bits of the 96-bit string are available in the PCIe configuration space.

For further information on the DNA Port IP, see Xilinx user guide UltraScale Architecture Configuration (UG570).

3.5.8 PPS test block

Silicom internal test block, used in production for validating the connectivity of the PPS input and output. This 
block can be removed when an application design is created.
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