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Introduction

The PMA 64B66B Gearbox core is designed to bridge both the 64-bit to 66-bit PCS encoding
IP and the PMA Direct 64-bit interface. The PMA 64B66B Gearbox core is responsible

for converting the incoming data from the PCS encoding IP into the physical medium
attachment (PMA) interface for the TX direction and vice-versa.

Use the IP Manager to select IP, customize it, and generate files. The PMA 64B66B Gearbox
core has an interactive wizard to help you set parameters. The wizard also has options to
create a testbench.

Features

*  Converting 66-bit to 64-bit data stream for TX direction

* Converting 64-bit to 66-bit data stream for RX direction

* Single clock with a valid and ready handshake that supports data rate from 6 Gbps to 16 Gbps
*  Maximum frequency targeting 250 MHz + 15% margin

* Gearbox Direction parameter for either TX or RX, or both

Device Support

PMA 64B66B Gearbox core is supported in Titanium and Topaz FPGAs with transceivers.
Refer to the and to get the latest device list
that supports transceivers.
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Resource Utilization

Note: The resources and performance values provided are based on some of the supported FPGAs.
These values are just guidance and may change depending on the device resource utilization, design
congestion, and user design.

Table 1: Resource Utilization

For Titanium and Topaz devices.

FPGA Mode Logic XLR Logic | Flip-Flop | Memory | DSP Block Efinity®
Elements Block Version'"
(Logic,
Adders,
Flip-
flops, etc.)
Ti375 Single clock 1,584 1,243 341 0 0 2026.1
N1156
C4 and
Tz325
N900 C3

@ Note:

* For Titanium device,

— Bandwidth target = 16 Gbps
— Maxmimum frequency = 250 * 1.15 = 287.5 MHz (3.478 ns)
— The resource utilization data is derived based on the default settings.

* For Topaz device,

— Bandwidth target = 12.5 Gbps
— Maxmimum frequency = 195.31 * 1.15 = 224.6 MHz (4.452 ns)

- GB_CLK =4.591 ns
— The resource utilization data is derived based on the default settings.

Release Notes

You can refer to the IP Core Release Notes for more information about the IP core changes.
The IP Core Release Notes are available on the page under each Efinity
software release version.

@ Note: You must be logged in to the Support Center to view the IP Core Release Notes.

M System Verilog 2005.
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Functional Description

The PMA 64B66B Gearbox core does the following functions:
* Converts 64-bit to 66-bit data stream for RX through the 64b66b gearbox.
* Converts 66-bit to 64-bit data stream for TX through the 64b66b gearbox.

Figure 1: Overview of PMA 64B66B Gearbox core
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Clock Sources

There are 2 independent clock sources attached to the PMA 64B66B Gearbox core. The clock
frequency listed is only for the maximum frequency supported by the core.

The PMA runs on a frequency of 16 Gbps/64 bit = 250 MHz

Table 2: Clock Sources in the PMA 64B66B Gearbox Core

Clock Name Frequency (MHz) Mode Description

PMA_TX_CLK 250 SINGLE_CLOCK FPGA transceiver forwarded clock for
and DUAL_CLOCK source synchronous.

PMA_RX_CLK 250 SINGLE_CLOCK Recovered clock from the FPGA
and DUAL_CLOCK transceiver (PMA Direct)

www.efinixinc.com
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Reset Signals

The PMA 64B66B Gearbox core has 2 reset signals. These signals are asynchronous.
However, it is possible to assert the tx_rst nand rx_rst nindependently.

Table 3: Reset Sources in the PMA 64B66B Gearbox Core

Clock Name Domain Description

tx_rst_n - Asynchronous reset. User needs to deassert
synchronous to pma_tx_clk.

rx_rst_n - Asynchronous reset. User needs to deassert
synchronous to pma_rx_clk.

Reset Handshake with FPGA Transceiver

The reset signals of tx_rst nand rx_rst n for the PMA 64B66B Gearbox core must be
the last to be brought up after all the other blocks have been initialized.

Reset Handshake for Single Clock Mode

In SINGLE_CLOCK mode, the tx_rst norrx_ rst n must hold until all configurations
are ready and the programming has been stabilized. Once the tx rst norrx rst n has
been released, it takes 2 clock cycles to start the 64b66b gearbox in both directions. On the
TX side, the tx_gb ready asserts after 2 clock cycles.

Figure 2: SINGLE_CLOCK Mode Waveform

From rx_rst nto start of the RX data.
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www.efinixinc.com




PMA 64B66B Gearbox Core User Guide

Gearbox Interface

The gearbox interface has 66 bits of data and are connected to the 64B66B PCS encoding
module.

TX Gearbox 66-bit

The TX gearbox allows for 66 bits of data on the gearbox interface and transmits 64-bit
data per cycle to the PMA interface. The first 64-bit shifts while the upper 2 bits are stored
in an internal register, which is concatenated with the next data. The gearbox shifts and
accumulates 32 cycles, then sends the accumulated data on the 33" cycle.

In SINGLE_CLOCK mode, TX_READY backpressures at every 33 cycles. This ensures that
there is one cycle bubble for TX PMA to drain the accumulated 64-bit data every 32 cycles.
Furthermore, the TX gearbox runs on the PMA TX CLK domain, which is the forwarded
clock. The bubble is important to match the line rate of the PMA interface bandwidth since
the TX gearbox is running on a single clock.

RX Gearbox 66-bit

The RX gearbox receives PMA RX data from the PMA block running at PMA RX CLK
domain. There is no backpressure on the RX side, as the PMA direct interface continues

to send data on its interface. The first 64-bit data from the PMA accumulates in an internal
register and is then combined with the next 64-bit data to form an output of 66-bit data. The
gearbox keeps accumulating and shifts the incoming 64-bit data from the PMA.

In SINGLE CLOCK mode, the RX gearbox runs on the PMA RX CLK domain. The
rx_gb valid deasserts every 32 cycles since the PMA RX interface cannot supply more
data than the 66 bits gearbox data interface. There is one invalid cycle since the first 64-bit
data has been fully transmitted.

PMA Interface

There is no valid or ready indicator on the PMA interface. Data is transmitted during
every cycle according to the PMA TX CLK signal, while data is received during every cycle
according to the PMA RX_CLK. Refer to the for
additional information on this interface.
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Efinity: IP Catalog, Interface Designer, and
Integration

The PMA 64B66B Gearbox core is designed to interact with the user's logic and the
FPGA 64B/66B PCS encoding IP as shown in

on page 9. To combine the PMA 64B66B Gearbox core, the FPGA
64B/66B PCS encoding IP and the user's logic together as a whole design, you need to
perform the following steps:
1. Configure and generate the PMA 64B66B Gearbox core from the IP Catalog.
2. Configure and generate the PMA Direct using the Interface Designer.

3. Create a top-level module to integrate the PMA 64B66B Gearbox core (from step 1), the
FPGA 64B/66B PCS encoding IP (from step 2) and the user's logic.

IP Catalog

The PMA 64B66B Gearbox core is ready to be used from the IP Catalog. For steps to
customize an IP core using the IP Configuration wizard, refer to

Interface Designer

Refer to Chapter 17 PMA Direct Interface of the for more
details.
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You need to create a top-level module to integrate the PMA 64B66B Gearbox core (generated
from the IP Catalog) and the FPGA 64B/66B PCS encoding IP (generated from the Interface

Designer).

on page 9 illustrates the

integration of the PMA 64B66B Gearbox and PCS for Efinity compilation.

Figure 3: Top-Level Module for Efinity Compilation

User Logic
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IP Manager

The Efinity” IP Manager is an interactive wizard that helps you customize and generate
Efinix® IP cores. The IP Manager performs validation checks on the parameters you set to
ensure that your selections are valid. When you generate the IP core, you can optionally
generate an example design targeting an Efinix development board and/or a testbench.
This wizard is helpful when you use several IP cores, multiple instances of an IP core with
different parameters, or the same IP core across different projects.

@ Note: Not all Efinix IP cores include an example design or a testbench.

Generating the PMA 64B66B Gearbox Core with the IP Manager
The following steps explain how to customize an IP core with the IP Configuration wizard.

1. Open the IP Catalog.

2. Choose Bridges and Adaptors > PMA 64B66B Gearbox core and click Next. The IP
Configuration wizard opens.

3. Enter the module name in the Module Name box.

@ Note: You cannot generate the core without a module name.

4. Customize the IP core using the options shown in the wizard. For detailed information
on the options, refer to the Customizing the PMA 64B66B Gearbox section.

5. (Optional) In the Deliverables tab, specify whether to generate an IP core example design
targeting an Efinix” development board and/or testbench. These options are turned on by
default.

6. (Optional) In the Summary tab, review your selections.

7. Click Generate to generate the IP core and other selected deliverables.

8. In the Review configuration generation dialog box, click Generate. The Console in the
Summary tab shows the generation status.

@ Note: You can disable the Review configuration generation dialog box by turning
off the Show Confirmation Box option in the wizard.

9. When generation finishes, the wizard displays the Generation Success dialog box. Click
OK to close the wizard.

The wizard adds the IP to your project and displays it under IP in the Project pane.
Generated Files

The IP Manager generates these files and directories:

* <module name>_define.svh—Contains the customized parameters.

* <module name>_tmpl.sv—Verilog HDL instantiation template.

° <module name>_tmpl.vhd—VHDL instantiation template.

* <module name>.sv—IP source code.

* settings.json—Configuration file.

e <kit name>_devkit—Has generated RTL, example design, and Efinity” project targeting
a specific development board.

e Testbench—Contains generated RTL and testbench files.

www.efinixinc.com 10
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Customizing the PMA 64B66B Gearbox

The core has parameters so you can customize its function. You set the parameters in the
General tab of the core's IP Configuration window.

Table 4: PMA 64B66B Gearbox Core Parameters

Name

Options

Description

GEARBOX_TXRX

TX only, RX only,
TX and RX

Selection of TX and RX mode.
Default: TX and RX

Ports

Table 5: PMA 64B66B Gearbox Core Port Interface

Port Name Direction | Bus Clock Reset Description
Width | Domain Domain
Clock and Reset”
tx_rst_n Input 1 - - Asynchronous reset. All transceiver
initializations and PLL lock must be done
before releasing the tx_rst_n. Must be
synchronized to PMA_TX_CLK.
rx_rst_n Input 1 - - Asynchronous reset. All transceiver
initializations and PLL lock must be done
before releasing the rx_rst_n. Must be
synchronized to PMA_RX_CLK.
pma_rx_clk Input 1 - - Used in both modes.
pma_tx_clk Input 1 - - Used in both modes.
TXPCS 66b
tx_gb_data Input 66 |pma_tx_clk| tx_rst_n |The tx_gb_ready signalis only used in
SINGLE_CLOCK mode.
tx_gb_ready Output 1 pma_tx_clk| tx_rst_n
RX PCS 66b
rx_gb_data Output 66 |pma_rx_clk| rx_rst_.n | The rx_gb_valid signal deasserts every
- 33rd cycle in SINGLE_CLOCK mode.
rx_gb_valid Output 1 pma_rx_clk| rx_rst_n o
In DUAL_CLOCK mode, the rx_gb_valid is
unused.
TX PMA 64b
tx_pma_data Output 64 |pma_tx_clk| tx_rst_n |PMA transmitted data.
RX PMA 64b
rx_pma_data ‘ Input ‘ 64 ‘pma_rx_clk‘ rx_rst_n ‘ PMA received data.

(2)

For details on Clock and Reset, refer to

on page 5 and

on page 6.
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Acronyms and Abbreviations

Table 6: Acronyms and Abbreviations

Term Definition
FPGA Field Programmable Gate Array
PCS Physical Coding Sublayer
PHY The Physical Layer (the first and lowest layer in the seven-layer OSI
model)
PLL Phase Locked Loop
PMA Physical Medium Attachment
RX Receiver channel
TX Transmit channel

Revision History

Table 7: Revision History

Date Document IP Version Description
Version
May 2026 1.0 1.0 Initial release.
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