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About xLight
▪ Startup company

▪ ERL driven FEL for EUV lithography
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Overview

▪ Precision timing distribution via bidirectional high-speed 
serial optical link

▪ R&D for EIC timing distribution at BNL

▪ Similar concept to HPTD TCLink

▪ Different latency control scheme

▪ Timing distribution goals

▪ Precision: ~1ps latency measurement resolution

▪ Repeatability: ~1ps across resets

▪ Accuracy: <1ns absolute phase offset between systems 
before manual calibration

▪ Stability: Minimize drift over temperature

▪ Key building blocks

▪ Deterministic FIFO latency

▪ TX frame clock alignment

▪ RX frame clock recovery
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Deterministic FIFO Latency

▪ Necessary for crossing between FPGA fabric clock and 
MGT TX/RX clocks

▪ Important for deterministic link forwarding and round-trip 
link latency measurements

▪ Dual clock FIFO write and read clocks are synchronous 
but with variable phase

▪ Referred to as Phase Compensation FIFO

▪ MGT Elastic Buffer provides this functionality

▪ Inherent 1 clock uncertainty across resets

▪ Use MGT in Buffer Bypass mode and replace Elastic 
Buffer with dual clock FIFO in fabric

▪ Precisely control the reset sequence to ensure 
deterministic latency

▪ Take advantage of the fact that the FIFO clock phases 
can be controlled
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Deterministic FIFO Latency

▪ How to ensure deterministic latency

1. Manually phase align write and read clocks

2. Reset FIFO

3. Assert write enable

4. Assert read enable using delayed write 
enable signal

5. Write and read enable remain asserted

▪ Delayed write enable signal passes from write 
clock to read clock domain

▪ Use Static Timing Analysis to ensure a valid 
CDC given alignment of write and read clocks 

▪ Initial latency is guaranteed

▪ Relative clock phase can subsequently be 
changed without losing data

▪ Only if the phase change isn’t great enough to 
overflow or underflow the FIFO
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TX Frame Clock Alignment

▪ TX FIFO

▪ Write clock – MGTREFCLK

▪ Read clock – TXUSRCLK

▪ FPGA 1 (Upstream)

▪ Align phase of TXUSRCLK w.r.t. MGTREFCLK

▪ Then adjust TXUSRCLK phase to control link latency

▪ FPGA 2 (Downstream)

▪ Align phase of TXUSRCLK w.r.t. MGTREFCLK

▪ Then leave them in alignment
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TX Frame Clock Alignment

▪ TXOUTCLKPCS is the frame clock for outgoing 
serial data

▪ MGTREFCLK is the external phase reference

▪ Clock frequencies are chosen to be equal
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▪ Manually phase align TXOUTCLKPCS and 
MGTREFCLK

▪ Discrete phase offset due to dividers

▪ Measure phase by reading Delay Aligner

▪ Adjust phase in discrete UI steps using Phase 
Interpolator



TX Frame Clock Alignment

▪ Measure the average Delay 

Aligner tap value of each clock

▪ Difference corresponds to phase

▪ Phase falls within a discrete UI

▪ QPLL /2 adds half UI step

▪ Tested on four devices each at 

30C and 60C and reset 1000 times

▪ 8Gbps / 125ps UI
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TX Frame Clock Alignment

10

▪ Manually control TX frame clock phase offset w.r.t.
MGTREFCLK using Phase Interpolator

▪ Constrain dual clock FIFO wr_en to rd_en timing path to ensure 
deterministic latency across resets

▪ Define static delay between TXUSRCLK and MGTREFCLK Fabric

▪ FIFO level rises and falls as TX frame clock phase changes

▪ MGTREFCLK Fabric phase remains fixed by external reference



RX Frame Clock Alignment

▪ RX FIFO

▪ Write clock – RXUSRCLK

▪ Read clock – MGTREFCLK

▪ FPGA 1 (Upstream)

▪ Align phase of RXUSRCLK w.r.t. MGTREFCLK by 

adjusting round-trip link latency

▪ FPGA 2 (Downstream)

▪ Align phase of RXUSRCLK w.r.t. RXRECCLK

▪ RXRECCLK drives MGTREFCLK via external PLL
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RX Frame Clock Alignment

▪ RXOUTCLKPCS is the frame clock for incoming serial data

▪ MGTREFCLK is the external or recovered phase reference

▪ RXRECCLKOUT is the recovered phase reference
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▪ Manually phase align RXOUTCLKPCS and 
RXRECCLKOUT

▪ Discrete phase offset due to dividers

▪ Measure phase using Delay Aligner method

▪ Adjust phase in discrete UI steps using 
RXSLIDE PMA mode

▪ Then realign to data frames using Phase Interp.



RX Frame Clock Alignment

▪ Measure the average Delay 

Aligner tap value of each clock

▪ Difference corresponds to phase

▪ Phase falls within a discrete UI

▪ Tested on four devices each at 

30C and 60C and reset 1000 times

▪ 8Gbps / 125ps UI
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RX Frame Clock Alignment

14

▪ FPGA 1 (Upstream)

▪ MGTREFCLK phase remains fixed by external reference

▪ RXRECCLKOUT phase w.r.t. MGTREFCLK determined by round-trip link latency

▪ CDC clock phase must be manually aligned for FIFO initialization

▪ FPGA 2 (Downstream)

▪ MGTREFCLK driven by RXRECCLKOUT via external jitter cleaner (dashed line)

▪ CDC clock phase does not change and FIFO level remains constant

▪ Constrain dual clock FIFO wr_en to rd_en timing path to ensure deterministic 
latency across resets

▪ Define static delay between RXUSRCLK and MGTREFCLK Fabric



   
               

    

     

         

   

     

      

 

 

      

   
         

    

     

         

   

     

      

 

 

      

        

   

   

      

       

        

        

        

        

Latency Measurement and Control

▪ FPGA 1 (Upstream) transmits data frames in phase 

with phase reference clock

▪ FPGA 2 (Downstream) recovers phase reference 

clock and reuses it for transmission 

▪ Round trip latency is measured and controlled to be 

an even integer number of clock cycles

▪ Ensures an integer one-way latency

▪ Upstream system measures RXPI and controls TXPI 

to be equal and opposite

▪ Maintains a constant one-way latency

▪ Avoids any delay requirement on downstream system
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Latency Measurement and Control

1. Initialize FPGA 1 TX FIFO

▪ Align TXUSRCLK with MGTREFCLK

2. Initialize FPGA 1 RX FIFO

▪ Align RXUSRCLK with MGTREFCLK

3. Latency Control

▪ Align FPGA 2 MGTREFCLK with FPGA 1 

MGTREFCLK

▪ Measure & unwrap RXPI value

▪ Control TXPI value to be equal and 

opposite RXPI value

▪ PI values must be ‘unwrapped’ to allow a 

measurement range greater than 1 UI
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Latency Measurement and Control

▪ The absolute timing accuracy is limited by 

the symmetry of latency in each direction

▪ Unequal latency directly causes phase 

error at the downstream system

▪ Can be improved using bidirectional 

communication via one fiber

▪ Possible with BIDI SFP modules

▪ Different wavelengths for each direction

▪ CWDM vs DWDM

▪ Dispersion causes different wavelengths 

to propagate at different velocities 
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Latency Measurement and Control

▪ Communicate using the same wavelength 

in both directions

▪ Use standard SFP modules connected 

with an optical circulator at each end

▪ Excellent latency symmetry via single fiber

▪ Small wavelength difference still present 

due to variations between SFP module 

optical transmitters
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Latency Measurement and Control
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More Information

▪ Detailed paper

▪ https://doi.org/10.2172/3025680

▪ Reading the Delay Aligner 

▪ https://indico.cern.ch/event/1606914/#55-hacking-the-amd-transceiver

▪ Receiver clock recovery

▪ https://indico.cern.ch/event/1467417/timetable/?view=standard#35-low-jitter-frame-clock-reco
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