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• Background: The SPADI Alliance has proposed a common streaming 

DAQ architecture, which has been adopted in particle and nuclear 

physics experiments. We have developed a time synchronization 

system essential for this architecture.

• Motivation: The previous implementation was limited to AMD 

Kintex-7 devices, restricting FPGA selection. Two extensions were 

implemented to significantly improve the versatility and scalability.

• Features of the time synchronization system:

− Clock distribution network over FPGA general I/Os

− Sub-nanosecond time synchronization (~300 ps)

Introduction

We have extended the time synchronization system based on MIKUMARI and LACCP to support both UltraScale and 7-series FPGAs. By estimating the fine offset including the 

constant delay term, the synchronization system was updated to enable operation even when the Primary and Secondary are implemented on different FPGA devices. The 

synchronization accuracy was measured, confirming that the original 300 ps accuracy was maintained.

Conclusion
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• Extension goals: Maintain 300 ps accuracy while implementing the following two extensions.

Goal 2. Synchronization across 

different FPGA devices
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• The behavior of IDELAY and ISERDES in UltraScale differs from that in the 

7-series.

• By modifying the peripheral circuits around IDELAY and ISERDES, behavior 

equivalent to that of the 7-series devices was achieved in the UltraScale family. 

Example: ISERDESE3 has no direct bypass path, so an alternative circuit is used.
event (N) event (N+1)

constant delay adjustable delay

System

clock
Fast 

clock

ISERDES

input

HHHLLLLLLISERDES

output

Example: ISERDES delay (due to bit-slip)

Mezzanine 

Artix UltraScale+

Mezzanine 

Artix UltraScale+

SecondaryPrimary

Secondary

Heartbeat

Primary

Heartbeat

Target 

accuracy

The system supports any FPGA combination while maintaining the original 300 ps synchronization accuracy.

Fine offset estimation results Fine offset measurement results

An example of the measurement
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1. Heartbeat counter adjustment:

• Heartbeat counter provides a 16-bit timestamp.

• A pulse is transmitted between two nodes, and the heartbeat counter is adjusted by measuring the round-trip time.

2. Timestamp alignment:

• The clock phases are not aligned, resulting in a timing offset called the fine offset.

• The fine offset is estimated using the following equation [2] and applied to correct the timestamp.
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The time synchronization system consists of 

the MIKUMARI link [1] and LACCP [2].

• MIKUMARI link: Link-layer protocol 

for clock/data distribution

• LACCP: Upper-layer protocol for 

timestamp synchronization across all 

FPGAs

Time synchronization procedure

• The input signal is delayed by IDELAY and ISERDES and converted from serial to parallel.

• delay time: Time from FPGA input to ISERDES output

• fine offset =
(delay timeB) −(delay timeA)

2

• delay timeB = (constant delayB) + (adjustable delayB)
• delay timeA = (constant delayA) + (adjustable delayA)
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• Constant delays were investigated and incorporated into the fine-offset estimation.

Implementation of Goal 2: 

Synchronization across different FPGA devices

To achieve Goal 2, we needed to investigate constant delays.

• Test condition

FPGA: Artix UltraScale+ (Primary, Secondary)

Optical fiber cable length: 1 m

• Synchronization accuracy 

    = fine offset (Measured) – fine offset (Estimated)

    = +96 ps
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When implementing this system using general I/O, we need to consider the effects of differences 

between FPGA families. Since these effects have not been studied before, we investigated them.

• adjustable delay: Adjustable delays introduced by 

IDELAY and ISERDES. The applied delay value is known 

inside the FPGA.

• constant delay: Fixed internal delays of the device. 

Previous implementations ignored the constant delays 

because they cancel out between identical devices. 

The same measurement as in the example was performed with 

various FPGA devices and optical fiber cable lengths.

This work is conducted under JST K-program,

仮想測位基準点を構築する即時分散データ処理技術
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