
Conclusion
 We proposed and implemented a novel on-chip, temperature-robust 

DDMTD measurement and bidirectional compensation method for 

FPGA MGT-based clock distribution and synchronization. Compared 

with the uncompensated conditions, the proposed scheme simplifies 

the overall architecture without the need for additional peripheral 

devices, and achieves a significantly better synchronization stability,  

with the peak-to-peak loop delay variation held at 12.5 ps across the 

10°C–80°C range.

 Methodology and implementation

Fig. 1 shows the experimental setup of the proposed FPGA MGT-

based clock distribution and synchronization system. The leader and 

follower nodes are implemented with two identical FPGA evaluation 

boards, linked by two 1-meter optical fibers (the temperature effect of the 

fibers is negligible due to their short length). The system clock is 

transmitted through the leader's MGT TX to the follower's MGT RX 

over the downlink fiber, while the recovered clock (RXRECCLKOUT) is 

transmitted back over the uplink fiber for automatic synchronization.

To characterize the temperature-induced delays accurately, an on-chip 

Dual-Mixer Time Difference (DDMTD) measurement method is utilized. 

The measurement steps are as follows: 1. The DDMTD (TX) module 

measures the phase difference between the leader's system clock and 

TXOUTCLKPCS (the final stage clock for serialized transmission) to 

reflect the TX delay and its thermal drift. 2. The DDMTD (loop) module 

measures the phase difference between the leader's system clock and the 

loop-backed recovered clock to reflect the total loop delay. 3. The RX 

delay is then derived by subtracting the measured TX delay from the 

loop delay.

Fig. 1.  Block diagram of the FPGA MGT-based clock distribution and synchronization 

system for temperature effects characterization and compensation.

Test Results

To ensure stability, bidirectional compensation was implemented by 

adjusting the TX Phase Interpolator (PI) on both nodes to counteract their 

combined drifts. By varying the leader node's temperature, the measured 

TX and RX delay drifts exhibited linear coefficients of 2.12 ps/°C and 

1.65 ps/°C, respectively (Fig. 3(a) and (b)). After subtracting the 

contribution of the FPGA internal traces (Fig. 3(d)), the drift coefficients 

of the TX and RX are 2.21 ps/°C and 0.71 ps/°C, respectively. As shown 

in Fig. 3(d), following temperature drift compensation, the peak-to-peak 

loop delay variation across the 10°C–80°C range is successfully held at 

12.5 ps.

It’s interesting to notice that although the TX architecture is 

significantly simpler than that of the RX, the measured TX delay drift is 

markedly larger. This discrepancy can be largely attributed to the PLL's 

temperature-dependent static phase error. Specifically, thermal variations 

in transistor parameters aggravate the charge pump current mismatch, 

causing a net charge injection that shifts the VCO frequency. To sustain 

lock, the feedback loop dynamically adjusts the clock phase, modifying 

the Phase Frequency Detector pulse timing until the resulting 

compensating charge perfectly balances the initial mismatch. Through 

this feedback mechanism, the PLL is forced to maintain a static phase 

error to preserve phase lock [1].

Fig. 2.  Block diagram of the proposed temperature-robust DDMTD reference clock 

generation utilizing internal MGT resources.
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Traditionally, the DDMTD method requires an extra reference clock 

generated by a dedicated external source or an auxiliary PLL, which may 

introduce extra frequency drift or increase system complexity. To 

optimize this, a novel internal generation scheme was implemented, as 

shown in Fig. 2. This reference clock is generated directly from the 

system clock via the PLL, phase interpolator (PI), and D-Divider within 

MGT Channel 2. Consequently, although the system clock frequency 

varies with temperature, the generated DDMTD reference clock exhibits 

coherent drift, successfully maintaining a stable frequency difference and 

a constant measurement resolution.

Fig. 3.  Measured drift under varying leader node temperature for (a) TX delay, (b) RX 

delay, (c) loop delay with compensation and (d) temperature drift coefficient of FPGA 

internal trace.
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