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Abstract 
The current release of the White Rabbit Switch (WRS) in Grandmaster (GM) mode has suboptimal performance 
on both jitter (9ps RMS 1Hz-100kHz) and Allan Deviation (1.4E-11 τ=1s), as presented in the last WR Workshop.  
The following report will briefly introduce the WRS clocking scheme, the origin of the current performance in 
GM mode and the improvements with some hardware modifications (done on a WRS PCB V3.4 board). 

The first hardware modification allows the direct distribution of the external reference clock as Layer 1 (L1) 
clock without using the “SoftPLL “ (i.e. a digital implementation of the PLL used to align the WR clock - local PTP 
clock - to the external reference clock when operating in GM mode, or to the L1 Rx clock when operating in 
Boundary mode). This hardware modification achieved a measured Allan Deviation (ADEV) of 4-5E-13 τ=1s and 
an RMS jitter of 5.6ps. 

The second hardware modification (orthogonal to the first one) keeps the SoftPLL fully working, using an 
external board to perform a clock synthesis currently done inside the FPGA, reaching an ADEV of 2E-12 τ=1s 
and an RMS jitter of 2.3ps. Since the clock alignment mechanism is independent from the mode in use (GM or 
Boundary), any performance limitation found in GM mode will be there also in Boundary mode.  

1.1 Clocking scheme of the WRS 
Figure 1 shows a subset of the clocking scheme adopted in WRS (PCB v3.4). For the sake of clarity, the fully 
clocking scheme involving the DDMDT clock generation is not shown. An interested reader can find useful 
information in [1] about DDMTD operation.  The WRS use the SoftPLL to align the “WR clock” (output of 
AD9516-4 IC) to a reference clock, which can be a L1 rx recovered clock (62.5MHz) coming from a PHY or, if 
configured as GM, from an external reference. The alignment is achieved controlling an external VCTCXO 
(VM53S3) with the control words produced by the Proportional Integral (PI) controller; the output of the 
VCTCXO is multiplied by an AD9516-4 external PLL to 62.5MHz. The loop composed by AD9516-4, the SoftPLL 
and the VCTCXO forms a complete PLL capable of fine phase-shifting over several Unit Intervals (UI). 

 

 
Figure 1 Clocking scheme of the WRS PCB version 3.4.  For the sake of clarity an additional transformer-coupled output is not shown. 
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1.2 Phase noise in GM mode 
The SoftPLL operates with 62.5MHz clocks. In order to provide the SoftPLL with the required clock signal, the 
10MHz input is multiplied using a cascade of two internal PLLs of the FPGA, called Mixed Mode Clock Managers 
(MMCM). The first MMCM multiplies the 10MHz input clock to 100MHz. The second one downscale it to 
62.5MHz. 
The phase noise spectrum of the 62.5MHz output of the MMCM chain was measured with an Agilent E5052B 
Phase Noise Analyzer, as shown in Figure 2. 
 

 
 

Figure 2 Phase noise of the output of the MMCM chain (WRS), , measured with Agilent E5052B 

 
 
Figure 2 shows a large phase noise power located between 10kHz and 2MHz, with an RMS jitter (integrated 
from 10kHz to 2MHz) of 155ps. This high frequency phase noise should be filtered out by an analogue PLL. 
However, the SoftPLL cannot filter such noise because of its digital nature (Nyquist bandwidth of 1.9kHz) and 
the digital nature of the DDMTD. The analogue equivalent of the DDMTD has a low pass filter after the mixer to 
limit the bandwidth of the measurement system. The DDMTD has no analogue components. Instead the input 
phase noise is filtered by the bandwidth of the D-type flip-flops (hundreds of MHz) and by the filtering action of 
the deglitching algorithm [1]. Consequently, the remaining phase noise is aliased over the Nyquist bandwidth 
of the SoftPLL acting as white noise. 
The measured phase noise coming from the MMCM chain is not the same predicted by Xilinx tools. Xilinx tool 
predicted a large phase noise at the output of first MMCM but less phase noise at the output of the second 
one, since it was configured to clean the output jitter of the first one. Any attempt to reduce the phase noise 
coming from the MMCM chain with manual placing of the MMCMs was a failure.  
In order to verify if a bad power supply decoupling was contributing to the noise, a test with a ML605 
Evaluation board was done. As shown in Figure 3, the same behavior was found also on the ML605 evaluation 
board, as a confirmation that the problem lies inside the architecture of the Virtex-6. The high-frequency noise 
may come from the tap movements of the MMCMs in order to generate the required frequency and, 
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unfortunately, the Virtex-6 has only MMCM primitives (a PLL_BASE primitive is automatically converted to a 
MMCM_BASE). An additional MMCM at the end of the chain, configured for jitter cleaning (no frequency 
synthesis) does not improve the phase noise. 
Table 1 shows the predicted jitter by the Xilinx Tool (expressed in peak-to-peak, p-p) and the measured jitter of 
the ML605 evaluation board and of the WRS PCB 3.4 hardware. Since Xilinx tool provide a peak-to-peak value, 
a confidence interval of 5 has been chosen to compare the values provided by the phase noise measurement 
done with the Agilent E5052B phase noise analyzer. The predicted RMS jitter at the output of the MMM chain 
is about 5 times more than the predicted jitter by Xilinx of both the ML605 evaluation board and of the WRS 
board. The jitter values from the evaluation board are slightly better than the ones of the WRS, however the 
measured values on the WRS depend also on the Place&Route stage. Each time the gateware was built, a slight 
variation (above 10%) occurred. These values depend also on the Process-Voltage-Temperature (PVT) 
characteristic  of the measured FPGA.  

 

 

Figure 3 Phase noise of the output of the MMCM chain (ML605 evaluation board), , measured with Agilent E5052B 

Table 1 Predicted and measured jitter, measured with Agilent E5052B 

MMCM 
Jitter (s) 

Predicted 

(Xilinx Tool) 
ML605 WRS PCB 3.4 

10->100MHz 
635ps p-p 

127ps RMS 
116ps RMS 129ps RMS 

100->62.5MHz 

(output of the chain) 

158ps p-p 

31ps RMS 
138ps RMS 155ps RMS 
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2 Direct distribution of the external reference clock  
The first attempt to reduce the phase noise in the GM mode was done bypassing the SoftPLL to lock the WR 

clock to the external reference. As shown in Figure 1, the 10MHz external reference is fed to a clock shaper 

circuit and then to the FPGA. The hardware modification allowed to directly feed the AD9516-4 with the 

external clock (dotted line). Since the SoftPLL is bypassed, the quality of the distributed clock is mainly affected 

by: the quality of the clock shaper, and the quality of the AD9516 to synthetize the clock and the noise picked 

up by the PCB track connecting the clock shaper to the AD9516. The phase noise introduced by the cleaning D-

type flip flop, as shown in Figure 1, is negligible (see Appendix A for further details). 

2.1 Hardware modification 
In order to enable the locking to the external reference clock, a capacitor needs to be soldered. An X7R 

capacitor of a value from 10nF to 100nF is fine. Figure 4 shows where to solder the capacitor. 

 

 

 

 

2.2 Phase noise and ADEV measurements of the new GM 
Figure 5 and 6 shows the result of the measurements done with a Microsemi 3120A Phase noise analyzer. The 

blue trace is the output of the clock shaper circuit (an UFL connector has been soldered to perform the 

measurement), the pink trace is the 10MHz output of the switch.  The clock quality on both outputs is very 

good below 1kHz, as confirmed by Table 2 (first row) and by the Allan Deviation (Figure 6), however some spurs 

were detected above 1kHz. These spurs degrades the jitter to 5.9ps RMS (as shown in Table 2).  The origin of 

the high frequency spurs is still not clear but seems related to noisy power supply rails/ground plane rather 

than a bad performance of the clock shaper circuit. The external reference connection to the clock shaper and 

to the AD9516 were done single-ended instead of using differential connections, so they are more vulnerable 

to a noisy ground plane.  

An additional spur in the 100Hz-1kHz region, not shown in the figure, was found using the default configuration 

of the AD9516-4. The default configuration uses a Phase-Frequency Detector (PFD) frequency of 5MHz. The 

PFD frequency was modified to 3.333MHz in order to avoid the spur. However the solution may not be the final 

one, since the spur could be related to a coupling effect with the VM53S3 oscillator. Since the VM53S3 

oscillator is free-running the spur may appear in different frequency regions in different boards. Unfortunately, 

there’s no way to turn off the oscillator without an hardware modification. 

A strange coupling effect was observed if the copper Ethernet (ETH) interface (located near the 10MHz input 

jack) was active (see Appendix A, Figure A.2). For this reason, all the measurements were done without the ETH 

interface active. The coupling effect affects only the measurements done on the 10MHz output jack, hence it is 

not a timing issue (see Appendix A for further details). 

Figure 4 Snapshot of the schematic PCB v3.4 



 

Figure 5 Phase noise measurement done with Microsemi 3120A 

 

Figure 6 Allan Deviation measurement done with Microsemi 3120A, Equivalent Noise BW 50HZ 



 

 

 

 

 

 

 

 

2.3 Performance of a Boundary slave connected to the new GM 
The performance of a chain of boundary switches connected to the “new” GM in linear daisy-chain is not in the 
scope of current report. Nevertheless Table 2 and Table 3 reports some results using an unmodified switch 
(“release version”) and with a tweak of the parameters of the SoftPLL (“200Hz”). The modified SoftPLL was able 
to reach an ADEV@1s of 3.3E-12 and a jitter of about 3ps RMS without changing the VM53S3 oscillator with a 
better one. The results of the measurements are to be published in the proceedings of the ISPCS 2016 
Conference.  An interested reader can contact the author for further details. 

2.4 Conclusions 
The new GM has a very good ADEV above 1s. However it suffers of high frequency spurs.  The origin of these 
spurs is still not clear but it probably involves the ground plane of the WRS board. Differential connection of 
the clocks on the PCB would help to improve the rejection of noise coming from power supply rails and from 
free-running oscillators.  
The modification of the GM does not allow to fine phase-align its WR clock with the PPS input, however the 
delay can be measured by the GM itself and sent to the slaves. 

2.5 TODO List 
 Mount a UFL connector after the 10MHz Input connector to check the cleanliness of the input signal 

with the ground plane of the WRS board. 

Table 2 Measured jitter RMS, measurement done with Microsemi 3120A  

Switch/ Soft PLL 

type 

Jitter RMS (s) 

1-10Hz 
1Hz-

2kHz 

𝟏𝑯𝒛
− 𝟏𝟎𝟎𝒌𝑯𝒛 

“New” G.M. < 0.1ps 1.0ps 5.9ps 

Slave 1 
(release version) 

4.4ps 4.8ps 4.9ps 

Slave 2 

(release version) 
4.8ps 6.0ps 6.1ps 

Slave 1 (200Hz) 1.2ps 3.2ps 
3.3ps 

Slave 2 (200Hz) 1.5ps 4.4ps 4.5ps 

Table 3 Allan Deviation measurement done with Microsemi 3120A, Equivalent Noise BW 50HZ 

Switch type 
Allan Deviation ENBW 50Hz 

𝝉 (s) Value 𝝉 (s) Value 𝝉 (𝒔) Value 𝝉 (𝒔) Value 

“New” G.M. 0.01 1.2E-11 0.1 1.7E-12 1 4.1e-13 10 7.7E-14 

Slave 1  

(release verions) 
0.01 2.1E-10 

0.1 6.4E-11 1 1.3E-11 10 1.1E-12 

Slave 2  

(release version) 
0.01 2.9E-10 

0.1 8.3E-11 1 1.3E-11 10 1.1E-12 

Slave1  

(200Hz) 
0.01 

1.9E-10 0.1 2.2E-11 1 3.3E-12 10 3.2E-13 

Slave 2 

(200Hz) 
0.01 

3.6E-10 0.1 3.8E-11 1 5.1E-12 10 5.1E-13 



3 External synthesis of the external reference clock 
As stated in paragraph 1.2, the MMCM PLLs used to multiply the external reference clock (from 10MHz to 

62.5MHz) are the main cause of the bad GM performance. To improve the locking performance without 

disabling the SoftPLL, the WRS  board has been modified to accept an external differential clock. The injected 

clock is synthetized by an external PLL  in order to provide to the FPGA the required 62.5MHz clock from a 

10MHz clock source (Symmetricom 4000B Cesium clock), avoiding the need of MMCM PLLs. 

The goal of the approach is twofold: 

 Assess the feasibility and improvements of using an additional PLL to synthetize the required external 

reference clock on the next generation of WRS  

 Assess the very lower bound (in terms of ADEV and phase noise) of the current clock alignment 

mechanism (DDMTD-based). This is possible on GM mode since we can control the quality of the 

reference clock and we do not rely on the recovered clock quality of the Gigabit transceiver.  

In order to prove the lower bound of the clocking scheme the following steps needs to done: 

1. Measure the quality of the evaluation board used to synthetize the reference clock. The step was 

done using the Microsemi 3120A for the 1-100kHz phase noise spectrum (plus Allan Deviation) and 

Agilent E5051B for the high frequency (above 1kHz)  

2. Measure the quality of the clock connection to the FPGA. A differential connection (LVDS) was used to 

provide the required clock to the FPGA. To measure the connection quality and the clock-tree noise of 

the FPGA, the same clock signal is routed to an output pin of the FPGA using the ODDR primitive. 

Unfortunately the connection used to check the connection quality from the evaluation board to the 

FPGA is single-ended, it will be hard to tell if a spur is a coupling effect on the measurement connection 

rather than a clocking noise inside the FPGA. To partially reduce the problem, the same measurements 

were done using a blank FPGA design (i.e. a design that only re-route the input clock signal to the 

output pin) and with a fully working design. 

3. Minimize the VCO phase noise leaking. The currently installed VCTCXO has a lot of phase noise below 

10Hz. The slope of VCO phase noise (in free running) below 10Hz is greater than 𝑓−4; this suggest an 

intrinsic phase noise of the VCTCXO (random walk FM) than a noisy DAC reference. In order to 

minimize the noise, the SoftPLL should use a PI controller which can reject effectively the VCO noise. 

3.1 Hardware modification 
A UFL connector has been soldered at pins #3, #13 and #15 of the (unused) J3 connector, as shown in Figure 7. 

The first pin is used to make a single-ended connection to check the clock coming from the FPGA. The latter 

two are used to provide an LVDS clock connection from the evaluation board to the FPGA. Termination 

resistors are not needed since they are built inside the FPGA. 

 



 

Figure 7 J3 connector, see page 18 of the PCB v3.4 schematic [2] 

 

3.2 AD9516-4  
To perform the clock synthesis an evaluation board for the AD9516-4 (AD9516-4/PCBZ) has been used  to 

generate a 62.5MHz clock from the 10MHz reference clock (Symmetricom 4000B Cs). The choice of this board 

was to prove the performance of the AD9516-4 itself, especially in the lower side of the phase noise spectrum. 

The output of the evaluation board was measured with a Microsemi 3120A and with an Agilent E5052B. 

Unfortunately the Microsemi 3120A cannot accept an input clock of 62.5MHz, so we decided to divide the 

clock by 2 using the internal divider of the AD9516-4. The measurements done with E5052B were done using 

the 62.5MHz without internal division. Figure 8 (blue trace)  and Table 4 (first row) show  the results of the 

measurements done with the 3120A. The AD9516-4 can synthetize a good clock without close-in spurs, 

reaching an Allan Deviation (ADEV) at 1s of 2E-13, very near the noise floor of the instrument. The measured 

integrated jitter from 1Hz to 100kHz was 1ps RMS. However it can be slightly improved using a loop filter with 

less bandwidth. Figure 9 (blue trace) shows the good quality of the clock above 100kHz. The measured 

integrated jitter from 100kHz to 20MHz was in the order of 700fs RMS. 

3.3 Connection quality check 
In order to check the connection quality two tests were done: a blank design and a full design.  

Blank design results 
The design just routes the input clock to an output pin of the FPGA. Figures 8 and 9 (green trace) show the 

result of the measurements. Some large spurs between 700kHz and 3 MHz were detected, degrading the jitter 

to 2.4ps RMS (see Table 5). These spurs are related to the power supply DC/DC converter. Probably this is only 

a measurement issue due to the single-ended connection. 

Full design results 
When the full design is loaded, an high frequency spur appears at 5MHz, as shown in Figure 9 (red trace). The 

spur degrades the jitter to 7ps RMS (see Table 5). The origin of the spur is still not clear, but seems related to 

an internal noise of the FPGA clock-tree. As stated in paragraph 1.2, a high frequency spur could be translated 

into the baseband due to the limited low-pass filtering of the DDMTD. For this reason it’s important to have a 

clean reference signal not only in the operating bandwidth of the SoftPLL, but also broadband. The signal 

measured with the 3120A keeps a low ADEV at 1s of 5E-13, as shown in Table 4 



 

Figure 8 Phase noise measurement done with Microsemi 3120A. The blue trace is the output of the evaluation board. The green trace 
is the input clock after being routed inside the FPGA (running a blank design) . The pink trace is the same output with a full design 
running. 

 

Figure 9 Phase noise measurement done with Agilent E5052B. The blue trace is the output of the evaluation board. The green trace is 
the input clock after being routed inside the FPGA (running a blank design) . The red trace is the same output with a full design 
running. 
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Table 4 Allan Deviation measurement done with Microsemi 3120A, Equivalent Noise BW 50HZ 

 

 

 

 

 

Table 5 Measured jitter RMS, measurement done with Microsemi 3120A and Agilent E5052B 

 

 

 

  

Trace 
Allan Deviation ENBW 50Hz 

𝝉=0.01s 𝝉=0.1s 𝝉=1s 𝝉=10s 

Evaluation board 1.2E-11 1.3E-12 1.7E-13 
2E-14 

Output from fpga (blank 
design) 

1.7E-11 2.7E-12 3.5E-13 
 

4E-14 

Output from fpga (full 

design) 
3.3E-11 4.7E-12 5.4E-13 

 

7E-14 

Trace 

Jitter RMS (s) 

1Hz-100kHz 

(measured) 

100kHz-20MHz 

(measured) 
𝟏𝑯𝒛 − 𝟐𝟎𝑴𝑯𝒛 

(calculated) 

Eval board 1.0ps 700fs 1.2ps 

Output from fpga 

(blank design) 
1.2ps 2.1ps 2.4ps 

Output from fpga 

(full design) 
1.4ps 7ps 7ps 



3.4 Phase noise and ADEV of the new GM 
The measurements were done using the very same full design used to characterize the clock quality, in order to 

put a lower bound (in terms of phase noise) on the performance of the new GM. The chosen lower bound is 

the clock quality measured from the output pin of the FPGA, even if it could be a too pessimistic choice. If the 

GM performance is worse than  the chosen lower bound, a performance limitation has been discovered. 

Figure 10 and Figure 11 shows the results of the measurements done with the Microsemi 3120A. The blue 

trace shows the phase noise using the default parameters of the SoftPLL. The results are not very exciting 

(ADEV at 1s of 6E-12)  due to the VM53S3 leaking noise. The bad performance of the VM53S3 in  free run mode 

can be seen in Figure 10 (sky blue trace). A large phase noise was found in the 1-10Hz region (see also Table 7). 

If the SoftPLL has a low VCO noise rejection, the VM53S3 noise will leak to the output of the SoftPLL. 

To get rid of the leaking noise, the SoftPLL has been modified to reject the VM53S3 noise. Table 6 shows the 

VCO noise rejection values of several  SoftPLL configurations. The VCO gain rejection has been augmented until 

no improvement was found on the phase noise and ADEV measurements.  

Table 6 SoftPLL PI rejection of the VCO noise 

 

 

 

 

 

 

Table 7 Phase noise of the VM53S3 in free run mode 

 

 

 

 

As can be seen from Figure 10 and 11 (green trace), using the SoftPLL with Kp=10000,Ki=1000 resulted in the 

best performance, with an ADEV at 1s of 1.7E-12. Increasing the VCO noise rejection gain lead to negligible 

improvements, even if the phase noise between 1-10Hz still suggest an influence of the VCO phase noise. 

Probably the limits of the control loop had been reached. A test with a better oscillator in the 1-10Hz region 

has to be done. 

 

SoftPLL parameters 
VCO noise rejection 

𝟏 𝑯𝒛 𝟓 𝑯𝒛 𝟏𝟎𝑯𝒛 

Kp=1100,Ki=30 (default, BW 

30Hz) 
-49 dB -20dB -8dB 

Kp=10000,Ki=100 (BW 200Hz) -60 dB -33 dB -25 dB 

Kp=10000,Ki=300 (BW  ≃ 200Hz) -69 dB - 41 dB -30 dB 

Kp=10000,Ki=1000 (BW  ≃ 200Hz) -79 dB - 51 dB - 40 dB 

VM53S3  phase noise (10MHz out connector) 

𝟏 𝑯𝒛 𝟓 𝑯𝒛 𝟏𝟎𝑯𝒛 

-31 dBc/Hz -68dBc/Hz -86dBc/Hz 



Noise floor 
One of the most interesting results can be seen in Figure 10 between 10Hz and 2kHz. The SoftPLL cannot go 

lower than -105dBc/Hz, even if the reference signal performs more than 10dB better. The shape of the noise 

resemble the transfer function of the SoftPLL, which suggest a white noise over the bandwidth of the SoftPLL, 

probably an aliasing effect. If the -105dBc/Hz floor is integrated from 1 to 2kHz (the Nyquist BW of the SoftPLL) 

the integrated jitter RMS is 5ps, far beyond the jitter of the reference clock in the same bandwidth (< 1ps).  

The origin of the noise can be traced to: 

 FPGA clock-tree noise. The 5MHz peak discovered in paragraph 3.3 could be the source of the noise 

floor, if the peak is confirmed to be a noise inside the FPGA. 

 FPGA D-type flip flop meta-stability 

This is the ultimate lower bound 

 

 

Figure 10 Phase noise measurement done with Microsemi 3120A. The blue trace is the phase noise running a standard SoftPLL, the 
pink, red and green traces are the results with a modified SoftPLL (see Table 6). The blue sky trace is the phase noise of the VM53S3 

VCO in free-run mode 

DDMTD noise floor?



 

Figure 11 Allan Deviation measurement done with Microsemi 3120A, Equivalent Noise BW 50Hz.  

 

Figure 12 Modified Allan Deviation measurement done with Microsemi 3120A, Equivalent Noise BW 50Hz 



Improving the jitter 
Using the SoftPLL with parameters Kp=10000 and Ki=100 or 300 lead to a jitter of 2.3ps RMS (1-100kHz). In 

order to improve the jitter the SoftPLL should work with less bandwidth, however with the current VM53S3 

this is not possible because of the bad performance below 10Hz .  

 Table 8 shows some oscillators that could replace the current VM53S3 with their phase noise values 

(calculated at 10MHz to be compared to the measured values of the VM53S3 oscillator). 

Table 8 VCTCXO list 

 

 

  

 

 

 

 

 

 

 

Improving the ADEV 
A slight improvement of the Allan Deviation can be done replacing the VM53S3  with one of the oscillators 

listed in Table 8, but, if the target is below 1E-12 at 1s, further improvement are difficult. 

The noise floor discovered limits the ADEV to about 1E-12 at 1s (guesstimate, not measured), in order to go 

below 1E-12 a very good controllable OCXO is needed. Table 9 shows some possible candidates as a 

replacement of the VM53S3. 

Due to the noise floor, the bandwidth of the SoftPLL should be about 0.1Hz to fully benefits of the lower ADEV 

of the OCXO, however with the current implementation of the SoftPLL reaching a bandwidth less than 1Hz 

makes the PI controller unstable. A quick solution to fix the problem is to lower the DDMTD beat rate (which 

affects the update rate of the SoftPLL) of at least one-order of magnitude, however a reduced bandwidth 

would rise the noise floor. The best solution could be: keep the DDMTD beat rate, perform a low pass  filtering 

of the phase values, a down-sampling operation and, then, feed the data to the SoftPLL at a lower update rate. 

 

Oscillator 
Phase noise (referred to 

10MHz) 

Power supply 

compatible to 

PCB 3.4 

Footprint 

compatible to PCB 

v3.4 

Available on 

RS/Farnell/Mous

er/Digikey 

𝟏 𝑯𝒛 𝟏𝟎𝑯𝒛 
   

VM53S3 

(25MHz) 
-31 dBc/Hz -86dBc/Hz 

YES 

3.0V 

YES  

(5x3.2mm) 

YES 

RS 

Vectron VT-

803 (25MHz) 
-70dBc/Hz -99dBc/Hz 

YES YES  NO 

Abracom 

ABLNO 
? -104dBc/Hz 

NO 

3.3V 

NO 

(9.2x14mm) 

YES 

Digikey 

Rakon 

RFPT400 
-70dBc/Hz 

-106 

dBc/Hz 

NO  

3.3V 

YES NO 

Rakon 

RPT5032N 
-74dBc/Hz 

-103 

dBc/Hz 

YES 

(customizable) 

YES NO 

CFPT-9301 
-77dBc/Hz -97dBc/Hz 

NO 

3.3V 

YES YES 

Farnell 



Table 9 Controllable OCXO list 

 

 

What about the performance of a slave attached to the GM? 
A slave switch suffers the same problems of the GM plus the noise due to the clock recovery. Preliminary 

results (to be confirmed) indicate that the recovered clock is not better than ADEV 2E-12 at 1s, even if the GM 

is clean (the GM of paragraph 2 has been used).  

3.5 Conclusions 
Using an external PLL to synthetize the required 62.5MHz improved the Allan Deviation performance of one 

order of magnitude and a RMS  jitter of 2.3ps without disabling the SoftPLL. Using a better VCTCXO, one from 

the Table 8, would help to reduce the jitter below 2ps RMS, however it has limited usefulness to improve the 

ADEV due to the discovered noise floor. Using a cleaner OCXO from Table 9 would help to improve the ADEV, 

however it must be mounted for each slave, resulting an very expensive solution.  

TODO List 
 Check the performance with a better oscillator (VCTCXO and OCXO) 

 Measure the clock quality with a differential connection 

 Evaluate the use of the J3 connector to make a timing daughterboard with a frequency synthesizer 

(AD9516?), SMA for external input clock and a custom oscillator onboard (to replace the onboard 

clocking scheme) 

 Measure the DDMTD noise by comparing two low noise clocks 

Manufacturer & 

model 

Phase noise 

(10MHz) dBc/Hz 

 

ADEV 

(1s) 

 

Footprint 

Price (EUR/EACH) Connection 

type 

 

1  

Hz 

10 

Hz 

100

Hz 
 

  3 10 100 

Rakon HSO 13 
-118 

Max 

-128 

Max 

-140 

Max 
< 2E-13 

60x67x40 

(mm) 

xxx xxx xxx through-hole 

Morion  MV272M-C3D-

LN-10MHz-5E-13 

< 

-110 

< 

-140 

< 

-157 
< 5E-13 

30x41 

(mm) 

xxx xxx xxx SMD 

Morion MV341-C3D-

10M-LN-3E-13 

< 

116< 

< 

-146 

< 

-157 
< 3E-13 

50.8 x 50.8 xxx xxx xxx through-hole 

Morion MV341-C3D-

10M-LN-2E-13 

<  

-116 

< 

-146 

< 

-157 
<2E-13 

50.8 x 50.8 

(mm) 

xxx xxx xxx through-hole 

Wenzel HF ULN 501-

27521 Premium 

-110 -142 -167  
TBD 

1.75x2.94x1 

(inches) 

TBD TBD TBD through-hole 

Wenzel BT ULN 501-

28227 

-113 -143 -160 
TBD 

4x3x2 

(inches) 

TBD TBD TBD Stand alone 

module 

Wenzel Streamline  501-

27867 

-115 -145 -160 
TBD 

2.25x2.25x1 

(inches) 

TBD TBD TBD Stad alone  

module 



Appendix A 
Figure 1 doesn’t show, for the sake of clarity, an additional clock output accessible from the front panel of the 

Switch, the CLK1 OUT. The CLK1 OUT is transformer-coupled to the AD9516-4, as shown in Figure A.1, without 

any additional ICs. The output frequency can be selected modifying the configuration of the PLL. 

The performance of the cleaning D-type flip-flop  is evaluated using the CLK1 OUT connection. 

 

 

Figure A.1 Clocking scheme extended 

Figure A.2 and Figure A.3 shows the phase noise and Allan Deviation of the 10MHz output (pink line) and of the 

CLK1 output (blue line). The results are very similar, so the noise introduced in the 1-100kHz bandwidth is 

negligible.  

Figure A.4 shows the coupling effect discovered between the 10MHz output connector and the Ethernet 

interface. The effect cannot be seen on the CLK1 output, which indicates a coupling to the 10MHz jack rather 

than a timing issue (if the coupling was on the reference clock line of AD9516-4 the effect should be visible also 

on the CLK1 output). 
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Figure A.2 Phase noise graph done with Microsemi 3120A. The pink line is the output from 10MHz connector (CLK2), the blue line 
from CLK1 

 

Figure A.3 Allan Deviation, Equivalent Noise BW 50Hz 



 

Figure A.4 Noise coupling effect of the Ethernet interface to the 10MHz output (CLK2). 
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