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Abstract 
NSLSII is a third generation light source and one of our 

requirements is sub-micron resolution of the beam 
position. To achieve this we chose to use a Pilot Tone 
Calibration approach. Because our Booster requires an 
isolated grounded system, this required a slightly different 
design. This paper will discuss the differences observed 
during lab testing of the two designs. 

 
  INTRODUCTION 
Because of the strict resolution requirements for 

position at NSLSII a Pilot Tone Calibration design was 
implemented. Using a common signal on all channels we 
could calibrate our electronics however, because our 
booster electronics have to be isolated from ground a 
slightly different design had to evolve. The design 
comprised of a floating ground circuit board and metal 
enclosure. Both designs although very similar have 
differences which were observed during testing. The 
design comprised of all passive devices and the PC board 
was modified to allow for the floating ground 
requirements  for our booster. These measurements were 
done in the lab only using a Vector Network Analyzer  
(VNA). Because this design was to be used as a 
calibration device care was taken to make all the channels 
as identical as possible. Channel to Channel isolation was 
a major concern and because of enhancements we 
observed on the SR version we improved the design even 
further with the Booster version. 

INSTRUMENT SETUP 
Our initial setup is illustrated below in Fig. 1, we would 

use the two ports of the VNA to perform all “S” 
parameters and group delay. The Agilent E5071C is a 2 
port device so the channel to channel measurements can 
be done by only moving one of the ports. We would 
measure S21 and S11 as well as group delay. This “S” 
parameter matrix would allow examination of channel to 
channel isolation and through measurements (S21). From 
the S11 measurement results we were able to determine 
how good the input and output impedance match was. 
From these measurements we were able to categorize a 
device and compare it to other units. The repeatability 
also proved to be very good. We initially looked at the 
units out of the enclosure to observe differences. These 
results are not included in this paper; however, the out of 
box experiment did show a reduced performance. Final 
tests results were also performed not only in the box but 
also with the cover on the unit. Because the unit had a 
calibration channel, we could also measure how well the 
isolation was from any given channel to the calibration 
channel. When performing measurements all unused 

inputs and outputs were terminated using SMA 50ohm 
terminations. 

 
Figure 1: VNA setup – the pilot tone module connected 
for an S21 measurement of channel “D”. 

 

SR PILOT TONE COMBINER 
Our Storage Ring (SR) requirements didn’t require an 

isolated ground so this made the design more 
straightforward. During initial testing of our first articles, 
we noticed that the channel to channel isolation wasn’t as 
good as we would have liked, because of this stitching 
vias were added along the microstrip. This did improve 
the coupling slightly so we decided to increase the 
isolation even further, we moved to a Stripline design 
using PCB layers for isolation. With this modification we 
were able to increase some channel to channel isolation 
by as much as 20dB. Fig. 2 shows the unit under test. The 
device was designed to have a PC board installed in a 
solid Aluminum enclosure, and the bottom side of the PC 
board was a solid ground. The board was connected to the 
metal enclosure with 6 mounting holes. During testing we 
noticed that with additional mounting holes to the metal 
enclosure we picked up an additional 3dB of isolation due 
to a better ground connection. One last modification to 
add mounting holes between every channel and several in 
the middle of the board was implemented and the storage 
ring design was finished. Based on the results we saw the 
production order was placed and we are currently 
awaiting the aluminum assemblies. The results of our 
testing can be seen in Figs 3 and 4. The PTC units can 
now also be used as a health check for our BPM 
electronics, by injecting into the Pilot tone port the same 
signal would be coupled on to every channel thus 
verifying the electronics are working correctly. 
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Figure 2: SR PTC under test. 

 

 

Figure 3: Final design PTC S-parameter measurements. 
 

 

 
Figure 4: Final design PTC S-parameter plots. 

 
 

BOOSTER PILOT TONE COMBINER 
 The vendor that was responsible with constructing our 

Booster required that we have no physical connections 
between our electronics and the booster ring girder. This 
involved several challenges. Our design was already AC 
coupled so we were isolated on the transmission line 
however, the physical connection from the girder to the 
box and the box through our connectors presented another 
problem. We were able isolate the box from the girder by 
using isolation washers; from there the board was 
modified to isolate the physical connecter ground from 
the board ground. We accomplished this by creating 
“islands” around all the connectors and AC coupling 
those islands to the board with capacitors. The total 
capacitance had to be calculated so that it still would be 
acceptable with our design. Simulating showed that a 
parallel combination of 800pf. Caps worked very well. 
Because the board was so similar to the SR version we 
even further improved the channel to channel isolation by 
decoupling the channels by separating the striplines by 
eliminating most of the source of the coupling. The 
signals paralleled each other for some length, making a 
perfect coupler. By minimizing any parallel lines by 
bending the traces away from each other help 
significantly. This modification can be seen in Fig. 7. The 
prototype board was built and our first prototype 
performed very well. The only issue was a resonance that 
showed up at 7 Mhz. This was a result of the isolated 
ground causing a resonant circuit. To damp this resonance 
we chose to just add a High Pass Filter in series with our 
Low Pass filter. A quick lab experiment proved that this 
would work very well. A second rev of the prototype 
(first article) was fabricated and it greatly outperformed 
even the SR version. We observed some channel to 
channel isolation as low as -80dB. Because of the 
isolation washers, a different enclosure was also 
developed. 

 

 
Figure 5: Booster PTC S-parameter measurements. 
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Figure 6: Booster PTC S-parameter plots. 

 
 

 
Figure 7: Booster PTC. 

 

CONCLUSION 
 
The Pilot Tone Combiner Board will allow NSLSII to 

achieve submicron resolution in both our Booster and 
Storage Ring BPM measurements. Our initial simulations 
regarding the isolated grounded version compared very 
well with the actual response we observed. The lessons 
learned regarding isolation became extremely important. 
One being, a simple modification of just adding stitching 
vias along the transmission line, to steer any coupling 
fields to ground as closes as possible. Also allowing the 
advantage of a multilayer board with ground layers 
between channels to further improve our isolation. All 
these results lead the Booster version to outperform the 
SR version. Understanding the result of isolating the 

ground and dealing with the problems that come by doing 
so. The storage ring version has been already tested on a 
real machine (ALS 2011) however, with our booster 
almost a year away we can only continue to examine lab 
data using synthesized data.  
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