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Notes from DIPAC 2001 
DIPAC 2001 was held at ESRF, in Grenoble, France, on May 11-13, 2001.  Our primary 
mission there was to gain information relevant to our BPM processor system design.  We 
sought out information from two vendors, Bergoz and Instrumentation Technologies, and 
representatives from several laboratories with experience with these systems, BESSY II 
for Bergoz, and SLS for Instrumentation Technologies.  All of these discussions were 
held privately, outside of the conference sessions and working groups. 

Instrumentation Technologies 
We asked Roc Ursic if IT was still interested in developing a prototype RF-IF 

converter for us.  We noted that we had thought he was interested in this work after out 
meeting in Palo Alto, but were surprised that he had not responded in any way since then.  
Roc was a little cryptic, but said that he was still interested in bidding on such a prototype 
project.  Without going into much detail, he said that because of his  resource constraints, 
he is not interested in a situation that requires him to work for six months before getting 
paid for any work (he may have some cash flow difficulties now).  We told him that we 
could not promise anything, but that we would look into the possibility of arranging a 
contract that included partial payments, perhaps along the line of 25% payment after the 
first third of the work is completed, another 25% after the next third, and the final 50% 
upon project completion.  He estimated that the cost of building a prototype (as described 
below) would be in the neighborhood of $15k.  We stressed that this prototype needed to 
be completed during this calendar year in order for it to fit into our SPEAR 3 schedule.  
He said the time would not be a problem. 

Our outline of the specifications of the prototype we would ask IT to build is as 
follows: 

• Four parallel RF-IF channels 
o 717.066 MHz @~-10 dBm in 
o 723.468375 MHz L.O. supplied by SSRL 
o 722.8281375 MHz test tone supplied by SSRL with user controlled 

amplitude 
• IT will buffer the test tone out through four ports of its module. 
• SSRL will externally combine the test tone with the four RF inputs. 
• IT will provide individual gain controls for each channel. 
• SSRL will control the amplitude of the test tone and the gain of the four channels 

by means of five DACs located in the IT module.  The control will be via some 
digital interface convenient to both SSRL and IT, although it may not be the final 
interface used if a production system is built. 

Roc said that he would send some brief proposal to resume the contact.  We need to 
decide if the partial payment scheme is acceptable to us and, if so, if it is also acceptable 
to SLAC purchasing. 
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Bergoz Instrumentation 
Our most extensive discussions were with Julien Bergoz and Klaus Unser of Bergoz 

Instrumentation.  These discussions both improved our understanding of the operation of 
the Bergoz module and clarified some points raised by the memo sent to Bergoz by Don.  
Of course the discussion of this memo raised some action items for both Bergoz and 
SSRL. 

Late Delivery of Prototype Modules 
As directed, I expressed to Julien our displeasure over the lateness of the prototype 

modules as well as the fact that we were not notified of the lateness until after the 
modules were past due.  I told him that this raises questions in our mind about his 
schedule estimates and reliability of his delivery dates.  I said that we understand that 
sometimes there are schedule slips, due to both causes within and outside of his control, 
but that we feel we should have been informed earlier, as soon as they knew of a schedule 
problem.  He said that the schedule slipped because they had forgotten to account for the 
non-standard filter that they need to use for our particular frequency.  When they got 
around to ordering it, its long lead-time caused the delay.  He defended his company’s 
record of meeting delivery schedules, but accepted the criticism and said that he and Ian 
will keep us better informed in a more timely matter on future shipments. 

Module Design 

Signal Equalization 
Julien and Klaus both acknowledged that their module experiences non-linearities.  

They cannot eliminate all of them, so instead they design the module to always work with 
nearly identical amplitudes from all four buttons of a module.  Since the beam “golden 
orbit” may not be centered, the raw RF signals corresponding to this “golden orbit” will, 
in general, not be identical.  Bergoz’s recommendation is to first commission the machine 
and its orbit, then adjust the passive input attenuation for each RF signal on each 
electronic module to equalize the amplitudes after the attenuators.  In this way, all four 
signals see the same non-linearities in the processing channel.  We did not specify how 
exact this equality must be.  The 1 µm quoted precision of the system is with all input 
signals equalized. 

Switching Characteristics 
They also acknowledged that all of the standard GaAsFET switches with integral 

drivers that they have tested experience the slow turn-on time for the last few percent of 
the amplitude.  Their old switch used to be a SP4T switch from MA/COM, but since that 
switch is now obsolete, they are moving to smaller SP1T switches.  Julien did not 
remember the name of the vendor, but said that it is a company based in the northeast US.  
He said that he thinks that the company may be relatively new in the market.  The 
isolation of each of these switches is not as high as that of the obsolete switch, but Bergoz 
will series these switches in each input path to achieve what he claims to be greater 
isolation than that of the original.  Klaus likes the fact that they are reflective, so that in a 
series configuration, he can switch the input of the “off” channel directly to ground, 
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improving the channel isolation.  These new switches do not have an integral gate driver.  
Klaus said that he uses a peaked gate drive circuit that eliminates the slow 100% turn-on 
time.  (He gave an explanation of what he thinks is going on in the device that causes this 
problem, but it was not clear to us that this explanation was entirely correct.)  (We have a 
parallel program to do similar tests with the gate drive on a sample switch from Hittite in 
order to verify the ability to speed up the turn-on time.)  Klaus said that he rejected the 
use of PIN diodes for two reasons.  First, he did not like the inherently higher insertion 
loss they had compared to that of the GaAsFET devices.  Second, the power needed to 
drive PIN diode switches was greater than his power budget for the original modules, 
although that would probably not be a problem now.  He did not address what, if any, 
problems the transients from the diodes would cause. 

Input Impedance Matching 
Klaus explained that his reasons for requiring excellent matching of the front ends of 

the modules comes from the reactive impedance at the input of his amplifier (dual gate 
MOSFET).  Since this input impedance is a function of gain, the transmission of the 
signal through the FET also changes as a function of gain.  He claims that this variation is 
the principle cause of non-linearities in any system that he has investigated.  Klaus did 
not go into details about his matching techniques, but that will be something else to check 
on the Bergoz prototype systems. 

AGC Circuit 
The AGC circuit of the Bergoz module involves a non-linear gain element (the second 

gate of the FET), so the circuit time constant changes as a function of gain and it is 
impossible to quote one number for the time constant.  He understood the issue of the 
modulation of the four button amplitudes due to the finite rejection of the AGC loop 
filter.  His estimate of the time constant is that at minimum, it ranges from 1 ms to 10 ms, 
but he guessed that it probably was much longer.  He is a little hesitant to give us an input 
to the AGC circuit, since he worries that we may inject noise onto that sensitive circuit 
and therefore spoil his module performance when it is under internal control.  We asked 
them to look for a solution that will use an analog switch to lock out the external control 
when the system is in its internal AGC mode.  In fact, this switch may even already be in 
the module.  Such a solution should eliminate his concerns. 

We also need to finalize the design of the AGC circuit for the non-standard, 
“specialized”, modes.  In principle, his circuit takes the rectified output of the four 
channels and sums them, but there are some technical details hidden in the circuit that 
would give problems if the system is unmodified.  If we stop on one button, only one of 
these samples will be related to a real signal, and the other three will be pulled to his 
default value.  After a time longer than the loop time constant, the AGC control will 
either force full gain in the system or full attenuation, he could not remember which.  In 
either case the system would be unusable for sitting on a single button.  External control 
of the AGC circuit obviously solves this problem. 

Gain for Injection 
As we had anticipated, the (X, Y) output of the Bergoz module would not be able to 

give us any reasonable output when a single bunch exists in the ring for only a few turns.  
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But the AGC circuit will also need to be modified from the default configuration in order 
for the IF to be usable in this mode.  Currently his circuit will servo to full gain, resulting 
in noise driving the output to full scale.  If we calculate our expected single bunch current 
(30 µm ?) and the signal strength at the input of the module, Bergoz will lower the 
maximum gain so that even when the module gain is internally controlled, the IF will 
have a meaningful signal for a single bunch from one button. 

External Multiplexer Control 
To externally control the multiplexing of the buttons, we will provide signals that are 

common for an entire crate.  These two signals will be the binary code of the button 
desired.  The backplane will distribute these signals to each individual module and a 
single termination will exist on the backplane.  The levels of these signals will select the 
switch settings.  If we desire any latching action, we will have to provide that externally, 
before the backplane. 

The modules output a logic signal that is high when button A is selected and low all 
other times.  Reuben could use this signal to check that the module is actually switching. 

Raw Button Data Outputs 
We had, internally, considered using the “raw” demodulated data signals from each 

button to provide a consistency check for the (X, Y) output, recognizing the additional 
cabling and ADCs that this check would require.  These signals may be used for a low 
precision check, although they were not designed for that purpose.  There is significant 
signal processing after these signals, for example, these signals are extracted prior to at 
least one gain stage, so that the accuracy of this raw data is probably no better than 5%. 

Action Items 

SSRL Action Items 
• We will provide a calibration figure in a quantity such as dB/mm for the 

relative change of the signal generated by a centered beam.  Bergoz does not 
want to be responsible for this geometrical calibration factor. 

• We will provide the details of our current IF filter design, giving the theoretical 
pole values, theoretical frequency and time responses, actual component values 
used, and measured frequency and time responses.  Unser recognizes that this 
filter is centered on a different IF frequency than the one we are asking them to 
build for SPEAR 3, but wants this information to use as a model for his filter 
design.  (Bergoz will drive the IF with a 50 Ω driver, but his filter source and 
load impedances may not be 50 Ω.) 

• We will recheck the IF output amplitude that we want for the centered beam (-9 
dBm).  I am sure that Don performed the calculation correctly, but the signal 
seems low compared to the maximum amplitude that can be processed by the 
Echotek board.  One additional item that we learned was that the Bergoz 
module uses an AD8001 for its output video driver amplifier.  We may want to 
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check the distortion and/or compression properties to determine how we want 
to distribute the gains between the two modules. 

• We will give the minimum signal level we expect a single injected bunch to 
produce at the module input.  We will also request a desired SNR for this signal 
level.  These values will set the limit of what we can resolve from the IF during 
injection measurements. 

• We will request the limits for a desired internal time constant for the AGC 
filter. 

• We will produce an example of a timing diagram for the sampling of the (X, Y) 
data for our machine protection system.  This is part of a dialog between SSRL 
and Bergoz to insure that we can conveniently sample the output position data 
at a time when valid data is present on these outputs. 

Bergoz Action Items 
• Bergoz will specify the timing of the signals after the multiplexer switches.  

This information will tell us if/when we reach 100% signal amplitude and, if 
100% is reached, when the initial transients have disappeared. 

• Bergoz will supply a temperature drift coefficient so that we can determine if 
we need to temperature control his modules.  The limiting factor in the drift 
now is the drift in the voltage reference.  They are looking into upgrading that 
part of the circuit to reduce this drift. 

• Bergoz will produce their current recommended timing diagram for the 
sampling of the (X, Y) data for our machine protection system.  This is part of a 
dialog between SSRL and Bergoz to insure that we can conveniently sample the 
output position data at a time when valid data is present on these outputs. 

BESSY II 
We discussed briefly the BESSY II BPM system with Peter Kuske and particularly his 

experience with the Bergoz module and the reasons for his decisions to build their own 
electronics. 

The Bergoz system was a candidate for the BESSY II BPM system, but was rejected 
after tests showed a large drift, ~30 µm, with intensity.  Klaus Unser was working on the 
module during these tests to minimize this variation, but was unable to reduce this drift to 
equal or better the values obtained by the internal design.  The modules were designed 
and built entirely in house. 

Peter independently emphasized the importance of matching the input impedance of 
the four buttons.  The experience with their electronics was that the variation of the 
impedance with the gain was responsible for variation in reflections that changed the 
relative transmission coefficients of the four buttons.  He suspected that this was the 
problem with the Bergoz module and would not be surprised to learn that they had fixed 
this problem by now, although they had not fixed it at the time that BESSY needed to 
decide on a system. 
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As stated above, BESSY designed, built, loaded, and tested its own BPM system.  
Peter was emphatic in his opinion that the BPM system is the most important part of the 
control system of a synchrotron and that it must work at the levels of precision we are 
discussing.  He said that they have independent tests from their photon monitors that 
verify the 1 µm performance of their system.  He also strongly recommended that we 
design and build our system internally.  His reason was that then we would know exactly 
what we have, how each part works, and what its limitations are.  Also, if we wanted to 
make future modifications, we would know how to proceed.  (Even if we don’t take his 
advice on building our own electronics, I think we should understand whatever system 
we use as well as if we built it ourselves, exactly for the above reasons.) 

SLS 
We spoke with Patrick Pollet and Rafael (?) from the Swiss Light Source about the 

performance of their system.  They are, overall, pleased with its performance, but it is not 
clear to me how well they have characterized it for all operating conditions.  Data 
presented at a talk in the workshop showed the system to have the advertised 1 µm 
performance.  These data showed periodic normalization corrections of steps at the 
micron level. 

Some of the points that were discussed were the following: 

• Their pilot tone is ~17-20 dBC.  They pointed out that since the test tone adds 
with the signal tones, and that the distortion from the gain stage will come with 
the total amplitude, the amplitude of the test tone does not have to be equal to 
the signal to calibrate the electronics. 

• They sample the test tone only every few minutes.  They see only the need to 
calibrate out thermal drifts. 

• They have not characterized the response of their system filters as a function of 
temperature, so they do not have any numbers that can characterize their 
contribution to the differential error. 

• They now use a constant gain in their system, but are investigating an AGC that 
will give a constant amplitude output.  I don’t remember if I asked why they 
wanted to change this processing philosophy. 

• They have learned that they must be very careful to keep all elements of their 
system constant.  For example, they can observe 5 µm measurement errors by 
just wiggling cables and/or connectors.  They have not done any quantitative 
measurements of temperature drifts of their system. 

• To avoid compression, the signal level at their mixer input is –40 dBm!!!  I did 
not find out which mixer they used and what its performance characteristics 
were.  (During the same conversation they said that the noise floor was at –60 
dBm at the mixer input.  When I pointed out that they would then only have 20 
dB SNR and probably couldn’t achieve the 1 µm performance levels, they 
agreed that this number sounded incorrect, but they were just speaking from 
memory and did not have any other information on hand.) 
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• SLS claims that they have ½ bit digitizing error.  (IT uses a 12 bit Analog 
Devices A/D in that module.)  I think they measured this error by observing 
how much the last bit moved when they had grounded the input.  I am 
interested in checking the specs from AD to see if this number is realistic.  In 
any case, I did not get the impression that they measured the performance of the 
AD with the same type of tests as we did. 

• Due to their choice of the IF and the digitizing frequency, they undersample 
their IF.  Because of this, they found that the system accuracy is extremely 
sensitive to the clock jitter.  I told them that we have also placed a high degree 
of importance on a jitter-free clock, even though the ratio of  our sampling 
frequency to IF frequency was much different than theirs. 


