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Abstract
First tests were performed on the “standard” Bergoz BPM processor, with IF modi�cation. The results of
these tests are summarized.

1 Introduction

The �rst beam position monitor (BPM) electronics module ordered from Bergoz had modi�cations to
allow a faster sampling of data and a faster response time. This module had noticeable frequency spurs
in its baseband output. These spurs made the performance of the module unacceptable. The unit was
returned to Bergoz.

After further evaluation of the time response requirements of this module, SSRL decided not to ask
Bergoz for any change in response time of the unit. SSRL still wants a module with modi�cations that
allow for the external control of the local oscillator (LO) and which outputs the intermediate frequency (IF)
so that it can be digitized externally. With that goal in mind, a second module was shipped. This unit has
the standard Bergoz multiplexing and baseband output. The only modi�cation is that now, instead of the
LO being derived from the input radio frequency (RF) signal, it is input by the user. The LO is still required
to be offset ������� from the RF. The modi�cation to an IF output will be made on a later unit. As with
the other standard Bergoz units, the user has the ability to control the multiplexing rate of the module.

2 Setup

The measurement setup consisted of two signal generators (HP8644B and HP8664A), a function gen-
erator (HP3324A), an oscilloscope (TDS3054), and a digital dynamic signal analyzer (SRS785). The
HP8644B provided the RF signal. The signal frequency was that of SPEAR 2, �-8 � �	
�	�����. Its
power output was split four ways by a power divider into the four BPM input cables, so that the signal
strength at each port was the desired value. The second signal generator provided the LO. Its frequency
was ������� below �-8 , �u� � ����
�����, and the output power was set to -8��. The function
generator provided the clock signal to the Bergoz module, when desired. The clock frequencies tested
ranged from 	��� to �� ���.

The vertical position signal was monitored. The signal was externally terminated with a ��� resistor
and input into the high impedance ports of the oscilloscope or signal analyzer. The time response of the
signal was measured with the TDS3054 and the frequency response of the signal was measured with the
SRS785. For this set of measurements, the SRS785 was set to average ��� traces and was set for the
maximum resolution of 
�� channels.
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1. Noise in vertical position signal vs input signal power. Both the power density at 	���, and the
integrated power from �� ��� ��� are graphed.

3 Performance

3.1 Noise Floor

The measured noise �oor of the system matched that of the factory data sheets delivered with the mod-
ule. As seen in �gure 1, the noise decreases with signal power quite rapidly for low signal powers, then
nearly levels off once the input signal power reaches � ��	 ��. The location of this knee is of course
determined by the dynamic signal range engineered into the module design. Since the nominal power of
the SPEAR 3 button signal is greater than ��	��, it seems that we would bene�t from a choice of a
smaller dynamic range, one that would trade a lower noise �oor at high amplitudes for less sensitivity at
lower currents. We should discuss what dynamic range we really need and see if we want to explore the
possibility of requesting a dynamic range more suited to our machine.

The noise �oor is also relatively insensitive to the clock frequency. (Note that since each clock cycle
samples one button, the total cycle is four clock periods, so the actual cycle frequency, �S+S,e, is one fourth
of the clock frequency.)As shown in �gure 2, the integrated noise is highest at the low clocking frequencies,
and starts to increase again at the higher frequencies. The reason for this poorer performance at the low
frequencies is due to the feedthrough of �S+S,e into the spectral band of interest.
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2. Noise in vertical position signal vs clock frequency. The 
��� point is the internal clock. All other
points are external clocks. Both the power density at 	���, and the integrated power from �� ������ are
graphed.

3.2 Frequency Spurs

Spectra of the signal in �gure 3 shows a clear peak at � ����, the approximate location of the �� corner
frequency. This undesireable spur adds considerably to the integrated noise in the detection bandwidth.
The cause of the spur is evident once one looks at a slightly larger span (�gure 4). �S+S,e and its harmonics
feed through into the output position signal. Even though there is a notch at �S+S,e, the amplitude of this
spur is so strong that, even with the notch, it is the largest spectral component. An additional four pole
�lter would be required to bring the amplitude of �S+S,e below the noise spectrum of the cutoff frequency,
which is only one octave lower.

The spectrum of the external clock shows that the notches and spurs follow �S+S,e. In �gure 5, one sees
the peak and notch are at the new �S+S,e � ���� ���. The spur, which was at � ��� and in band using
the internal clock is now at ���	 ��� and signi�cantly out of band. From this movement, we can conclude
that this spur is caused by a mixing product somewhere in the system. (One can also see the evidence
of the second sideband at about ��� ���. The strength of this sideband decreases with decreasing LO
power.) Naturally, this spur is undesireable and we will discuss the causes of it with Bergoz in an attempt
to understand if it can be eliminated. If not, at least using the higher �S+S,e pushes these spurs further away
from the � ��� baseband of the detector.
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3. Spectrum of vertical output with CW input signals and internal clock, with cursor at location of a fre-
quency spur.

The amplitude of the spurs of the internal clock is large enough that they signi�cantly corrupt the output
signal. An oscilloscope trace (�gure 6) clearly shows both �S+S,e and its lower sideband. By contrast,
the trace of the external ����� clock shows no such (�gure 7) shows no such structured output. Its noise
is considerably more random and lower in magnitude. We will ask Bergoz why they chose an internal
clock of 
��� rather than a much higher one. We have not observed any advantages of the lower clock
frequency.

3.3 IF Mixing Products

The module we received has an IF of �������. The SPEAR 3 modules that we want need to output an
IF of �����	���. Because of the change in this frequency, we made measurements to see what, if any,
issues a different IF would raise. We noticed a beat frequency between the IF generated in the module and
the difference between the input RF and LO signals. The beat frequency creates a spur offset with respect
to �S+S,e, ��	 ��� and ��	��� in �gures 8 and 9, respectively. The existence of the spur is not surprising,
but now that we know its behavior we need to understand how to specify the SPEAR 3 module. If the
baseband section of the module still uses ������� as an IF frequency, we have to insure that this mixing
product will be far outside of its bandwidth. If the section uses the �����	��� SPEAR 3 IF frequency,
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4. Spectrum of vertical output with CW input signals and internal clock. Cycle frequency spur is at
� � ��� �

then we know that any difference in the frequencies will cause a beat close to �S+S,e. If we were to supply
this frequency, we could insure that there is no beat frequency, but this would require additional cabling and
connections to the modules. If the frequency is generated internally by a crystal, the difference between
this frequency and that generated by our LO should be small enough that the beat stays far away from the
baseband spectrum.

3.4 Digitizing the Baseband Signal

We will digitize the output baseband position signal of the module for the SPEAR 3 MPS system. Since we
have observed switching noise feeding through to this output signal we wanted to see what, if any, external
signal processing would be needed to eliminate errors due to this noise. All of the transients are quite high
frequeny ringing, as expected. We can identify the transients that occur with the rising and falling edges of
the clock. There are additional transients that occur ���, ���, 	��, and ���	�� after the positive going edge
of the clock (�gure 10). We veri�ed that the timing of these edges is independent of the external clock
frequency, at least over the range from �� to �����. We should verify with Bergoz that these frequencies
are in fact “�xed” to within a reasonable tolerance and that we can count on this timing to be the same in
all modules.

5



SRS

∆ -848 Hz ∆ -798.6 µ Vrms

0 Hz
FFT 1 Log Mag BMH RmsAvg 100

3.2 kHz 6.4 kHz
10

µ Vrms

10

mVrms

3

decades

A Live

10/22/01  15:25:25

5. Spectrum of vertical output with CW input signals and external ����� clock.

One option we have to minimize the error introduced into our digitized signal would be to insert a small
�lter, perhaps a two pole LC �lter, with a corner bandwidth somewhere above a few ���. This of course is
more cabling, modules, and connectors. Since we want to digitize synchronously with our clock anyway,
we seem to have plenty time of transients to digitize the signal after the falling edge of the clock. (Dividing
our revolution frequency of ���
��� by 64 gives a switching frequency of �����. Assuming the MPS
system bandwidth is capable, we can digitize at after the trailing edge of every fourth switching clock. This
scenario gives �	�� of time to sample the signal. There are many commercial �� bit ADC chips that can
sample in this time.)

3.4.1 Another Comment About Noise

Having observed the transients, we assume that at least one of these edges is due to the latching of an
integrated button signal on the analog adder in the output stage. If this is the case, then we might be
able to understand which part of the module contributes the most noise to the system. If the major noise
contribution comes from the front end, we should expect to see edges in the output signal at the latching
time. Since the bandwidth of the output section is much slower than �S+S,e, a step response would not
have time to settle, and would still be on its slope, but we still be able to identify the point at which the
slope changes. Examining several traces such as those in �gure 10 did not show any such pattern. The
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6. Oscillogram of vertical position using internal clock.

conclusion is that either we are incorrect in our assumption that one of these transients corresponds to the
latching of a signal and we should not expect to see a discontinuity in the slope of the signal, or the dominant
noise in the system is in the output stage.

3.5 Position Dependence on Current

Another issue of interest is the output dependence on the input signal power. A bench measurement of
the vertical position output as a function of input signal power was made (�gure 11). The unit shows very
constant performance, � ��� variation over the input signal power range of �� to �	� ��. Since the
signal source had a �xed 	�� source impedance, this is not quite the same condition as the module will face
when looking at a real BPM signal. It is not yet clear what, if any, effect the different source impedance
will have on the variation with signal power.

Again, this module seems to be optimized for signal powers in this range. If the nominal SPEAR 3 input
signal power is higher, we are operating away from the optimal region. To return to the good operating
region we would need to insert attenuators to drop the signal power. A preferable situation would be to
see if Bergoz can modify the module to take advantage of our increased signal power and reduce the noise
�oor. Of course, it may be that the characteristics of his gain stages are such that they cannot handle higher
signal power levels. If this is the case, we have no real option but to attenuate our input signal strength.
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7. Oscillogram of vertical position with ����� external clock.

3.6 AGC Voltage Control

The SPEAR 3 MPS system desires to have a redundant method, in addition to the DCCT, of measuring the
current in the ring. One possibility that has been discussed is to use the AGC control voltage as such a
monitor. With that question in mind, the AGC voltage was measured as a function of input signal power
(�gure 12). Over the region of interest for the SPEAR 3 signal power, the AGC voltage only changes by
� �	� and the dependence appears to be logarithmic with input power. This voltage range is certainly
large enough to digitize, but we know that this signal was not meant to act as a current monitor. Because
the AGC vs signal power relationship is not published as part of the speci�cations, it is unknown how
repeatable this curve is from unit to unit. At this time we cannot tell if this would signal would be an
acceptable redundant current monitor.

From this measurement it appears that there are two distinct AGC stages, one that controls the gain for
low amplitude signals (probably the �rst gain stage) and one that controls the gain over the last ���.
Comparing this graph with �gure 11, we see that the region of lowest position dependence on amplitude is
the region over which the second gain stage is functioning.

From this data we can make two assumptions about the origins of the nonlinearities of the position
calculation. For low amplitudes, the input gain stage is probably being varied, with the result that the input
match of the system, is changing as the gain is varied. The system is probably optimized to match the
signals when the input gain is at its minimum value, which occurs when the input signal strength exceeds
��� ��. Once the signal strength exceeds �� ��, something starts to saturate. If the saturation occurs
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8. Spectrum with external IF set ��	��� below nominal.

at the input stage, this sets the fundamental power limit of the input signals, unless a higher power input
device is substituted. If the saturation occurs after the RF section, it would mean that there are different
IF signal levels for the same RF signal levels on each of the four inputs. This is probably a less likely
scenario, but if it is the case, it is probably easier to correct.

There is also interest on our part to control the AGC externally. We are interested in knowing the
bandwidth of the AGC loop so that we can estimate its effect on the output signal. We have not yet
measured this, but will soon do so.

3.7 Time Response

The step response of the unit was also measured. From the noise spectra taken (�gures 3,4,5), we already
knew the system had a single pole rolloff at about � ���, which corresponds to an e-folding time of �����.
The �� � ��� rise and fall times were measured as a function of frequency and was about double the
e-folding time, as expected. The risetime values plotted in �gure 13 and the plot of one shown in �gure
14 do not include an approximate 	��� “delay”, one sampling clock period, associated with the response.
The delay and risetime, from a step position change to ��� of �nal value of the Y output, was measured as
�����, with a ����� clock. Again, a clock frequency of � �� ��� seems to give the best performance in
terms of rise time.

9



SRS

∆ -4.496 kHz ∆ 128.7 µ Vrms

0 Hz
FFT 1 Log Mag BMH RmsAvg 100

3.2 kHz 6.4 kHz
1

µ Vrms

10

mVrms

4

decades

A Live

10/22/01  15:54:32

9. Spectrum with external IF set ��	��� below nominal.

The system response is that of a second order, slightly underdamped system. A general second order
unity gain system satis�es the differential equation

�2� ���

��2
� ��	f

�� ���

��
� 	2

f
� ��� � 	2

f

 ���

giving a system transfer function

� ��� �
	2
f

�2 � ��	f�� 	2
f

�

The unit step response of such a system is

� ��� � �� ��
�� �2

31/3| ���

�
	f

�
�� �2�� ���3� �

�
�

The data taken for a � � step change in input RF signal strength shows a �� change in measured y position
that is slightly asymmetric and only slightly underdamped. One could choose a slightly different damping
to improve the response time at the expense of some overshoot, but, as shown in �gure 13, the response
time is acceptable for our MPS requirements. The system step response was independent of the step size.
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10. Switching noise on output with an external �� ��� clock.

4 Conclusions

The sample unit that we evaluated acts as advertised. We need to match our signal dynamic range better
with the optimal range of the module. If we have more signal power than the unit is designed for, we
should determine if there is a straightforward modi�cation of the unit that will allow us to better utilize our
signal power, rather than just attenuating it. In the optimal range of the module, the positional variation
with respect to signal amplitude seems to be quite low, when the signal is input from a matched source.

The unit seems to work better when the switching frequency is substantially higher than the default
internal frequency. Part of this improvement comes from an undesired spur that leaks into the signal
bandwidth, but part also seems to come from a feedthrough (unavoidable?) of the cycle clock that is not
attenuated suf�ciently by the baseband �lter.

We should not have any dif�culty digitizing the output synchronously, since we should be able to avoid
the switching transients with the proper choice of sampling time.

The step response of the module was that of a two pole, slightly underdamped, low pass �lter. The
response meets the SPEAR 3 rise time requirements and is independent of amplitude. The response was
still very good at a �� ��� clock frequency.

The AGC signal is logarithmic with input signal power over the optimal operating range of the unit and,
for this particular unit, varied about ��	� over a �� � change in input signal power.
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Bergoz unit  vertical position signal vs input signal power

11. Vertical position reading as a function of the input signal power.
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Bergoz unit  AGC voltage control vs input signal power

12. Internal AGC control voltage as a function of input signal power.
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14. Step response of vertical position to a � � change in input RF signal strength with �� ��� external
clock.
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