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Abstract

An electronics circuit operating up to 120 MHz suitable for
Beam Position Monitor signal processing is described. Two
different channels process signals from the electrodes. Each
channe! is realized with two cascaded DC coupled demodulat-
ing logarithmic amplifiers, providing an output voltage propor-
tional to the logarithm of the input signal amplitude. The
outputs from the two channels are processed by differential and
summing amplifiers. The difference output produces a voltage
proportional to the beam displacement between the electrodes,
but both the difference and sum outputs are digitized in order
to allow for a software correction of the gain and offset mis-
matches. The electronics show better characteristics than previ-
ous implementations utilizing log-amp circuits. The dynamic
range has been increased, keeping the linearity error smaller
than 1% over a 65 dB input signal range. The noise characteris-
tics have been improved providing good resolution at low cur-
rents. The RF burst response has also been tested showing
good characteristics for use on a Linac or Transfer Line. One
prototype, working at 60 MHz, has been built and is planned
for use on one or more machines at the SSC.

1. INTRODUCTION

The circuit described in this paper utilizes the AD640 inte-
grated circuit from Analog Devices [1]. The chip is a logarith-
mic detector: it furnishes a DC output proportional to the
logarithm of the input signal amplitude. The AD640 operates
from DC to 120 MHz of input signal.

The main characteristics evaluated in this paper are:
linearity

dynamic range

noise figure

RF burst response

frequency response

stability

channel matching

The parameters used in this evaluation are those of the SSC
Low Energy Booster, but they are still quite general: some
parameters are common for all the SSC machines.

Table 1.

Parameters used in the evaluation
sensitivity S, = 0.72dB/mm
beam current I, = 15-480mA
input frequency f = 475-60MHz
bandwidth BW= 2MH:z

*Operated by the University Research Association, Inc., for the U.S.
Department of Energy under contract No. DE-AC35-89ER40486

2. DETECTOR SCHEME

The principle scheme of detection is shown in figure 1. The
band pass filter (BPF) selects only the main RF component; the
logamp circuit produces a DC output proportional to the foga-
rithm of the input signal amplitude; the low pass filter (LPF)
optimizes the signal to noise ratio; the differential and sum-
ming circuits are used to calculate the beam position in the
beam pipe. The position is calculated in the following way:

; (EQ1)

where A and B are the electrode potentials, S, [dB/mm] is the
sensitivity, and AV [dB] is the ratio of the two inputs.
Taking care of the electronics:
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where g; 5 [V/dB] is the logamp gain, defined as the ratio
between the output voltage and the input power, gp, is the dif-
ferential amplifier gain, and V,,, [V] is the output from the dif-
ferential amplifier.

In our case gy 4 = 0.046, and g = 9.552, s
x[{mm] = 3.161xV_,

(EQ 3)

The signal from the electrodes is simulated by a sigrial gen-
erator operating at 60 MHz. The low pass filters cut off fre-
quency is 2 MHz. A 12 bit ADC board is used as a digitizer.
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Figure 1. Principle scheme of detection.
3. LINEARITY CHARACTERISTICS

The circuit must be linear in order to get the same position
measurement at different beam currents, and to get a signal
proportional to the beam position when the beam is off center.
The linearity error is here defined as the error, in percent, of the
channel response (Vyy, vs. Via) with respect to the ideal straight
line.

The signal generator has been ramped from 0 dBm down to
-70 dBm. The circuit output voltage is measured with a digital
multimeter and, because of the signal generator non linearity,
the circuit input power is measured with a vector voltmeter.
The measured linearity error is less than 0.5% over 50 dB of
input power and better than 1% over 65 dB of input power. The
consequence of this error can be seen in figure 2.



No special attempt has been made to match the channels:
all components used in the circuit are “off the shelf”. An alter-
nate method of hardware matching is described here. A soft-
ware correction takes care of the different channel gains and
offsets. This procedure requires the use of both the difference
and sum information, and the measurements of all the circuit
parameters: logamp gain and offset, differential and summing
circuit gains and offsets.

The position calculated should be:

X = ; x 2Clog (g) = ; x 20 {log (A) — log (B)) (EQ4)

with A and B being the input power from the electrodes. The
two channels really give:

Vi = ga%xlog(A) +8,;........Vy = ggyxlog(B) +8, (EQ5)
with g, and gy being the gain, 8, and dg the offset. The calcu-
lated position is:
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The difference and the sum from the two channels are:
A=V,=Vpi. ... L=V, +V, (EQ7)
$0 we can express V, and Vg in term of difference and sum:
L+A I-A
= L 5 = (EQ8)
The position can be expressed in terms of difference and
sum in the following way:
L+A
(ot T
X = .. X -
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The real difference and sum electronics also have a certain
gain and offset:

(EQ9)

A =g A48, L = gpL+8; (EQ 10)
with g, and gy being the gain, b, and by offset;
A -b X -0,
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Thus, the position calculated in terms of the digitized dif-
ference and sum, and of the electronics parameters is:
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(EQ 12)

The result obtained applying this method is shown in figure
2. The signal generator power is ramped down from 0 dBm to
-70 dBm, simulating different beam currents. A set of switched
attenuators, giving different power ratios between the two
channels, simulates different beam positions in the beam pipe.
Many measurements are taken at 1 dB attenuation steps
between the two channels. This correspond to 1.4 mni steps
according to the sensitivity value shown in table 1.

The ideal plot would show many straight lines. In reality
the lines are not straight because of the electronics linearity
error, and the mismatch between the two channels. The largest
fluctuation in amplitude is present at 10 dB power ratio
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between the two channels. This is due to the AD640s internal
structure: each of the five internal stages has 10 dB of gain.

An interesting idea to reduce this fluctuation is to use two
pairs of cascaded AD640s per channel, each pair contributing
to the same output. Both the pairs would receive the same input
signal, with one input being attenuated by 5 dB. This would
correct the internal stage 10 dB gain effect.

The fluctuation due to the two channels linearity error, visi-
ble in the plot, is less than 0.05 mm over 65 dB of beam current
for the beam on center, and less than 0.3 mm over 55 dB for the
beam 2.8 mm off center. No special test has been done in order
to measure the circuit parameters stability, but the same slope
and intercept have been measured over 5 months of testing.
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Figure 2. Simulated beam fluctuation.
4.0 NOISE MEASUREMENT

The signal to noise ratio, due to the thermal noise and the
electronics, limits the measurement resolution [2). The resolu-
tion due to the signal to noise ratio is:

Py
b N
bx = e e (EQ 13)
2./2N Fs
with Pg and Py in Watts, or:
Py=-Py
b S0 )
bx = ——10 (EQ 14)

with Pg and Py in dBm. Pg is the input power, Py the noise
power, and b the beam pipe radius.

The thermal noise can be calculated with:

Py [dBm] = 10log (4KTR) + 1Qlog (BW) + NF
= =174 + 10log (BW) + NF
R =50 Q, BW = bandwidth [Hz], and NF = noise figure [dB].

For this measurement the signal generator is providing the
same input to both channels. Both an RF voltmeter and 12 bit
ADCs are used to digitize the differential and sum circuits. The
signal power is ramped, and the position calculated using
(EQ 3).

The resolution can now be determined by calculating the
standard deviation in either one of the following ways: digitize
Vou With the ADC, calculate the position, and calculate the
standard deviation of x, or measure the r.m.s. value of V,, with
the RF voltmeter, and calculate the r.m.s. value of x (which 1s
its standard deviation).

(EQ 15)
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The results of the measurements are shown in figure 3.
Both the experimental plot and the theoretical plot (considering
NF = 0 dB) are shown.

The noise figure is represented by the distance between the
theoretical and measured plots. The noise figure evaluated in
this way is 17 dB.

Resolution due to S/N ratio: Bu=2MHz,
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Figure 3. Noise measurement with BW = 2 MHz.

5.0 RF BURST RESPONSE

It is useful to know the RF burst response if the circuit will
be applied to the Linac or transfer lines, or if a gap is present in
the circular machines.

Both the logamp input and the output signals are measured
with an oscilloscope. The output signal from the logamp is
measured without a low pass filter in order to get a response
due only to the logamp circuit. The result is shown in figure 4.
The circuit risetime corresponds to two cycles of input signal.
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Figure 4. RF burst response.

6.0 FREQUENCY RESPONSE

The frequency response 1s particularly important in the
LEB, where the RF frequency changes from 47.5 MHz to
60 MHz during the acceleration ramp.

The signal generator is set at a fixed power, and the fre-
quency is swept from 47 MHz to 60 MHz. Many measure-
ments are taken using different values of the variable
attenuators. The position is calculated using (EQ 12). The

results are shown in figure 5. The lines are not straight because
the gain of the channels is not constant with frequency. This
data indicate less than 0.1 mm of drift at all the calculated posi-
tions.
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Figure 5. Frequency response.

7.0 PERFORMANCE

The summarized performance is as follows:

* dynamic range at I % error: the value directly measured is
65 dB, and the plot in figure 2 confirms this value, showing a
good working region for 55 dB of input current variation

¢ noise: two independent methods confirm the behavior pre-
dicted by theory, the noise figure being 17 dB

* RF burst response: the test at 60 MHz input frequency
shows a risetime corresponding to two cycles of input signal

* frequency response: the range of interest, 47.5 MHz - 60
MHz, produces less than 0.1 mm error in the measured position
* channel matching: a software correction involving a cali-
bration, measuring offset and gain, has been proven very useful

8.0 CONCLUSION

The results from this preliminary evaluation are encourag-
ing (see also [3]). The performance is better than previous ver-
sions [4]. Dynamic range and fluctuation fit the requirements
for all the SSC machines. The LEB frequency sweep produces
less than 0.1 mm of error in the measured position; the stabil-
ity, RF burst response and channel matching are all satisfying.
A prototype for the SSC Linac will be built in a short time.
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