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Preliminary Evaluation of AD640 Logamp
Detector for BPM Electronics

G. R. Aiello and M. R. Mills

1.0 Introduction

The purpose of this note is to present a preliminary evaluation of the AD640 integrated
circuit from Analog Devices [1], for Beam Position Monitor detector electronics. The chip
1s a logarithmic detector: it furmishes a DC output proportional to the logarithm of the
input signal amplitude. The AD640 operates from DC to 120 MHz input signal.

The main characteristics evaluated are:

linearity error
dynamic range
noise figure

burst response
frequency response
stability

channel matching
temperature drift

The parameters used in this evaluation are those of the LEB [2], but they are still quite
general, most of them are common for all the SSC machines.

TABLE 1. Parameters used in the evaluation
beam pipe radius b= 50 mm

stripline length 1= 150 mm

stripline angle 9="70°

sensitivity 5, =0.72 dB/mm

cable length L=100m

cable attenuation Att=7dB

proton per bunch N =2x108 . 5x10'®
beam current Iy = 1.3 mA - 480 mA
bunch length (1o} g=1ns

input power Vin =-45 dBm. +10 dBm
input frequency f=47.5 MHz - 60 MHz

bandwidth BW =2 MHz



3.0 Detector scheme

The principle scheme of detection is shown in figure 2. The band pass filter selects only
the main RF component; the logamp circuit gives a DC output proportional to the loga-
rithm of the input signal amplitude; the low pass filter optimizes the signal to noise ratio;
the outputs from the difference and summing circuits are functions of the beam position,
the digitizer provides a number which is proportional to the beam position.

FIGURE 2. Principle scheme of detection,
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The input signai from the striplines is simulated using a signal generator operating at 60
MHz, with the amplitude ranging from 0 dBm to -80 dBm. No band pass filter is used.
Two different values of the low pass filter are used: 2 MHz or 100 KHz. The difference
circuit gain used is 10. A 12 bit ADC board and a digital voltmeter provide the digital out-
put.

FIGURE 3. Circuit schematics.
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The basic circuit schematic is shown in figure 3. Two AD640 integrated circuits are cas-
caded, and their current outputs are converted into a single voltage. Operational amplifier
circuits provide a difference and sum from the two channels. The summing circuit is used
to correct the channels mismatch with a software procedure explained in chapter 7.0.

Summat ion Qut



The digital voltmeter measures the output voltage of the channel. The “logamp circuit” in
this case is one of the two channels shown in figure 3, consisting of two cascaded AD640
and the current (o voltage converter. :

The circuit linearity error vs. the input power is shown in figure 5. The linearity error is
defined as the error, in percent, between the channel response and the best straight line fit.
The 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 erTor can be seen on the plot in figure 7. The instrumentation
setup used to make this measurement is shown in figure 6. The same signal generator is
driving both channels. Two variable attenuators provide a programmable power ratio
between the two channels.

FIGURE 6. Simulated beam fluctuation measurement setup.
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When the attenuators have the same value, the centered beam is simulated; when the atten-
uators have different values, the off center beam is simulated, the position being related to
the input power ratio by the sensitivity S,.

The signal generator power is ramped from 0 dBm to -70 dBm, simulating different beam
currents, Many measurements are taken in 1 dB steps. This correspond to 1.4 mm steps
according to the sensitivity value shown in table 1.

The position is calculated in the following way:

1 A 1
where A and B are the stripline potentials, S, [dB/mm] is the sensitivity, and AV [dB] 1s
the ratio between the two inputs.

Taking care of the electromcs:

1.1

where gy_a [V/dB] is the logamp gain, defined as the atio between the output voltage and
the input power, g, is the differencing amplifier gain, and V,, [V] is the output from the
differencing amplifier.



Two measurements, for the beam on center and for the beam off center respectively, are
shown in figure 8 and 9. They both have a fluctuation due to the linearity error and a slope
due to the mismatch between the two channels. The largest fluctuation amplitude is
present when the power ratio between the channels is 10 dB. This is due to the AD640
internal structure: each of the five stages has 10 dB of gain.

The slope visible on the plot is due to the mismatch of the two channels. A software
matching procedure is described in paragraph 7.0. The amplitude fluctuation due to the
linearity error is more clearly visible in figure 16 and 17.

The good working region, shown in figures 7,8, and 9, corresponds to 55 dB of dynamic
range.

FIGURE 9. Beam off center.
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5.0 Noise measurement

The signal to noise ratio due to the thermal noise and to the electronics sets a limit on the
measurement resolution [3]. The resolution due to the signal to noise ratio is:

b PN
ox = — f—— (EQ7)
2./24 P
with Pg and Py in Watt, or:
PN—PS)
5x = 210 O EQS)




FIGURE 11. Noise measurement with BW=2 MHz.
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Figure 12 refers to a measurement made using both the RF voltmeter and the ADC, with a
100 KHz low pass filter. The noise figure measured in this case is 16 dB.

FIGURE 12. Noise measurement with BW=100 KHz,
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A good agreement between the two different measurements can be seen in figure 12.



7.0 Stability and matching

No special attempt has been made to match the channels: all the components used in the
circuit are “off the shelf”. The tilt in the plot of figure 8 and 9 can be reduced with a better
choice of the circuit components. An alternative is a software correction which account for
the different gain and offset of the two channels. This procedure requires the use of both
the difference and sum information, and the measurement of all the circuit parameters:
logamp gain and intercept, differencing and summing gain and offset.

The position calculated should be:

=1

=5 x2010g( ) = —x20(10g(A) -log (B)) (EQ 10)

with A and B representing the input power from the electrodes. The two channels really
give:
V, = §,%20log(4) +3,;.........V, = gz x20log (B) +3, (EQ11)

with g, and gg representing the gain, and 8, and dg representing the offset. The calcu-

lated position is:
V,-d V=93
x:ix(’* a_% B) (EQ12)
Sx 8a ga

The difference and the sum from the two channels are;
A=V, =-Vgoneot L=V, +V, (EQ 13)

V= ——iiannn Vg = —— (EQ 14)

=8,
1 2 4 2 B
= — X - 15
*=5 L gA o J (EQ 15)

The real difference and sum electronics also have a gain and offset:

AL =8 8+d i B = g R+ 8, (EQ 16)

with g and gy representing the gain, and 8, and by representing the offset;



FIGURE 16. Beam on center.
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FIGURE 17. Beam off center.
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No special test has been done in order to measure the circuit parameters stability, but the
same slope and intercept have been measured in 5 months of testing.



The measurement setup used is shown in figure 6. The signal generator is set at a fixed
output power, and the frequency is sweeped from 47 MHz to 60 MHz. Many measure-
ments are taken using different values for the variable attenuators, simulating different
beam positions. The position is calculated using (EQ 18). The results are shown in figure
18.

FIGURE 20. Corrected frequency fluctuation,
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The lines are not straight because the gains of the channels are not constant with fre-
quency. The plot is tilted because the two gains don’t change in the same way. If the two
channels tracked perfectly, the lines would not be straight, but symmetric to the center
line. In this case there would be no error for the beam on center line, and an error for all
the other lines. The tracking can be improved by a better matching of the two channels.

The measurements taken with the same value on the programmable attenuators, which
corresponds to the on center beam, is shown in figure 19. This data indicate a less than 0.2
mm drift when the frequency is sweeped from 47 MHz to 60 MHz.

The fluctuation due to the change in gain and offset, visible in figure 18, can be corrected
with an appropriate calibration. Different values for the offset and gain parameters in (EQ
18) must be used with a changing input frequency. The corrected plot, using this correc-
tion, is shown in figure 20. The on center beam plot is shown in figure 21.

The fluctuation for the on center beam and for the off the center beam, up to 14 mm as
well, is less than 0.1 mm.



Some circuit modifications have been considered in order to improve the performance
shown in these preliminary tests, these include:

* use a better choice for the circuit components in order to improve channel matching

* build a better layout to slightly increase the dynamic range and reduce the noise

An interesting idea to reduce the fluctuation due to the circuit linearity error, shown in fig-
ure 15, is to use two pair of cascaded AD640s per channel, all of them contributing to the
same current to voltage converter. Both the cascaded pairs would get the same input sig-
nal, with one pair being attenuated by 5 dB. This would reduce the fluctuation amplitude
due to the 10 dB gain in the circuit internal stages.

10.0 Conclusion

The results from this preliminary evaluation are encouraging. The performance shown in
this note is better than previous versions [4]. The dynamic range and the fluctuation due to
the linearity error fit the requirements for all the SSC injectors at transfer lines, and for
some applications on the Collider; the frequency response produces less than 0.1 mm drift
in the measured position, which is acceptable for the LEB; the stability, burst response,
channel matching, all look good, but more measurements are required; the temperature
drift has not been measured yet.

More measurements will be performed in order to get a better understanding of the circuit
and a final evaluation will be made. A prototype wiil be built in the next months, in order
to test the circuit and understand the performances in the presence of digital electronics
(ADCs, memory, digital control).
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