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Preliminary Evaluation of AD640 Logamp
Detector for BPM Electronics

G. R. Aiello and M. R. Mills

1.0 Introduction

The purposeof this noteis to presenta preliminaryevaluationof the AD640 integrated
circuit from Analog Devices[1], for BeamPosition Monitor detectorelectronics.The chip
is a logarithmic detector: it furnishesa DC output proportional to the logarithm of the
input signalamplitude. The AD640 operatesfrom DC to 120 MHz input signal.

The main characteristicsevaluatedare:

* linearityerror

* dynamicrange

* noise figure

* burst response

* frequencyresponse

* stability

* channelmatching

* temperaturedrift

The parametersusedin this evaluationarethoseof the LEB [2], but they arestill quite
general,mostof them are commonfor all theSSC machines.

TABLE 1. Parametersusedin the evaluation

beampiperadius b=5Omm
stripline length I = 150 tin
stripline angle e = 700

sensitivity = 0.72 dB/mm
cable length L = 1C m
cable attenuation AEt =7 dE
protonper bunch N = 2x108 - 5x10’0
beamcurrent 1,=i.5mA-480mA
bunchlengthIa a= ins
inputpower Vth = 45 dBm. ÷ 10 dBm
input frequency f47.5 MHz-60M1-lz
bandwidth SW = 2 MHz



3.0 Detector scheme

Theprincipleschemeofdetectionis shownin figure 2. The bandpassfilter selectsonly
themain RF component;the loganip circuit givesaDC outputproportionalto the loga
rithm of the input signalamplitude;the low passfilter optimizesthesignalto noiseratio;
theoutputsfrom thedifferenceandsummingcircuits arefunctionsof thebeamposition,
thedigitizerprovidesa numberwhich is proportionalto thebeamposition.

FIGURE 2. Principlescheneof detection.

The input signalfrom the striplinesis simulatedusing a signal generator operating at 60
MHz, with the amplituderangingfrom 0 dBm to -80 dBm. No band passfilter is used.
Two different valuesof the low passfilter are used: 2 MHz or 100 KHz. The difference
circuit gainused is 10. A 12 bit ADC boardandadigital voltmeterprovidethedigital out-
put.

FIGURE3. Circuit schematics.
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The basiccircuit schematicis shownin figure 3. Two AD640 integratedcircuits arecas
caded, and their currentoutputsareconvertedinto a singlevoltage.Operationalamplifier
circuits providea differenceandsum from the two channels.Thesummingcircuit is used
to correctthe channelsmismatchwith a softwareprocedureexplained in chapter 7.0.
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Thedigital voltmetermeasurestheoutputvoltageof thechannel.The"logampcircuit" in
this caseis oneof thetwo channelsshownin figure 3, consistingof two cascadedAD640
andthecurrentto voltageconvertet

Thecircuit linearity error vs. the input power is shown in figure 5. Thelinearity erroris
definedastheerror, in percent,betweenthechannelresponseandthe beststraightline fit.
Theerroris less than0.5%over 50 dB of input powerandbetterthan 1% over65 dB of
input power.

Theconsequenceof this errorcanbeseenon theplot in figure7. Theinstrumentation
setupusedto makethis measurementis shownin figure 6. Thesamesignalgeneratoris
driving bothchannels.Two variableattenuatorsprovidea programmablepowerratio
betweenthetwo channels.

FIGURE6. Simulatedbeamfluctuation measurementsetup.

Whenthe attenuatorshave thesamevalue, thecenteredbeamis siznulatedwhentheatten
uatorshavedifferentvalues,theoff centerbeamis simulated,thepositionbeingrelatedto
the input powerratio by the sensitivityS,.

The signal generatorpower is rampedfrom 0 dflm to -70.dflm, simulatingdifferentbeam
currents.Many measurementsaretakenin 1 dB steps.This correspondto 1.4mm steps
accordingto thesensitivityvalueshownin table 1.

The position is calculated in the following way:

1 A 1x x2Olog5 = -xAV EQ4
ox - LI

where A and 8 arethe sthpline potentials, S, [dB/mm] is the sensitivity,andAV [dBJ is
the ratio betweenthe two inputs.

Takingcareof theelectronics:

1 1 1x = EQS
1 8LA 8A

where gLA [VfdB] is the logamp gain, definedastheratiobetweenthe output voltage and
the mput power, g is the differencingamplifier gain, and V [VI is the output from the
differencing amplifier.



Two measurements,for thebeamon centerand for the beamoff center respectively,are
shown in figure 8 and9. They both have a fluctuation due to the linearity erroranda slope
due to the mismatchbetweenthe two channels.The largestfluctuationamplitudeis
presentwhen the power ratio betweenthechannelsis 10 dB. This is due to the AD640
internalstructure:eachof the five stageshas 10 dB of gain.

The slope visible on the plot is due to the mismatch of the two channels.A software
matchingprocedureis describedin paragraph7.0. The amplitudefluctuationdue to the
linearityerroris moreclearlyvisible in figure 16 and 17.

The goodwoziting region,shownin figures 7,8, and 9, correspondsto 55 dB ofdynamic
range.

FIGURE 9. Beamoff center

3.4

3.3

3.2

4mm]
3.1

2.

2.

2.

2.
Vindflnzj
lbmAJ

The signal to noise ratio due to the thermalnoise and to the electronicssets a limit on the
measurementresolution[3. Theresolutiondueto thesignalto noiseratiois:

öx
=

with Ps and N in Watt, or:

-

= .10 20

2 .J2

5.0 Noisemeasurement
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FIGURE II. Noisemeasurementwith BW=2 MHz.

ResoLution due to S/N ratio: 814=2MHZ. NF2OdB
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Figure 12 refersto ameasurementmadeusingboth the RB voltmeterandtheADC, with a
100 KHz low passfilter. Thenoisefigure measuredin this caseis 16dB.

FIGURE 12. Noisemeasurementwith BW=100KHz.
Resolution due to S/N ratio: 314=100KHZ. NF16d8
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A goodagreementbetweenthe two differentmeasurementscanbe seenin figure 12.



7.0 Stability andmatching

No specialattempthasbeenmadeto match thechannels:all thecomponentsusedin the
circuit are"off the shelf’. The tilt in the plot of figure 8 and9 can be reducedwith abetter
choiceof thecircuit components.An alternative is a softwarecorrectionwhich accountfor
the different gainand offset of the two channels.This procedurerequiresthe useof both
the difference and sum information, and the measurementof all the circuit parameters:
logampgainandintercept,differencingand summing gainand offset.

The position calculatedshouldbe: -

x = _x2o1og = _x20logA -logB EQIO

with A andB representing the input power from the electrodes.The two channelsreally
give:

VA = gX2OlogA +oA; V8 = g8x2OlogB EQ11

with g g representingthe gain,and 5A and b representingthe offsetThe calcu
lated position is:

1 V4-ô V8-öj
XXI - I EQ12

°x . A 88

The difference and the sum from the two channelsare:

ts=VA-Vfl; L=VA+ V8 EQ13

sowe can expressVA and V8 in term ofdifferenceand sum:

S-A
2 2

EQ14

The position can be expressedin termsofdifferenceand sum in the following way:

,S÷A S-A
1 2 ÔÀ 2x=-xj

- I EQ15

‘Jx ¼ &g

The real difference and sum electronicsalso have a gain and offset:

Ant = gsA+öa; = EQ1Ô

with g and gz representing the gain, and § and ô representing the offset
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FIGURE 17. Beamoff center.
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No specialtest has beendone in order to measurethe circuit parametersstability, but the
sameslopeand intercepthavebeenmeasuredin 5 months of testing.

FIGURE 16.Beamon
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The measurementsetup used is shown in figure 6. The signal generatoris setat a fixed
output power, and the frequency is sweepedfrom 47 MHz to 60 MHz. Many measure
ments aretakenusing different values for thevariable attenuators, simulating different
beampositions.The position is calculatedusing EQ 18. The results are shown in figure
18.

FIGURE 20. Corrected frequency fluctuation.
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Thelines arenotstraightbecausethegainsof the channelsarenot constantwith fre
quency.Theplot is tilted becausethe two gainsdon’t changein thesameway. If thetwo
channelstrackedperfectly, the lineswould not be straight,but symmethcto thecenter
line. In this casetherewould be no errorfor thebeamon centerline, andan error for all
theotherlines.Thetracking canbeimprovedby abettermatchingof the two channels.

Themeasurementstakenwith thesamevalueon theprogrammableattenuators,which
correspondsto theon centerbeam,is shownin figure 19. This dataindicatea lessthan0.2
mm drift whenthe frequencyis sweepedfrom 47 MHz to 60 MHz.

The fluctuationdue to thechangein gainand offset, visible in figure 18, canbe corrected
with an appropriatecalibration.Differentvaluesfor the offset andgainparametersin EQ
18 mustbe usedwith achanginginput frequency.Thecorrectedplot, using this correc
tion, is shownin figure 20. Theon centerbeamplot is shownin figure 21.

The fluctuationfor theon centerbeamandfor theoff thecenterbeam,up to 14 mm as
well, is less than0.1 mm.



Somecircuit modifications have beenconsideredin order to improve the performance
shown in thesepreliminary tests,theseinclude:

* usea betterchoicefor the circuit componentsin order to improve channel matching

* build a betterlayout to slightly increasethedynamicrangeandreducethenoise

An interestingideato reduce the fluctuation due to thecircuit linearity error, shownin fig
ure 15, is to usetwo pairof cascadedAD64Osperchannel,all of them contributingto the
samecurrent to voltage converter.Both thecascadedpairswould get the sameinputsig
nal, with one pair beingattenuatedby 5 dB. This would reducethe fluctuation amplitude
due to the 1048gain in thecircuit internalstages.

10.0 Conclusion

The resultsfrom this preliminaryevaluationareencouraging.Theperformanceshownin
this noteis better than previous versions[4]. Thedynamicrangeand the fluctuationdue to
the linearity error fit the requirementsfor all theSSC injectors at transferlines,and for
someapplications on theCoffider thefrequencyresponseproduceslessthan0.1 mm drift
in the measuredposition,which is acceptablefor the LEB; thestability, burstresponse,
channelmatching,all look good,but moremeasurementsarerequired;the temperature
drift hasnot beenmeasuredyet.

More measurementswill be performedin orderto geta betterunderstandingof the circuit
and a final evaluationwill be made.A prototypewill be built in the nextmonths, in order
to testthe circuit andunderstandtheperformancesin thepresenceof digital electronics
ADCs, memory,digital control.
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