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Abstract. FastsignalshapescanbemeasuredbyusingFADCs.
Unfortunately, veryfastFADCsarestill quiteexpensive.Here
we proposea multiplexing schemewhich canallow oneto
measuresignalsfrom multiple channelsby using a single
FADC channel.Onecanapplythemultiplexing in theexper-
imentswherea commonevent triggerexistsandthe trigger
rateis not exceedinglyhigh. We areconsideringto usethe
multiplexing principlefor readingout the600ultrafastpho-
tomultiler (PMT) imagingcameraof the17 m � MAGIC air
Cherenkov telescopeby using �������
	����� FADCs in the
projects2ndphase.Theoperationof themultiplexer is sim-
ple andis basedon theuseof fastlinearswitcheswhich se-
quentiallyconnectthesignalchannels,afterappropriatede-
lays,to theFADC input.

1 Introduction

FADCs arecommonlyusedin orderto measurenot only a
single integral parameterof a pulsedsignal like its ampli-
tude (the charge or the peakvoltage)but also its shapein
time. Usuallyin multichanneldetectors,whichrunin acom-
moneventtriggermode,oneusesasingleFADC channelfor
readingout a singlesignalchannel.It is interestingto note
that in this way only a tiny fraction of the FADC memory
depthis occupiedby the signalwhile the rest is effectively
”empty”. The applicationof FADCs can be quite impor-
tantwhenmeasuring��� fastsignals,for example,from fast
PMTs. In order to parameterizesignalshapesof a few ���
durationonehasto sampleat least����� pointswhichmeans
one needsratherexpensive FADCs of very high sampling
rate ( ��������� �!�"��#%$'&)(�*�� ). One can usethe multiplexing
principleandreadoutmultiplecoincidingin timesignalsby
usingasingleFADC channel.In thiscaseonepacksthesig-
nalsfrom differentchannelssequentially, oneaftertheother
one,in theFADC memory. Incidentally, in thelattercasethe
FADC memoryis usedmoreeconomically.
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2 Fast FADC multiplexer

Usually whenusingFADCs for measuringfastsignalsone
hastwo options:eitherto usevery fastFADCs,or to stretch
thesignalsin timeanduserelativelyslow FADCs,butalways
usingoneFADC channelperonesignalchannel.Thedisad-
vantageof thefirst optionis theveryhighcostwhile thedis-
advantageof thesecondoptionis thatwhenever thereexists
any strongbackgroundor noise,it excessively piles up and
smearsthesignal,especiallythesmallamplitudes.Herewe
proposea third option,namelythe multiplexing, which has
theadvantagesof thefirst optionandin addition,is substan-
tially cheaper. Theideaof multiplexing thehighandthelow
gainsignalbranchesontotheinputof FADCs(in orderto ex-
tendthedynamicrangeof themeasuringsystem)is already
implementedin thedesignof thedataacquisitionsystemof
the17 m � MAGIC telescope(Barrio,et al., 1998).Herewe
proposeto usethemultiplexing for otherpurpose,i.e., in or-
der to designanultrafastdataacquisitionsystemwherethe
numberof usedFADCs canbe one(or even two) ordersof
magnitudelessthanthe numberof readout channels.The
readout schemeis basedon theuseof fastswitchingGaAs
lineargates.For example,the +-,�./�"��� from TriQuint Semi-
conductor is a low cost, industry-standardswitch designed
for usein the 0213�4	5� ����6� frequency range. It provides
riseandfall timesof 	7��� . Theschematicdiagramof thepro-
posedsetupis shown on Fig.1. Thesignalsfrom fastPMTs
in a multichanneldetectorareamplified,discriminatedand
fed into themajority triggerlogic unit. Eachchannelhasits
own lineargatewhich is normallyclosed.Theoutputsof all
lineargatesarefed into theanalogsignalfan-in. Theoutput
of the latter is fed into the singlechannelfastFADC. The
outputsignalof themajority logic unit opens,afterappropri-
atedelays,thelineargatesoneaftertheotherone,but always
oneata time. Theoutputof theamplifiersaresplit into two:
onebranchis fed into the discriminatorsandthe otherone,
afteranappropriatedelay, entersthelineargates.Usualcoax
cablescanbeusedasanalogsignaldelayelement.Theca-
ble length,i.e. thetimedelayfor eachchannel,mustexactly
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matchin timewith theopeningof its lineargate.At first one
hasto definethenumberof necessarysamplesof theFADC
for measuringthesignalfrom a singlechannel.Assumeone
needs8 FADC samples,eachof duration9 . Theanalogsig-
nal timedelay + for thechannelnumber: mustbe

+
;=<):>�4�"?@8�9�AB:6C
where C is the switchingtime of the linear gate. The latter
cantypically bein therangeof D
	7��� . For example,assume
one hasto measurefew fast PMT channelswith pulsesof
DE	7���GFIHJ�K and D=�L��� riseandfall times.Suchsignals
canbemeasuredby a FADC of �M	������!� �"��#N$O&)(�*�� during
samplingtime of ��P���� , i.e. oneneeds�M	�P samplesof the
FADC. So thegateof theswitchnumber1 mustbe opened
after DE	7��� (whichis theswitchingtimeof thelinearswitch)
after themajority logic triggersignal,thegateof theswitch
2 after �L����� , thegateof theswitch3 after 	�Q���� andsoforth
andthecorrespondinganalogsignalsfrom differentchannels
must arrive henceafter the openingof their gates. Justto
remindyou that ��# of a usualcheapcoaxcablehasa signal
delaytimeof DE�����7*�� . Thismeansthatfor thedelayof, for
example,	�Q���� onewill needa �5� 	�# longcableroll.
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Fig. 1. Theschematicuseof theproposedFADC multiplexer.

3 Discussion

In thedesignof theelectronicschemeof themultiplexerone
has to allow for somedead(switching) time betweenthe
readout of any neighbortwo channels. During this time
theFADC will pick-upsomeswitchingnoise.For thegiven
readout schemethis noisewill appearat well known time
intervalsandthereforecanbe easilyrecognized.It is obvi-
ousthatthecoaxcablesusedfor delayingtheanalogsignals,
dueto their limited bandwidthwill to someextent degrade
the signalshapemaking it wider and lessin amplitude(of

coursetheintegral R S7&UT@�V�!(XWYT[Z\#Y( , i.e. thecharge,staysal-
waysthe same).This degradationwill imposea limitation,
dependingon the constraintson the allowed changein the
signal shape,on the maximumnumberof channelswhich
canbereadout by a singleFADC. Onecanusemuchfaster
cablesand ”pack” substantiallymore channelson a single
FADC. The obvious drawback is the relative bulkinessof
a goodcableroll which, by the way, may still be well ac-
ceptablebecauseof the per channelcost reductionof the
whole setupwith increasingnumberof readout channels.
As a matterof interestwe want to mentionthatusualcom-
mercial coax cablesusedfor the homesatellitetelevision,
arequite cheapandprovide excellentbandwidth. The au-
thorshave checked that a roll of ��PVP�# long, Q5� .�#Y# outer
� coaxcableof the above mentionedtype expandsa pulse
of �V� �����]FIHJ�K at theinput to only to 	!�^�L���_FIHJ`K at
the output. Undergivencircumstancesthis relatively small
changemaybewell acceptablewhich tells thata delaytime
of �"P�P`WB�V���4;a��P�P���� (the very fast cableof the above
mentionedtype hasa delayof �����7*7# ) canbe simply real-
ized andat leasttheoretically, onecanmultiplex andmea-
sureup to 34 signalchannels.Besides,becauseof fixedca-
ble lengthsfor differentchannelsonecanpreciselymeasure
their signaltransmissioncharacteristicsandby normalizing
to themrecover the original signalshapes.Anotherlimita-
tion on thepossiblenumberof multiplexedchannelswill be
imposedby the trigger rate: the net time interval occupied
by multiplexed channelsshouldnot exceed,say �cb of the
meanperiodof the trigger. For example,if the trigger rate
is �"d!�� (i.e. themeanperiodis �L#e� ) thentheoccupiedby
the signalsmemorydepthof the FADC shouldbe fg�"P�h�� .
Becauseof very fastsignalsandpossiblecross-talkbetween
multiplexedchannelsvia parasiticcapacitancesandground
loopsonehasto carefullydesigntheprintedcircuit boardof
themultiplexer. We think thatdependingon theusedcable
type,its signaltransmissioncharacteristics,theallowedsig-
nal degradationin time andthepossiblepick-upnoiselevel
onecan without big difficulties readout 5-20 signal chan-
nelsby usinga singleFADC channel.NotethatFADCs are
well known to consumequite someelectricalpower. The
multiplexing will allow oneto stronglyreducetheconsumed
powerandevidentlyalsotheproductionof excessiveheat.

4 Alternative solutions

An alternative solutioncanbe to useothertype/sof analog
signaldelaylines. For example,onecanuseprintedcircuit
boardlinesasanalogdelayelementlike it hasbeendonein
theHEGRA experiment.Usuallysuchdelaylineshave rel-
atively strongamplitudedampingcharacteristicsso a thor-
oughdesignof the high frequency responsecircuit shell be
mandatory. Another interestingsolution can be to usethe
systemsbasedontheanalogsignalopticalfibre transmission
lines.Comparedto thesolutionwith coaxcablesit canallow
oneto substantiallyincreasethe numberof signalchannels
readoutby a singleFADC unit. TheVerticalCavity Surface
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Emitting Laser(VCSEL) diode basedoptical transmission
linesarequitefastandthefibre lengthsof up to few hundred
metersdoesnot practicallyaffect the fastsignalshape.The
useof thefibreanalogtransmissionlineswill makethesetup
somewhatmoreexpensivebut it maybewell acceptablebe-
causeof its still muchlower costcomparedto thepriceof a
singlefastFADC channel.Herewearenotgoingto dwell on
this topic. Seefor details(Mirzoyan,etal., 2001).

5 Summary

Weproposeamultiplexingschemefor veryfastFADCs. The
schemecanallow oneto readout many signalchannelsby
usinga singlechannelFADC. This canbeaneconomically
pricedsolution in the experimentswherea commonsignal
triggerexists.We think thatit is well possibleto ”pack”, de-
pendingon thetypeandthebandwidthof theselectedcable,
5-20signalchannelsontoa singlechannelFADC.
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