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Abstract. Fastsignalshapegsanbemeasurety usingFADCs.
UnfortunatelyveryfastFADCsarestill quiteexpensve. Here
we proposea multiplexing schemewhich canallow oneto
measuresignalsfrom multiple channelsby using a single
FADC channel.Onecanapplythe multiplexing in theexper
imentswherea commoneventtrigger exists andthe trigger
rateis not exceedinglyhigh. We are consideringto usethe
multiplexing principlefor readingout the 600 ultrafastpho-
tomultiler (PMT) imagingcamereof the17 m ¢ MAGIC air
Cherenlov telescopedy using1.5 — 2GHz FADCs in the
projects2nd phase.The operationof the multiplexeris sim-
ple andis basedon the useof fastlinear switcheswhich se-
quentiallyconnecthe signalchannelsafter appropriatede-
lays,to the FADC input.

1 Introduction

FADCs arecommonlyusedin orderto measurenot only a

singleintegral parameterof a pulsedsignallike its ampli-

tude (the chage or the peakvoltage)but alsoits shapein

time. Usuallyin multichannebdetectorswhichrunin acom-
moneventtriggermode,oneusesasingleFADC channefor

readingout a singlesignalchannel.lt is interestingto note
thatin this way only a tiny fraction of the FADC memory
depthis occupiedby the signalwhile therestis effectively

"empty”. The applicationof FADCs can be quite impor-

tantwhenmeasuringns fastsignals,for example,from fast
PMTs. In orderto parameterizesignal shapesf a few ns

durationonehasto sampleatleast3 — 4 pointswhichmeans
one needsratherexpensve FADCs of very high sampling
rate (> 1Gygasample/s). One can usethe multiplexing

principleandreadout multiple coincidingin time signalsby

usingasingleFADC channelIn this caseonepacksthesig-

nalsfrom differentchannelsequentiallyoneafterthe other
one,in theFADC memory Incidentally in thelattercasethe
FADC memoryis usedmoreeconomically
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2 Fast FADC multiplexer

Usually whenusing FADCs for measuringastsignalsone
hastwo options:eitherto usevery fastFADCSs, or to stretch
thesignalan timeanduserelatively slow FADCs, but always
usingoneFADC channeberonesignalchannel. The disad-
vantageof thefirst optionis thevery high costwhile thedis-
advantageof the secondoptionis thatwheneer thereexists
ary strongbackgroundr noise,it excessiely pilesup and
smearghe signal,especiallythe smallamplitudes.Herewe
proposea third option, namelythe multiplexing, which has
theadvantage®f thefirst optionandin addition,is substan:
tially cheaperTheideaof multiplexing the high andthelow

gainsignalbranche®ntotheinputof FADCs (in orderto ex-

tendthe dynamicrangeof the measuringsystem)is already
implementedn the designof the dataacquisitionsystemof

thel7 m ¢ MAGIC telescopdBarrio, etal., 1998). Herewe
proposeo usethe multiplexing for otherpurposej.e.,in or-

derto designan ultrafastdataacquisitionsystemwherethe
numberof usedFADCs canbe one (or eventwo) ordersof

magnitudelessthanthe numberof readout channels.The
readout schemes basedon the useof fastswitchingGaAs
lineargates.For example the7'Q9155 from TriQuint Semi-

conductor is a low cost, industry-standargwitch designec
for usein the DC' — 2.5G Hz frequeng range. It provides
riseandfall timesof 2ns. Theschematidiagramof thepro-
posedsetupis shavn on Fig.1. The signalsfrom fastPMTs
in a multichanneldetectorare amplified, discriminatedand
fed into the majority triggerlogic unit. Eachchannehasits

own lineargatewhichis normallyclosed.The outputsof all

lineargatesarefed into the analogsignalfan-in. The output
of the latter is fed into the single channelfast FADC. The
outputsignalof the majority logic unit opensafterappropri-
atedelaysthelineargatesoneaftertheotherone,but always
oneatatime. The outputof the amplifiersaresplit into two:

onebranchis fed into the discriminatorsandthe otherone,
afteranappropriatalelay enterghelineargates.Usualcoax
cablescanbe usedasanalogsignaldelayelement.The ca-
blelength,i.e. thetime delayfor eachchannelmustexactly
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matchin time with theopeningof its lineargate.At firstone
hasto definethe numberof necessargampleof the FADC
for measuringhe signalfrom a singlechannel Assumeone
needsK FADC sampleseachof durationr. Theanalogsig-
naltime delayT for thechannehumberN mustbe

T =(N-1)Kr+N§

whered is the switchingtime of the linear gate. The latter
cantypically bein therangeof ~ 2ns. For example,assume
one hasto measurdew fastPMT channelswith pulsesof
~ 2ns FW H M and~ 1ns riseandfall times.Suchsignals
canbe measuredy a FADC of > 2Gygasample/s during
samplingtime of 10ns, i.e. oneneeds> 20 samplesf the
FADC. Sothe gateof the switch numberl mustbe opened
after~ 2ns (whichis theswitchingtime of thelinearswitch)
afterthe majority logic trigger signal,the gateof the switch
2 after14ns, the gateof the switch 3 after26ns andsoforth
andthecorrespondingnalogsignalsfrom differentchannels
mustarrive henceafter the openingof their gates. Justto
remindyou that1m of ausualcheapcoaxcablehasa signal
delaytime of ~ 5ns/s. This meanshatfor the delayof, for
example,26ns onewill needa 5.2m long cableroll.
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Fig. 1. Theschematiaiseof the proposed=ADC multiplexer.

3 Discussion

In thedesignof the electronicschemenf themultiplexerone
hasto allow for somedead (switching) time betweenthe
read out of ary neighbortwo channels. During this time
the FADC will pick-upsomeswitchingnoise.For thegiven
readout schemethis noisewill appearat well known time
intenals andthereforecanbe easilyrecognized.lt is obvi-

ousthatthecoaxcablesusedfor delayingtheanalogsignals,
dueto their limited bandwidthwill to someextentdegrade
the signal shapemakingit wider andlessin amplitude(of

coursetheintegral voltage x time, i.e. thechage,staysal-
waysthe same). This degradationwill imposea limitation,
dependingon the constraintson the allowed changein the
signal shape,on the maximumnumberof channelswhich
canbereadout by a singleFADC. Onecanusemuchfastel
cablesand "pack” substantiallymore channelson a single
FADC. The obvious drawback is the relative bulkinessof
a good cableroll which, by the way, may still be well ac-
ceptablebecauseof the per channelcost reductionof the
whole setupwith increasingnumberof read out channels
As a matterof interestwe wantto mentionthatusualcom-
mercial coax cablesusedfor the home satellite television,
are quite cheapand provide excellentbandwidth. The au-
thorshave checled thata roll of 100m long, 6.9mm outer
¢ coaxcableof the abore mentionedtype expandsa pulse
of 1.bns FW H M attheinputto only to 2.1ns FW HM at
the output. Undergiven circumstanceshis relatively small
changemaybewell acceptablaevhich tells thata delaytime
of 100 x 4ns = 400ns (the very fastcableof the above
mentionedype hasa delay of 4ns/m) canbe simply real-
ized and at leasttheoretically one can multiplex and mea-
sureup to 34 signalchannels Besidespecausef fixed ca-
ble lengthsfor differentchannelnecanpreciselymeasurt
their signaltransmissiorcharacteristicand by normalizing
to themrecover the original signalshapes.Anotherlimita-
tion on the possiblenumberof multiplexedchannelswill be
imposedby the trigger rate: the nettime interval occupiec
by multiplexed channelsshouldnot exceed,say 1% of the
meanperiod of the trigger. For example,if the trigger rate
is 1kH z (i.e. the meanperiodis 1ms) thenthe occupiedby
the signalsmemorydepthof the FADC shouldbe < 10us.
Becausef veryfastsignalsandpossiblecross-talkbetweer
multiplexed channelsvia parasiticcapacitanceand ground
loopsonehasto carefully designthe printedcircuit boardof
the multiplexer. We think thatdependingon the usedcable
type, its signaltransmissiorcharacteristicshe allowed sig-
nal degradationin time andthe possiblepick-up noiselevel
one can without big difficulties read out 5-20 signal chan-
nelsby usinga singleFADC channel.Note that FADCs are
well known to consumequite someelectricalpower. The
multiplexing will allow oneto stronglyreducetheconsumeit
power andevidently alsothe productionof excessve heat.

4 Alternative solutions

An alternatve solutioncanbe to useothertype/sof analog
signaldelaylines. For example,onecanuseprintedcircuit
boardlines asanalogdelayelementike it hasbeendonein
the HEGRA experiment.Usually suchdelaylines have rel-
atively strongamplitudedampingcharacteristicso a thor
oughdesignof the high frequeng responseircuit shell be
mandatory Anotherinterestingsolution canbe to usethe
systembasedntheanalogsignalopticalfibre transmissiol
lines. Comparedo thesolutionwith coaxcablest canallow
oneto substantiallyincreasethe numberof signalchannel:
readout by asingleFADC unit. The Vertical Cavity Surface
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Emitting Laser (VCSEL) diode basedoptical transmissior
linesarequitefastandthefibre lengthsof up to few hundrec
metersdoesnot practicallyaffect the fastsignalshape.The
useof thefibre analogtransmissiotineswill make thesetup
someavhatmoreexpensve but it maybe well acceptablde-
causeof its still muchlower costcomparedo the price of a
singlefastFADC channel Herewe arenotgoingto dwell on
thistopic. Seefor details(Mirzoyan,etal.,2001).

5 Summary

We proposeamultiplexing schemdor veryfastFADCs. The
schemecanallow oneto readout mary signalchannelsy
usinga singlechannelFADC. This canbe aneconomically
priced solutionin the experimentswherea commonsignal
trigger exists. We think thatit is well possibleto "pack”, de-
pendingonthetypeandthe bandwidthof the selectedtable,
5-20signalchannelntoa singlechanneFADC.
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