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CAMAC MoDEL　2264

MuLTICHANNEL WAVEFORM DIGITIZER

．ノ

WARRANTY
AuLRSinstrumentsareguaranteedtooperatewithin

theirspeci丘cationsforoneyearfromthedateofpurchase・

Under this warranty，any unit which fails to perform

withinspecincations，aSareSultofdefectsinworkmanship

ormaterials，Willberestoredtospecinedoperatmgcondi－

tionfreeofchargeexceptforshipplngCOStSinvoIvedin

thereturnoftheunittothefactory．

Inorder that this warranty be considered valid，itis

necessarythattheLRSWarrantyCardwhichaccompanies

me unit・On delivery be completed and returned to the

factorywithin30daysofrecelPtOfequlPment・

Allquestions concemlngrePalrS Orreplacementparts

shouldbeaddresseddirectlytofactory’sOualityControI

Manager・Thispr∝edurewillinsurethefastestpossible

service．Pleaseinclude the ModelType，SerialNumber，

andECN（EngineeringChangeNumber）Withallrequests

forpartsorservice・

ENGINEERINGDEPARTMENT

LecroyResea．rchSystemscorp．
November　1977
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leCroy Research Systemsis comitted to providing unlque′re－

liable．state－of－the－art instrumentation in the field　°f

high－SPeed data acquisition and processing・Because of this

cc壇調itment．andin response toinfomation received fr°m the

users of our equlPment．the Englneering Department at LeCroy

is・Continually seeking to refineandinPrOVe the perfomance

of our prI過ucts．

mile the actual physical modifications or changes necessary
toimprove a modells operati。n can beimplemented quite rap－

idly′　the corrected docmentation associated with the unit

usually reqpires more time to produce・　Consequently′this　一

manual may not agreein every detail with the accompanylng

unit．　皿ere may be small discrepancies that∴Were brought

about by customer－PromPted englneering changes or by changes

determined during calibrationin ourでest Department・meSe

differences usually are dhangesin the values of coInPOnentS・

for the purposes of pulse shape′　timing′　Offset′　etc・′　and

only rarelyinclude minorl。glC changes・Where any suchin一

ccnsistencies exist′Please be assured that the unitis cor－

rect andincorporates the most up－tO－date circuitry・　When－

ever orlglnal discrepancies exist．fully updated docmenta－

tion should be available upon your request within a month

after your receipt of the unit．

1f you have any questi。nS about the perfomance or operation

of this unit，raPid assistance may be obtained fr°m Our En－

glneering Services Departmentin palo Alto，CA．telephone

415－328－3750．0r from y°ur local distributorin countries

other than・the U．S．A．

LeCROY∴RESEARCH SYSTEMS



The LeCroy ADC employedin this moduleis truly mlqueinits

capability to precisely track high frequency wavefoms・The

extremelylow aperture uncertainty and high ADC bandwidth re一

guires precise maintenance of calibration・For this∴reaSOn′

LeCr°y does not recomend field servicing of this board・Any

problems associated with the ADC board will require shipment

back toI．eCroy／California or yourlocal LeCroy service facility　－

fordiagnosticevaluationandcorrection・．Speciallydeslgned
diagnostic equlpmentis necessary to repalr and calibrate the

ADC board such that criticalinstnment specifications will be

maintained．Therefore′　Only a block diagram of the ADC board

is includedin this manual．

Evidence of any attempt at field－SerVicing the ADC board will

void the warranty and will necessitate specific charges for

repair and recalibration・

Field－SerVicing can be perfomed on the digital board without

voiding the warranty・Schematics are provided for this purpose・
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MultichannelWaveformDigitizer
FEATURES：

★1，2，4or8inputchannels

★Eightbitsofdynamic rangeand resoIution

★500kHzmaximumsampling rate（4MHzinsingle－Channelmode〉

★150picosecondsampIetimeuncehainty；1MHzanaIog bandwidth

★Inputsfuliy protected with good overioad recovery

★Companion memoryexpandablein32K word steps

★High sensitivityof2mV／count，maXimum

★3－1evelinputoffsetforeach channel

★　ExceIlentinterchannei crosstaikisolation

★Anaiog readout of memoryviewableon any scope

★Non－destructive readout byStandard CAMACcommands

★Low－coStperChannelwith highfiexib冊yofuse　一

丁heLeCroy MuItichanneIWaveform Digitizeristhesecondinadevel0P－ngline
Ofmodularized transientrecording systems packaged accordingto theinterna－

tionalCAMAC standard．The ModeI2264ADC empIoys an anaiog multiplexer

and a high－SPeed8－bitdigitizer“Upto8input slgnaIsare sampIed atratesas

high as4MHz and transferred to a Model8800／8memory with acapacity of
32K8－bitwords・Upto40fthesemoduIes canbeused withone ModeI2264，

glVlngaCaPaCityof128K8－bitwords“FuMermemoryextensionispossibieas

afactoryoption・ThememorydeslgnaIl0WStheModei8800Seriestobeusedin

OtherLeCroytransientrecording systems－forinstance，Witha12－bitanaiog－tO－

digitaiconverter（8800／12）orasapartofa20MHzVideo Digitizer（8800／9）・

Thedataisread outthroughthe Mode12264and reorganjzed topIaceaIisam－

PIesfromaparticularchanneItogether・Readoutisnon－destructive，andaDAC

displaylS PrOVided for presentation on any scope・

ThefIexib冊yofthedesign conceptaIsoaI10WStheexternaIc10Ckfrequencyto
bevariedwithtime，Permitting“importance月sampling aIong asinglewaveform・

The＝burst mode”channelmuItiplex一ng yieIds reIativeIy simultaneous sampiing

With the economyand fiexib出tyofamuitiplexed singIeADC approach・

Thesystemdigitizescont血OuSly，WhichaIlows retention Ofwaveformdatare－
COrdedbeforethe stoptrigger・This presampIingcapabiiityall0WS reCOrdingthe

baseIinevalueprevioustotheoccurrenceofthemeanlngfuis－gnal，forinstance“

Packagedin a＃3width CAMAC moduIe，the Mode12264giveshigh function

denSityatareasonableprICeWhiIemaintain－ng SuPeriorspecifications・AIIinte一

gratedcircuits aresocketed，andthe circuitboardsare hingedforeasymainte－
nanCe．

September1977

tnsfTumenねfion fbr的esfuqy
off憎nSienfphenomena

LecRoY RESEARcH SYSTEMS oF cALIFoRNIA・1806　Embarcadero Rd，

TELEPHONE：（415）328－3750
PaIo AIto，California　94303

TWX：910－373－1791



SPECIFICATIONS

CAMAC Mode12264
MULTICHANNELWAVEFORM DIGiTIZER

lNFIUT cHARAcTEFliSTlcS

Number o（lnputs：

Impedance：

FuIIScale AmpIitude Range：

Overvoltage Protection：

InputAnaIo93dBBandwidth：

System Aperture Uncerta面y：

IntegraILinearity：

1，2．40「8；SWitch－Selectable．

500〈uptolOOknatareducedbandwidth－Model2264H）・

512mV．Eachinputcanseparate－yacceptnegative，pOSitive・Orbip0－arsignaIs・Inthebipolarm。de・maXimumsignaIamp‖tudeis256mV（10・24volt

rangeavaiIable－ModeI2264H）・

InputprOtectedaga一nSt±5Atransientslor0・5F．Secclamp…gat±1voit・

1MHzfOraIlconfigurations（＝100kHz（orlOOkJlinputimpedance－ModeI2264H）・

＜150ps∞，de個edastheuncertaintyin－heactua，samp－8－takingtimereIative一〇theleadingedgeo‘一hecleCk・Thiscorrespondstoa…Ppe川mItof
2MHzonthe什equency0日hesi…SOida－wavewhichcanbereconstructedwith8－bitaccuracyfromtheADC・

Betterthan O．5％0日uIiscaIe．

WAVEFoRM SAMpJING oRGANIZATloN

Sampling Rate：

Internal Clock：

ExternaiCl0CkInput：

Burst Mode MuMplexIng：

Digitizlng：

Memory Organization：

READoUT METHoDS

Display：

Computer Readout：

CAMAC Commands：

CAMAC Function Codes：

GENERAL

Interconnecting CabIe：

Packaging：

Current Requirement：

DCtoamaximumof4MHzforlinput，2MHzfor2inputs・1MHztor3，4言nputs・andO・5MHzfor5・6・7，8inputS・FronトpaneiLEDbIinksf°r

impr。percombinationso（SamplIngand…mberolchanneIs・

Front－pane，selectab－etrom40kHzto4MHz・Stabil”±0・01％・TheinternalcIockisavaiIab，e一〇rsynchronizationpurposesatafront－panelLEMO

0neLEM0－1yPeconneCtOr，500inputimpedance；requiredTTL－eve回SeS；Va剛requencyrangeOtothemaximum的quencygivenbythen…ber
o－activechannels．Theextemalc，ockcanbevariedinfreql・lenCytoachieveimportancesamplIng・

OnceaclockpuIseleadingedgetriggerSthesamp－ingcircuit・aninternal－ygeneratedc一〇cksampIesallactiveinputs200nsecaparIduringthec10ck

period・

Averyfasttrackandho－dcircuiteIiminatesalls－ewingpr。b－emsinthecomparator－baseddigitizingcircuitry・Thetrackinganddigitizingaccuracyis8－

bils（1partin256orO・4％）・

Thememoryiscontainedinseparatemodules・eaChcapableofstoringupto32・00012－bitwords・（Seefurtherdescriptiono仕eCroyModeI8800I8）

AbuiIt・冊Splaydrivera一一〇wsthememorycontentSofaselec－edinpu－channel一〇beviewedonanyrealtimeosciIIoscope・Afteraconversioncycleis

compIeted，theMode－2264supp，iesadisplaysigna－atarefreshratedependinguponthetotalmemorysize・Eachsweepconsists°faseparate

negativesyncslgnaI一〇rtriggerpurposesandawave‘ormpropt爪ionaltotheampIi－udeo｛theinputS，gnaI・ArotaryswitchseIeclsthechanneItobe

disp－ayed・ThetimebaseanddeIayedsweep－eatureso，mostlaboratoryoscil－oscopesa一一〇WeithertheentirewavefOrmoraSegmentO…ewaveform

0nceacPnVerSioncyc，ehasbeencomp－eted・thedatacanbereadtwowordsatatimeatthefastestratepermittedbytheCAMACstandard・（See
thefOll0WlngCAMACcommandsforadeta伽descriptiono‘thereadout）・SeparateCAMACcommandsreadthestatusofthedont－panelswitches・

Wordcountand Qswitching DMA’sare possibIe・

L：inordertogenerateaLook－At－MesignaI・一heDACdisp－aymustbedisab－ed・ThisisdonebyenablingtheLAMwithaF（26）command・AfterthIe

DAChascycledthroughtherest。fthememory（lessthan20msecIa－encyperiod）・aLook－AトMesigna‖sgeneratedloindicatethatthemoduIeis

readytobereadout・

Q：AQ＝1responseisgeneratedinrecognitiono‘aF（2）・Non－y・Whenavalidwordisbeingread・Anera‖datahasbeenreadfOragiveninput

channeIorpairofchannels，thenex”eadoutwil，generateaQ＝Oresponse・Thesizeofthememory・Wh－chdependsuponthe…mberofexpandabIe

memorymoduIesused言SprogrammedintotheModeI2264bya川mperOption・
Z：Theconti…OuSSamplIngcycieisre－initiated；requiresS2；LAMenabIeisreset・

C：Same effect as Z．

X：AnX＝1（CommandAccepted〉responseisgeneratedwhenaVaIidFandNaregenerated・

F（QI：Readsou出Ont－panelCf，se－switches・With2－bitsofinformationforeacho…e8switches・RlandR2areassignedtoChanneIlandfurther
bitsareassignedinascendingOrderuptoR15andR16forChanneI8・Thecodingisas胸Iows：

11－00ffset（bipoIar）

01－negative puIses

F（1）：Readsoutremain．ingfronトpanelswitchesastol10WS：Pretriggersamp－esinmuItip－eso廿024wordsbinariIyencodedonRl・R2・R3・
InternaIcIock什equencyISenc。dedonR4，R51R6・Numberofactivechanne－sarecodedonR7andR8correspondingt。thefOurPOSSib剛es・1・2，4

0roppedWordFlag：Duetothedualwordreadouttechnique言‘theunitisusedinthesin9－e－Channe一mode，anOdd…mbero－samplestakenanerthe

lriggercanresultinthetruncationofasingiewordo‘data・Ifthathasbeend。ne・thisfIagisraised・（R（9））・
incompatibleSwitchFIag：R（10）isset陸OmbinationofSampIingrateandnumberofchannelsi：notaliowed・
F（2）：Readdataregisters・RequiresNandS2・SuccessiveF（2）・NcommandswilIreadsuccesslVe16－bitwordsfrommemory・16－bitwordscorre－

spondtotwowordsotdata・eitherthesamesamp－eo‘adja∞ntChanneIsorsuccessivesampIesofChanneil・

F（8rTestLAM．RequiresNandanA（0）・Qresponseisgeneratedi＝AMisset・

F働：C，ear∞∩一子0－registerandresettheLAMenab－eandinitiatecontir…ouSSamplingcycie・RequiresNandS2・

F（10）：CIearLAM．RequiresN，S2andA（0）・

F（凋：Se－ectchanneItoberead・Combinationo《‘ront－panelswitchpositionandthesub－addressIinesdeterminesthechanneI・OrChannels言obe
read outasbeiow：〈Requires N，Sl．andS2・）

1ChanneIsebc的Oninputchannelsswitch：F（16）・A（0）causessubsequentF（2）・Ncommands一〇readoutcha…eIl・WiththeIowerebitscontaining

the－irstsampIeandtheupper8bitscontainingthesecondsampIe・

2Channe応Sebctedoninputchannelssw船h：F（16）・A〈0〉causessubsequentF（2）・NcommandstoreadsampIesfromchannelsland2intheIower

andupper8bithalfWOrdsrespectively・

4ChameLsseiectedoninputchanneIsswitch：F（16）・A（0）causessubsequentF（2）・Ncommandsくらeadsamples什omchannelsland2intheIower

andupper8－bithalfwordsrespectiveIy・F（16）・A（2〉W…hensetupthereadou一〇｛channels3and4in－heIowerandupperhailwords・tObetransfer－

red uponre∞iptofF（2〉・Ncommands・

8Channe応Sebcledoninputchanne－sswitch‥F（16）・A（0），orF（16）・A（1）・orF（16・A（2）orF（16・A（3）causessubsequentF（2）・Ncommandstoread

out（1and2）or（3and4〉or（5and6）er（7and8）respectiveIyinamannersimiIartoabove・

F（2伊DisableLook－A…e（LAM）＝requiresN・S2andA（0）・Thiscommahdw…initiatetheDACdispIayandresetsubsequentCAMACreadouttothe

ea川est sampIe taken・

F（2軌ProvidesaI・StopTrigger”viatheDataway・Maybeusedasa－estf…ctionbetweeneventS・

F（26）：EnableLAMandstopDACdisp－ay・Thiscommandisne∞SSary，0ranycOmputerreadoutoithemoduIe・Theremaybeasmuchas20msec

Iatencyperiodtoa一一owtheDAC一〇cyclethroughtheresto…ememory・（CautiomThestateoftheLAMmaskisarbitraryanerthepowerturn－on）・

T°permitdatatransferfromtheMode－2264to－heModel8800／8MemoryModuIes・aMode－DC8800′nDataCableisrequiredlWhere‘ln’．equaIsthe

…mberofmemorymoduIeslinkedtothe2264・

conformstotheCAMACstandardfor…Clearinstrumentationmodu－es（ESONECommitteeReportEUR4100eorIEEEReport約∞）・

＋e voItS atl．50A
－6voI－s at250mA

＋24voIts atlOO mA

－24voIts a150mA
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Switch selects nmber of saIrPles taken

after the stop trigger

HI・level pulseinitiates post trigger
run down scaler

Switch selects nuInber of microseconds

between samples．

Dr SeVュ 50　0hmload to TTLlevel at the
工anretn

・
⊥ Clock saIrPling rate．

I・eading edge of HL pulse causes unit to
″
t

ake a samplein all chamels．

Switch selects nunber ofinput channels

and determines highest possible frequency・

LEDlights when unitis digitizing

Manual pushbuttoninitiates sanpling・

Switch selects channel to be displayed・

Separate scope trigger allows manlPulation

Of scope gain．time base．etc．without

losing trigger．

Display output proportional toinput

Slgnal at a flicker free refresh rate

エndividual　工rputS500hmiIrPedance

（100K otmin the H option）

工ndividual DCIGVel offsets

－　for negative slgnals

bipClar for both slgnS

＋　for positive slgnals

CAMAC　♯3Module．　Addressable slotis

the left most．

ENGINEERING DEPARTMENT

LeCroyResearchSysterTIsCorp．
Palo・Alto，California
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3．　ADDENDA TO SPECエF工CAT工ONS

Memory Organization：

Display：

CoItPuter Readout：

CAMAC Function Codes：

Current Requirement：

February1978

The memoryis containedin separate modules，eaCh

CaPable of storinglp t0　32，768《12－bit words・・・・・

…‥Each sweep consists of a separate positive

SynC Slgnal for trigger purposes and a wavefom

PrOPOrtional to the arlPlitude of theinput slgnal・

Once a conversion cycle has been completed．the
data can be read two words at a time（See the

fCllCWing CAMAC comands for a detailed description

Of the readout）．．．．‥

4　Channels selected oninput channels switch：．‥．．

F（16）・A（1）Will then set up the readout of channels

3　and　4in thelower and upper half words．．．．．．．

＋6　vClts at l．9　A

－6　vClts at　2．1A

＋24　vClts at　200　mA

－24　vClts at　75　mA

ENGINEERINGDEPARTMENT

LeCroyResearchSystemsCorp“

Palo　－AltC．California
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4．　OPERAp工ONAI．DESCR工PT工ON

4a．　General

冒he LeCroy Mode12264Multichmnel WavefomDigitizeris an eight bit analog

to digital converter which can process slgnals frqm up t08different sources

through a programable multiplexer・me maXimun saItPling rate per chamel
is4ⅢIzin the single channel mode；　2MHzin the two channel modeil MHz
in the four chamel mode；0．5MHzin the eight chmnel mode．

me sanPling and ADC conversions are contrelled by a5MHz burst clock・
工n the multichannel modes′　SamPles from successiveinput channels are mul－

tiplexedinto the ADC at200nsecintervals regardless of the sampling∴rate

per channel whichis contrelled by theinternal′　front panel programable′

master clock or an extemal clock slgnal provided by the user・

The A／D conversion for each sampleis effected by two consecutive4bit

flash comparisons．ThefirstconParisonyields theupperfourbits（27t0

24）．mesebits are theh reconve轟edto an analog signalwhichis subtracted

from the orlglnalinput malog slgnal・me remaining slgnalis then fed to
the second flash converter which yields theleast slgnificant four bits

（23－20）．The digital datais then directedbyintemal circuitry to the
22640utPut COnneCtOr along with timing and contrcl slgnals appropriate for

interfacing with LeCroy Mode18800／8　cascadable memory modules・This allows

the data to be storedin a memory ofupt0128K′　8bit wordsin32Kincrements・

冒he Mode12264　also contains dircuitry which sequentially reads the memory

and sorts the data such．that the digital data for any selected channel can

be placed on the CZmC dataway or reconverted to analog fom by∴aninternal

DAC for viewing on an extemal scope．

Front Panel　工n uts．Contrels and工ndicators

Analog工nputs：Eight L囲竹O typeinput connectors・工nputimpedance50〔l

（100Knfor Mode12264H），bandwidth greater than．⊥MHz（100kHz for Mode1

2264H）．Full scale aIllPlitude rangeis512mV（10．24mV for Mode12264H）・

Offset Switches：∴A3－POSition offset s高itch adjacent to eachinput∞meC一

tor pemits setting the offset of theinput amPlifier t0－0・256V′　0V′　Or

＋0．256V（一5．12V，0V．er＋5．12V for Mode12264H）．phe fullinput ampli－

tude range may then be used for∴grOmd referenced positive′bipQlar or neg－

ativeinput slgnals・For negative mlPQlar slgnals the switch should be

placedin the●UIposition．for bipelar slgnalsin the centsr position′　and

for positive mlPClar slgnalsin thelI＋llposition・The offset switch settings

may be read out as a digital code on the C船C dataway・（See Table Hin

November′1977

ENGINEERING DEPARTMENT

LeCroyFlesearchSystemsCorp“
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CAMAC Control Section．）

Sampling Period Switdh The samplingperiodper chamelmay beinternally

set to the ratesindicated at the first five positions of the switch O・25′

0．5′2．5－；5md25usec・When the switchisin the Ext・Clk・POSition′

the saI噌ling peri。dis detemined by the frequency of the extemal clock・

External Clock　工n ut：∴Allows user to determine sam唯）ling rate per channel

byinput from a HI・level clock generator・工nput 工IrPedanceis　508・∴The

allowable extemal cl°ck frequencies（also applies tointemally selected

clock rates）areindicated below；

NC．0f Chmnels Switch

ェ
　
2
　
4
　
8

Maximm Sample Rate／Channel

O t0　4　MHz

O t0　2　MHz

O tC l MHz

O t0　0．5　MHz

To allow for．●iI噛りrtanCe S・aIrPlingll′the clock rate may vary OVer the allow－

able range provided the clockis free of anamalous trailing edges・

Rate TCC Hi h工ndicator：When using theintemal saInPling clock′if an

illegal combination of numberof‾input

channels and sanpling∴Periodis

selected′　the LED near the top of the pmel will blink・

Ne．ef　工n ut channels Switch：Programsinput multiplexer to switch slgnals

to the ADC from channel one only in thel position′　from channels one and

tw°Onlyin the2position′fr00channels・One through fourin the4posi－

tion′　and from all eight channelsin the8position・

conversion Start Button：ResetsinternalloglC and starts continuous sanple′

convert，and store cycling．

工ndicator：I．ED adjacent to conversion start buttonlights during sample・

convert md store operations，

tions．

remains off during readout and display opera－

聖堂Trigger工哩些IiEMOtypeconnectOr・50Qinputimpedance・requirespos－
itive goingHI・Pulseof atleast50nsec duration・Aproper triggerwill
stop the data conversion andstorageprocess after the selectednunber of

post－trigger samples have been taken・

竺些土中iggerSamples Swi壬生：Thepositionofthis switchcontrels thenmber
of samples converted andstoredperinput chmnelfQllCWing the stop trigger
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Pulse・．meSWitdlhas印Sitionslthrough8・Nomallythemitisprogramed
（wire］umPerS）such that・the numbers correspond to thousands of post－trigger

samples′i・e・′POSition8means8K post－trigger samples per channel・The

Pr°graming of the switchis done on a wire“jtIIやer Platfom・

Display Channel Switch：Digital data of selected chmnelis re∞nVerted to
an malog slgnal for display on a scqpe・me Slgnalis available from the
．Ichannel outM　∞mectOr．

★∴NO冒E DL肛ing operation the display channel switch md posL

trigger saItPles switch may be changed at any time but

the otherpanelswitches should be preset before a con－

versi°nisinitiated and not changed until a new con一

versi°n－readout cycleis to beinitiated mder new con一

．ditions．　意heintemal timing may be upset by changlng－

these switches so that theloglC muSt be reset by starting

anew conversion cycle to restore the proper timing as

deteminedby the settings of the switches・

4・b．　Front Panel Out

エnternal Clock Out：　Drives　50　Qlead to TTLlevels．　Pemits synchroniza－

tion of multiple22641g by thing all sampling wiせI reSPeCt tO a Single
C1°ck．

Channel Display Output：LBMO comect。r・After a stop－trigger and the

selected number of post－trigger samples per chamel has been digitized′

the Mode12264Will enter the scope display output mode（unless theI・AM

is enabled－　See CAMAC section）．　me data from anyinput chaJmel may be

displayed on m oscilloscope by setting the display channel switch to the

desired chaJmel number．me aInPlitude of the output slgnalinto a highim－
pedance scopeinputis between－2．5velts and＋2・5vClts（the scope display

output should not be teminated）．me data points are displayed at an ap－
proximate rate of800nsec per pointin the one or twoinput channel mode′

1600nsec per pointin the four chamel mode′　md2400nsec per pointin

the eight channel mode・me SCOPe SWeeP rateis set by the user to display
the desired number of points．

NO富田：　工n the single channel mode′　Only every other data point will be

displayed．

Sco掌TriggerQI吐：LEMO connector・Ampositive going pulseoccurring at
the time the first data wordis output for display・冒his pulse may drive

the extemal triggerinput of a scope so that the sweep will always start

withthe earliest data point・This output should not be teminated・
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EXAMPLE OF　2264　CAMAC CONTROL SEQUENCE

醒

F（9）OR審　OR C OR Front Panel Button

．　三三

1AM

〉F
V
（10）

NOTE：　All CAMAC F（Ⅹ）comands require N．

November．1977　　　　　　　　　　　　4．4

工nitiate SaIIPling

Enable LAM（only necessaryif　2264

is to enter CAMAC readout made after

COnVerSion coHtPleted）．

Stop Trigger pulse OR F（25）

2264　enters scope display mode mless

F（26）comand was perfomed above．

2264ready for CAMAC readout（Read

LAM or test for LAM by Q＝lin re－

SPOnSe tO F（8））．

Reset LAM

Select channel（S）to be readout

（see Table　工）

READ DATA for selected chmnel（S）．

Readout complete

Disable LAM

Enable scope display．
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SELECTエNG CHANNELS FOR CAmC READOUT

TABIE　工

CAMAC Comand

F（16）・A（0）

F（16）・A（0）

F（16）・A（1）

F（16）・A〈2）

F（16）・A（3）

NC．Of Channels

Selected On

Front Panel

2′40r　8

4　0r　8

Result

器誓t＿笥n嵩出雲。S㌣e
R9　－　R16）

Select Chmnel nC．l and・＃2

（channell on Rl　－R8，Charme1

2　0n R9　－　R16）．

Select chmnel n0．3　and n0．4

〈channe130n Rl　－R8，Chame1

4　0n R9　－　R16）．

Select chmnel n0．5　md n0．6

（channe150n Rl　－R8．channe1

6　0n R9　－　R16）．

Select channel n0．7　and n0．8

（chame170n Rl　－R8．chmne1

8　0n R9　－　R16）．

＊NO曹E：F（16）cormands also require N．Sl and S2．DATAis outputin a

COmPlementary binary code′i・e・′the most positive veltagein

theinput vcltage rangeis represented by all．tzerostl′　and the

most negative veltagein theinput veItage range by all〃lones●●．
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R9＝1：：No Sample Trmcated－Earliest saHPle＝64K－Post Trigger

SamPles from trigger．

R9＝0：One Sample Truncated一重arliest saIrPleこく64K＋1）一Post

Trigger samples from trigger．

（e）When using theintemal sampling clock′if anillegal combination

ofinput channel number and sampling periodis selected′　the RATE

T00HlGHinidicator will blink．and a flag will be raised on RlO

during NJF（1）．

RlO＝1：　工11egal switch settings・

RlO＝0：　Switch settingslegal．
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5．　　FUNCT工ONAL DESCR工PT工ON

5a．　　General

The Mode12264is a multichanneLWaVefom digitizer composed of an analog to

digital converter（ADC）board and a contr011erboardwhichincludes the analog

slgnalmultiplexing circuits that feed the ADC and the digital circuits needed
to contrCl the storage of the digital datain Mode18800memory modules・This

board also contains the circuitry needed to read the data from‘the memory ahd

either places the data on the CAMAC Dataway under CAMAC contrCl Cr reCOn－

structs the analog slgnalin any channel for display on alab scope・Other

circuitry on the board permits reading the settings of the front panel switches

as a digital code on the CAMAC Dataway・

工n the f0110Wing detailed functional deもcription of theinstrment we will

discuss the operation of the two boards separately′　and each board will be

dividedin severalloglCal subsections・A block diagram′　timing diagrams′

and a schematic of the contrCller board are found at the end of this section

to help clarify the test and to aidin trouble shCCting and repair・

5b．　　　ADC Board

1．　General Description：∴The analog to digital converterin the

Mode12264is a two stage paralle1－Serial type converter．　The four most

Significant bits（MSBIs）are obtained from a flash converter consisting of

15　high speed comparators whose outputs are reduced to binary form by a fast

encoder．　The binary（MSB）Outputs are then fedinto an outputlatch andinto

theinputs of a high speed4bit DAC・A slgnal propertional to the difference

between the DAC output and theinput slgnalis constructed by a fast difference

amplifier・This difference slgnalis then digitized by another4bit flash

COnVerter．　The encoded outputs of the second converter are theleast slg－

nificant bits（LSBIs）of the ADC．

工n front of the ADC is a fast track and h01d circuit with a well defined

aperature time（aperature jitter＋25psec）which presents fixed v01tage samples

Of the ADC for digitization eliminating slewing problemsin the comparators・

2．　Track and H01d Circuit：　The track and held circuit consists of

a balanced diode saI唯）ling∴gate Whichis switched by a fast comparatorin con－

junction with a differential pair providing proper vCltage and currentin－

puts to the diode bridge switch・The output of the gateis connected to

a unity gain high speed discrete amplifier′　Whichis basically a differential

CaSCOde amplifier with a complimentary symetry push－Pull output・　When the

gateis open the aInPlifier tracks theinput slgnal and theinstantaneous output

VCltageisinPOSed on a small h01d capacitor．　When the gateis closed，the

SlgnalisrBld at thelevel stored on the capacitor・　工nput bias currentis
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provided by apair of themally compensating PNP transistors which also

compensate for capacitorleakage・

工n operation the circuit tracks until a convert comand（ADC strobe）pulse

is received′　during which timeitis able to acquire a full scale vCltage

change・エt then goesinto a hCld state for50nsec・About20nsec of that

timeis allowed for switching transients to delay and for the二・Quやut・VQ工事ge

to settle to within a halfI・SB ofits final value・The output of the track

and hCldis connected directly to theinput of the first conParatOr Chain・・

曹he　3　dB bandwidth for a full scale vCltage changeis　30MHz・

3．ADC：　The first15　comparators have their switchinglevels set

at320mVintervals between＋2．560v01ts by a resistor chain and precision

regulated bias vCltages・As sCCn aS the track and hCld ou坤ut一・bas・Set土工ed

the comparators arelatchedinto statesrcorresponding to their biasing and

the slgnallevel・The complementary outputs of the conParatOrS feed a series

of NOR gates whose outputs are wired ORed together・This glVeS a4bit binary

output whichislatchedinto an output register・The4bit binary slgnalis

also applied to a DAC consisting of precision current sources．and fast current

switches．曹he DAC converts the4MSBIsinto an analog current whichis applied

to the suming node of a fast discrete op amp similar to the one usedin

the track and h01d circuit．At the same time a current proportional to the

input slgnalis applied to the sming node・Theinput currents tO the node
are of such a p01arity that the op aI噌OutPutis proportional to the difference

between the DAC output and theinput slgnal・The output of the subtractor

op∴amPis then applied to another4bit flash converterlike the one used t0

0btain the　4MSBIs but biased to fit the difference output vCltage range

of the subtractor．　工n order for this difference slgnal t01iein the proper

range，the DAC gain and offset must be precisely adjusted・The LSB compar‾

ators are briefly unlatched and allowed to switch to states detemined by

the difference slgnal and their biasleveli then they areiatchedinto these

states and decoded．　This second converter then yields the　4　LSB of the　8

bit output・TheI・SBIs are fed directly to the output cable from the decoders・

5C．　　ContrCller Board

General description－refer to first paragraphin the functional

description section・

Analog Multiplexer：This section of the contrCller multiplexes the

slgnals from up t08different analog slgnal sourcesinto theinput of the

ADC board and strobes the resulting digitized datainto a F工FO buffer from

which the dataislater strobedint0　8800memory modules．

Theinput for each of the eight channels to the multiplexeris through an

inverting op∴amP（HM318）Withinput resistor and feedback resistors selcted

to glVe the desiredinput resistance and the gain required to translate the
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inputvQltagerhgeintothe－2・56Vto＋2・56V腿Crange・Anotherresistor
connected tothe sming node of eacharmlifier andby frontpanel switch
to either a－12V′0V′Or＋12Vtoproduce an amplifier outputof either

＋2．56V′Or－2・56VsothataunlP01arinputv01tage range canbe translated

into the bipClar ADC range・

TheoutputSOfthe eightamplifiers aremultiplexedthroughtwoquadDMOSF珊
switches（SD5001ls）intothesumningnodeofaunitygainfast－Settlingin」、

vertingopamp（Q6－Q12〉・Theoutputof this amplifierdrivestheinputto
the track and h01d circuit on the ADC board・

皿egatepulses fortheF珊SWitchescome fromthe stagesofarecirculating
shiftregister（74LS74′74I・S174・74S153）′Whichtogetherwith－a5m曲乙gated

oscillator，tWO univibrators（74LS221）′つa reSet flip－flop L74Sl12）and some

NORgateS forms aprogramableburstclock・Thenumberof stagesincluded
in the shift－registerl00P and therefore the number of channelsmultiplexed

into the ADCis contrClledbyinput fromthe frontpane1日工nput ChannelsII

switch to the74S153data selector・The burst clock produces・the ADC

convert comandpulses and the parallelloadpulses for the resulting

digitaldatagoinginto theF工FO・S（9403・S）・Theburst－Clockis turned

onby the negative edges ofpulses fromthemaster clockwhich contrCls

the sampling rate／channel・工tis turned offby a resetpulse fromthe

programable shift register・Formore detail see theMultiplexer－ADC
timing diagram at the end of this section・

Master CLK：The Master CLKpulses come from a digital multiplexer

gates of different frequencies from

the outputs of a divider（74LS390）clockedby a4MH2　crystaloscillator・

Aninput froman externalconnectormay alsobe selectedby the74S151

multiplexer for externalcontrClCf the sampling rate・The74S151is

programed by the sampling rate switch on the frontpanel・

（74S151）which multiplexes several

Memory strobe and Refresh Generator：一After data has been entered

into the F工FOl S（9403°S）it bubbles through toward the F工FO output register

status slgnals fromthe F工F00utPut and clock slgnals froma5MHz oscillator

（74LS324）then contr0l the shifting of the data out of the F工FOIs onto

themehory datalinesin synchwithmemory strobepulses・This contr01

is accormlished by the memory strobe and refreshpulse generatorloglC
block（工C・slocatedin sockets GD′GE′GF′GG′GH・and FH）・Thislogic

generates refreshpulses about everylO usec and ensures that memory

strobepulses and refreshpulses do not overlap and are properly timed

withrespect t00ne anOther・（SeeMode18800manualfor detailedtiming

diagrams）・
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。．。AMA。S詰○器器ni…n呈。慧霊；窪慧1≡○器．。器7諾霊gger
474I．S161ls）is enable havingbeenloaded at the beginning of the conversion

periodwithacomtdeterminedbythe settingsofthepost－triggersantples
switch and the positions of jumpers on the platfomlocatedin socket AO

（See SeCtion on jlユnPer OPtionprogramming）・At this time the clock for

the counteris the master samPling clock・After the selected number of

post－trigger samples′　the counterreaches fullcount′reSetSitself and

sends apulse to the memory read contreIlCgic block（lCIslocatedin

sockets DH，EH，EG′DG′DF′FG′DJ′DK′EF）・冒hislogic block disables

the Master Clock multiplexer（74S151）・lt allows time for data from the

last samples to be transferred from the F工FO to the8800memory・Then

it causes the memory R／Wline to gClCW（Read Mode）and transfers contrCl

Cf the memory strObe and refresh generator from the output registers of

the write F工FOIs（9403Is〉　to theinput register status signals of the

Read F工FOIs（33511ls）．At this time a mono－Stable（≒74LS221）is enabled

which strobes datainto the read DエDOisin sync with the memory strobe

pulses・Data nowbeing read out of the memorypasses through abuffer

latch（74LS374）andis demultiplexedint00dd and even data wordsinto the

two read F工FO・S．Odd numbered data words filter through F工FO♯1（DJ）

and even numbered data words bubble through F工FO＃2（DK）・A‖first word”

flagis entered on the9th bitline of F工FO♯lwhen the first8bit data

words enters on the other81ines・The programable counteris now clocked

by a slgnal from the memory read contrQllQglc and acts as amemory read

cycle counter・After enough cycles have occurred to read all of the memory′

the comter resets．The first word flagis raised again′　and the read

process may repeat again・Programning〕lⅢPerS On a Platfomin socked

cK allowprograming the counter for32K′64K′96K′Or238Kwords（lK＝1024）・

Data Display／CAMAC Readout Contr01：This section contr0ls the readout

of the data from the Read F工FO●s and selects the data words to belatched

into the DACinput register md the tristate buffer registers which output

to the CAMAC dataway・As sCCn aS the first word flag and first data word

pair appear at output registers of the readFエF01s theinternalloglCis

set－LP tO begln readout・Readoutmay proceedin a continuous cyclic mode

orin ainterrupted single memory scan under contrCl Cf CAMAC F（2）read

comands depending on the state of the CAMAC ENABLEline・工f thisline

islow the readout will be under contr010f the F工FOIs and Readout contrQl

lCglC alone and will proceed automatically at a rate depending on F工FO

timing∴and the timing of monostablesinside the readout contr0l section

itself．Thisis the data display mode used when datais to be converted

to analog form and displayed on a scope through the on board DAC（DAC－08）

and DAC output current－tO－Ⅴ01tage amplifier（LM318and2N2368A）・A scope

triggerpulseisinitiatedwhen the firstword flagis up so that the display

sweep may be triggered at the earliest samplein the data・
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selection of the channel to be displayedis done by（1）the20display

channel switchinput to the multiplexing DACinput register．　This decides

whether odd or eJen dataislatchedinto the register and（2）the pro一

gramable sequencer made up of a9319（BG）′　a74LS151（BF），a74LS367（CE〉′

a　74I．S173（CD）．a　74LS74（CG）and otherlogic gates．　This circuitry decides

at the beglnning of a read cycle・how many data word pairs are skipped before

alatch pulseis sent to the output registers．lt does this on the basis

ofinput data from the21and22terI止nals of the・lDisplay Channelli switch

of CAMAC Al，A2informationlatchedinto the　74LS173by an F（16）・S2　ccmand

when CAMAC contrCl1ed readoutis to be done．　After thisinitial positioning

of the firstlatch pulse at the first word of the channel to be displayed，

the circuitry decides how many word pairs are to be skipped before another

latch pulseis produced．　工t does this on the basis ofinput from the

．一重nput Channels”switch．　For exaIrPle．in the single and two channel mode

no word pairs are skipped，in the four channel mode one word pairis

Skipped andin the eight channel mode tnree word pairs are skipped between

latch pulses．

When the CAMAC ENABLElineis set high by an F（26）comand．a LAM will be

raised when the first word flag and first word pair appears at the F工FO

OutPut registers・．NowanF（16）・SIpulselatchesAl′A2infomationin the

74LS173　to determlne Which channels are to be read（see previous paragraph）．

F（16）・S2　starts the nomal readout process discussed before and the first

desire word pairislatchedinto the outputlatches and readout proceeds

until the next word pair from the selected channels appears but n01atch

Pulseis produced and readout stops until the first word has been placed

On the CAMAC datalines by an F（2）command which enables the register output．

The next word pairis thenlatchedinto the register on the trailing edge

Of the F（2）●S2pulse and readout proceeds until the n阜Xt WOrd pair appears

at the registerinputs but again halts until another F（2）・S2　releases the

PreVious word to the dataway and thenlatches this next wordinto the

register and restarts the readout．　Readout proceedsin this fashion

until the first word flag∴and the accoItPanylng WOrd pair appear again，

at which time readout stops until another F（16）is received．　工f an F（24）

COmandisissued the CAMAC ENABLEline goeslow，the LAMis disabled and

the F（16）command will reset thelogicinto the data display mode．

CAMAC ContrCl Logic：∴This section uses　74LS154（DL）and some other

10glC gateS tO decode the CAMAC functionlines and generate the CAMAC

COntrCl and response slgnals．　For a complete description of these coImands

and responses see the CAMAC comand and function code section of the data

Sheet and the CAMAC command sequence on page4．4．
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Memory Enable ContrCl： This circuitryisincluded on chipslocated

in sockets FF（却4L279）and DD（汚4SO8）・Theinitiate pulse sets the
Memory Enablelinelow enabling the first memoryin the chain connected

to the2264・Theline returns high when the first memory strobe pulse

OCCurS（enablingis done by high tClCW tranSition）・When thelast memory

is full a memory enable return pulseis sent back to the contrCller and

CauSeS the memory enableline to g0lCW reenabling the first memory again．
For more details see the Mode18800manual．

Auxiliary and Circuitry： Allows digital codes associated

With each front panel switch（exceptIIdisplay channel＝switch）to be gated

OntO the CAMAC dataway by appropriate cAMAC comands through tristate

buffers（74LS240A）1ccatedin sockets EL，EM，and EN．

A7485（BM）monitors the states of the‖sample rateM and Minput channels・l

SWitch and raises a flagif the sample rateis t00high for the mmtber of

Channels・This condition also enables an astable multivibrator555（AM）

Which blinks a warningI・ED on the front panel．

Another7485（CL）monitors the‖display channel‖switch and・一input channels＝

SWitch and disables the display DACif thel－display channe1－1switchis

Set tO a Channel which does not haveitsinput switchedinto the multiplexer

as determined by the setting of theIlェnput channels＝　switch．

A＋12vCltage regulator（lN758，LM301，Q14）supplies a＋12V reference to

theinput offset switches and a－12V regulator（Ⅲ301′Q13〉which supplies

the－12V reference to theinput offset switch and the－12V operating

V01tage for the33511read F工FOIs・These two regulators also supply the

＋12V and－12V・reference and operating vCltages to the display DAC（DAC－08）

A separate＋12V regulator（78MG）supplies the＋12V operating vCltage for

the multiplexer op amp（Q6－Q12）．
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Jl皿TPer Option Programlng Of the　2264

The　2264may be programed tC CPerate Withl．2，3　0r　4　associated Mode1

8800／8memory modules connectedin tandem．AIsC．the post－trigger saITPles

COunter may be progranmed so that the front panel posLtrigger saI噌les

switchindicates eitherincrements oflO240r2048post－trigger saI噌les・

The programingis done by］utlPerSlocated on sockets CK and AO on the

contrCller board．

The fCllCWing tableindicates which plnS have］lmPerS between them on each

SOCket for each of the possible options．

♯　of　8800ls

1

2

3

4

Post－Trigger switch

工ncrements

January，1978

Jumpers

Socket AO

1－13，2　－12

1－13，3　－12

14　－13．2　－12

12　－　13　－　14

JuInPerS

Socket AO

6－8，5－9，4－10，3－11

7－8，6－g．5－10，4－11
－°““““一一〇一　　缶　－一一一一・＝要一地中一一中一

l′′

JlⅢ曾erS

Socket CK

1－　16

2　－　15

3　－　14

4　－　13

ENGINEERING DEPARTMENT

LeCroyResearchSystenlsCorp．



S
山
Z
一
」
書
＋
U
t
∑
く
U

S
u
 
O
J
 
r
u
 
Z
」
－
」

雪
U
と
M
S

F剛）M f℃BT・TRIGG菖R

SMPLES．SWITCH

F調M●SAMPLglむけt

CLoCX◆swl¶こH

隊OM”00．唇cル開聞nS”
SWITCH

S
u
Z
ー
」

諸
謙
譲

α
u
L
u
つ
の
－
＜
ト
＜
q

エ
リ
と
M
S
」
－
左
L
Z
e
に

墓　　CMACDMLINES
（と

0
位
u
L
し
っ
の
　
菖

エ
〕
ヒ
M
S
「
u
S
J
J
O

囲い細
雪
∪
ト
ー
M
S
ト
u
S
L
L
B
三
〇
優
し

囲

CHANNEL
DISPLAY
SWITCH

MAC亡NABLE

エ
∪
ト
ー
M
S

Z
o
－
e
∝
山
＞
N
o
U

ト
α
く
ト
S

f
U
ト
ー
M
の
　
山
J
d
∑
く
る

り
0
0
－
雌
ト
・
ト
火
と
二
三
鯛
－
u

○
1
－
－
0
0
夕

」
急
場
L
Z
8
ト
⊃
°
今
遍
は
∪
＜
∑
＜
∪

●

ン
く
」
d
S
一
q
く
ト
く
q

峰
山
○
登
録
ト

山
d
O
U
S

WAVEFORM Dm OUTPUT
BUFFERED LATCHES

工
U
t
q
」

〇
三
X
u
」
d
一
十
」
コ
∑

」
蓑
蒜

ナ
　
…
　
S
一
〇

山
〃
高
く
芝
山
　
∪
＜
○

∪
－
8
」
」
○
直
ト
Z
O
U

a
く
山
α
　
＞
∝
〇
三
山
王

直
u
L
Z
⊃
O
U

u
」
中
主
≧
三
毛
あ
°
α
d

t
U
ト
i
o
∴
u
ト
＜
α

く
S
　
∑
o
峰
山

×
⊃
∑
｝

直
山
〇
一
≧
a

埋
茎
…
竜
骨
・
2

∑
○
峰
山

f
n
ル
ー

PROGRAMMBLE
SHIFT REGiSTER

N

J

d

S

一

a

u
d
8
5

S
山
N
コ
果
糖
F
Z
8
ト
は
〇
三
山
王

ECL－TTL TRANSJATORS

FET SMTCHES

oo

－　　　INPUTS－

工
場
ト
壬
の

ト
u
O
u
n
o

o
置
鰹
製
l

o
富
瞥
Z
T

Y
U
O
J
U

ト
S
請
書
の

i
ま
と
い

〕
≡
」
も
三
三
一
ト

4－BIT

QUANTIiE

G
等
○
∞
∴
U
d
＜

ー

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

‘

（

。

く

く

　

－

‘

〝

r
I
I
I
I
I
I
I
I
I
I
I
I
I
I
i
I
I
I
－
－
I
I
I
I
I
I
I
L

S
掌
コ
冬
H
重
奏
T
を
○
至
山
王


