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MULTICHARNCL A2LCG TO DIGITAL CCHVEFTER AND PEADQUT STSTEM FOR THE TIME PROJECTION CHAMZER®

Hichaed R. maler, Stanmley R, Olson, Michiyuk! Nakazura and Frederick 5. Goulding

Abstract

The Yire Projecticn Chamner (TPC) project in-
volves the characterization of signals srriving av
approxiczately 20,000 separate 2etector wires and pad
electrodes.  Tre craraclerizaticn resuires raasure-
cent of the signal esplituces in 100 ns tire slices
over & t3%al tize of 20 s fthe tot2] charher drift
tize). Charge Cousled tees (CCD°s) &re uses to
SUOrE 2n trege of the 20 .5 gpan af cignals anc the
frage 15 “plages back™ at ¢ lge rate [5G .5 tire
slices, f.e., a tice erpansion of 5G3:1,. Digitiza-
ticn of the 29,000 parallel signals at the outpul
of the CCLD's syst therefere be 3ccomplished ‘o 50 5
and reddoyt of digital catz 1nto the 25..uter cystes
rust also be zccemplishad in this time.  any reros
accur in th2 data, & fant which r:guces the cata
handling demands on thz readont o . Sut doec not
redutt tht SLringerl requlre antl e ira g1ithzer,
Tnerefore, the requirererts on e digitizar 2rg
highlightee by the need fcr low cost, fca ptwer con-
cumpticn and ny the nes< o nerforn S-bit cigitizing
in less than 20 _s. Furtnercore, 3 daunle huffering
Schere Eust ke used to permit interleaving digitiz-
ing and digital readout cycles.

We dascribe our irpiecentaticn of this concept
ané sare pessible applications for other expericents
which require cany Aralog to Digital Converter (&0C)
chaanels.

Introduction

The centra) elecent of the PEP-4 det:ctor at the
PEP starage ring at Stanford, Califormia, is the
TPL, It is a large voluze grifl chesber, a cylinder
of 2 o diaceter and 2 o lang, which pravides intringi-
cally three dicensional spatial data. The chasher is
showm schezatically in Fig. 1. It is in a 1.5 tesla
soliroidal ragnetic field, and is filled with a mix~
ture of 80T argon 2nd 20: methanz at a pressure of
10 etcospheres. A voltage of approxicately 150 kv
1s 2pplied to the center plane ta produce 2n electric
field xhich drifts the electrons produced by perticle
tracks in the chacber to tne pesition sensitive Dpro-
portional-wire datactors at tre te2 end caps. Sach
end €ap is eguipped with sii s=ciars of poyition
sensing cateciors--wires at cositie woltage, wdich
serve as propartional couniers to 2-D)ify the charge
reaching the wires hy a factar of ahout 1000. The
wirz signzls give inforzatiza cn the rzdial distance
{r) of 2 track froz the centerline. There are 192
of these “df/dx-wires” per sector. In adeition there
are 12 wires distritutsd guer the secter, which give
the 22iruthal angle {3} of the tracks.

This angle infgrmation carived frem a row of
szall (7 m x 7 ) pads placed uncer thase wires,
cn which the avalanchs ¢n the wire incuces yicmals.
Trase signzls can be used to 2sterming the centroid
af thz avzlancha. The cgardinate aleng thz
baan axis (7} is d2rived from the tire of arrival
of the charge frum the tracks following a start
signal derived froz the PEP bean signais.

Lawrence Zerkeley C2lifernia
bniversity ef C2lifomiz
Berkeley, California 64723

The signal a=plitudes on the cf/cx wire ceter-
mine the energy-loss pattern along the trace. The
cagnetic fiele servies primarily to cetermire tne
corentum of the particle, by ceasure~ent of the
curvature of the tracks, but it 2lsc recuces the trans-
verse spreading of electrons during the grift prme,s,
The cutrartics of 211 these catz ¢licws identif v:t
of the rany particles aroZuces in very b
interactions and catermines tnelr energreg
morenta,  {For 3 cetailsd d.scription T
referred to Fef. 1

Simply stateq, TPC required 2 systes capesle of
providing 20 .5 of gata semplec on the basis of 105 ne
tire intersals, the innut signate ceving
sources. This translates to e totel nf 'ant— illien
G-bit words of passible |n(ur-.—.rmn stigmals froe
the wirses feed low-noize-charsg ensitiqe Jre ey,
then go to snaning amplifiers, -‘Rl_—r=. tne oo
emplified ana zh2pec to cptirize sizrel-to-
ratios. T7he resulting signzls are Tren sip
stared in CCO's wnich are nnrrally peing clocoe
13 MHz.? Egnraunq in tnis coce, the UCL'c
"flasn picture” of tne past 20 _s af signals <
into 100 ns tice segrents. when 2n event 13 AElected
by suitable tricger electronics, the CED clock rate
i5 slowed ¢own, and the acplitude infarseticn now
residing in the CCD's is shiftes 16 their gutout 2t &
20 kHz rate. Digitization of signais and transfer
of the digitized signais to the cooputer peoiessing
systeo cust therefare he accesplished in less than
50 us (i.e., one CCO slga clock cycls). This paner
dascribes the A-D-convertor Zesign used in tnis
applicaticn, [t 21so discusses the method ecployes to
readoct only the interesting informaticn which is
estirated te he ahsut 10,00G words per event cut 6f
the three cillion possible words. Ffartunartely, this
drastically reduces thz requirenents on the reacsut
2ra processing systea.

Systec: fensideratiens

The priginal TPC prugesal described the use af
121 fast A0C°s (1 us migitizing &
dyamically s.,ﬂ prigrity enccesrs T
1 valid (v . nan-zera) inf n'—r‘ ien.
reiuired a discriminator ena 2 Z-,
chennel. Tg avaid satuyrating 2 particu
multiplexed channels, it would be necessary 10 scratle
chzinzl to address rE].‘.L\'unsMps. 50 that sig i
physically aaj
nulnp‘lexer-,-DC ceeainzg 1:n=4 Tnis
quired an additional “unscrashling”
out systes end tnerefore &n - ditia
buffirs. This cerplexity resulzed in
alteimative scheres.

wauld
step in

Since the eutputs from the TC2's ~re
voltaze levels far 30 us, 2n cbvicss way
their values is ta use Wilkinson runzean
is very similar to tne Larga Scale Bigitizer {L33
cencept, which has been used SLC"Eszuﬂj 2T LEL
2nd alsewhere. Sirce the r=-n
associtted logic can bz share

*This work was supported by the Division of Phaysical
Resezrch of the Depsrtment of Erergy uncsr Coniract
Ko. W-7205-ENG-28.




each AUC channe! consists essentislly only of one
corparator and one register. The stmplicity of this
approach--the parts count 15 sioilar to the compirator
+DAC part of the cultiplescr Schece--makes {2 ‘wasible
to supply one ADC cer signal channel and to gdigitize
&11 signals frem the CCD's. Detection of valid infor-
ration {f.e.. amplituca » threshold) then consists

of corparing two digizal nuzbers, cne from the RGC
register and the ather from 2 preset threshglc
register. Jali¢ informaticn is then placed in 2n out-
put huffer, whicn can te readzul, while the next
digitizaticn teisc place.

The rescluticn reqairerents (3 bit) for the ADC
are dictated by tha recescity for szrticle ident
fication and tracv-center finding.

Configuraticn

We decided to put 1€
and put 1€ ALC Lzards 2nc creiml basrd tota 2
sinQla racr-maurees tin wnrrnl B3Ere CoRteing
the ra=zp gereretor, the cloci driers, and alco the
line drwers end receivers which receive the AIC cata
from the AD 2 =rad prozi the cannsclion o tne
Copuler. trr=snolg infgeTation ¥
indivigoal ADT chénnel ig gistributed fr
ter to the ATC bozrds wie the cortrol neard. The
crthods used ta distribute the raco and the clock
pulses have been discussed in eariier papers. .’

channels on ore bgard,

mou-

Since this versien of the LSO conceot relies
heavily on registers, cest effectiveness diciates the
use of Tou-cost raqisters. Since the lowes? cost
per bit is affered by RBanesm fccass Mecory (PAM)
:hxps. the first version of the design (snown 1n
Fig. 2} was based on their use

The voltace level frea the (CD is compared to 3
41 ps Tang Vingar raxp . spanning the full signal
amplituds rangs. A change of state in the cocpara-
tor output s Synchronized tg the clock, a2nd Shaped
to ore clock pulse width. In this clock pulse, a bit
is written in the cata line of the particular channel
of the “hit-list” R (16 word 1 16 bit) and sipul-
tanegusly the s
inta 3 "pulse-heigne”
bits are used herg).
event counter is inc
the address far these

2te of the clock zgunter is written
RN (16 wara x 12 bit, only §
Afrer this goeratien 2 S-bit

1, whose cuiput generztes

5

After a1l channals n2v
PAM cant2ins 2 seguential
£ore than one chaanzl c2n re
alitede and the pulse-hei "JL\« :ongems tne
associated pulse-nsight nuers. Tne information in
the PM's i5 not grderec in chzanel nusher sequence,
but rather in an a=plituda sequence.  For readaut
tha datz zust be recrcared acccrr‘x 3 to chanral
aumper.  Thisz cgnz in the 9 2fzar te end
of the ra=o.

The reerdsring is done by looking with 2 zaskahle

priority encoder 2 the outpuls of tne bit list 2AM
to carive the cnznnsl nher of tnz firad channels.
This chanr2] numder is tnen usad to aadress 2@ BAM
wiich contains the tnreshold infervation. IF o
pulse heicnt is larger than the thresheld, it is
wirtten into the gutput E~M, ang the line mrrespcnd-
ing o U‘!E channel nuer Tired is caskad. Then

t ghanngl is chetiad, or if thers 2-2
no z::re ur.\askz—u bits at the particular pulse height
ths event counter is decrecented, tha cask is reset,
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and the procedure continued until 211 events nave been
protessed. The cutput FAM trhen contatns crly salie
inforoation, wnich can be rradodl curing the neat

321 .1 gigitizetion cycle. In tniy schere tne sarn
nu=ser of integrated circuizs 15 used for resglutions
between 5 2nd 12 hits, the cifference being cnly tre
nimter of oulbuts uséd in the gylse haignt, thresnsld,
&nd output PAM's  nlse, this circuit c2n nendle mul-
tiple hizs in ane signal charnsl, wrich can haopen,
e.g., in tice digitizers, &c jeng as they are seja-
rated by one or rgre ciock pulses.

The disedvantzse of the zetnod
ssgriates witr tre regrosring,
1m:ull/ areered 2ccoreing to emplituce
purposes ficwever an ordering :iccoreing 0 chinn
nurber is neecsd. This coule be dsna eitner b_/
&nather prisrity encaner czriqe tre locaticn
velid datz in the putput Or ty an3InEr resr
step. Eotn poscizilizies irirease t
inweqrated circuits neecea.  Angther prc“
16 arder t0 reel e cloce -
Scrottey s
ciiteq nigner pe

r oissipacion.

Therefore in cur finz” ¢ we naus chosen Lo
use 2-bit lew power Schottay regreter, IC's, wricn

h. tecoce available receatly, an2 ts use ons acci-
tignal flip flop mer A0C cnzmnel to achieve the S-bi
resolution neede. The circwit is given in Figs. 3
and 4. Again 35 an inpul cosparator cnhanges state,
this change is synchronizea o the cicck, zng
current state of the cloci pulse csunter i3 wr
into a register cansisting @f an 2-bit tri-st
autput reqister and 3n 2cziticaal Flip flas.
end of the ramp, 211 cnanrels, wnicn feve 6ot
changed 2re forcsd ta change, Sa thal “overfloas”
appear at azplityda chemnel 311,

Here no reordaring is necessary, the contrsl
Togic steps through the contents of the ALC register
in 3 sequence of d=scending chennel nu=ter, cospares
them with the 2ppropriate threshald, i
in ta the output R, if thay were » thresec)
there was a velid event, it incraments
counter. This cc-:iressicn frocas
bzards in parall
daza iz gwailebl
2ata in the Quily czn then te
elreacy crizred tasnicn by cortral beacd, The
control board segusnces throwsn 2il ALC bosres in
its bin, skipping the o whizh have no valiz daze
{i.e., when the valid event coynter is zere). A
fast bin-skip feature is also proviced to permit
skipping 2 bin in one readout cycle, iF it centains
no valid data.

The threshole 82M's an the £DC board must be
lgadad fro 2 computer. This can b2 dsne by dig
ing the input lTevals witn na signzls present, anc
by writing & nuhbzr greater than tais medsured “zzro
level® into tha threshold B2M's, The inforsation fro=
2 particular (J\’r\rﬂ can b2 suzares i
bit 3 in thz corresnonzing thresnole M,
tha transfer rr’;: the 200 resister

m

pravants
T RAML

The advantacz of tha register varsion is
sicplicity of tha data recuction logic, since ell
uperations can2 by directly addressing 2
cular chann re, in the F2% versica, nricr!:;l
enceders 7ust b ussd. Heomsver, tne resoluticon oF the
“registar” 20C essentially limited to 9 bits,
baczuse are bits would require marz [C p2cisges than
tha “RAM" ALDC witn 2 resoluticn of 12 bits.

sarti-
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In additian, the register fcplerentation cennct
tolerate zultiple hits in one channel, such as mignt
be required in tice cigirizers.

¥We use & digitizer clock frequency of 12.5 Mz,
which gives 2 raxioun digitizing rice of &1 us for
9 bits. Since the CCD slow clock rate is 10 kHz
{{.e., S0 us/step) 9 is resain to reduce and reorcer
the data. Quring the first 40 s of the next CCD
slow clock cycle, walig data fros the previous clock
cycle are presentes ta tng readout bus. Since only
valiag @aza 15 creient, the reguirecents on the read-
out systes are ainicizea.

Conclusion

We have cesigned 2 Iow-cost, nwlitichannal ADC
and reacdaut system, whion meets all the requirerents
fcposed by the TPC ¢etector. A1l signals inm every
chznnel 2 rehy ayoiding tna qiffi-
culties 2 witi. tne =yltiplexing ef cany
2nalog signal intz ena cormen Since the

zeplituce infarmztion is gigitized by the sare cevice,
regardless of its 2m0lituce, there is only onz cali-

braticn necessary for eacn chznnel. The d\gxta‘l
inforration is avzilable after a reasanzhly short
tice {41 ;s), 2na all further dztz processing can be
done with ¢igital nuwhers. This aliows elimination
of inualid info ich, i.e.. zeros, very early in
the signz? proceasing, and therefore reduces the
¢emands on the readout systes. It should be pessible
then, ta do “rezl tice™ data processing with micro-
orocessors on Ehe streaa of recuced gata.

If faster integrated circuits { .ke ECL) are used
the n=ber of bits can be increased, or the digitiz-
4ng tice can be shortened.

This class of ADC and readout systen is well
matched to the mudern generation of detectors, where
rany signal channel have to be inspected in & short
tice, but only 2 fes procduce valid information.
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TIME PROJECTION CHAMBER Endeap Wires

“~Baam Pips 192 dE/dx Wires por Sector

12 Spacial Wirss per Sactar
L 7612-11415

Fin. 1. Schematic picture of the Time Projection
Chamber. Charasd particles nroduced inriza-
tion in the hinh pressure nas of tha TPC.
The ipnization electrons drift toward the
end-caps under the influence of the axial
magnetic and electric 7ields. Sense wireg
then multiplv this charre and the dstecor
electronics are used to measure the charoe
and its time of arrival.
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Fin, 2. Partial schematic of the first version of the dinitizer,
The levels from the CCS's are comnared to a common rano.
The crossina time of the ramn and the level is synchron'zed
to the common cleck, and the dinitize control stores, at
the annrooriate nulse hefaht, the hit Tist RAM. After the
end of the ramn the readout coantrol compares the information
fram the different channels to the corresoondina lower level,
and writes {t Into the outnut buffer RAM,  The further read-
aut 1s similar to Fin, 4,

It {b-"107



LAL-A136

o

o e T

13 1

Fin. 3. Partial schenatic of the raaister version of the
dinitizer. The crossinn af the common rama with
with levels from the CCD's are svachronized 4o
the clock, and the nulse heisht number is written
into the registers. After tha end of the rama the
readout control senuences throunh 2l 1€ raaisters.
and writes their content into the outnut buffer
memory. This buffer is then read out under %he
control board of Fia. 2.
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Partial schematic of the contro! board of the second
verision of tue dinitizer. This board aznerates the
common ramp, cormon clock and the ~ulses which control
the reordering and read out. The 'data present' lines
from the diTitizer board are used to select only the
toards which have non-zero datz for readout.



