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& fast., nated chercs-integrating front-end has hoen
desigred  for  uwzse I slectramagnetic  and  hadronie
calorimsiry. Two circuits can be placed or 3 single socksisd
minicard thus allowing for the design of 32-channal CAMAL
and $4-channel FASTRUS modules. Tha 15 it dyvnamio range
and {2 2if resolution, Cogsthar with the wery good linearity
and stability of these units make tham sultadle for axtersive
usg i the LEP CPAL deiactor.

Introduction

Thie well-lnowr znd excensive Wilkinsor, or “run down”,
charge integrating anzlog ta digitz! conwerter (ADC) [1] iz no
lonoer wsed In the desian of chapge digilizers for larga scale
High Energy Physics {HEP) experiments. Cheaper muitipisxed
systams [2-31, where thea charge Is stcred in 32 or more
capaciiore arnd sequsntially routed to the inpui of & single
successive-aporoximation ADC, have been successfuily Dull:
since 1976. Packaging density has steadily increased over ihe
last tsn years whils the ogst of the individual channgl kas
been  significantly reducsed. The CAMAQL ami FASTBUS
systerms cescribed below make use of ocoaventionsl
manufacturing teckniques, i.2. discreie components laid on
priniag circuit beards, without Impalring the packaging
densicy and the cost. Two major advantages with respect ko
an infegrated circuit or hybrid technique are that:

{zy the channal Lo shannel dispsrsion of the cigilized charge
is wall within 1%;

iBY  tha olrcull oan he easily reanufacivred,
¥

The gated charga-integrating front end is presented in
the naxt section: the 32 channal CAMAC and the 26 chamnal
FASTBLI5 unils designed for use in electramagnstic arnd
hadrcnic calorimetey in the LEP OPAL detecter are then
describad.

T1he chargs intsgrating front-and

The circull diagram givern in fig. | is an improved version
of thz gatad charge Intesrating front-snd described In
ref, (6%, Tn this design, the inpul offest voifage is reduced
frem 12 mV 1o 2 mY and the stability of the input zmplifier ia
no longsr critical. The circuit provides a negative currsnt
input and & positive voltages referance input. This "guasi-
cifferantial® nature of the inpuis can 5e usad for commaorn
mode rejection of the low fraguency Fum.

The improved Input offest-volinge cherscispistics ars
gbtained by aqualization of the currsnis i the smitters of
the "ipng-tail pair® a2t the input cof the circuit. The bwa
amither followers in the feadback loop of tha viriual ground
input provide for the necessary wollage shift bDebwsen Eiis
input and ths collector of the CAZIOZE. At rest, the GATE
e "olosed” and the input furrent i3 drawn from a dedicatad
BY  rerminel through  an SD2I3DE MOSFET  swikch
Simutiansousiy, the 623 pF capaciior is bypassed through the
CLEAR MNOS-FET. Thizs CLEAR level is resab io a “held"
Isval 20 ne hafore tha GATE opens. The fnpub cureent iz then
grawn from the "cold® + B Y kerminal through the Iniegrailng
capaciior {620 pF, 1%} for the durailon of the GATE puisa.
The intaaraied charos is beld unill the next CLEAR, gnd &
JFE¥-input uffer (7L 082 ACP) is usad o drive the ouitpist,

When wsad 88 &  current  integrzior., the main
characteristios are:

- Semsitivity: 1.6 mV/pC {maxirmur output @ 1.5 W0

-~ Gaba widih: 58 ns to 2500 ns.

- Nolse (f.nsr 25 FC (600 ns galsl.

- bMaximum input 2iew rats; 2 masms.

- Fast clsay tlme: 300 ne for lesa than 300 uV residus! st
tha cuipub. :

- Ouiput setiling tlme: (000 ns.

wiesn wsed a8 & wvoltege processing ciroudt,  all
characteristics are preservad exsepi the slew rabs which
drops io 0.6 mA/ns,

Two channels can be meounted o & 20 mm % 30 mm
sockzted miricard az shown in fig. 2.

This minicard can be used 1n a varlety of applications
ranging from analog Gricger circuits to high-performaece
digitizars., The manufacturing cost of one channel is lass
than 0% and 35% of the circulte have been found Lo pass a
"Gofng—Go" tast at the end af the oraduction line.

Ths intagrating capasiial may be sslactad to be betwean
100 pf ang £20 of thus allowing for different zensitivitiss,

The CIADC and CLAF B high-dansity modeles

Tha autputs of 32 {or 43} front-snds can be muitiplexed
and sirnulbansoysty fod inta:

{a) & conventional 12-bit ADLC,
and

by a2 #8 amplifier followed by arsther 12-bit ADC thus
sllowing for measuraments over 2 15-bit dvnamic ranga,

Two highly lireer digitizars have beer desigred. The
First ona 18 the 32 channsl CAMALD unit CIADD shown in
fig. 3. the other is the 96 channsl FASTBUS CIAFE shown in
fig. 4. Both designe are linear within ¢! count over bhe
whole dynamic rangs and Lhey have g 1.0 ms conversian tima.

The CIADRC CAMAC urit

The 32 channe! single width aioduls resoonds Lo Ehs
following CAMAC comenands:

NF (2320 Read nth data word, move Lo i + 1%h.
Clsar LAM af 65t command.
NF{BIAID) Test LAM,

CHZNFAI Clear mod
andel
Set read to channat &,

ule {(LAM 1+ charge ini. front—

NE{EA Tasi znd olear LAR,

LAM LaR 1s set when convarsion is finished, fa.
~ i me after the GATE, The £5th read
cemmand makas LAM = LAM
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The channsl-to-daba assigrements ars given below:

- 32 shammels numbersd 0 ve %) e internzl address
data "high” oulss .. #n ... 62
daia “low" pulss 1w 2r+ 1 ol 63

—  Fora FORTRAN ARRAY
chanrel s High
o

DATA (54
DaTh 2n+ 1
DATAZn + 2}

Uniikes other sysiams, this CAMALD urit Is salf contslnsd
and =z be uzed in small set-ups without ancillery modules.
Mowever, ths CTAMAC commaends nave besn Umited o ihe
mandaiory minimum in arday Bg ormmotabs a maximum
murnter of channels per m Twio analog trigoer sums of
grouss of 1% channele are derivad from the oulputs af the
reininards snd fed ko tad cna sockets on the rear pansi of
the moduia,

identinal Eu that of the

: sechkions.

The porformanos of this u
FASTRUS moduls given in the fall

The CIAFE 34 chennel FASTBUS meduls

f#s = gesulr of the wary goof sample-snd-hold
characteristics of the front-end, more than 32 channels can
bs muisipiexsd and fed t3 2 singis digitizar {at the axpense of
langer converslan bims per moduisd).

The side view of the TASTBUS wnif in fig. 5 shows that
the moduls is divided Intn bwe groups of 88 charnels. Ths
space used by Ehe suoo e anproximation ADCs is reduned
with respect 1o thet in the CAMAL module thus leaving 23%
of the mother-boars for:

f&y bhe FASTIUS siave coupler,
{5Y  Ehe anclllary siacironics.

Fig. 5 Side visw of Ehe FASTBUS module showing the two
groups of 24 minicards. The axtes pely of chernals in
tee mentre of tho mother bostd Is used ag a reference

b compensate for posstirds drifts.

The FARTBUS couplar is
(s} based clroulh described in rall 7
girse 1985 in anokher desion [9)

tha Ppagrammable Arrey Ligio
< successfully used

fralog cums of (2 consenubive channsls {ourrent sources)
darivad fram the ouiput of the  frant-sods.  Thelr
smohannsl dispersion is less than 1% ramas. and the
is programmebie. Therofore, they can readily be used
for tilgger DUrDOsEs.

(YL

The ancilapy slecironice includes bwo test pulss
corwersion can be delavaed by mesns of & programmabis thmar
thue sliowing for fast cisar of the charge storsd in bhe iront
s,

Ths FASTBUS commands to the CIAFS sre olven halow:
PRIMARY ADGRESZING

Tre madule resgonds 1o oesgrsphical addressing, snd
broadoast addressing,

SECONDARY ADDRESSING
SR SPACE
CERHD is the only contral register, the bl sssignmanks

tonatner with thelr raad R, or wiile W features are diven
eslen,

{31:tgy  Miduie weniifiers 8830 R
L8302 Clear the madule W
<30 Dikka W
{&> Crzhls front panel gais W
{52 Disable front panel gate W
453 Gabs stalus =
<8» Triabla test mode i
{24} Dizaiie bogt mods b
{8y Tasi mode shatus 28
i Trigger tesk gaks W

&7 A SPACE

valid senondary addresses ars DMIDE and 192:283, ihs
firsi grous i3 read only wheress the sscond i read and

wTtEben,

The 94 channels are ab sacondary sddeesses 193,

Tre 8 geied sume o
addrasses 950105

hannels are a2k secondary
The 8 ofeb control recisters {8 5% wids) of the gated
surng apra 2l socondary sddresses 192019

The walt-before-convarsinn
securriary address 200,

thme {(Bbib wide) s st

The amaiitude of the tast npulss {85
secondary address 201 for chemnels Di47 -and

address 12 for channals 48:3%,

wics! iz at
at secondary

Secondsry acdress 203 sxisks Dut It ks nad used

The dats are rlaht-justified and Dlls 350130 aned (3123
ars always offy olker unusad DY posil are lefb undefined
far daia with less than 12 bib of Infor Whan the
itz le is owired For 15 Bik dvnamic rangs, smell chargss e
izend in bils <3T:155.

The powsr dizsipation iz lese then 400 mw oer of
and the manofasturing oost does not swcesd § 25 In larg
quantitiss ¥ 1800 of

CAMALD modulzs and 2800
we been sugcossfully Dutlt

and testad.

HE=TTe ]
of Doth

Diskailed lab tesks ware cross-chacksd by vario
ciffersrnt anvironnents. The very good parforaan
modates e shown by bhe resulis in figs & oo 100
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1owithin £ 1 count over ihe
s! o channsl 1%

{r.ms.} gd-n-—sp“ead is cm ,zmea by t"'ae bwie hist

fige 7 a-ad £.

A Ebypicel omdsstal distribution for the 13-Dik range iz
shown in fig. ¢ and the spread over the 26 chernsls of &
roadute in fig, 10

These resu

confirm thai high sensitivity front-ends
can e sucosssiully :

inshailad in a2 FASTEUS = mettk.

Exzrmples of use ot the LER OPAL detector

The LEF CRAL Collaborstion has pscently stendardizec
the CIADC and CIAFR units for use in sleciramagnetic and
hadroric calorimetry bhus sirmplifving the operation of Eh
sizashbis detactor {33 K channalsh.

H e wili
1958 and

An Hlustration of fie detector 1z shown |
ha insizlied on the CERN LEP 2fe” ao
shauid be scoumutiakbing physies datea in 19835,

flg. il

Tne CIATE and CDIADL &
variety of signals aroduced by the ;‘etec C’ eqmp:"en: amc:ng
which one can mention:

- Convertionzl ohoboatunss (Hime-of-flioht dekactar).

- Msshed dynods ohotububes iSamarmabsu RE238 (fbsyesl
iead alass calorimaisr),

- Waouwm  photoiriodss foosther wilh their assoclabed
amplifiers {electramagnetic end-cap calorbmeter.

-  Sirip readoub of streamer bubes {oresampler end hadeon
calarimeterh

Signals are of sither polarily and they are ¥ed inic ths
converters via coaxizl, bwisted palr op shislded twistsd oalr
cabize,

Thirisen thousand channais w
the detectors should be fully aculpped

begiE by mid-1587 and
i the course of 1988,

Co

Tniz work shows Inal nal technlques carm be
ased for the design sod meanufaciure of high-accuracy, chsep
Yy packed charge digitizers. A {actor of two mave
than obber desions, the TIAFR azppears ko be very
1o well maicned to mosk HER dateciors.
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