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ABSTRACT

A high energy physics experiment has been
psrformeg at Brookhaven National Laboratory on
KL * 2x° decays employing a large (> 200 element)
lead glass array 8s an electromsgnetic calorimeter.
To acquire pulse height informarion from the
datector we have constructed ADC modules in the
context of the Brookhaven Fastbus data acquisition
system. Digitization (8 bits) eaad eacoding,
including pedestal subtraction and dsca sparsing, is
achieved for each 16 chaanel module ip 6 psec.

Intreduction

For Brookhaven AGS experiment #749, 256
channels of snalog to digitsl converter (ADC's) have
been bullt in order to acquire pulse height
information from a large array of lead glass
countets via the BROOKHAVEN FASTBUS' data
acquisition system. The ADC boards have been
constructed as 1§ channel devices; hence there are
16 wmodules’ available for use in an 130 pin water
cocled crate segment., Each board is of hybrid
construction consisting of an analog front end (PC
layout) and & digital interface (wirewrap kludge
card). 1In vhat follows we present an overview of
the device design aad operacion and a review of the
protocol for accessing data from and controlling the
status of the ADC modules.

Analog Front End

The heart of each ADC channel is the LeCroy
QT100P hybrid, a high speed charyge to time
converter, which 1s used in 2 Wllklnson run-down
analog to digital conversion circult. An external
CATE allows charge from the signal INPUT oato an
internal capacitor. A constant curremnt soucce
bleeds the charge off the capacitor and an inceraal
comparator senses the voltage at the capacitor
providing an ECL OUTPUT signal whose width 1s
propotrtional to the Injected charge. The tratiling
edge of the OUTPUT signal is used to latch the
contents a clock which was started at a cime
associated with the GATE. The INPUT siygnal is
assumed to be a East negafive pulse (from a
photomultiplier tube) uhich s accepted via a front
panel (S50 ohm coax) connection. The run-down
currtent s determinad by voltayges (Vy,Vs) applied to
plns on the QT100F.

Nate that even with no INPUT signsl a certain
amount of charge will be injected into the QT100P.
This constitutes the PEDESTAL. Each chdannel hus an
adjustable trimuer capacitor to compensate Eor
differences in the varfous channels, although us 1s
discussed lacvr, there is no need for these trierwecs
to be adjusted exactly.

From our studlvg, we have found that there is
an appreciable (= 207) amount of pulse lelght
information coutained in sclatillation light emitted
in the lecad glass Cercenkov counters. A longer
fnteycation perlod Is required to collect the charge
assoclated with this lighr. 7Thus we have closen to
use 3 GATE width of about 100 nsec. In order to

flilﬂy. o

retrieve the timing informatlon inherent in tha fast
Cerenkov light pulse, each ADC chennel hse

sddicional circuicry, compriscd of a fast comparacor

and 2 D type flip~flop, which are used as 2

discriainstor sad lesch., The ticlaf is determinad

by the coincidence of the comparator output vith & =
STROBE.

The ADC circultry is such chat the integrated
pulse hefght infocmatfon is digitized with 8-bic
renolution. While the QT100Ps have an input
capacity of 256 pC, we have chosen to use 128 pC as
the full scale input value, in order to operate the
photoaultiplicr tubes at lower volcages. The
digitization circuitry (described in soae detail
later) s driven by an 80 MHz ECL crysctal
oncillator. The tun-down tize is comprised of 256
tice periods of 6.25 nsec in duration, and the
run~down current is sec ot 128 pC/1600 nsec = 0.08
mA, which deteruines the differential Vg-V,. This
implies that the ADC responds to inputs in a linear
fachton wich a slope of 0.5 pC/bir, Our arcrsngement
of lead glass Cerenkov counters with Ampevex 2212
photomultiplier tubes (modified for high rate
environments) give outputs with effective widchg of
= 15 nsec, so that a translation of the ADC
sensitivity into terma of pulse heighit yields (0.%
pC/bin) # (5001)/15 nsec = 1.67 aV/bin.

Digical Interface

The remainder of the ADC electronics contists
of the circuitry required for the conctrol of the
digitization process, the encoding of the data into
a memory STACK, and the SLAVE protocol vequired for
rontrol and readout of the ADC modula via FASTHUS.
The design is based on ECL series 10,000 logic which
is wire wropped {point to point) on the BROOKHMAVEN
FASTBUS MULTI-PURPOSE (kludge) card. The
digitization, data scan, sad STACK filling eve sll
governed by the Eundamental CLOCK (80 Miz), so thac
opecations oce synchronous, FASTBUS access is
handled asynchronously.

Digltization 18 achieved by using the JUTPUT
signal of each QTI06f (the width of which is
proportional to the IHPUT charge) co latch, “on che
Ely", the contents of an 8 bit Grey coded countar.
The starting of che Cray coded counter is deterained
by syachronizing circuitry triggered by the GATE
input. An RC governed monostable multivibrator is
used to allow the beginning of digitization time to
be adjusted to compsnsate for major changes in
pedestal (common to all channels on the board).

The data 1s scaaned one channel st a time, and
the scauning cycle 1s guverped by a 10 Miz clock
cycle which allows for édata conversion and twemory
setup tlmes. The 8 bits of Gray code are coaverted
to binary aud then enter @ subtructor where & 4 bic
field representing s predetermined value for the
pedestal muy be subtracted. Conditlonals un the
vagnitude of the resule of che subcructlon are
tested and valid data {s subsequently pushed onte. f A
the stack. The time required for complete &
digirlzation, Includling the duca spucsing and
encoding onco the stack, is less thon 6 psec.
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The data 1is scanned one channal at a time, snd
the scanning cycle 1s governed by a 10 MHz clock
cycle which allows for dats conversion and mewory
setup times. The 8 bite of Gray code sre converted
to blnary and then eater a subtractor where a 4 bic
field representing s predeterained value for the
pedestal may be subtracted. Conditionals on the
magaitude of the result of the subtraction are
tested and valid datas is subsequently pushed onto
the stack. The time required for complete
digitization, including the dace sparsing and
encoding onto the gtack, 1s less than 6 usec.

The pedestals used in the subtraction mentioned
sbove are accessed via the channel pointer froz a 16
by 4 bit memory accesssble via FASTBUS (as
READ/WRITE RAM). The data scan opecration can
proceed in tvo modas, in the first the contents of
the padestal memory are ignored, that ie no
subtraction takes place and the conditionals are
then f{gnored so that each chanael alwsys has valid
deta. This {s the amode through which one determines
the pedestal. The eecond mode employa the contenta
of the pedestal memory and the conditionals froa the
subtraction of the pedestal from the data to
determine if the data 1s VALID.

The conditionals for subtracted data
(deternined by wire wrap juopers) include s test for
values larger than a flxed positive threshold and
less (more unegative} chan a fixed negative
threshold. Thus inputs which are digitized with
pedestal subtracted values vhich are greater than
threshold are considered valid end thus recorded so
that the data readouc is already sparsed for
important “hits™,

The STACK, which is READ ONLY FILO from the
viewpoint of a FASTBUS MASTER, consists of a 16 by
15 bit memory containing the channel number (4
bits), the data (8 bitas with or without pedestol
subtraction), the timing bit (on 1f the leuding edge
of the pulse was in time with the strabe, the
overflow bit (on for error), and the negative bit
(on for error). After each FASTBUS READ the STACK
pointer {s avtomatically bumped down, and the
control circuitry indicates LAST VALID data in the
module based on the return of the STACK pointer to
the bottom of the STACK. After thls final READ,
RESET efrcultry 1s activated which drains (via the
CLR pin) any charge rewalning in the QT100Ps, resets
all data and error flag flip-flops, the channel and
stack polnters, and the Gray coded counter. The
RESET procedure 13 the same used for FAST CLEAR
(ianitiasced by the front panel input), FASTBUS
generated CLEAR or ABORT (via broadcast, or via a
speclal coacrol register), or a change of tha
module's MODE (via FASTBUS through a control
register). The RESET period 13 approximately 500
nsec in duration.

FASTBUS Access and Control

The ADC bonrd performs as a FASTBUS SLAVE
following the BKOOKHAVEN FASTBUS protocol. Each
module has a widcth of 20g in address or control
space, which is selected using che Four least
significant address lines (A/D 0-1). The 16 modules
are differentiated by the next & gddress lines, AfD
4-7, as preselected by a & bit binary switch.

The ADC module functions in ona of three wmodes:
MODE D 1n which pedestal subtracted data is
available from the STACK, MODE 1 1in which
unsubtracted data is available fruw the STACK, and
MUDE 2 in which the user may READ and/or WRITE data
in the pedestal memery. MOPE O i3 the defaulc wode,
to which the module returns after FASTHUS

inicialization has occurred (IT=1). In erder to
change the mode of the module, the user must access
the Contzol Status Register, CRO, and write the
desired mode to this register.

If a module is empty, as it csn be in MODE Q or
1 1f no triggeriag CATE has been received, or in
MODE O if no VALID data has been stored, a 32 bit
vord of zeros 1s returnced. in the latter case note
that a wodule still ds to be d (1.e.,
READ) in order to force the data RESET cycie, chat
Ls, s triggered but empty MODE 0 moduls must still
bs READ once (or otherwlse CLEARed) in order to
rearu it for the next event. .

Valid FASTBUS requests occurfing during the
digitization period are often ignored (MODE
manipulations, dats accessing) but acknowledged with
s BUSY (BK=1) flag. Howaver FASTBUS initlated (as
well as front panel initiated) CLEARa or ABORTs ars
slvays obeyad, ismediastely. ILnvalid FASTBUS
requests (writing pulsa heights, block transfers,
accass of unused CR spaca, etc.) are ignored and
acknowlsdged with an (H¥=1) flag.

This work is supported in part by the U.S.
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DISCLAIMER

This report was prepared as an accouni of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thercof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal hability or rc .ponsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by t-ade name, trademark, manufac-
turer, or otherwise does not necessarily constitute « r imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



