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Abstract

In thispaper the physical packaging and the logical organiza
tion of the Liquid Argon Calorimeier (LAC) electronics sysiein
for the Stanford Linear Collider Large Detector (SLD) at SLAC
are described. Thia systern processes signala from approximately
44,000 calorimeter towers and is unusual in that most electronic
functions sre within the detector itself as opposed to
a2 external elecironics support rack.

The signal path from the towers in the liquid argon through
the vacuum to the outside of the detector isqexplnined. The or-
ganization of the control logic, analog electronics, power a-
tion, analog-to-digital conversiop circuits, and fiber optic drivers
mounted directly on the delecior are described. Redund
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considerations for the electronics and cooling issues are dis-
¢

1. Introduction

The SLC Large Detector (SLD) is a deviee for the study
of electron-positron collisions in 1o gain insight into the
fundamental particles and forces of natere [1,2,3]. The SLD
measurea poeilions, momenta, energies, and types of the parti-
cles produced in electron-positron collisions at energies near the
rest energy of the 2° particle which will be produced abundantly
at the Stanford Linear Collider (SLC). The vertical section of a
quadrant of the detector is shown in Fig. 1. The Liquid Argon
Calorimeter (LAC) i a sub-system of the SLD which measures
eergies of partides interacting in its lead-liquid argon active
volume. This is accomplished by collecting the ionization pro-
duced as particles shower in the radiator structure. In this paper
the system which collects and converta the ionization charge into
energy and position data is described.

Peformance i 18, as well as space and budget con-
straints, led to a navel design for the SLD LAC electronic system.
Input signals axe small (less than 16 pC) and must be measured
to high precisiop over a large dynamic range (balow 1 fC). The
front-end electronics is mounted in “tophats” directly on the
cryoatat to minjmize noise pickup, isput capacitance, and cable
plant volume and cost. Figure 2 showa the tophats located at
the ends of the barrel and on the endeaps.. The location of the
electronies inside the SLD magnet volume placss & premium on
reliability, compactness, and low power consumption. The cable
plant is gqat sonall through the use of a highly multiplexed con-
trol and readout scheme an optical fiben. Only three control
fibers and 24 date readout fibers are to service one
end of the baryel. In order o minimize heat disaipation prob-
lems in the very dense front-end electronics we take advantage of
the 120 Hz repelition rate of the SLC, preamplifiers are turned
off after exch beamn ing. ‘These specialized constraints led
us to & selution based on custam chips and bybrids on eurface-
m&tl’c boards. The performance of this system is reported
in Ref. 4.

3. Description of the Calorimetey

The LAC covers 91% of the solid angle from the interaction
Koint. of the colfiding beams. [t consists of three pieces: the
arre]l LAC which detects par}jcla'lavin; the intaraction point

at lazge angles o the beam di and two endcap LAC's
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Figure I. One-quarter cross section of the SLD. The beam
axis is along the boltom. The beams collide at the interac-
tion paint located in the lower left corner.

which plug the ends of the barrel in order to intercept particles
at snuﬁ angles. Fi igure 2 shows the detector with the LAC barrel

and the endcaps, which are mounted on the doors of the SLD
maguet. The barrel and the endcaps are in separate dewars to
1 ded by the LAC

allow for sccess to the detect S SUrTH
while the LAC remains cold.

Signal Highway _
Boordy

LAC Stock
Hodronic /7

108 oAz
Figure 2. Isometric view of the detector with the LAC barre]
and endcaps. The electranics in the tophats is connected to
the FASTBUS racks via optical fibers,
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An interacting particle incident on the calorimeter shawers
in alternating layers of lead plates and tiles separated by liquid
filled gaps. Plates and tiles are 2 mm thick in the front
section of the calorimeter where electromagnetic (EM) showers
occur. They are 6 mm thick in the back to absorh badramic
&HAD) showers. Argon gaps are 2.75 mm thick everywhere.
he ionization charge is swept out of the argon and collested on
the lead tiles by & 3 kV DC bias vol aﬂ:}ied between the
plates and tiles. Groups of successive tiles along the direction
of the incident particle are wired together to form a tower. The
segmentation of the calorimeter into towers allows for a posi-
tion measuremnent as well as particle identification thxough the
depth of shower development. Segmentation of the calarimeter
into towers, and therefore position resolution, is determined by
the lateral widih of electromagnetic at The cal:
contains a total of 43,776 towers.

The sum of the ionization charge ited on the tiles of 2
tower is the basic electrical quantity to be measured. Electrical
connection to tower is made by wiring down the side of
the tower from a si%:al highway board, These 100 cm X 15 cm
printed circuit boards are mounted behind cach layer of towers
(Fig. 2). The highway board provides the 3 kV DC bias voltage
for each tower as well as the blocking capacitors which allow the
remainder of the signal path to be at low voltage. The highway
board gatbers the (low voltage) signals onto Teflan™ xitbon ca-
bles for a run of up to 2 meters to the end of the dewar where the
cryogenic liquid/vacuum feedthroughs are located. Low thermal
conductivily wire bundles carry the signals through the insulat-
ing vacuum to the room temgerature feedthroughs. There are 24
of these vacuum feedthrough flanges on both ends of the baxrel
calarimeter, each of which carries the signals from 672 Lowers.
Each endcap calorimeter has 24 smaller vacuum flanges carrying
up to 192 signal channels.

8. Organization of the Electronics

Tophais are mounted on the liquid argon cryostat. These
cylindrical enclosures provide mechanical and electrical protec-
tion for the front-end electronics. Each tophat measures 41 cm
in diameter and 13 cm in height. Tophats are mounted directly

|~

over the vacuumn feedthrough flanges which hold the hermetic
feedthroughs caxrying calorimeter signals cut of the insulating
vacuum. A printed circuit mother board, wmounted over the
flange, provides mechaniczl support and electrical interconuer-
tions for six types of active printed circuit boayds enclosed in the
tophat. This mather board has a shape of » ring with an outer
diameter of 40 cm with a 25 cm x 20 cm bole in the center.

The anslog processing of detector signals is ormed on
fifteen 4R-channel “daughter boards” iz each luph;'e!d[-'\]. These
13 ¢m x 18 cru printed circuit plug into the mother
board snd, through the hole in the center of the mother board,
directly into the 50-pin hermetic signal leedthroughs on the vac-
uum fisnges. Daughter boards contain low noize, charge sensi-
tive preamplifiers with unipolar shaping, dual gain stages, and
analog memories which store separaie baseline and peak sig-
nal amplitudes for each gain (5. The davghter board has a full
scale range of 16 pC with an equivalent input noise charge of Jess
than 5,000 elecirons at a shw time 4f 4 psec with 1 oF jnput
espacitance, Oue daughter d handles 48 detector channels
and ig populated with the following castom hybrid devices: three
16-channel input protection hybrids, six B-chanpel preamplifier
and cilibration hybrids, and three 16-channel analog siorage
and multiplexing HCDU hybrids {$,6). The HCDU contains a
custor, integrated circuit, the Calorimeter Data Unit (C7:Y),
implemented in NMQS technalogy {7].

The other types of hoards in the tophat are an A/D board,
a controller hoard, a law voltage power supply board, a high
voltage filter board, and a cryagenics monitoring hoard. The
A/D board holds analag-to-digital converiers and optical fiber
transmitters to digitize and transmit the signals from the daugh-
ter baards. The controller board receives, interprets, and dis-
tributes control and 1iminiinfonmtiqn or the tophat, The
rower supply voltages for the electronics are fil and regu-
ated o the low voltage power supply board. The high voltage
required to drift ionized particles in the calorimeter towers is
filtered by the HV.filter board at the vacuum feedthrough. The
cryogenics board monitors tophat and cryostay functions such
as temperatures and liquid levels in Lhe argon, and supply voit-
ages and tempe-atures on the lophat. This bosrd [Srincludel
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Figure 3. Signal apd contxql flowchart of the LAC electronics.
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a microprocessor Which exchanges data with a MICRO-VAX
undsr an RS-422 protoco). Figure 3 illustrates the signal and
control flow from the detector tiles to the FASTBUS data pro-
ceasing system. Figure 4 shows a view of a barrel mother board
with the abave boards plugged in.

Figure 4. Tophat muther board with the controller, A/D,
power supply, and 15 daughter boards plugged in.

Since the endcap vacuum flanges are too small to carry
the signal processing and control boards, two types of eadcap
mother boards have been designed. Type B carries four daugh-
ter boards (192 channels). Type A holds the controller, A/D,
and cryo-instrumentation boards. Thee type B and one type
A mother boards are interconnected by flat cable 10 form a set
similar to a barrel tophat.

4. Signal Flow

Figure 5 shows the signal flow from the tiles of a calorimeter
tower to the FASTBUS processing modules. The charge gen-
erated by a particle ionizing the atgon in a calorimeter tower
is amplified and stored in analog form on daughter boards. A
baseline and peak signal are stored for each of two gain.lev-
els for each tower. The stored voltages are multiplexed onto
the daughter boards’ differential analog output which connects
via the mother board to the A/D conversion board. The A/D
board is organized in eight processing channels, each serving two
daughter boards. The differential current from a daughter board
is converted to a single ended voltage, sampled, and digitized by
3.2 psec low power CMOS A/D converters. A parity bit and
three framing bits are added to the 12 bit conversion result to
detect data transmission [ailures. The eight 18 hit data words
from one conversion cycle are loaded in a chain of parallel /serial
shift registers which are clocked at a rate of 32 MHz. The serial
bit stream i3 converted to an optical signal and sent on 15 m
long ‘ibers to FASTBUS racks on top of the detector.

The calorimeter data is to be used as part of the detector
trigger system, therefore the digitized data in all tephats must
be read out every beam crossing. The repetition rate of the SLC
facility is expected to be 120 Hz. while the time to transmit the
3072 data words from one tophat is approximately 1.5 ms. For
this reason all 16 endrap type A and all 4€ barrel tophats are
read out simultaneously. ¢ach tophat having its’ own 32 MHz
serial fiber optic fink.

In the FASTBUS racks the data ia processed in auxiliary
cards and Calorimeter Data Modules (CDM) [91 The optical
signal from the tophats is converted to an electrical signal, de-
serialized, and temporarily stored in random access memory.
The data words are then piped to a custom integrated tircuit
on the CDM, the Data Correction Unit (DCU) [10]. This de-
vice performs a 16 segment piece-wise linear correction to the
data to correct for (small) nonlinearities in the analog signal
processing. Parameters for the linear interpolation are acquired
in calibration runs taken several times a day. The DCU also
perfarms baseline subtraction and gain selection for the dual
range scheme as deseribed in Refs, 5, 9, and 10. The corrected
data is then processed by a digital signal processor channel on
the CDM module bazed on the Motorola 68020 microprocessor.
This corrected data is passed via the FASTAUS system to an
AEB (Aleph Event Builder) module Ill] which is utilized for
trigger decisions and the fizst level of online data processing.
The processed data is transmitted via the FASTBUS aystem for
offline storage and pracessing.

8. Control Flow and Redundant Design Philosophy

The electronics of the LAC signal processing sysiem is
controlled from a FASTBUS Timing and Control Module
(TCM [12)) as shown in Fig. 3. This master timing source is
used throughout the SLD detector and provides a means to syn-
chronize detector components to the SLD master clock. The
LAC barrel and endcap systemw are controlled from a single
TCM module. This module uses a three signal serial proto-
col to transmil commands, data, and timing information to the
cantroller logic resident in each tophat. This protocol provides
a general purpuse structure to operate, calibrate, digitize, and
read out the analog signal paths from the calorimeter towers,

A Lypical zvent readout sequence is implemented in sequen-
tial logic synchronized to the timing information sent by the
TCM module: Such a sequence begins with pawering up the
analog circuitry, providing baseline and signal peak strobe com-
mands for the HEDU sample and hold circuits, powering down
the preamps, sequentially digitizing the 3072 analog values, and
serially shifting out the digital data over a 32 MHz digital fiber
optic link. Command sequences are also provided for calibration
and diagnostic functions. The logic functions are implemented
in Altera EP§10 CMOS grogra.mmnble gate arrays and CMOS
support logic. The controller also contains digital-to-analog con-
verters used as part of a preamplifier calibration system and
drive circuitry used to distribute control and calibration signals
to all 15 daughter boards within a tophat.

The relative inaccessibility of the LAC signal processing elec-
tronies strongly influenced the architecture of tie system. As
most of the clectyonic components are physically inside the mag-
net and shielding structure of the detector, access for mainte.
nance may nolnlgc posaible without several days of downtime.
The resulting n=cJ for reliability has suggested a design ap-
proach which attempts redundancy in critical components and
eliminates single point failures which could disable major por-
tions of the detector. ‘This redundanc; ins with two inde-
pendent fiber optic control paths that distribute the three TCA{
control and timing signals to the tophats. The controllers in
each tophat are functionally redundant as each is compoted of
two identical sets of logic arrays, either of which can be enahled
or disabled from either of the two control paths. Dual calibra-
tion and control circuits are also implemented, and the output
serial data is serit out over duplicate fiber optic links. The local
power supplies in each tophat are composed of five independent
supplies, so that a single component failure in a voltage regulator
or on a processing board disables only a portion of a tophat.

6. Low Voltage Distribution

The iow voltage for the tophats is supplied by distribution
Loxes located in supply racks on the detector. Each distribution
hox serves eight tophats and contains three switching power
supplies and monitoring circuitry for current and voltage lev-
¢ls. Twenty meters of twisted pairs 16 gauge cable connert the
supplies to the LV-power supply hoards in the tophats. These
boards contain semately resetable fuses, energy storage capac-
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Figure 5. Sixnal flow from the detector tiles to the FASTBUS system.
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7. Project Status

As of Celober 1988 all 288 barrel calorimeter modules have
beon installed in the barrel tat. This assembly is ready for
final installation in the SLD detector at SLAC. One of the two
endcaps is comTMely loaded with its modules, System tests
have been completed for all portions of the LAC signal process-
ing components and all custom electronic hybrids and circuit
bond assemblies ars in roductwn Final electronic installation
uh checkout of Ihe LA synum is planned for winter 1989 with

ull cooidown and commissioning of the system by spring 1989
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