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1 Introduction
This specification describes the receiver/monitor system to be used for the ATLAS Tile
Calorimeter trigger-tower signals to the Level-1 Calorimeter Trigger. Figure!1, a block diagram
of the electronics chain for these signals en route to the trigger, shows how this system fits into
the overall scheme. These receivers deliver analogue output signals which are digitized by
FADCs in the initial stages of the level-1 trigger logic. In addition, the receiver/monitor system
permits viewing of analogue signals from the calorimeters. During normal data-taking
operations, any of the trigger tower signals may be selected for viewing. During diagnostic
operations, when the trigger tower signals are not being used for data-taking, the switching logic
in the summing amplifiers of the Tile Calorimeter front-end logic permits one to select partial
trigger sums or even individual calorimeter cells and phototubes for viewing through the
monitoring system.

Figure 1: Electronics chain for Tile Calorimeter trigger signals. About a quarter of the signals
pass through the patch panel between the Receiver/Monitor system and the trigger.

The Tile Calorimeter receiver system is on the boundary between the calorimeters and the
trigger. Physically, it is situated in the USA15 cavern, at the receiving end of the long cables
(~70!m) which are driven by the Tile Calorimeter summing amplifiers. Strictly speaking, the
system is the responsibility of the Level-1 Calorimeter Trigger group. However, it deals with
analogue signals and also allows monitoring of the Tile Calorimeter. Furthermore, for reasons of
simplicity, efficiency, cost, effort and uniformity of interface it is designed to be as similar as
possible to the Liquid Argon Calorimeter receiver/monitor system [1] which is the responsibility
of the Liquid Argon group, and the intention is for both receiver systems to be constructed by
the same institute in order to capitalize on their expertise.
The receiver/monitor system has three basic functions:
1. To prepare the signals for transmission to the Level-1 Preprocessor, where they are digitized
and bunch-crossing identification is carried out.
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2. To change the order of signals at the inputs, which is dictated by the electronics on the
calorimeters and the cabling and subsequent patch panels, to what is required at the outputs
to go into the trigger Preprocessor.

3. To provide outputs for monitoring the calorimeter waveforms.
The signal processing in the receivers involves one stage of integration (τ!=!15!ns), and
adjustment of the gain of the signals to convert them from energy to transverse energy. This
must be at the specified level for the trigger: 250!GeV!ET!=!2.5!V. Unlike the Liquid Argon
Calorimeter receivers, no incoming Tile Calorimeter signals will be summed in the receivers.
The re-ordering and re-organization of the signals is done in three stages. Patch panels upstream
of the receivers, which are the responsibility of the trigger group and which are not part of this
specification, separate off signals destined for the muon trigger and re-organize the calorimeter
trigger-tower signals so that they are slices in azimuthal angle φ rather than in pseudo-rapidity η.
The second major re-organization of signals to match the needs of the trigger Preprocessor is
carried out entirely within each receiver module, and is done through the use of a ‘remapping’
board which is a passive printed circuit that simply re-routes the signals between a row of input
pins and a row of output pins. There are two different types of interconnect board needed for the
Tile Calorimeter, one for the positive η half of the calorimeter and one for the negative η half.
Finally, for only about a quarter of the Tile Calorimeter signals, up to four sets of trigger towers
must be combined onto one cable in simple patch panels downstream of the Receiver/Monitor
system; these patch panels are also the responsibility of the trigger group and are not part of this
specification.
The monitoring function is carried out independently in each of the two crates of the system. In
each crate it is possible to select any 16 of the signals (up to 1024) in the crate for monitoring
purposes, without affecting the trigger system. The outputs are available on connectors located
on one of two monitoring boards in the crate.
This note is organized as follows. The technical specifications for the system are presented in
section 2. In section 3 a description of the conceptual design of the modules is given. Section!4
describes the crate and physical cable connections, and section 5 is a physical description of the
modules. The communications between the experiment and the receiver system, as well as the
communications within the receiver crate, are discussed in section 6. Because of the similarity to
the Liquid Argon receivers, the reader is referred to reference [1] for many of the details.

2 Specifications
As mentioned above, there are three basic functions of the receiver module: (a) to provide
suitable input signals for the Level-1 Calorimeter Trigger Preprocessor, where they are digitized
with a Flash ADC, (b) to rearrange signals from the order found in the input cables to an
ordering which is appropriate for the level-1 trigger logic, and (c) to provide analogue outputs of
the trigger tower signals for viewing or measurement.
Thus there are two types of output signals: (1) the individual trigger signals at the front panel of
each receiver module, called T-outputs, and (2) 16 monitoring signals available on the front
panels of the two monitoring modules in each crate, called M-outputs. The monitoring signals
are transported from receiver modules to monitor modules over the backplane of the receiver
crate. The specifications are separated into a general section covering overall specifications for
the system, followed by specifics for each of the two types of output signal.
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2.1 General
1. Input coupling and impedance: The inputs to the receiver module are transformer coupled,
in order to decouple as completely as possible the ground in the USA15 cavern from the
calorimeter ground. The input resistance is 86!Ω, to terminate properly the trigger sum cable
(which is made up of 16 individually shielded twisted pairs, and will be the same type as
used for the Liquid Argon calorimeters).

2. Input connector: The cable will terminate in a female SUB!D!37!c connector whose pinout is
defined by the patch panel upstream of the receiver system. This connector is mounted on a
transition module at the rear of the crate in the slot of the corresponding receiver module.

3. Power: DC voltages required are ±5!V.
2.2 Trigger (T) outputs
1. Shaping: The circuit contains one stage of integration, with τ!=!15!ns. There is also the
possibility to implement a pole-zero compensation circuit to alter the width of the signal.
The default circuit contains no compensation elements.

2. Output: Differential output signals are available on front panel connectors in groups of 16.
These will be available on four SUB!D!37!c connectors, identical in pinout (except for the
ordering of the channels) to the input connectors.

3. Voltage scale: 250!GeV!ET!=!2.50!V. Limiting occurs at ~3.0!V.
4. Gain: The gain of each channel of the receiver (input to T output) is programmable. The
minimum gain is close to zero and the maximum gain is about 5.

5. Linearity: The nonlinearity of the signal chain (input to T output) should not exceed 1% over
the full output range 0–2.5!V.

6. Noise: The contribution of the noise at the T output due to the receiver circuits should at
most be comparable to the quantization accuracy of the FADC system in the level-1
Preprocessor. The FADC digitizes a 2.5!V signal with a precision of 10 bits, giving a
quantization error of 2.5!V/(1024√12)!=!704!µV.

7. Polarity: The polarity of the T output should be the same as that of the input signal.
2.3 Monitoring (M) outputs
1. Gain: The gain of the M output should be at least enough to compensate for the attenuation
in the trigger-sum cable, giving this output approximately the same energy scale as the
output of the summing amplifiers.

2. Selectivity: Any one of the 1024 trigger sums in the crate may be selected for viewing and
placed on any one of the 16 M lines. Logic in the driving software guarantees that at most
one signal in the crate is routed onto a given M line.

3. Shaping: It is desirable to have signals for monitoring with no shaping after the receiver
input, in order to be sensitive to signals outside of the passband of the shaping circuits. It is
also desirable to have a monitoring output containing the same shaping (RC integration)
which is used for the T outputs. Thus, each monitoring channel should have at least two
outputs employing different filtering.

3 Conceptual design of the receiver/monitor system
3.1 Description of the physical system
The trigger signals from the Tile Calorimeter front-end electronics have been reviewed at
CERN![2]. The cables are individually shielded twisted pairs with an outer shield, and each
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cable carries 16 differential signals. The long cables from the calorimeters contain a mixture of
signals for the level-1 calorimeter and muon triggers, but in the patch panel upstream of the
receiver/monitor system the muon trigger signals are split off and the signals are re-organized so
that the full 16-signal capacity of the input cables to the receivers is used by calorimeter signals.
The remapping requirements for the receiver/monitor system are such that signals from up to
four input cables need to be combined into a single cable carrying 16 trigger towers to the
trigger Preprocessor. In order to avoid the problem of inter-module signal connections, it is
necessary to build receiver modules that can accept four input cables, and thus be able to handle
64 channels. Therefore, a large format printed-circuit board of a standard size, 9U by 400!mm
deep, is used. The crate itself is designed to accommodate the monitoring functions of the
system, as a custom backplane is used to transport monitoring signals from the receiver modules
to the two monitoring modules, each of which provides eight monitoring outputs on its front
panel.

Figure 2: Concept of the receiver module.
A conceptual diagram of the receiver module is shown in figure!2, and a schematic diagram of
the analogue processing electronics chain is shown in figure!3. There are basically four sections
in the receiver module:
Differential receiver section: Four input cables, each containing 16 differential pairs, are
attached. For each trigger tower signal there is a wide-band transformer, the secondary of which
is grounded, converting the differential signal to single-ended. This circuitry is located on the
rear transition module.
Variable-gain section: This consists of four variable-gain amplifier (VGA) daughterboards,
each of which handles 16 trigger towers. In these circuits the reference voltage on each variable-
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gain amplifier is adjusted to bring the signal to the correct gain value at the T output. The T
output of the receiver is a signal whose amplitude is proportional to the transverse energy ET
deposited in the trigger tower. The raw signal from the calorimeter is proportional to energy E,
so it is necessary to apply a gain factor proportional to sinθ, where θ is the mean polar angle
between the beam axis and the cells of the calorimeter which make up the trigger tower in
question. For the Tile Calorimeters this E to ET factor is provided entirely by the VGA, unlike
the situation for the Liquid Argon Calorimeters where some adjustment is provided in the
summing electronics.
The variable-gain section also contains the input to the monitoring system, which is a 16-
channel analogue crosspoint switch. From 0 to 16 signals may be selected for monitoring. An
analogue buffer prevents monitoring activity from disturbing the T output. A block diagram of
the monitoring circuitry, part of which is located on the VGA board and part on the receiver
motherboard, is shown in figure!5 of reference![1].
Remapping board: This is a printed-circuit matrix whose primary function is to rearrange the
order of the output signals. Unlike the Liquid Argon receivers, no summing circuitry is required.
Output section: This handles 64 channels, each of which contains an RC shaper including a
voltage-limiting amplifier and an additional amplifier which drives the primary of a 1:2
transformer to form a differential output signals. Once more, no provision for summed signals is
required for the Tile Calorimeters.

Figure 3: Diagram of the analogue circuitry which performs the signal processing for one
channel of the receiver module. The trigger-sum input cable is at the left,
and the cable to the level-1 Preprocessor is connected at the right.

The input signals are brought into the rear of the crate, and the output signals for the FADCs are
available on the front panel of the module. The outputs are organized as 16 signals in four
blocks of (∆η!×!∆φ!=!0.4!×!0.4), as required by the level-1 trigger.
3.2 Receiver module
3.2.1 Signal chain
A diagram of one channel of the analogue signal chain in the receiver is shown in figure!3. It
consists of three stages: (1) a variable-gain amplifier stage, used to carry out the E-to-ET
conversion, (2) a buffer amplifier, and (3) a shaper/limiter/driver stage, in which the final RC
integration is performed. Since the overall gain in this chain can exceed the attenuation in the
trigger-sum cable, saturation will occur, and thus a voltage-limited amplifier is used in this
stage.
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The system is designed to correct for a deviation in energy scale between E and ET of up to a
factor of ~2.5. The scale used at the output of the Tile Calorimeter summing circuitry is
±4!mV/GeV, or ±250!GeV/V. After attenuation in the cables, these values become
approximately ±420!GeV/V. The scale required by the level-1 Preprocessor is 100!GeV/V, so
allowing for conversion from differential to single-ended, the required gain range for the
receiver is about 2.1 to 5.2. Note that the saturation level at the summing amplifier outputs is
about ±2!V, which is 500!GeV in E.
As is shown in figure!3, the differential input signal drives the primary of a 1:1 transformer. At
the transformer output is a variable-gain amplifier, located on the VGA daughterboard, whose
gain is controlled by setting a voltage using a 12-bit DAC. Both outputs of the channel are
affected by the setting of this amplifier. Its gain is set so that the T signal at the output is
proportional to ET and has the correct voltage scale. To prevent saturation in the VGA, the gain
in this stage should not exceed the inverse of the attenuation of the trigger sum cable (~0.6). The
RC shaper stage utilizes an HFA1135 op-amp in the non-inverting configuration. Because of the
common-mode limit for this IC, the gain is set to +2. This will also ensure that saturation, if it
occurs, will occur in the stage with a voltage-limiting amplifier. We fix the gain of the buffer
amplifier to be 1.0, so that the combined gain of the final two stages is 2.0. Thus, the gain of the
VGA should vary over the range 1.1 to 2.6. We extend the maximum range to 3 (the minimum
is ~0), to give a safety margin of ~15%.
3.2.2 Monitoring circuitry
The monitoring section of the receiver module is identical to the Liquid Argon receivers
described in reference![1].
3.2.3 Noise estimates
The noise calculation for the receiver system is similar to that in reference [1], with changes due
to alterations in amplifier gain. In section 3.2.4 of reference![1] a calculation based on the
amplifier specifications gave a result of 444!µV at the T outputs.
This should be compared with other relevant noise contributions:
Digitization: As mentioned in section!2.2, the quantization error in the ADC which digitizes the
T output is 704!µV.
Tile Calorimeter electronics: The electronic noise present at the output of the summing
amplifiers, from the entire Tile Calorimeter electronic chain, is estimated to be less than ±1!mV,
or about 250!MeV in E. This is very roughly equivalent to the other noise sources added in
quadrature.
3.3 Controller module
The controller module, a 6U VME module in slot!1 of each crate, receives command signals
from the experiment control using a USB interface and transmits commands to the receiver and
monitoring modules in the crate. These commands include the DAC settings for the variable-
gain amplifiers, as well as the selection signals for the monitoring system. It is identical to the
Liquid Argon controller described in reference![1].
3.4 Monitoring module
There are two 9U double-width monitoring modules in each crate. Each contains eight pairs
(one shaped, one unshaped) of outputs for eight monitoring lines. Each module contains
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analogue circuitry for receiving and selecting the monitoring signals received over the crate
backplane. The monitoring outputs are available on the front panel of the two monitoring
modules of each crate. It is identical to the Liquid Argon monitoring described in reference![1],
where a block diagram may be found in its figure!6.

4 Receiver crate
The receiver crate is a 9U VME crate with a custom backplane, and is identical to the Liquid
Argon crate described in reference![1], with the notable exception that no provision is needed
for summing signals. The VME protocol is not used in the module, since there are no digital
processing requirements. The communication between the modules is carried out with a serial
link over the backplane. There are 16 receiver modules, one controller module, and two
monitoring modules in each crate. The primary uses of the backplane are: (1)!for communication
between the controller, receiver, and monitoring modules; (2)!transport of the monitoring signals
from the receiver modules to the monitor modules; and (3)!distribution of DC power. Signals on
the backplane are connected to the receiver and controller modules through the J1 connector. A
drawing is available in reference![1], figure!8.
Input cables are brought to the back panel of a transition module located at the rear of the crate,
on which are mounted four SUB!D!37!c connectors. The transition module contains 1:1
transformers to create single-ended signals which are brought into the receiver module on two
96-pin DIN connectors (J2 and J3). A drawing of the transition module is given in reference![1],
figure!9.
Output cables to the level-1 trigger system are connected to four SUB!D!37!c connectors on the
front panel.

5 Description of the modules
There are four types of modules in the receiver system: the receiver module, the controller
module, the transition module, and the monitoring module. In each crate, there are 16 receiver
and transition modules, two monitoring modules, and one controller module.
5.1 Transition module
The basic function of the transition module is to provide the SUB!D!37!c connector to mate with
the trigger sum cable, and to transform the differential inputs into single-ended signals. The
input transformers are centre-tapped stripline transformers with a very wide passband
(4!kHz–500!MHz). The centre tap on the side of the input cable may be capacitively coupled to
the circuit ground, and the centre tap on the circuit side is unused, as one terminal of the
transformer output is grounded. The signals are routed from the transformer output to the
receiver module using two 96-pin connectors, J2 and J3.
5.2 Receiver module
5.2.1 Receiver motherboard
There are three main sections on the receiver motherboard: the analogue processing circuitry,
the monitor driver circuitry, and the serial control circuitry.
The functions performed in the analogue processing are: (1)!fine gain control, to adjust the gain
of the channel to be at the nominal value; (2)!a buffer amplifier; (3)!one stage of RC shaping and
voltage limiting, followed by the output driver.
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The function of the monitor driver circuitry is to place monitor signals onto the analogue lines
on the backplane when an enable bit is set. As there are 16 M lines from each module in the
backplane, there are 16 monitor driver circuits, which employ an enable op-amp to gate the data
onto the backplane (to reduce crosstalk in neighbouring monitoring lines in the backplane and
connectors). The enable op-amp is controlled by a bit in a register downloaded from the
controller module.
The function of the serial control section is to receive information from the controller module of
the following types: (1)!DAC values for the variable-gain amplifiers on the VGA daughterboard;
(2)!crosspoint switch data used for monitoring selection; (3)!enable op-amp data used for
placing signals on the M lines. The logic in the serial control is responsible for handshaking with
the controller module, for routing the data to the appropriate destination within the receiver
module, and for reading the ID numbers of the daughterboards and serial number of the receiver
module.
In this system, receiver modules occupy slots which receive cables from specific regions of the
detector, and they contain daughterboards which are also specific to these regions. Thus it is
essential to determine that the board is not only correctly configured, but that it is plugged into
the correct slot. For this purpose, five pins on the J1 connector are devoted to the geometrical
address location, and particular pins are grounded at each location, according to a binary code,
which is the ‘location data’. In addition, a switch is located on the module which permits the
user to indicate the geographical location of the card. A match between these two pieces of data
is indicated by a front-panel LED on the receiver module. The receiver module logic verifies
that the switch data and the location data agree before responding to a command from the
controller module. Thus a module which is plugged into the wrong location can be detected in
the software. The logic on the board prevents a handshake with the controller, so it is not
possible to communicate with a board plugged into a slot whose location does not match the
data set on its switches.
The analogue processing is split into two sections, consisting of the circuitry upstream and
downstream of the Remapping Daughterboard. Upstream, there is the input section, which
consists of the input transformer and a variable-gain amplifier. This circuitry is located on the
VGA Daughterboard. Downstream of the Remapping Daughterboard is the output section,
which contains one stage of RC integration with τ!=!15!ns, followed by a voltage limiting
amplifier. This amplifier provides the input to a driver amplifier which drives a 2:1 transformer
to give a differential output. This circuitry is located on the motherboard itself.
5.2.2 Daughterboards
Variable-gain amplifier DB: The input signal drives a variable-gain op-amp whose control
voltage is received from a DAC located on the same board. There are four quad DACs on each
board. The input signal is the single-ended output of the input transformer, and the output goes
to a buffer amplifier. The output of this buffer drives a monitor buffer amplifier or ‘pick-off’
described below, and also connects to the remapping board, which routes the signal to the
T!output (shaper/driver). Unlike the LAr boards, no summing is required. The monitor buffer
amplifier drives an input of a crosspoint switch, which isolate the crosspoint switch from the
signal processing chain. Each VGA DB handles 16 channels, so there are four boards per
receiver module. The board identifier for the VGA consists of eight bits. One possible use is to
distinguish the boards without pole-zero compensation from those with it, which alters the width
of the output pulse.
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Remapping DB: The function of the remapping board is to change the order of signals from the
one on the input cables to the one which is needed for the level-1 Preprocessor. Unlike the LAr
boards, no summing is required. The remapping board is completely passive, simply routing the
input signals into the correct output channels. There are two types of remapping board needed
for the Tile Calorimeter, one for positive η and one for negative η. There is one remapping
board per receiver module, so sixteen boards of each type are needed. An 8-bit identifier is used
to give the type number. Details of signals into and out of the remapping board are given
elsewhere [3].
Control DB: The circuitry for digital communication between the controller module and the
receiver module is located on a small daughterboard called the Control DB. If the receiver
module on which it is located is addressed, it then receives and decodes the commands from the
crate backplane. It can then download data to the DAC, the crosspoint switches, or the monitor
latch according to the command data. In addition, it sends board ID information back to the
controller board when requested.
5.3 Monitoring module
The monitoring modules contain the circuitry for selection of the module M lines to drive each
of their monitoring outputs, of which there are eight pairs. They consist of eight 16-fold
analogue multiplexers, which are controlled by information sent to them from the controller
module. Each monitoring line will have two outputs, one without filtering and the other with
standard (RC integration) filtering. These modules are identical to the Liquid Argon ones
described in reference![1].
5.4 Controller module
The controller module occupies the slot at the extreme left position of the crate. Its function is to
receive information from the driving computer or the experiment, and to transfer it to the other
modules in the crates. The input/output to the receiver modules is carried out through the J1
connector. The serial control logic on this board transmits and receives USB signals to or from
the experiment. Another section in its logic transmits and receives data to or from the receiver
modules. These modules are identical to the Liquid Argon ones described in reference![1].

6 Communications and control
Communication with the receiver system from the outside will be via the USB protocol. Two
USB ports will be located on the crate controller module, the main USB and the assist USB. The
main USB will receive commands and data from the experiment, and the assist USB is reserved
for monitoring purposes. Within the system, a different protocol based on geographical
addressing will be used, and data will be transferred serially on the crate backplane.
Commands are sent to the system in a two-step process. First the data to be downloaded are
written into a register or memory in the controller. The data may then be read back and checked
before any action is taken. Then an execute command causes the data to be downloaded in to the
addressed module. The types of data that must be downloaded into the receiver system
comprise: gain control bits for the 12-bit DACs that set the gain of the variable-gain amplifiers
used for all T data and also monitoring channels; variable-gain amplifier reset selection bits;
crosspoint switch data to control which input line is attached to each monitor line in each
receiver module; and enable data to select which monitoring channels are monitored. More
information is given in reference![1].



10

The command structure of the crate is exactly as for the Liquid Argon receiver/monitor
system![1]. Commands from the experiment are sent to the USB interface in the crate controller,
while a separate FPGA contains registers or memories for use in intra-crate communications. A
special-purpose protocol uses bus lines on the crate backplane to address modules, define
operations, issue resets, etc. Data transfer is carried out using bit-serial. Reference![1] should be
consulted for full details.
The USB interface and control FPGA, plus associated logic and memories, are located on the
USB Control Daughterboard. This is plugged into the receiver module. Further details of this
board may be found in reference![1].
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