Trigger Card Overview

Alan Wintenberg and Shane Frank

May 10, 2001

Purpose and background

Physicists and engineers from the ORNL Instrumentation and Controls (I&C) Division and Physics Division have collaborated in the design and production of custom electronics which will be used to read out the Electromagnetic Calorimeter for the PHENIX Detector.  The PHENIX Detector is being built for eventual use at Brookhaven National Laboratory’s Relativistic Heavy-Ion Collider, a new accelerator/storage ring now being commissioned for high-energy nuclear physics research under the sponsorship of the DOE Office of Nuclear Physics.   The Electromagnetic Calorimeter is a large array of some 25,000 detector elements, known as “towers”, read out by fast photomultiplier tubes. It is used to detect high-energy gamma rays, which will be emitted during the collisions of very heavy atomic nuclei at the RHIC facility.  ORNL has designed and constructed electronics to read out these 25,000 photomultiplier tubes and record the pattern, energy, and time-of-arrival of signals seen therein. This information is digitized and stored on magnetic tape for offline analysis. From this information the physics analysis can determine if the particle striking the electromagnetic calorimeter was actually a gamma ray, and if so, what its energy, direction and location of impact were.  As the main part of designing the electronics, ORNL designed and built custom analog integrated circuits, custom circuit boards, and novel embedded firmware to control the functioning of the electronics.

The selectivity of these electronics, and thus the entire PHENIX Detector, will be enhanced through the addition of logic circuits to select in real-time, i.e. within a few micro-seconds, whether the observed signals in the electromagnetic calorimeter were caused by high-energy gamma-rays or not.  Such rapid selection of interesting events is known as “triggering” the electronics.  Without such a trigger, the electronics can only record values for use much later in offline analysis that takes place hours or days later. Since high-energy gamma-rays tend to be scarce, a large number of uninteresting events must be recorded and analyzed to pick out the fraction, less than one percent, which contain the gamma-rays of interest for physics studies.  ORNL did include in the design of the analog integrated circuits noted above, specialized signal-summing electronics to permit adding triggering electronics.

A trigger daughtercard, which supports the needed triggering functions has been designed.  It includes a number of programmable logic devices to carry out needed logic functions and analog electronics needed for signal conditioning plus interface and control electronics to allow it to communicate with the rest of the electronics, which share the same motherboard into which the daughtercard plugs.  The design include electronics for capturing and processing the patterns of struck towers and determining whether enough nearby towers have been struck to declare a “valid trigger” has occurred.  The design will also include analog summing electronics to provide a fast total sum of all energy seen in that portion of the electromagnetic calorimeter, i.e. 144 towers, serviced by one front-end electronics module (FEM).  The design also incorporates buffers and drivers in order to communicate its results to higher levels of triggering devices included in the overall PHENIX Detector.

Description
The EmCal ASIC cards perform energy sums over 2x2 tiles of EmCal output channels and also for 4x4 overlapping tiles.  Each ASIC card forms 6 of each of the two types of sums, and, with 6 ASIC cards per FEM, there are a total of 36 of each type of sum in one FEM.  Each of the 36 2x2 sums is compared to a programmable threshold (Muon) and each of the 36 4x4 sums are compared to three programmable thresholds (Electron, Photon1 and Photon2).  The resulting 4 sets of 36 bits are sent by way of the EmCal motherboard to the Trigger Card for additional processing.  

Each EmCal ASIC card also forms an analog sum of its six 2x2 energy sums.  These analog sum (6 total) are also sent to the Trigger Card by way of the EmCal motherboard.  The trigger card forms a module energy sum corresponding to 12 x 12 tiles or 144 channels.

Figure 1 shows a block diagram of the Trigger Card.  The four sets of 36 bits are input to four complex programmable logic devices (CPLD).  Each CPLD has the same logic function, which is to count the number of true inputs (sums greater than energy thresholds) and to compare that number to a preset digital threshold.  If the number of true inputs is greater than or equal to the preset threshold, then the output is true.  This is a pipelined operation – the CPLD uses the beam clock (10MHz nominal) to clock the inputs in, performs the counting and compare functions and clocks out the result with a latency of one clock cycle.  

Figure 2 is a block diagram of the Trigger Card CPLD.  The 36 input bits are first latched by the beam clock and are then grouped into 12 sets of 3 bits each.  Each set of 3 bits is converted to a 2-bit code equaling the number of bits true.  The resulting 12 2-bit values are added together in several stages to eventually make a 6-bit code equal to the number of true inputs.  The CPLD used is a Lattice Semiconductor part M4A5-128/64VC.  
The logic outputs of the trigger card are presented to the rest of the trigger system in two ways.  The first, which is the standard way, uses low-voltage differential signaling (LVDS) drivers and RJ-45 connectors and cabling.  This is intended to send the four digital outputs to the EmCal Sector card for further trigger processing.  The second way is an alternate using fast NIM drivers and Lemo connectors.  This is intended for stand-alone testing and for alternative trigger logic configurations using NIM logic.  The NIM outputs are active low, i.e., a negative signal represents a trigger while 0 V does not.  

As mentioned earlier, the Trigger Card also forms a 144-channel analog sum.  This sum is available via a Lemo connector.  There is an on-board, serially-programmed DAC that is used to adjust the DC output level of the 144-channel analog sum.  
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Figure 1.  Block diagram of the trigger card.  
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Figure 2.  Block diagram of trigger card CPLD.  

The table below lists the various outputs and important test points.

Name
Connector
Description

Muon
J5
Muon trigger output, NIM levels

Electron
J3
Electron trigger output, NIM levels

Photon 1
J6
Photon 1 trigger output, NIM levels

Photon 2
J4
Photon 2 trigger output, NIM levels

LVDS out
J8
Trigger outputs to Sector card, RJ45

+5VA
TP6, red
+5V analog

AGND
TP7, black
analog ground

+5VD
TP3, red
+5V digital

GND
TP5, black
digital ground

-5V
TP4, blue
-5V analog

+6V IN
TP1, green
+6V input from backplane

-6V IN
TP2, white
-6V input from backplane

DACOUT
TP31
Offset DAC output

SUMOUT
J7
144-channel analog sum

Programming

The digital thresholds and the analog sum offset DAC are programmed serially by the ARCnet card.  The serial data for the trigger card is arranged as shown in Fig. 2.  The serial protocol is the same as used by the other cards in the FEM – serial data is clocked in on the rising edge of the serial clock (SER_CLK), data is latched on the rising edge of SER_LOAD and the read-back control (SER_RBACK) remains low for write operations.  The DAC (MAX504) does not support a read-back function, so the read-back operation only reads the 4 digital thresholds.  
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Figure 2.  Serial data for trigger card. 

Serial data is sent to the FEM daughter cards using ARCnet.  The ARCnet host computer software needs to arrange the trigger card serial data in bytes as shown in Figure 2.  Note that the DAC uses only 10 bits of a 12-bit pattern and that 4 “don’t care” bits are added to increase the length of the string to an integer number of bytes.  

The DAC has a full-scale value of 4V corresponding to 1023 (3FF in hex).  The DAC output is 0 V for 0 in.  The DAC is used to adjust the DC level of the 144-channel analog sum.  There is a gain of approximately 5 from the DAC output to the sum output.  With a DAC setting of 0, the sum output is approximately –0.25V, and for a DAC setting of 113 (071 in hex), the sum output is 2.00V.  The sum output dc level increases linearly with the DAC up to a setting of about 220 (0DC in hex), where the amplifier output rails at 4.06V.    
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