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1	GENERAL INFORMATION





1.1	Trigger Test Stand





The trigger test stand is designed to test the Visible Light Photon Counters (VLPCs) and their associated readout electronics.  


Photons from scintillating fibers in DZero’s Central Fiber Tracker (CFT), Central Preshower Detector (CPS), and Forward Preshower Detector (FPS) will be channeled from the detectors to the racks housing readout electronics through clear fibers.  The photons, produced in the scintillating fibers and then shifted in wavelength with wavelength shifting fibers (WSFs), will have wavelengths of 525 nm as they travel through the clear fibers.  In order to convert these photons into an electrical signal, a technology is needed which is sensitive to small numbers of photons, has low noise, and operates in the visible spectrum.  VLPCs, developed by Rockwell in collaboration with Fermilab, have these characteristics.  


The preferred method for testing the readout electronics is to use a test beam, in which the entire system is put into a secondary beam from the Tevatron and the electronics tested in situ. Since our resources are limited and roll-in is only fifteen months away, we have decided instead to simulate a test beam.  The actual test beam would have been used to produce pulses of light to be read out by the VLPCs from the passage of charged particles through the scintillating fibers.  Our simulated beam will produce pulses of light directly, using light emitting diodes.


We would like to test the readout electronics by providing input as similar as possible to the signals they will actually see when collecting data.  Consider a set of 512 readout channels corresponding to one of the eighty sectors of the CFT, as shown in Figure 1 below.  A typical signal might contain a charged particle track through one of these sectors together with a number of hits due to noise.  In order to mimic this input signal, it is necessary that we be able to control the number of photons emitted by each LED, and that we be able to control each LED channel independently.  In addition to providing a check for crosstalk and other problems in the readout system, this flexibility will allow us to produce real Monte Carlo "events" to test the track-finding trigger.


The trigger test stand is being designed with the intention of testing 512 channels simultaneously.  We will have four identical VTBG boards, each of which will control 128 independent channels.  
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Figure 1.  One of the eighty sectors in the CFT, spanning 4½ degrees.  The dashed line shows a simulated track.








The trigger test stand will consist of several functional blocks; a block diagram is shown in Figure 2.  The system will be controlled by a PC, which will talk directly to the VTBG through VMEbus.  The user at the PC will control the pattern of light pulsed into the fibers to be read out by the VLPCs.  The PC will also handle the data acquisition from the VMEbus Readout Board (VRB); we anticipate using a data acquisition system to be designed by Paul Padley.  Software will be written for the PC which will enable the comparison of each pulsing pattern with the pattern that was read out by the system.  The intention, of course, is that the pattern read out by the system is very similar to the pattern fed into the fibers.
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Figure 2.  Block diagram of the trigger test stand.














1.2	VTBG Requirements





Each VTBG board must have the following functionality:


It must accept and store in local memory 213 = 8192 events.  An event is defined as a vector of 27 = 128 signals, where a signal is defined as an 8-bit word (corresponding to a decimal integer between 0 and 255) defining the relative number of photons to be emitted by that particular LED.  Thus a signal with value 255 corresponds to the maximum LED output, and a signal with value 0 corresponds to no light emitted from the LED.  The total number of 16-bit memory locations (one memory location for every two signals) on the board will thus be 213*27 /2= 219.


It must talk with a PC through VMEbus.  It must accept 16-bit reads and writes to each of its 219 memory locations.  After all events are loaded onto local memory, it must accept a signal from the PC to initiate the pulsing sequence.  It must also accept a signal from the PC to halt a pulsing sequence in progress.


It must pulse every 132ns in sync with the global 7MHz clock on the test stand.  The global 7MHz clock determines the timing of the simulated beam crossing.  The 7MHz clock signal will be high for 10ns during the simulated beam crossing.  It will be low for the remaining 122ns of its 132ns cycle.


It must utilize a 53MHz clock, global to the test stand, for its internal logic.


Its output at each crossing must consist of 128 analog signals (one event), with each analog signal's amplitude determined by its digital signal, an 8-bit word.  The pulse width will be 19ns.  There should be no output during the remaining 113ns between crossings.


The analog signal must be converted into light output.  This will be accomplished on a daughterboard, the VME Test Beam Generator – Analog (VTBG-A) board connected to the VTBG by a 30-foot pleated foil cable.  The tailoring of the analog signal for the LEDs is performed on this daughterboard so that the VTBG may be used to control other outputs if the need arises.  By modularizing the design in this way, a new daughterboard can be used to convert the VTBG signals into whatever form is desired. 


The board must physically sit inside a VME crate, which puts modest constraints on its size.


The cost of this project (four printed circuit boards plus one spare) may not exceed the allocated budget of $50,000.  The final board must be completed by the date set for the beginning of the test stand: March 15, 1999.





2	THEORY OF OPERATION AND OPERATING MODES





2.1	VME Memory Map





�
�
A23-A21*�
A20�
A19-A14�
A13-A01�
selects address in memory chip�
�
n�
X�
X�
X�
does not access board�
�
y�
0�
<chip>�
<memory address>�
The 6 bits in <chip> select one of the 64 S-RAMs on the board.  The 13 bits in <memory address> select one of the 8192 memory addresses on that chip.�
�
y�
1�
X�
X�
start/stop enable command�
�



*n = does not match DIP switches on board.


y = does match DIP switches on board.  These three DIP switches are used to determine the board's location in VME address space.  Three bits are more than sufficient to enable unique addressing of the four boards.





2.2	Loading Memory





The VTBG will respond only to standard 24-bit VME addressing and 16-bit data transfers.  It requires that the address modifier (AM5-0) bits be set to any of $3E (Standard Supervisory Program), $3D (Standard Supervisory Data), $3A (Standard Non-Privileged Program), or $39 (Standard Non-Privileged Data).  Address bits A23-21 are used to select the VTBG boards from other boards in the VME crate.  The address of each VTBG is set by three dip switches on the board; if A23-21 do not match this dip switch setting, the VTBG will not respond.


Address bit A20 functions as the high-level control bit.  For memory reads and writes, this bit must be low.  


The board contains 26 = 64 high-speed (15ns) dual-port static RAMs from Cypress.  Each memory chip contains 213 = 8192 memory locations, and each memory location holds 16 bits of data.  We store exactly two digital signals (2 x 8 bits of data) in each memory location.  


Address bits A19-14 are used to select one of the 64 memory chips on the board.  Address bits A13-A01 are used to select a particular memory location within that chip.  If WRITE* (from VME) is low, the data presented on the data transfer bus will be written to that memory location.  If WRITE* is high, the data in the memory location will be presented to the data transfer bus for a VME read.


The details of the implementation of this design are shown on the board schematic page labeled InterfaceVME.





2.3	Pulsing Sequence





The pulsing sequence is enabled by accessing the pulsing control memory address.  This address is accessed with A20 high.  Addresses A19-01 are not checked in this case.  Upon receiving this address, a signal is sent to a local Altera FPGA, which controls the logic for the pulsing sequence.  To halt a pulsing sequence in progress, one accesses the pulsing control memory address again.


Since we use video DACs on this board which come three to a package, the 128 channels on the board are broken into 21 hexachannels, each of which contains six individual channels, plus two extra channels in order to bring the total number of channels to 128.  Each hexachannel consists of three memory chips and two DACs, as shown in Figure 3.  Since each event contains 128 analog signals, each of the 64 memory chips on the board must contain 16 bits for each event.  That is, the data in one 16-bit memory location will be read out of each memory chip during each 132ns.


The 132ns (7 MHz) crossing cycle is broken into 7 stages by the synchronous 53MHz clock.  The output DACs we use have a one-stage pipeline; new data is latched into the pipeline, and the old data appears on the output, on the rising edge of the 53MHz clock.  During 6 of the 7 stages in each cycle, memory address #0000 is presented to the DAC input; we require that this memory address contain data 00 on each memory chip.  During the 7th stage in the cycle, memory address #j is presented to the DAC input, assuming that this is the jth  crossing  (mod 8192) since the start of the pulsing sequence.  Upon reaching event #8191 (which will occur roughly one millisecond after the start of the sequence), the pulser loops back to event #0001 and begins the count again.  


The output pulses need to be synchronized to the global 7MHz clock which determines the simulated beam crossing.  Many factors, including the rise time of the DACs, the length of cable between the Pulser Board and the daughterboard, the circuit design of the daughterboard, and the rise time of the LEDs, will shift our output signal relative to this clock.  The timing of the output signal may be fine tuned within the controlling FPGA.  A ByteBlaster circuit incorporated on the board enables the reprogramming of the FPGA through a 25-pin connection to a PC.
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Figure 3.  One hexachannel, consisting of three S-RAMs and two video DACs.  Data is transferred left-to-right during each 132ns crossing cycle.





2.4	LEDs








	We are using high speed GaAlAs red LEDs from Optek, which emit light within the sensitivity region of the VLPCs.  The circuitry used to drive the LEDs has been prototyped.  Using each LED in the feedback loop of a high speed op amp from Burr Brown, driven by the TMC3503 triple video DAC we have decided to use, we see light pulses with rise times of less than 5ns.  The total number of emitted photons from one LED at full scale within an 20ns time window is measured to be roughly one million.


The interface between the LEDs and the clear fibers will consist of a block of black Plexiglas placed over the LEDs and mounted on the daughter printed circuit board.  Each LED will feed into a single fiber, and each fiber will receive light from only one LED.


Typically, the number of photons emitted by an LED over the 19ns pulse width will greatly exceed the number of photons we want to enter the clear fiber.  A neutral density filter will be placed between the LEDs and the fibers interface to limit the intensity.  This scheme was successfully employed by Marvin Johnson and Joey Thompson several years ago.





2.5	Diagnostic features





The control board allows the user at the PC to write directly to memory, and to subsequently read out exactly what was written.  This should enable the user to diagnose any problems that relate to the loading of the static RAMs.


A header will be placed on one set of 16 traces leading from a memory chip to its corresponding DAC for diagnostic purposes.  This will allow us to detect a possible error in the digital output of the pulsing sequence, before conversion to an analog signal.





2.6	Calibration





Many factors (including temperature variation on the board, varying thickness of the neutral density filter, variance among DAC outputs, etc.) may cause a considerable variance in luminosity among the LEDs we use.  Since we will need to control the luminosity of the LEDs fairly precisely, it is crucial that we have some reasonable system of calibration.


Calibration is performed using the entire test stand.  We pulse each LED with the same signals and read back, through the VRB, the signal detected.  These signals are then compared to compute an offset signal for each channel.  The software on the PC then modifies each digital signal in memory by this offset signal, and pulses each LED with the recalculated signal.  This time, the detected signals should be of the same magnitude.


Of course, the different signals may be the fault of a piece of the electronics in the test stand.  If so we want to know about it, and we do not want to simply calibrate it away.  We can determine whether the LEDs or a piece of electronics is causing the difference by manually switching which LEDs pulse into a given bundle of fibers.  A problem that is the fault of the LED will remain with the corresponding LED; a problem that is the fault of a particular channel will remain with the corresponding fiber.  





3	SCHEMATICS, EQUATIONS, AND DATA SHEETS





A design for the VTBG, consisting of 8 hierarchical schematics, has been drawn using Orcad Capture 7.20.  These schematics are attached.


The VTBG contains two FPGAs from Altera: one for controlling the pulsing sequence, and one for handling logic within the interface to VME.  Schematics for these FPGAs are attached.


This board will be stuffed with additional parts.  Data sheets for the important parts: the static RAMs, DACs, LEDs, and op amps, are attached. These data sheets are listed below.





Part�
Page�
�
High-speed 8Kx16 dual-port static RAM�
B1�
�
Triple Video D/A Converter�
B2�
�
Fiber Optic GaAlAs High Speed LED�
B3�
�
Dual Wideband Voltage Feedback op amp�
B4�
�



A bill of materials is included as page C1.
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