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Abstract

This document contains the specification for the Beam Position Monitor/Beam Loss Monitor (BPM/BLM) upgrade data acquisition hardware.  Expected operating modes and interactions with the BPM/BLM software is described.  Analog signal processing, timing system and diagnostic circuits are specified in this document. Calibration and diagnostics procedures are described.
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While this document is in draft form, Vince Pavlicek will be the editor.  If you have suggestions or changes, use a copy of the document, turn on change tracking, and send the document to Vince@fnal.gov.  He will integrate the changes into the database document.  Thanks.

Overview

This note documents accumulated knowledge about the hardware needed for the data acquisition component of the Tevatron Beam Position Monitor (BPM) upgrade project.  The data acquisition hardware will digitize the analog position signal from the BPM sensors, digitally filter the signals and make them available to a VME front-end computer.  Figure 1 shows the functional block diagram and the different elements involved with the BPM upgrade project.
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The Tevatron BPM sensors
 are two opposing stripline plates, approximately 20 cm long, oriented along the beam and each subtending approximately 110 degrees of arc around the beam.  The circular aperture of the pair is 6.6 cm.  There are connections at both ends of each plate, one connection emphasizing the proton direction of flight and the other the anti-proton direction.  The convention for the naming of the four signals from a BPM sensor are the A plate, proton and anti-proton end and the B plate, proton and anti-proton end.  Each of the BPM signals are treated identically in this Data Acquisition (DA) system except for a resistive attenuator which matches the signal amplitude to the AtoD converter input.  The signal amplitudes are proportional to the number of particles passing through the sensor.  In 2004 the amplitude of the proton signals is approximately 5 times as large as the anti-proton signal.  The sensors are on the end of quadrupole magnets in the beam tunnel and the BPM DA electronics modules are in service buildings around the ring.  200 to 300 meter long RG-8 cables bring the sensor signals to the DA system and the Diagnostic board.
The signals go through the Diagnostic board for level conditioning and band pass filtering.  This module also has the capability to switch in a diagnostic signal and drive that signal out to the sensor or back toward the A2D module.  By sequentially driving one output of a sensor and digitizing the other three sensor signals the general condition of that sensor and its associated cable plant can be determined.  Jumper cables move the signals from the Diagnostic module outputs to the Analog to Digital converter board, an Echotek commercial digital signal receiver module.  There the signals are converted from analog to digital representation, passed to a Digital Down Converter (DDC) signal processing chip for base banding and filtering and then placed in memory that is accessible through the VME backplane bus.  The VME crate controller is a Motorola MVME2300 type processor that controls the data acquisition.  The software that resides on the front-end microprocessors, also referred to as the Data Acquisition (DA) software, is described in AD Document #860 Tevatron BPM Upgrade Software Specifications for Data Acquisition.  The system timing is controlled by the Hardware Timing module.  The timing is based on the Tevatron timing signals TVBS and TClk.
Each front-end depicted in Figure 1 is a VME crate holding a series of BPM VME digitizing boards and BLM interface hardware.  One crate can also be referred as a house as there is one crate per service building. There are 24 service buildings or houses around the Tevatron ring, and each house has up to 6 BPM digitizing boards and 23 BLM digitizing boards in two BLM analog crates.  Figure 2 illustrates the organization of the cards in the BPM VME crate.
The BPM digitizing modules are Echotek module ECDR-GC814/8-xx, and each module digitizes data from 8 channels.  A given BPM sensor generates data on 4 channels – the A and B plates for the proton end of the sensor and the A and B plates for the antiproton end.  The digitized output that results from each channel may be either a calculated position or the raw data.  The details are in the Software Specifications document.  If it is the raw data, each channel is actually represented by two components: a real (Q) and imaginary (I) part.
The operation of the Echotek module is controlled by two inputs that are common for all eight channels.  They are the CLK and SYNC signals.  The digitizing clock that paces the Echotek module comes from the Hardware Timing Module.  A phase-lock-loop on the Timing module creates a clock output that is a fractional relation to the Tevatron RF clock frequency of approximately 53.104 MHz.  The current clock is 7/5ths or approximately 74.346 MHz.  This allows the signals-of-interest at 53.104 MHz to be almost over-sampled.  The digitization process can be gated, singly triggered or triggered for a specified number of samples by the SYNC signal.  SYNCs are normally generated by the Tevatron-wide TCLK signal which carries hardware requests and state information.  There are two TCLK decoders in a given house; one PCMUCD on the crate controller and one on the Hardware Timing Module. The TCLK decoder on the Hardware Timing Module can initiate digitizing sequences based on selected TCLK signals and can add fixed delays in order to remove cable delays or time in actions between the widely separated service buildings around the Tevatron ring.  The ACNET/MOOC software infrastructure and applications can also be triggered by interrupts generated by the same or other TCLK signals that are decoded by the PMUCD card and this is discussed in detail in front-end software design document (#1067).
The BLM analog circuitry and digitizers are in separate analog crates and the data is readout into the VME crate through a bus interface designed into the Timing Module or through a COTS digital I/O PMC board.
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Figure 2 - Elements within a crate
The subrack controller CPU board is responsible for establishing the communication link between user applications and the Echotek modules.  All control and data transferred to/from the modules pass through the crate controller.

Requirements
The requirements for this system are based on the system requirements documented in Tevatron BPM Upgrade Requirements Document (#554).
xxx
Summary of requirements from the documentxxx

· 
· 
· 
· 
· 

· 
· 
· 
Data Acquisition Operation
Functional Overview




The communication between the front-end processor and the Echotek  modules happens through the VME backplane.  For the BLMs, data is exchanged through a digital I/O module on the timing board or as an I/O daughter board on the subrack processor.

Data coming from the BPM and BLM digitizers are stored into a set of buffers in the crate controller.  The depth and number of logical buffers that reside on the crate controller is defined in document #903.  At least some of the buffers, most notable the turn by turn data, is first stored in memory on the Echotek boards and then transferred to the crate controller on demand, as the processor/backplane does not have the bandwidth to acquire it in real time.  The actual physical implementation of the crate controller buffers will be described in the front-end software design document (#1067).  
Data Converter Module
The Echotek module ECDR-GC814/8-xx is the baseline data converter.
[put data sheets for module and DDC in appendix]
Hardware Timing Module
[List Functional requirements]
The timing module creates the signals that control and initiate acquisition of the BPM signals.  The timing signals are based on inputs form the accelerator controls system.  The signal inputs include the Tevatron beam crossing clock (TVBS), the Tevatron event clock (TCLK).  From the TVBS signal the timing module can extract the 53 MHZ RF time base of the Tevatron and the revolution timing mark that indicates the first bunch of protons in the train of particles circling around the Tevatron ring.  From the TCLK signal the module can extract commands from the Main Control Room and changes in the state of the Tevatron.
For each Echotek Data Converter module the timing module must create a timebase clock that will pace the data conversions and filtering on the board and a gate or trigger signal for control of the data inputs.  For the Tevatron BPM system, the timing module will multiply the 53 MHz RF clock frequency by 7/5 to produce a digitization rate of approximately 74.35 MHz. 
Gate/triggers will typically be based on the revolution timing mark so that the signals can be related to the particle bunches and measurements in separate service buildings can be related to each other as necessary.
[List I/O]
The Hardware Timing Module inputs are:
· TVBS – The RF clock (53.104 MHz) modulated by the bunch 0 rotation rate.

· TCLK – A 10Mhz carrier modulated by a fixed protocol of bit patterns that can carry commands and data events to electronics associated with the Tevatron.
· An extra trigger input – for testing and future expansion.

· BLM External Device Bus – actually bidirectional but predominately a readout link for data from the 
· The Hardware Timing Module outputs are:
· A2D Clock signals [0-7] – the digitization clock to the Echotek modules
· A2D Sync signals [0-7] -  the synchronization for a sequence of digitization
· Diagnostic clock – A 53.104 MHz clock to the Diagnostic board for the diagnostic functions.
· Bill fill in
The A2D gate signal variations are:
· 
· 
· TCLK trigger direct
· TCLK + programmable delay

· TCLK + repeated programmable delay

· TVBS trigger direct AA detect.
· TVBS + programmable delay

· TVBS + repeated programmable delay

· 
· User request trigger – isn’t this the same as TCLK(S/W) + delay? 

The crate controller can be programmed to read out BPM/BLM values based on a specific TCLK signal (e.g. TCLK $75).  The crate controller does not receive TVBSH events.



The preparation for digitization and read out can be signaled by an arm event.  An arm event may be originated by events generated by the above triggers (I don’t think this is true VP).  For example, a turn by turn measurement could be armed by TCLK.







Data Acquisition Operations
BPM Measurement types

Rewrite this for the hardware perspective of bandwidth and data rate.  There are two different types of measurements that can be made from the data in the digitizing cards. The data types are: 

· Closed Orbit Measurements (aka Frame data). Frame data is an average of n measurements. The average is usually based on 8, 16, 32 or 64 single turn measurements, and is configurable. Frame data is the only data measurement made in normal operation mode. Note: the number used in the averages for normal operation mode is not necessarily the same number as in injection mode. 

· Turn Data is the instantaneous single value (ie, not averaged over n readings) of the sensors once the trigger is received.  

It is important to note that for turn measurements, all BPMs are triggered off the same bunch. However, for a closed orbit measurement, the specific bunches used in the averaging can be different across BPMs.

The data acquisition system must support systematic triggering of N events for both of these data types. For turn buffers, the arrays are of N consecutive measurements (ie, Turn by Turn). On the other hand, closed orbit buffers are built by a N triggers of a specific type.

The measurement types require different setups in the Echotek DDC modules, and, therefore have a time penalty associated with changing setup.  In general the data acquisition modes must switch to acquire a different type of measurement. 

BPM Data Acquisition Modes

There are different modes of BPM data acquisition. These modes are mutually exclusive due to the necessity to configure the filters and timing in the Echotek modules for a specific mode.  The modes are:

· Normal operation. 
· Injection 

· Turn by Turn
· Diagnostic

· Calibration

The modes are described in more detail in the following sections. The buffers are described in the Software specifications document.
Normal operation

This is the default mode of the data acquisition system, and 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 


· 
· 
· 
· 
· 

Bandwidth and downconverter frequency are …
 Injection


Injection mode needs to be disabled and re-enabled on request because there are times when closed orbit data is preferred during proton injection. 



Turn by turn
Turn by turn mode is very similar to injection mode in that an 8K consecutive turns are taken when a turn by turn request is made. 
The arming and triggering of the mode has not yet been specified. 




Diagnostic Mode 
Injection mode is disabled.
· 
· 





· 
· 
· 
· 
BLM Operations
The BLMs are functionally simple devices with relatively long time constants from the BPM perspective.  They are self paced and require very little control.  BLM values are read out periodically on triggers as programmed in the DA application.  The data are always available although they may not have updated since the previous read.  There is no need for mode switching for BLMs and there are no turn by turn requirements.  The BLM crate is read out through an External Device Bus (EDB), a parallel, bidirectional connection..  The control, configuration and readout of the BLM devices is done through memory mapped registers within the EDB address space.
[Functional description]
Bill
[EDB description]
Bill
Appendix

Schematics, Layouts, and drawings.

Crate Documentation

Echotek DSPR Module
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