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Introduction

The Tevatron BPM system is designed with built-in hardware test signal features. This note describes how those test signals will be employed in the operational BPM system to quantify and monitor:

· the gain and stability of the BPM signal processing electronics channels

· the signal path attenuation between service building ends of proton and antiproton cables attached to each BPM electrode
The modes of signal application and data acquisition are specified, the user interface and applications program are outlined and operational considerations are discussed.

Hardware Configuration

The test signals are generated on the Timing Generator Fanout board (TGF) in each BPM VME crate and distributed as a logic signals on the VME backplane to individual BPM filter boards. These logic signals have a pulse width of half a Tevatron RF bucket, and a minimum period of one RF bucket.  The TGF supports programmable configuration of the pulse pattern.  The pulse pattern will be set to provide a 1/3 full scale intensity for the BPM’s closed orbit configuration without saturating the digitizer or the CIC filter.

Each filter board receives the logic level test signals and converts them with filtering and gain into an analog signal that is daisy-chained to a signal buffer on each of the eight filter board signal channels. Mechanical relays downstream of each buffer control application of the test signal to the signal processing paths. Figure 1 shows this configuration for one BPM; this corresponds to one-half of one filter board.
Relay Configurations

Four different relay configurations are defined, including that in which all test signals and test signal connections are disabled. Each channel configuration can be set independent of other filter channels and filter cards in a crate.
· Relay Configuration #0 – Test signal is disabled and disconnected from beam signal paths (neither relay U1 nor U2 energized). This is the default normal operation, no-test configuration.

· Relay Configuration #1 – Test signal is applied to the direct “filter board to EchoTek” signal path and tunnel cable path is disconnected (both relays U1 and U2 energized).
· Relay Configuration #2 – Test signal is applied in parallel to the direct channel “filter board to EchoTek” signal path and to the connected tunnel cable (relay U2 only energized).
· Relay Configuration #3 – Test signal is applied to connected tunnel cable only; the direct path is disabled (relay U1 only energized).
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For a given BPM, only a subset of relay configurations can make reasonable measurements of the cable, filter, and pickup properties.  Two channel sources cannot activate the same signal path at the same time, and there is considerable signal coupling between different pickup plates.  The measurements listed in table 1 are mutually exclusive settings for a single BPM.  However, measurements on multiple BPMs can be performed simultaneously.
	
	
	Relay Settings

	
	Measurement
	Proton A
	Pbar A
	Proton B
	Pbar B

	0
	No Input
	0
	0
	0
	0

	1
	Direct In
	1
	1
	1
	1

	2
	Through A
	3
	0
	0
	0

	3
	Reverse A
	0
	3
	0
	0

	4
	Through B
	0
	0
	3
	0

	5
	Reverse B
	0
	0
	0
	3

	6
	Through/Direct A
	2
	0
	0
	0

	7
	Reverse/Direct A
	0
	2
	0
	0

	8
	Through/Direct B
	0
	0
	2
	0

	9
	Reverse/Direct B
	0
	0
	0
	2


Front-end Test Control Commands

The front-end currently has a set of controls for enabling/disabling the test signal, and energizing/de-energizing individual relays on the filter boards.  This control suite needs to be expanded to higher levels to discourage setting the relays into non-valid configurations.  The front-end will have two levels of diagnostic test control command features.  The first level of commands provides individual BPM control of the measurements listed in table 1.  The second level of commands is global and involves setting up the system for a more predefined measurement sequence of every BPM in a house.
The first level of front-end commands is a simple layer over the current control over the test signal and individual relays.  The command for enabling/disabling the test signal will remain, and the relays will be controlled according to table 1.  This will allow a diagnostic application to verify individual BPMs and channels without having to run through a whole crate diagnostic sequence.  User control for this level of control will come from an application capable of performing diagnostic on a pickup-by-pickup basis (i.e. W25).  Data acquisition at this level will be performed by the standard Fast Time Plot variables, and it will be the user’s responsibility to coordinate the data with changes in diagnostic settings.
The second level of front-end controls provides another layer of operation over the first layer described above.  The purpose of the second level is to provide the user an efficient means to perform a standard sequence of diagnostic measurements.  Upon receiving a command to perform diagnostics measurements, the front-end will verify that the system is in a no-beam state, to insure that the measurement makes sense.  The front-end will then cycle through measurements with the different relay settings.  Settings 1 and 2 can be performed on every channel in the system simultaneously.  Other measurements can be performed on individual BPMs simultaneously.

Each channel will have five measurements associated with it:  No input, Direct in, Through (from opposite channel), Through/Direct, and Through/Direct (from opposite channel).The system will collect 16 closed orbit samples per measurement, and store the results in separate diagnostics buffers associated with each channel.  These buffers will store I-Q data.  The system will also include a time-stamp with the buffers to verify the freshness of the data.  (Time of day is sufficient.  There is no need to synchronize data from house to house any more precisely in this exercise.)  The data will remain resident in the frontend until there is another request for diagnostics data, or the system is rebooted.

Application Specification
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Figure 1. 
Diagram of BPM and test signals for one BPM and one half of one filter board. Relays are shown in the normal, de-energized beam measurement state.
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