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Abstract 
 
This document contains the specification for the Timing Generator Fanout (TGF-III) for the Beam Position Monitor (BPM) upgrade for the Booster BPM at Fermilab.  All required operating modes, system timing, diagnostics and interactions with the BPM software are described in this document  
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Overview 
This document describes the Timing Generator Fanout (TGF-III) needed for the precision timing and synchronization of the data acquisition readout of the Booster Beam Position Monitor (BPM) upgrade project.  The data acquisition (DA) hardware digitizes the down-converted PBM signal, them digitally filters the signals and makes available the I, Q signals to a VXS front-end computer so a position can be calculated.
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The hardware consists of: 
1) Signal conditioning of the BPM signals in the Transition card, designed at FNAL. There is a diplexer filter 201 MHz Bandpass filter and a low pass filter fc = 65 MHz followed by an LO, then a 30 MHz LPF and a fixed gain stage VCA821.
2) The precision timing functions are implemented in the VME Timing Generator Fanout (TGF-III) module, designed at FNAL.  
3) The Digital Down Converter (DDC) is designed by Instrumentation group at FNAL.
4) The VXS crate controller is a Single Board Computer from Motorola 
Corporation, the MVME8100. 
 
 
Beam Position System  

The BPM is a 4 pick-up BPM with a characteristic impedance of 25Ω, determined by the gap between the strip and the beam pipe. 
 
BPM Data Acquisition System 
The BPM signals pass through an input attenuator (-7 dB), then a diplexer filter (LPF fc=30 MHz and a BPF fc= 201MHz) followed by a mixer which down-converts the signal to 23.1 MHz. The output of the mixer has a LPF fc=30MHz and then a gain stage using a CCA821.  These conditioned signals are fed to a 12-channel digitizer. Timing for the digitizer and the CPU is performed by the Timing Generator Fanout (TGF-II). Digitizer timing consists of a Sync and an Arm (or gate) which arms the measurement and then the sync provides the turnmarker every 84 buckets. Input to the timing generator are
  1. The Booster RF Clock (BRF) operates from 38 MHz to 52.8 MHz,
 2. Booster LO operating from 66 MHz to 85 MHz, 
 3. Booster CHOP ON Delayed 
4. TClk operating at 10Mhz and asynchronous to the beam containing accelerator complex-wide commands 
5. 100 MHz fixed frequency clock.
6. 120 MHz fixed frequency clock.
7. 16.0 MHz VME clock.

The operation of the DDC module is controlled by two inputs that are common for all eight channels.  They are the SYNC and ARM signals.  The digitizing clock is 250 MHz internal to the DDC module. The DDC oversamples the 23.0 MHz producing ~10 samples per cycle.  The 201.25 Mhz signal is undersampled producing a 48.75 MHz signal which is them down-converted to baseband by the numerical NCO in the DDC. 
The crate is controlled by a commercial CPU and timed synchronously to the Booster beam by the TGF-II.  The output of the transition channel is a constant 23.0 MHz frequency as a result of 38 to 52.8 MHz mixed with the LO signal sweeping from 66MHz to 85 MHz.

 





BPM Locations
 
The 8-channel Transition cards are installed side-by-side with the12 channel digitizers (DDC) in a VXS crate. The number varies depending on the Booster period. The table below contains the number of BPMs and the rack of installation.

	Rack Number
	Period
	Number of BPMs
	Type

	G20-RR1
	
	6
	6 Hor 6 Vert

	G21-RR5-2
	
	6
	6 Hor, 6 Vert

	G01-RR6-1
	
	13
	13 Hor, 13 Vert

	G01-RR6-2
	
	
	

	G01-RR6-3
	
	
	

	G11-RR6-1
	
	14
	14 Hor, 14 Vert

	G11-RR6-2
	
	
	

	
G11-RR6-3
	
	
	

	G14-RR1
	
	6
	6 Hor, 6 Vert

	G17-RR2
	
	6
	6 Hor, 6 Vert



 
 
BPM Cable Delays

	Period 24-5
	Cable Delay (ns)
	Period 6-11
	Cable delay (ns)

	L24
	467.0
	L06
	11.3

	S24
	0.26
	S06
	118.8

	L01
	11.13
	L07
	131.1

	S01
	20.02
	S07
	138.6

	L02
	32.34
	L08
	150.9

	S02
	39.78
	S08
	258.3

	L03
	47.53
	L09
	170.6

	S03
	59.54
	S09
	178.1

	L04
	71.83
	L10
	190.4

	S04
	79.3
	S10
	197.9

	L05
	91.59
	L11
	210.1

	S05
	99.06
	S11
	217.6





	Period 12-17
	Cable delay (ns)
	Period 18-23
	Cable delay (ns)

	L12
	229.9
	L18
	348.5

	S12
	237.4
	S18
	355.9

	L13
	249.7
	L19
	368.2

	S13
	257.1
	S19
	375.7

	L14
	269.5
	L20
	388.0

	S14
	276.9
	S20
	395.5

	L15
	289.2
	L21
	407.8

	S15
	296.7
	S21
	415.2

	L16
	309.0
	L22
	427.5

	S16
	316.4
	S22
	435.0

	L17
	328.7
	L23
	447.3

	S17
	336.2
	S23
	454.8




 

	 
 
BPM Requirements 
[bookmark: _Toc387316670]Number of BPM’s to be Instrumented
There are 51 BPM detectors, providing 102 position measurements that need to be instrumented.  Appendix A lists the measured BPM positions according to the location in the Booster gallery where the electronics is expected to reside.  Appendix B shows pre-upgrade rack layouts for the BPM electronics to indicate the space available for the new electronics.

[bookmark: _Toc387316671]Booster System Parameters Effecting BPM System Design
Table 2.1.1 lists Booster system parameters for both the present Booster, as well as the future Booster that will work with a new Linac proposed in the PIP II project.



[bookmark: _Toc387316688]Table 2.2.1  Booster System Parameters
	Booster System Parameter
	Present Value
	Future PIP II Value

	Beam Frequency 
	37 to 53 MHz

	45 to 53 MHz

	Cycle Duration
	33.3 ms (½15 Hz)
	33.3 ms (½ 15 Hz)
25.0 ms (½ 20 Hz)

	Cycle Repetition Rate
	15 Hz

	15 Hz or 20 Hz

	Batch Intensity
	2E11 to 7E12 protons per batch

	same


	Harmonic # 
	84

	same

	Capture
	Multi-Turn Adiabatic Process
 (1 – 18 turns)
201 MHz bunch structure at injection	
	Multi- Turn Bucket to Bucket
162.5 MHz Bunch structure
Injection Time – 600 ms            

	Extraction Notch
(Note 1)
	2 to 3 bucket notch created after beam bunching.
Time of notch creation changes every cycle.  It is not set to particular turn or bucket.  See Note 1
Work in progress to create the notch in the Linac .  This would be synced to the Booster.  
	The notch will be created in the Linac and synced to the Booster.

	Pinger System
	Used to createdcreate a step in the position of a portion of the beam for the sake of measuring the tune of the accelerator.
Horizontal Pings and Vertical Pings may impact a variable number of bunches per turn.
The Pinger system must be synchronized to the BPM position sampling.
	same


Note 1:  Sampling the BPM position in the vicinity of the notch can result in measurement errors.

[bookmark: _Toc387316672]Basic BPM Measurement and Data Acquisition Requirements
The basic requirements for the measurement and data acquisition for the new BPM system are listed in Table 2.3.1.
[bookmark: _Toc387316689]Table 2.3.1 Position Data Acquisition Requirements
	Parameter
	Specification
	Description

	Position Horiz./Vert. Range
	+/- 50.8 mm 
(+/-2.0 inches)
	

	Position Resolution
	0.2 mm 

	

	Position Accuracy
	+/- 0.5 mm rms

	

	Position Measurement Rise Time
	58 nano sec
	Target Performance.  See Note 1


	
	116 nano sec
	Minimum Performance.  See Note 1


	Position Signal Bandwidth
	6.0 MHz

	Target Performance.  See Note 2

	
	3.0 MHz

	Minimum Performance.  See Note 2

	Turn by Turn Sampling
	
	See position sampling requirements in Section 2.5.

	Time Between Position Samples
	2.22us to 1.59us
	Turn-by-turn sampling interval is the revolution time which changes through the cycle.  See Table 4.2.2

	Data Points per Position per Cycle
	20,000 pts.
	For each position every 15 Hz (66.6ms)

	Ping Measurement Performance
	Accurate positions for
5 bunch ping
	This is the Target Performance

	
	Accurate positions for 10 bunch ping
	This is the Minimum Performance cutoff.  

	Position Measurements on 200MHz Injected Beam
	Range, Resolution, Accuracy as above.
	Target Performance:  Beam positions at every BPM measured for the first turn of injected beam

	
	
	


Note 1: .   Rise time is defined as the time required for the position measurement to rise from 10% to 90% of its steady state value in response to a step change in beam position.
Note 2:  The bandwidth specifications are based on the required rise time of the position measurement .measurement.  The bandwidth is estimated according to BW = 0.35/T_rise, which assumes a signal time constant transfer function.

[bookmark: _Toc387316673]Applications Using BPM Data for Booster Operations and Studies
The ACNET applications listed in Table 2.4.1 use data from the current Booster BPM data acquisition system.  They are all required and expected to remain and be supported by a new BPM data acquisition system.   The AD/Controls Group writes and maintains these applications and is expected to continue to do so.  Specifications for the data acquisition necessary to support these applications will be made by them to the AD/Instrumentation Group.
[bookmark: _Toc387316691]Table 2.4.1 List of ACNET Applications
	Current ACNET Application
	Booster Function

	B38
Turn by Turn BPM

	A variety of methods for analyzing Turn by Turn data from one or multiple BPM’s.  This includes analysis of the ping/tune data, plotting on one BPM versus another in an XY plot, and analyzing the orbit using Fourier Transforms of the data.

	B40
Booster Orbit
	This beam orbit display utility provides methods for plotting the beam position at each BPM for a specific point in time for specific types of cycles.  Orbit data is derived by averaging a number of position measurements at each BPM to determine the mean beam orbit.

	B80
Booster Orbit Correction
	Currently 7 “break points” or times points in the cycle, are defined for the corrector dipole current ramps.  This orbit correction program will determine a best dipole ramp using BPM positions at these break points.


	Snapshot Plotting (setup from a parameter page of the Utilities menu)

	From an ACNET console one can plot BPM traces on Snapshot plots, but currently this is limited to plotting data for only the Booster TClk/Reset Event setup in the B40 application.  It is desired to be able to plot Orbit Data, derived from an average of a fixed number of turn by turn position measurements, for the reset event chosen for the other data plotted on the Snapshot plot.

	B75
Aperture Scanning

	The aperture scan application manipulates corrector dipoles using a 3-bump or 5-bump method while monitoring BPM positions and beam intensity.  The data acquisition settings for the BPM data acquisition are setup in the B40 page.

	B40
Booster Orbit Archiver
	Records the Booster orbit several times a day.  This is a slot 7 sa (sa4007) application which runs constantly on console 9.  Management, plot, and retrieval functions are under the archive menu of B40.




[bookmark: _Toc387316674]Position Sampling Logic
There are two general requirements in acquiring the BPM position measurements.  First, it is desired to record a position from each vertical and horizontal BPM on each revolution of the beam, each turn.  The second objective is for every BPM around the Booster to measure the position of the same portion of the circulating beam.  These objectives are achieved with the individual timing of the sampling for each BPM.  A description of the current (pre-upgrade) method for managing the sampling triggers is given in the document “Installation, Timing and Gating Details for the BPM’s in the Booster”, April 16, 2014, Beams-doc-3696-v2.
Turn by turn sampling implies a sample each revolution period.  The Booster revolution frequency is the Booster Low Level RF divided by the harmonic number, 84.  The Booster LLRF frequency increases through the cycle according to the sum of a predefined curve and a real time phase error between the LLRF reference signal and the bunched beam wall monitor pickup signal.  The phase error feedback to the LLRF reference keeps it phase locked to the bunched Booster Beam.
The LLRF reference is distributed to all the BPM electronics racks around the Booster.  This RF signal converted to a logic clock and divided by 84 using digital logic provides a position sampling reference.
In order for each BPM distributed around the Booster to sample the same portion of beam, the sampling reference needs to be delayed in two ways.  The first delay provides compensation for the beam transport delay.  The beam transport delay changes in proportion to the revolution frequency, which is proportional to the LLRF frequency, and can hence be compensated by delaying the sampling by a number of LLRF periods.  Typically this delay will be between 0 and 7 periods for the particular BPM’s cabled to a specific rack location.  The second delay that needs to be compensated for is the signal propagation delay coming up the Heliax cables from the detectors to the position measuring electronics.  It is the differential between the varying cable lengths for each BPM that needs to be compensated for, and the delay added to all but the BPM(s) with the longest cable runs is considered a fixed delay.  That is it does not vary through the cycle.
In order to provide a reference for all the individual sampling delays to start from, an “Injection Sync” signal is distributed around to all of the BPM electronics racks around the Booster.  This sync signal is also provided to other processes that need to run synchronously with the beam position sampling.  One such process is the beam pinger which is used for the accelerator tune measurement.  Note that the cable delay incurred with the distribution of the Injection Sync and LLRF signals becomes part of the delay compensation.


Data Acquisition  
Functional Overview 
The communication between the front-end processor and the DDC modules happens through the VXS backplane.   
 
Data coming from the BPM are stored into a set of buffers in the crate controller.  The depth and number of logical buffers that reside on the sub rack controller is defined in the Front-end Software Design Document (Beams Doc #1949).  Some of the buffers, most notably the turn by turn data, is first stored in memory on the DDC boards and then transferred to the sub rack controller on demand, as the processor/backplane does not have the bandwidth to acquire it in real time.  The actual physical implementation of the sub rack controller buffers will be described in the front-end software design document.   
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[image: ]Timing Generator Fanout (TGF-II) Module 
The Timing Generator Fanout (TGF-II) is a double width, 6U VXS card that generates timing signals that control and initiate acquisition of the BPM signals. The timing signals are based on inputs from the Main Injector clock system.  These signal inputs include the Booster RFClk, TClk, and Booster Chop On delayed. The TGF-II is based on the design of the Tevatron TGF and is backwards compatible with a three exceptions. 1) There are 8 Clock or ARM as selected by register 0x2354 and 8 Sync outputs 2) The turn counter firmware is 1176 for the Main Injector and 2226 half buckets for Tevatron.  3) the Clock output of the TGF-II is the BRF.
 
The BRF is the synchronization time base for the major functionality of the TGF.  The TGF internally doubles the reference RFClk to over sample and decode all other timing inputs (MIBS, RRBS, BES, MDat and TCLK) signals.  
 
The board generates turnmarkers every 84 buckets locked to the Booster RF as soon as a Chop On Delayed is detected and it continues to do so until it counts 20,384 Booster turns.
 
The TClk are encoded with a 10MHz carrier frequency and from it the TGFII can extract up 255 events from each of the input signals. The TGF-II can be programmed to respond to any of up to sixteen selectable TClk events to interrupt the sub rack controller and any of those TClk events can generate up to 32 timer alarm interrupts with ½ bucket resolution. 
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Front Panel I/O Description See Error! Reference source not found. 
The Timing Generator Fanout Module inputs are: 
· RFCLK – Main Injector RF Clock (52.8Mhz -53.1MHz).  The RFClk must have signal level greater than 200mv and capable of driving an ac-coupled 50-ohm termination. 
· BSync0 – Main Injector Beam Sync is an approximately ~7.5 MHz carrier with a modified Manchester encoding of Tevatron beam specific events. MIBS must be capable of driving 50-ohms with a signal level greater than +1.2v. 
· BSync1 – Recycler Beam Sync is an approximately ~7.5 MHz carrier with a modified Manchester encoding of Tevatron beam specific events.  RRBS must be capable of driving 50-ohms with a signal level greater than +1.2v. 
· TCLK – Main Injector TClk, a 10 MHz carrier modulated by a fixed protocol of bit patterns that can carry commands and data events to electronics across the accelerator complex. TClk must be capable of driving 50-ohms with a signal level greater than +1.2v. 
· MDAT – A 10 MHz carrier modulated like TCLK to carry Machine state data and events.  TClk must be capable of driving 50-ohms with a signal level greater than +1.2v.  
· BES – Booster Extraction Sync, a trigger pulse from the Booster that indicates a beam batch is being extracted to the Main Injector. BES must be capable of driving 50-ohms with a signal level greater than +1.2v. 
 
The Timing Generator Fanout Module outputs are: 
· A2D Clock signals [0-9] – the digitization clock to the Echotek modules. These regenerated clock outputs are based on a signal that is phase locked to the RFClk with a frequency of RFClk multiplied by 10/7.  Output levels are >700mv into 50ohms. 
· A2D Sync signals [0-9] - the synchronization output for a sequence of digitization.  The Sync output signals have a pulse width of ~50ns and are capable of driving a 50-ohm termination.  
· An External Trigger Output (Trig0)–Allows an external device to be triggered from an internal firmware trigger condition such as a decoded BSync event.  Currently set up to trigger on a Bsync Start event. 
· An External Trigger Output (Trig1)–Allows an external device to be triggered from an internal firmware trigger condition such as a decoded BSync event.  
Currently set up to trigger on a BSync Turn event. 
· VME Interrupts for signaling the sub rack controller. 
· Backplane connections that allow the TGF-II to control the Tevatron Filter Boards.  These lines will also allow a level of auto-detection on a per sub rack basis so that the TGF-II will ‘know’ how many Filter boards there are to control. 
 
The A2D Sync signal variations are: 
· BSync trigger direct AA (turn marker) detect. 
· BSync + programmable delay 
· BSync + repeated programmable delay 
· BES – Similar to above BSync except it is a direct trigger and bypasses the Manchester decoding section.  
 

TGF VME Base Address Selection 
The VXS interface section of the TGF-II is capable of 16-bit address and data transfers only.  The VXS base address is selectable via a four position dip switch labeled ID3 – ID0 as shown below.  For the BPM project, only ID1 will be turned off and all the others will be on.  This gives a base address of 0x2000 where ID3 – ID0 controls the upper 4bits of the VXS address. See Appendix “A” for a complete register map of the TGF-II module. 
 
 

 
 
 
  
 
TGF-II Firmware 
The overall TGF-II firmware will not be changeable remotely.  The board will need to be directly connected to the programmer workstation or laptop to change the firmware.  However the functional programmability is controlled by the registers indicated in the “TGF-II Register Map” section of this document.  These registers are accessible over the VXS bus by the sub rack controller.  All registers are 16 bits wide although the effective width is noted.  The following simplified flow diagram demonstrates the basic operation of the TGF-II firmware. 
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Simplified Flow Diagram of Booster TGF-III 
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TGF-III Register Map (from Offset = 2000h) 
 
	Table 1 	REGISTER  	MAP 
	 

	I/O Address 
	Register Name 
	Effective width 
	 

	0x00 
	Acquisition Bucket Delay 0  
	12-bits 
	R/W 

	0x02 
	Acquisition Bucket Delay 1  
	12-bits 
	R/W 

	0x04 
	Acquisition Bucket Delay 2  
	12-bits 
	R/W 

	0x06 
	Acquisition Bucket Delay 3  
	12-bits 
	R/W 

	0x08 
	Acquisition Bucket Delay 4  
	12-bits 
	R/W 

	0x0A 
	Acquisition Bucket Delay 5  
	12-bits 
	R/W 

	0x0C 
	Acquisition Bucket Delay 6 
	12-bits 
	R/W 

	0x0E 
	Acquisition Bucket Delay 7 
	12-bits 
	R/W 

	0x10 
	Gate Count 0  
	16-bits 
	R/W 

	0x12 
	Gate Count 1  
	16-bits 
	R/W 

	0x14 
	Gate Count 2  
	16-bits 
	R/W 

	0x16 
	Gate Count 3  
	16-bits 
	R/W 

	0x18 
	Gate Count 4  
	16-bits 
	R/W 

	0x1A 
	Gate Count 5  
	16-bits 
	R/W 

	0x1C 
	Gate Count 6 
	16-bits 
	R/W 

	0x1E 
	Gate Count 7 
	16-bits 
	R/W 

	
	
	8-bits 
	R 

	0x22 
	
	16-bits 
	R 

	0x24 
	
	8-bits 
	R/W 

	0x26 
	
	16-bits 
	R/W 

	0x28 
	Diagnostics Counter 
	16-bits 
	Read Only 

	0x2A 
	Diagnostic Counter w/ wait 
	 
	Wait on read 

	0x2C 
	 
	 
	 

	0x2E 
	Pre-Trigger Delay All 
	16-bits 
	R/W 

	0x30 
	Control 
	See Table 5 
	R/W 

	0x32 
	Status_Register0 
	See Table 6 
	Read Only 

	0x34 
	
	8-bits 
	R/W 

	0x36 
	
	16-bits 
	Read Only

	0x38 
	
	16-bits 
	Read only 

	0x3A 
	First Turn Timestamp (Wrd0) 
	Quad Word 
	Read Only 

	0x3C 
	First Turn Timestamp (Wrd1) 
	Quad Word 
	Read Only 

	0x3E 
	First Turn Timestamp (Wrd2) 
	Quad Word 
	Read Only 

	0x40 
	First Turn Timestamp (Wrd3) 
	Quad Word 
	Read Only 

	0x42 
	FirstTurnsCount (Low) 
	Low+High=32 
	Read Only 

	0x44 
	FirstTurnsCount (High) 
	Low+High=32 
	Read Only 

	0x46 
	LastTurnsCount (Low) 
	Low+High=32 
	Read Only 

	0x48 
	LastTurnsCount (High) 
	Low+High=32 
	Read Only 

	0x4A 
	MissingTurnsCount (Low) 
	Low+High=32 
	Read Only 



	0x4C 
	MissingTurnsCount (High) 
	Low+High=32 
	Read Only 

	0x4E 
	# of ADCSync0Count Low 
	Low+High=32 
	Read Only 

	0x50 
	# of ADCSync0Count High 
	Low+High=32 
	Read Only 

	0x52 
	Turns Counter Low 
	Low+High=32 
	Read Only 

	0x54 
	Turns Counter High 
	Low+High=32 
	Read Only 

	0x56 
	
	See Table 10 
	R/W 

	0x58 
	Booster TClkTurns Counter12
	Quad Word 
	Read Only 

	0x5A 
	Booster TClkTurns Counter13
	Quad Word 
	Read Only 

	0x5C 
	Booster TClkTurns Counter14
	Quad Word 
	Read Only 

	0x5E 
	[bookmark: _GoBack]Booster TClkTurns Counter15
	Quad Word 
	Read Only 

	0x60 
	Irq Vector Reg 1 
	See Figure 6 
	R/W 

	0x62 
	Irq Vector Reg 2 
	See Figure 6 
	R/W 

	0x64 
	Last Interrupted TClk Event  
	8-bits 
	Read Only 

	0x66 
	TClk IRQ #Words Pending 
	8-bits 
	 

	0x68 
	Switch 
	16-bits  
	Read Only 

	0x6A 
	Start Event Counter 
	Note 1 
	Read Only 

	 
	 
	 
	 

	 
	 
	 
	 

	0x70 
	IRQ1 Source Mux 
	See Table 3. 
	R/W 

	0x72 
	IRQ2 Source Mux 
	See Table 3. 
	R/W 

	0x74 
	TClk TimeStamp Event 
	8-bits 
	R/W 

	0x76 
	TClk TimeStamp Wrd0 
	Quad Word 
	Read Only 

	0x78 
	TClk TimeStamp Wrd1 
	Quad Word 
	Read Only 

	0x7A 
	TClk TimeStamp Wrd2 
	Quad Word 
	Read Only 

	0x7C 
	TClk TimeStamp Wrd3 
	Quad Word 
	Read Only 

	0x7E 
	Status_Register1 
	16-bits  
	Read Only 

	 
	 
	 
	 

	0x80 
	TClk Event0  
	See Table 9. 
	R/W 

	0x82 
	TClk Event1 
	See Table 9. 
	R/W 

	0x84 
	TClk Event2  
	See Table 9. 
	R/W 

	0x86 
	TClk Event3  
	See Table 9. 
	R/W 

	0x88 
	TClk Event4  
	See Table 9. 
	R/W 

	0x8A 
	TClk Event5  
	See Table 9. 
	R/W 

	0x8C 
	TClk Event6  
	See Table 9. 
	R/W 

	0x8E 
	TClk Event7  
	See Table 9. 
	R/W 

	0x90 
	TClk Event8  
	See Table 9. 
	R/W 

	0x92 
	TClk Event9 
	See Table 9. 
	R/W 

	0x94 
	TClk Event10  
	See Table 9. 
	R/W 

	0x96 
	TClk Event11 
	See Table 9. 
	R/W 

	0x98 
	TClk Event12 
	See Table 9. 
	R/W 

	0x9A 
	TClk Event13 
	See Table 9. 
	R/W 

	0x9C 
	TClk Event14 
	See Table 9. 
	R/W 

	0x9E 
	TClk Event15 
	See Table 9. 
	R/W 

	 
	 
	 
	 



	0xA0 
	
	16-bits 
	R/W 

	0xA2 
	
	16-bits 
	R/W 

	0xA4 
	
	16-bits 
	R/W 

	0xA6 
	
	16-bits 
	R/W 

	0xA8 
	 
	16-bits 
	R/W 

	0xAA 
	
	16-bits 
	R/W 

	0xAC 
	
	16-bits 
	R/W 

	0xAE 
	
	16-bits 
	R/W 

	0xB0 
	
	16-bits 
	R/W 

	0xB2 
	
	16-bits 
	R/W 

	0xB4 
	
	16-bits 
	R/W 

	0xB6 
	
	16-bits 
	R/W 

	0xB8 
	
	16-bits 
	R/W 

	0xBA 
	
	16-bits 
	R/W 

	0xBC 
	
	16-bits 
	R/W 

	0xBE 
	
	16-bits 
	R/W 

	 
	 
	16-bits 
	 

	0xC0 
	TClkEvent(00_0F) Found 
	16-bits 
	R/W 

	0xC2 
	TClkEvent (10_1F) Found 
	16-bits 
	R/W 

	0xC4 
	TClkEvent (20_2F) Found 
	16-bits 
	R/W 

	0xC6 
	TClkEvent (30_3F) Found 
	16-bits 
	R/W 

	0xC8 
	TClkEvent (40_4F) Found 
	16-bits 
	R/W 

	0xCA 
	TClkEvent (50_5F) Found 
	16-bits 
	R/W 

	0xCC 
	TClkEvent (60_6F) Found 
	16-bits 
	R/W 

	0xCE 
	TClkEvent (70_7F) Found 
	16-bits 
	R/W 

	0xD0 
	TClkEvent (80_8F) Found 
	16-bits 
	R/W 

	0xD2 
	TClkEvent (90_9F) Found 
	16-bits 
	R/W 

	0xD4 
	TClkEvent (A0_AF) Found 
	16-bits 
	R/W 

	0xD6 
	TClkEvent (B0_BF) Found 
	16-bits 
	R/W 

	0xD8 
	TClkEvent (C0_CF) Found 
	16-bits 
	R/W 

	0xDA 
	TClkEvent (D0_DF) Found 
	16-bits 
	R/W 

	0xDC 
	TClkEvent (E0_EF) Found 
	16-bits 
	R/W 

	0xDE 
	TClkEvent (F0_FF) Found 
	16-bits 
	R/W 

	0xE0 
	MDatEvent(00_0F) Found 
	16-bits 
	R/W 

	0xE2 
	MDatEvent (10_1F) Found 
	16-bits 
	R/W 

	0xE4 
	MDatEvent (20_2F) Found 
	16-bits 
	R/W 

	0xE6 
	MDatEvent (30_3F) Found 
	16-bits 
	R/W 

	0xE8 
	
	16-bits 
	R/W 

	0xEA 
	
	16-bits 
	R/W 

	0xEC 
	
	16-bits 
	R/W 

	0xEE 
	 
	16-bits 
	R/W 

	0xF0 
	
	16-bits 
	R/W 

	0xF2 
	
	16-bits 
	R/W 

	0xF4 
	
	16-bits 
	R/W 



	0xF6 
	
	16-bits 
	R/W 

	0xF8 
	
	16-bits 
	R/W 

	0xFA 
	
	16-bits 
	R/W 

	0xFC 
	
	16-bits 
	R/W 

	0xFE 
	
	16-bits 
	R/W 

	0X100 
	
	See Table 7 
	R/W 

	0X102 
	
	See Table 8 
	R/W 

	0X104 
	
	See Table 8 
	R/W 

	0X106 
	
	See Table 8 
	R/W 

	0X108 
	
	See Table 8 
	R/W 

	0X10A 
	
	See Table 8 
	R/W 

	0X10C 
	
	See Table 8 
	R/W 

	0X10E 
	
	See Table 8 
	R/W 

	0X110 
	
	See Table 8 
	R/W 

	0x112 
	
	16-bits 
	R/W 

	0x114 
	
	16-bits 
	R/W 

	0x116 
	
	See Table 11. 
	R/W 

	0x120 
	
	16-bits 
	R/W 

	0x122 
	
	16-bits 
	R/W 

	0x124 
	
	16-bits 
	R/W 

	0x126 
	
	16-bits 
	R/W 

	0x128 
	
	16-bits 
	R/W 

	0x12A 
	
	16-bits 
	R/W 

	0x12C 
	
	16-bits 
	R/W 

	0x12E 
	
	16-bits 
	R/W 

	0x130 
	
	16-bits 
	R/W 

	0x132 
	
	16-bits 
	R/W 

	0x134 
	
	16-bits 
	R/W 

	0x136 
	
	16-bits 
	R/W 

	0x138 
	
	16-bits 
	R/W 

	0x13A 
	
	16-bits 
	R/W 

	0x13C 
	
	16-bits 
	R/W 

	0x13E 
	
	16-bits 
	R/W 

	 
	
	 
	 

	0x200 
	
	12-bits 
	R/W 

	0x202 
	
	12-bits 
	R/W 

	0x204 
	
	12-bits 
	R/W 

	0x206 
	
	12-bits 
	R/W 

	0x208 
	
	12-bits 
	R/W 

	0x20A 
	
	12-bits 
	R/W 

	0x20C 
	
	12-bits 
	R/W 

	0x20E 
	
	12-bits 
	R/W 

	0x210 
	
	12-bits 
	R/W 

	0x212 
	
	12-bits 
	R/W 



	 
	 
	 
	 

	0x220 
	
	16-bits 
	R/W 

	0x222 
	
	16-bits 
	R/W 

	0x224 
	
	16-bits 
	R/W 

	0x226 
	
	16-bits 
	R/W 

	0x228 
	
	16-bits 
	R/W 

	0x22A 
	
	16-bits 
	R/W 

	0x22C 
	
	16-bits 
	R/W 

	0x22E 
	
	16-bits 
	R/W 

	0x230 
	
	16-bits 
	R/W 

	0x232 
	
	16-bits 
	R/W 

	 
	 
	 
	 

	0x240 
	Irq Vector Reg 1 
	See Figure 6 
	R/W 

	0x242 
	Irq Vector Reg 2 
	See Figure 6 
	R/W 

	0x244 
	Irq Vector Reg 3 
	See Figure 6 
	R/W 

	0x246 
	Irq Vector Reg 4 
	See Figure 6 
	R/W 

	0x248 
	Irq Vector Reg 5 
	See Figure 6 
	R/W 

	0x24A 
	Irq Vector Reg 6 
	See Figure 6 
	R/W 

	0x24C 
	Irq Vector Reg 7 
	See Figure 6 
	R/W 

	0x24E 
	Irq Vector Reg 8 
	See Figure 6 
	R/W 

	0x250 
	IRQ1 Source Mux 
	See Table 3. 
	R/W 

	0x252 
	IRQ2 Source Mux 
	See Table 3. 
	R/W 

	0x254 
	IRQ3 Source Mux 
	See Table 3. 
	R/W 

	0x256 
	IRQ4 Source Mux 
	See Table 3. 
	R/W 

	0x258 
	IRQ5 Source Mux 
	See Table 3. 
	R/W 

	0x25A 
	IRQ6 Source Mux 
	See Table 3. 
	R/W 

	0x25C 
	IRQ7 Source Mux 
	See Table 3. 
	R/W 

	0x25E 
	IRQ8 Source Mux 
	See Table 3. 
	R/W 

	 
	 
	 
	 

	0x260 
	TClk IRQ Timer Alarm1 
	Low 16-bits  
	R/W 

	0x262 
	TClk IRQ Timer Alarm1 
	High 16-bits  
	R/W 

	0x264 
	TClk IRQ Timer Alarm2 
	Low 16-bits  
	R/W 

	0x266 
	TClk IRQ Timer Alarm2 
	High 16-bits  
	R/W 

	0x268 
	TClk IRQ Timer Alarm3 
	Low 16-bits  
	R/W 

	0x26A 
	TClk IRQ Timer Alarm3 
	High 16-bits  
	R/W 

	0x26C 
	TClk IRQ Timer Alarm4 
	Low 16-bits  
	R/W 

	0x26E 
	TClk IRQ Timer Alarm4 
	High 16-bits  
	R/W 

	0x270 
	TClk IRQ Timer Alarm5 
	Low 16-bits  
	R/W 

	0x272 
	TClk IRQ Timer Alarm5 
	High 16-bits  
	R/W 

	0x274 
	TClk IRQ Timer Alarm6 
	Low 16-bits  
	R/W 

	0x276 
	TClk IRQ Timer Alarm6 
	High 16-bits  
	R/W 

	0x278 
	TClk IRQ Timer Alarm7 
	Low 16-bits  
	R/W 

	0x27A 
	TClk IRQ Timer Alarm7 
	High 16-bits  
	R/W 

	0x27C 
	TClk IRQ Timer Alarm8 
	Low 16-bits  
	R/W 



	0x27E 
	TClk IRQ Timer Alarm8 
	High 16-bits  
	R/W 

	0x280 
	TClk IRQ Timer Alarm9 
	Low 16-bits  
	R/W 

	0x282 
	TClk IRQ Timer Alarm9 
	High 16-bits  
	R/W 

	0x284 
	TClk IRQ Timer Alarm10 
	Low 16-bits  
	R/W 

	0x286 
	TClk IRQ Timer Alarm10 
	High 16-bits  
	R/W 

	0x288 
	TClk IRQ Timer Alarm11 
	Low 16-bits  
	R/W 

	0x28A 
	TClk IRQ Timer Alarm11 
	High 16-bits  
	R/W 

	0x28C 
	TClk IRQ Timer Alarm12 
	Low 16-bits  
	R/W 

	0x28E 
	TClk IRQ Timer Alarm12 
	High 16-bits  
	R/W 

	0x290 
	TClk IRQ Timer Alarm13 
	Low 16-bits  
	R/W 

	0x292 
	TClk IRQ Timer Alarm13 
	High 16-bits  
	R/W 

	0x294 
	TClk IRQ Timer Alarm14 
	Low 16-bits  
	R/W 

	0x296 
	TClk IRQ Timer Alarm14 
	High 16-bits  
	R/W 

	0x298 
	TClk IRQ Timer Alarm15 
	Low 16-bits  
	R/W 

	0x29A 
	TClk IRQ Timer Alarm15 
	High 16-bits  
	R/W 

	0x29C 
	TClk IRQ Timer Alarm16 
	Low 16-bits  
	R/W 

	0x29E 
	TClk IRQ Timer Alarm16 
	High 16-bits  
	R/W 

	0x2A0 
	TClk IRQ Timer Alarm17 
	Low 16-bits  
	R/W 

	0x2A2 
	TClk IRQ Timer Alarm17 
	High 16-bits  
	R/W 

	0x2A4 
	TClk IRQ Timer Alarm18 
	Low 16-bits  
	R/W 

	0x2A6 
	TClk IRQ Timer Alarm18 
	High 16-bits  
	R/W 

	0x2A8 
	TClk IRQ Timer Alarm19 
	Low 16-bits  
	R/W 

	0x2AA 
	TClk IRQ Timer Alarm19 
	High 16-bits  
	R/W 

	0x2AC 
	TClk IRQ Timer Alarm20 
	Low 16-bits  
	R/W 

	0x2AE 
	TClk IRQ Timer Alarm20 
	High 16-bits  
	R/W 

	0x2B0 
	TClk IRQ Timer Alarm21 
	Low 16-bits  
	R/W 

	0x2B2 
	TClk IRQ Timer Alarm21 
	High 16-bits  
	R/W 

	0x2B4 
	TClk IRQ Timer Alarm22 
	Low 16-bits  
	R/W 

	0x2B6 
	TClk IRQ Timer Alarm22 
	High 16-bits  
	R/W 

	0x2B8 
	TClk IRQ Timer Alarm23 
	Low 16-bits  
	R/W 

	0x2BA 
	TClk IRQ Timer Alarm23 
	High 16-bits  
	R/W 

	0x2BC 
	TClk IRQ Timer Alarm24 
	Low 16-bits  
	R/W 

	0x2BE 
	TClk IRQ Timer Alarm24 
	High 16-bits  
	R/W 

	0x2C0 
	TClk IRQ Timer Alarm25 
	Low 16-bits  
	R/W 

	0x2C2 
	TClk IRQ Timer Alarm25 
	High 16-bits  
	R/W 

	0x2C4 
	TClk IRQ Timer Alarm26 
	Low 16-bits  
	R/W 

	0x2C6 
	TClk IRQ Timer Alarm26 
	High 16-bits  
	R/W 

	0x2C8 
	TClk IRQ Timer Alarm27 
	Low 16-bits  
	R/W 

	0x2CA 
	TClk IRQ Timer Alarm27 
	High 16-bits  
	R/W 

	0x2CC 
	TClk IRQ Timer Alarm28 
	Low 16-bits  
	R/W 

	0x2CE 
	TClk IRQ Timer Alarm28 
	High 16-bits  
	R/W 

	0x2D0 
	TClk IRQ Timer Alarm29 
	Low 16-bits  
	R/W 

	0x2D2 
	TClk IRQ Timer Alarm29 
	High 16-bits  
	R/W 

	0x2D4 
	TClk IRQ Timer Alarm30 
	Low 16-bits  
	R/W 

	0x2D6 
	TClk IRQ Timer Alarm30 
	High 16-bits  
	R/W 

	0x2D8 
	TClk IRQ Timer Alarm31 
	Low 16-bits  
	R/W 

	0x2DA 
	TClk IRQ Timer Alarm31 
	High 16-bits  
	R/W 

	0x2DC 
	TClk IRQ Timer Alarm32 
	Low 16-bits  
	R/W 

	0x2DE 
	TClk IRQ Timer Alarm32 
	High 16-bits  
	R/W 

	 
	 
	 
	 

	0x2E0 
	Alarm Counter when IRQ Issued 
	Low 16-bits  
	R Only 

	0x2E2 
	Alarm Counter when IRQ Issued 
	High 16-bits  
	R Only 

	0x2E4 
	TClk Timer Alarm Counter 
	Low 16-bits  
	R Only 

	0x2E6 
	TClk Timer Alarm Counter 
	High 16-bits  
	R Only 

	 
	 
	 
	 

	 
	ID ROM 
	 
	 

	0X400 
	x0054,   “T” 
	8-bit 
	R only 

	0X402 
	x0047,   “G” 
	8-bit 
	R only 

	0X404 
	x0046,    “F” 
	8-bit 
	R only 

	0X406 
	x0000,    “ “ 
	8-bit 
	R only 

	0X408 
	x0042,    “B” 
	8-bit 
	R only 

	0X40A 
	x004F,    “O” 
	8-bit 
	R only 

	0X40C 
	x004F,    “O” 
	8-bit 
	R only 

	0X40E 
	x0053,     “S” 
	8-bit 
	R only 

	0X410 
	x0054,     “T” 
	8-bit 
	R only 

	0X412 
	x0045,    “E” 
	8-bit 
	R only 

	0X414 
	x0052,    “R” 
	8-bit 
	R only 

	0X416 
	x0000,     “ “ 
	8-bit 
	R only 

	0X418 
	x0056,     “V” 
	8-bit 
	R only 

	0X41A 
	x0031,     “1” 
	8-bit 
	R only 

	0X41C 
	x0030,     “.” 
	8-bit 
	R only 

	0X41E 
	x00430,     “0” 
	8-bit 
	R only 

	0X420 
	x0032,     “.” 
	8-bit 
	R only 

	0X422 
	x0030,      “ 0“ 
	8-bit 
	R only 

	 
	 X000,
	 
	 

	0X500-0X6FE 
	
	16-bit 
	R/W 

	 
	 
	 
	 

	 
	 
	 
	 


 

	Table 2 
	IRQ SOURCE MUX 
	I/O 	Address 
0x70...0x72 
	 

	DATA 
	SOURCE 
	 
	 

	 
	 
	 
	 

	0x00 
	Null 
	 
	 

	0x01 
	Start Event 
	 
	 

	0x02 
	Revolution Event 
	 
	 

	0x03 
	
	 
	 

	0x04 
	Turn Scaler Trigger Out 
	 
	 

	0x05 
	TimerAlarm 
	 
	 

	0x06 
	Delay Timer Trigger 
	 
	 

	0x07 
	Delay Timer Terminal Count 
	 
	 

	0x08 
	Turn Counter Trigger 
	 
	 

	0x09 
	Periodic timer (BGFlash rate) 
	 
	 

	0x0A 
	TClk Event Match 
	16-bits 
	R/W 
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Figure 3 
 
	Table 3 
	CONTROL 
AND 
MODE 
REGISTE
R 
	 
	I/O Address 0x30 

	DATA 
	 
	 
	 

	Low Byte 
	 
	 
	 

	0xXX01 
	Control[0] 
	Enable Pre-Trigger Counter 
	Zero = Disabled, One = Enabled 

	0xXX02 
	Control[1] 
	Enable Delay Timer 
	Zero = Disabled, One = Enabled 

	0xXX04 
	Control[2] 
	Reset Alarms 
	Zero = No action, One = Reset 

	0xXX08 
	Control[3] 
	Not Used  
	 

	0xXX10 
	Control[4] 
	Trigger Source 
	Zero = PreTrigger from turn event, 
One = External,  
Two = PreTrigger from start event 

	0xXX20 
	Control[5] 
	Trigger Source 
	

	0xXX40 
	Control[6] 
	“Start” Source 
	Zero = Start Event, One = Null, Two = Turn Scaler (periodic) 

	0xXX80 
	Control[7] 
	“Start” Source 
	

	 
	 
	 
	 

	High Byte 
	 
	 
	 

	0x01XX 
	Control[8] 
	
	 

	0x02XX 
	Control[9] 
	Enable TClk 
	Zero = Disabled, One = Enabled 

	0x04XX 
	Control[10] 
	
	Zero = Disabled, One = Enabled 

	0x08XX 
	Control[11] 
	
	Zero = Disabled, One = Enabled 

	0x10XX 
	Control [12] 
	Single/Repetitive ADC Sync Out 
	Zero = Repetitive, One = Single 

	0x20XX 
	Control[13] 
	
	Zero = Disabled, One = Enabled 

	0x40XX 
	Control[14] 
	Reset TClk IRQ Pending 
	Zero = No action, One = Reset 

	0x80XX 
	Control[15] 
	Reset TSG 
	Zero = No action, One = Reset 


 
Control Register Comments: 
 
Control (2)  
When equal to ‘1’ the TClkIrq Alarm Timer state machine will be initialized and wait for the next TClk alarm event. 
 
Control (5:4) 
When equal to “00”, the pre-trigger counter is selected as the trigger source for the gate count and bucket delay. The pre-trigger counter decrements on each turn event and when it equals zero, the bucket delay is started, when the bucket delay is decremented to zero, the ADCsync signal is issued and  then the gate count is decremented on the next turn followed by another ADCSync after the bucket delay, etc until the gate count equals zero. 
 
When equal to “01”, an external trigger input bypasses the pre-trigger counter and immediately starts the bucket delay counter, then issues the ADCsync signal, then decrements the gate count . 
When equal to “10” ,  a start event also bypasses the pre-trigger counter and immediately starts the bucket delay, then issues the ADCsync signal.
 
Control (7:6) 
When equal to “00”, the Start Source is the BSync start event register (0x36) is equal the decoded BSync serial input. When equal to “01”, No Start Source. 
When equal to“10”, Start is generated when the turn scaler counter (0x26) is equal to zero. The Turn scaler counter is decremented by the decoded BSync Turn event. 
 
Control (12) 
When equal to a zero, an ADC_Sync Out pulse is generated for each event trigger (BSync event or external trigger) repetitively.  When equal to a one, an ADC_Sync Out pulse is generated for the first event trigger after writing to the control register. Default is zero for repetitive mode. 
 

	Table 4 
	STATUS_0 	REGISTER DEFINITIONS 
	BIT I/O 
0x32 
	Address 

	DATA 
	DESCRIPTION 
	
	 
	

	Bit-0 
	Turn Marker 
	
	 
	

	Bit-1 
	Start Marker 
	
	 
	

	Bit-2 
	TClk Parity Error 
	
	 
	

	Bit-3 
	
	
	 
	

	Bit-4 
	
	
	 
	

	Bit-5 
	 
	
	 
	

	Bit-6 
	 
	
	 
	

	Bit-7 
	Missing Turn Error 
	
	 
	

	Bit-8 
	Turn Scaler Enabled 
	
	 
	

	Bit-9 
	53MHz present 
	
	 
	

	Bit-10 
	
	
	 
	

	Bit_11 
	TClk Present 
	
	 
	

	Bit_12 
	
	
	 
	

	Bit_13 
	
	
	 
	

	Bit_14 
	TClk Enabled 
	
	 
	

	Bit_15 
	
	
	 
	


 	 	 
 
	Table 6 
	STATUS_1 	REGISTER DEFINITIONS 
	BIT I/O 0x7E 
	Address 

	DATA 
	DESCRIPTION 
	
	 
	

	Bit-0 
	
	
	 
	

	Bit-1 
	
	
	 
	

	Bit-2 
	
	
	 
	

	Bit-3 
	
	
	 
	

	Bit-4 
	TClk Enabled 
	
	 
	

	Bit-5 
	
	
	 
	

	Bit-6 
	
	
	 
	

	Bit-7 
	
	
	 
	

	Bit-8 
	
	
	 
	

	Bit-9 
	TClk_ Present 
	
	 
	

	Bit-10 
	53MHz present 
	
	 
	

	Bit_11 
	Turn Marker 
	
	 
	

	Bit_12 
	Start Marker 
	
	 
	

	Bit_13 
	Turn Scaler Enabled 
	
	 
	

	Bit_14 
	Missing Turn Error 
	
	 
	

	Bit_15 
	 
	
	 
	


 
 The clock source on the front panel can be one of 5.
1. FPGA PLL
2. Hittite PLL on the timing board
3. Booster RF clock
4. Booster RF clock X 2
5. Booster RF clock X 4

	Table 7 
	ClockGenerator Control Register  BIT DEFINITIONS 
	I/O 	Address 
0x2354 

	DATA 
	DESCRIPTION 
	 

	Bit-0 
	NB3L853141 clk select 0
	Note 1 

	Bit-1 
	MC10EP57 select 0
	Note 2 

	Bit-2 
	MC10EP57 select 1
	Note 2

	Bit-3 
	SY89859 select 0
	Note 3

	Bit-4 
	SY89859 select 1
	Note 3 

	Bit-5 
	SY89859 select 2
	Note 3

	Bit-6 
	SY89871UM1 select 0
	Note 4 

	Bit-7 
	SY89871UM1 select 1
	Note 4

	Bit-8 
	X
	

	Bit-9 
	X
	 

	Bit-10 
	X
	

	Bit-11 
	X
	 

	Bit-12 
	X
	 

	Bit-13 
	X
	 

	Bit-14 
	X
	 

	Bit-15 
	X
	 


 
 Note 1:  This bit selects the source of the output clock. A 1 selects an externally connected clock at front panel input 52.8 MHz. A 0 selects the input from the multiplexer SY89859.





 Note 2: This selects the source of the clock connected to the FPGA from the RF section 2. 
                
	Select Line 1
	Select Line 0
	Output

	0
	0
	BRF X 4

	0
	1
	

	1
	0
	52.8 MHz divided by 2 (front Panel input)

	1
	1
	Not used

	
	
	52.8 MHz front panel input



 Note 3:  These bits select which clock signal will be present at the clock output channels
	S2
	S1
	S0
	Clk Output

	0
	0
	0
	FPGACLK

	0
	0
	1
	Not used

	0
	1
	0
	Not used

	0
	1
	1
	Not used

	1
	0
	0
	PLL CLK

	1
	0
	1
	BRF X 4

	1
	1
	0
	BRF X 2

	1
	1
	1
	BRF 



Note 3: These bits select the clock divider signal. The source of the input a 52.8 MHz (or any chosen frequency) connected to the front panel  input bottom left SMB connector
	S1
	S0
	Divider Factor

	0
	0
	2

	0
	1
	4

	1
	0
	8

	1
	1
	16



These are the valid hex values which controls the clock register 0Xx354
	0x2354
	89871
	89859
	EP57
	NB3L8
	

	0x0000
	Div 2
	FPGA CLK
	
	
	

	0x0020
	Div 2
	PLL CLK
	
	
	

	0x0038
	Div 2
	BRF 
	
	
	

	0x0028
	Div 2
	BRF X 4
	
	
	

	0x0030
	Div 2
	BRF X 2
	
	
	

	0x0001
	Ext CLK in
	
	
	
	

	0x0008
	No CLK out
	
	
	
	

	0x0010
	No CLK out
	
	
	
	

	0x0009
	Ext CLK in
	
	
	
	

	0x0011
	Ext CLK in
	
	
	
	




 
	Table 8 
	CmmdReg Out  Register  Definitions 0xx356 
	 
	 

	 
	Table 8 
	 
	 

	Ch # 
	MSB        Data       LSB 
	Hex value
	

	1 
	
	
	

	1 
	
	
	

	1 
	
	
	

	1 
	
	
	

	2 
	
	
	

	2 
	
	
	

	2 
	
	
	

	2 
	
	
	

	3 
	
	
	

	3 
	
	
	

	3 
	
	
	

	3 
	
	
	

	4 
	
	
	

	4 
	
	
	

	4 
	xx xx xx xx 10 xx xx xx 
	
	

	4 
	xx xx xx xx 11 xx xx xx 
	
	

	5 
	xx xx xx 00 xx xx xx xx 
	
	

	5 
	xx xx xx 01 xx xx xx xx 
	
	

	5 
	xx xx xx 10 xx xx xx xx 
	
	

	5 
	xx xx xx 11 xx xx xx xx 
	
	

	6 
	xx xx 00 xx xx xx xx xx  
	
	

	6 
	xx xx 01 xx xx xx xx xx 
	
	

	6 
	xx xx 10 xx xx xx xx xx 
	
	

	6 
	xx xx 11 xx xx xx xx xx 
	
	

	7 
	xx 00 xx xx xx xx xx xx 
	
	

	7 
	xx 01 xx xx xx xx xx xx 
	
	

	7 
	xx 10 xx xx xx xx xx xx 
	
	

	7 
	xx 11 xx xx xx xx xx xx 
	
	

	8 
	00 xx xx xx xx xx xx xx 
	
	

	8 
	01 xx xx xx xx xx xx xx 
	
	

	8 
	10 xx xx xx xx xx xx xx 
	
	

	8 
	11 xx xx xx xx xx xx xx 
	
	


 
 



 
	Table 9 
	TClk Event Register  BIT DEFINITIONS 
	I/O Address  0x80-0x9E 

	DATA 
	DESCRIPTION 
	 

	Bit-0 
	TClk Event bit 0 
	 

	Bit-1 
	TClk Event bit 1 
	 

	Bit-2 
	TClk Event bit 2 
	 

	Bit-3 
	TClk Event bit 3 
	 

	Bit-4 
	TClk Event bit 4 
	 

	Bit-5 
	TClk Event bit 5 
	 

	Bit-6 
	TClk Event bit 6 
	 

	Bit-7 
	TClk Event bit 7 
	 

	Bit-8 
	One = UseAlarm Seq , Zero = No Alarm Seq 
	Note 1 

	Bit-9 
	 
	 

	Bit-10 
	 
	 

	Bit-11 
	 
	 

	Bit-12 
	 
	 

	Bit-13 
	 
	 

	Bit-14 
	 
	 

	Bit-15 
	 
	 


Notes: 1) When set to a logic one and the TClk event occurs, start Timer Alarm and generate a VXS interrupt to load the Timer Alarm sequence. When Timer Alarm1 times out a VXS interrupt will be generated, followed by Timer Alarm2, Timer Alarm3, etc until the next Timer Alarm value is zero or the Timer Alarm16 has timed-out. Values loaded into the Timer Alarm registers are elapsed time between alarms not total time.  
 
	Table 10 
	Event Register 
 BIT DEFINITIONS 
	I/O Address  
0x34, 0x56 

	DATA 
	DESCRIPTION 
	 

	Bit-0 
	Event bit 0 
	 

	Bit-1 
	Event bit 1 
	 

	Bit-2 
	Event bit 2 
	 

	Bit-3 
	Event bit 3 
	 

	Bit-4 
	Event bit 4 
	 

	Bit-5 
	Event bit 5 
	 

	Bit-6 
	Event bit 6 
	 

	Bit-7 
	Event bit 7 
	 

	Bit-8 
	Sync_Sel0 
	Note 1 

	Bit-9 
	Sync_Sel1 
	Note 1 

	Bit-10 
	 
	 

	Bit-11 
	 
	 

	Bit-12 
	 
	 

	Bit-13 
	 
	 

	Bit-14 
	 
	 

	Bit-15 
	 
	 


 
Notes: 1) When SyncSel = “00” then BSync_P_Event is selected, when SyncSel = “01” then BSync_S_Event is selected and when SyncSel = “10” then BES event is selected. 
 
 
 
	Table 11 
	Event Register 
 BIT DEFINITIONS 
	I/O Address  0x112 

	DATA 
	
	 

	Bit-0 
	
	 

	Bit-1 
	
	 

	Bit-2 
	
	 

	Bit-3 
	
	 

	Bit-4 
	
	 

	Bit-5 
	
	 

	Bit-6 
	
	 

	Bit-7 
	
	 

	Bit-8 
	
	 

	Bit-9 
	
	 

	Bit-10 
	
	 

	Bit-11 
	
	 

	Bit-12 
	
	 

	Bit-13 
	
	 

	Bit-14 
	
	 

	Bit-15 
	
	 


 
	Table 12 
	Event Register 
 BIT DEFINITIONS 
	I/O Address  0x114 

	DATA 
	
	 

	Bit-0 
	
	 

	Bit-1 
	
	 

	Bit-2 
	
	 

	Bit-3 
	
	 

	Bit-4 
	
	 

	Bit-5 
	
	 

	Bit-6 
	
	 

	Bit-7 
	
	 

	Bit-8 
	
	 

	Bit-9 
	
	 

	Bit-10 
	
	 

	Bit-11 
	
	 

	Bit-12 
	
	 

	Bit-13 
	
	 

	Bit-14 
	
	 

	Bit-15 
	
	 


 
 
	Table 13 
	Event Register 
 BIT DEFINITIONS 
	I/O Address  0x116 

	DATA 
	DESCRIPTION 
	 

	Bit-0 
	Diagnostic Signal ½ Bucket Delay bit 0 
	 

	Bit-1 
	Diagnostic Signal ½ Bucket Delay bit 1 
	 

	Bit-2 
	Diagnostic Signal ½ Bucket Delay bit 2 
	 

	Bit-3 
	Diagnostic Signal ½ Bucket Delay bit 3 
	 

	Bit-4 
	Diagnostic Signal ½ Bucket Delay bit 4 
	 

	Bit-5 
	Diagnostic Signal ½ Bucket Delay bit 5 
	 

	Bit-6 
	Diagnostic Signal ½ Bucket Delay bit 6 
	 

	Bit-7 
	Diagnostic Signal ½ Bucket Delay bit 7 
	 

	Bit-8 
	Diagnostic Signal ½ Bucket Delay bit 8 
	 

	Bit-9 
	Diagnostic Signal ½ Bucket Delay bit 9 
	 

	Bit-10 
	Diagnostic Signal ½ Bucket Delay bit 10 
	 

	Bit-11 
	Diagnostic Signal ½ Bucket Delay bit 11 
	 

	Bit-12 
	Enable FEC Diagnostic Signal 
	 

	Bit-13 
	FEC type Diagnostic Signal= PulseTrain/Continuous 
	 

	Bit-14 
	Freq of Diagnostic Signal, 53Mhz = ‘0’, 2.5Mhz=’1’ 
	 

	Bit-15 
	 
	 


Notes: 1) Diagnostic signal delay is used to generate the diagnostic signal delayed from the decoded BSync start event.  
2) The FEC diagnostic signal type is selected to a continuous (53Mhz/2.5Mhz) signal when bit-13 = ‘0’ and a (53Mhz/2.5Mhz) pulse train of 84-pulses when bit-13 = ‘1’. 
3) The frequency of the diagnostic signal is 53Mhz when bit-14 =’1’ and 2.5Mhz when ‘0’. 
 
 







TGF-III Schematics, Layouts and BOM
Schematic: Beams Document # 282417(47)
Layout: Beams Document # 282418-47
Bill of Materials: Beams Document # 282417(47)

Transition Bard Schematics, Layouts and BOM
Schematic: Beams Document # 282411(46)
Layout: Beams Document # 282411-47
Bill of Materials: Beams Document # 282411(47)

CRATE
The crate is a standard 6U VXS by WIENER Plein Baum Corp,.  The 1200 watt power supply is built in and provides VME64X standard voltages and the crate has complete fan cooling.  There is a crate monitoring micro controller that can report voltages, temperatures and fan speeds.  It has minimum control over the power supply such that it can turn the outputs on and off and it can reset the VME bus.  It has a serial port and connects to the Accelerator Ethernet network through an Optilogic module that is also used on systems in the Tevatron. 
CRATE Processor Module 
All control and data transferred to/from the BPM transition and DDCs pass through the crate controller. 
The processor chosen for the Booster BPM system is a Motorola MVME8100 with 512MB of on-board memory.  The processor will run the Linux Kernel developed by John Diamond in the instrumentation department. 
 
Crate Cables 
The signal cables from the BPM in the tunnel are Heliax ½ inch and have been phase matched to 10 picoseconds. The cables connect to the top rack at each location. In the inside of the rack cables fan out to a 51/2 in plate with N to SMA connectors. Then SMA to SMA RG-213 cables connect to each input channel of the transition boards located in the VXS Crate. The output of the transition channel is connected a channel in the adjacent DDC board via an SMB-SMB jumper connection.

                  ChopOn and LO Signals Transition Chassis
The BPM system is synchronized through an external signal called ChopOn delayed. This signal is distributed throughout the Booster to each BPM location when beam is to be injected. The signal connects to the rear of a 1U wide transition chassis and fanned out through to the front of the chassis. The BPM system requires one signal for the transition board and one for the timing board.
The transition board timer closes a switch as soon as ChopOn is active to allow 201.25 MHz signal to be digitized. The switch stays closed for 100 microseconds. Each transition board has the capability of fanning out the analog signal to the next transition board.
The timer board has an input (1st SMB connector upper left) and uses the ChopOn signal to start the turn trigger generation. 
The chassis also fans out the LO signal from the rear. This RF signal is required by each transition board to down-convert the BPM signal to 28.3 MHz. The DDC digitizes this signal and down converts it to baseband.
The LO signal is filtered using a passive LPF at the input of an 8-way splitter. Each output of the splitter is connected to an input in the front panel of each transition board. The signal level expected at the input is 0 dBm. Gain is applied and amplified to +16 dBm at the LO of the mixer.
 




Installation 
The following is a list of the quantity of components installed in the Booster service racks: 
Table 5 
	Service Rack 
	BPMs 
	Analog 
Transition Card 
	
Controller Card 
	 
TGF-IIs 
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Cable Specifications Beams Document # Sub rack Specifications 
Beams Document # 
 
DDC Module  
Data Sheet attached. 
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