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1.0   Overview

There exists a system for the distribution of DC power and the calibration signal to each of the 31 Electron Cooling BPM preamp modules.  The following diagram illustrates this system.  Both the DC power (+/- 5 Vdc) and the calibration signal originate from the chassis we shall refer to as the “Source Chassis”.  The source chassis feeds as many as 6 distribution chassis.  Currently, five of the possible six chassis are used: two are located in relay rack 220 next to the Pelletron silo, and three are in the alcove in the main injector tunnel.

The source chassis communicates with the ECool front over Ethernet.  There is ACNET control of the calibration signal frequency and amplitude.  The calibration signal is fully described in section 2.0.  In addition, the currents of both the plus and minus 5 Volts delivered to each of the distribution boxes are monitored and are readable by way of ACNET parameters.  These read only parameters are described in section 3.0.  Table 3.0 lists normal values for preamp power distribution.  Section 4 documents design details intended for reference only.
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2.0   The Calibration Signal
The BPM calibration signal when applied enables the BPMs to be calibrated.  The calibration signal is injected at the input of the BPM preamps—the same point at which the plate signals are connected.  The level of calibration is on the order of 50 m.  The procedure for performing the calibration of the BPMs is not covered here.  However, the control of the calibration signal itself is totally independent of the calibration process and can be turned on and off at will.  This means that the calibration signal is available for use as a diagnostic tool if questions arise concerning BPM read backs.  

The BPM system uses a narrow band measurement technique, so it requires a stable frequency component present in the beam being measuring.  The frequency of 32,000 Hz is imposed onto the DC beam in order to measure electron position.  The recycler revolution frequency of 89,812 Hz is used to measure anti-protons positions.  The calibration frequency is set to both of these two frequencies during the calibration process.  Refer to the descriptions of R:BCALV and R:BCALF in section 2.1 for more calibration signal specifications.
If there is a question whether the BPM system is working correctly, the calibration signal can be used.  Follow these guidelines.  Refer to the descriptions of BCALV and BCALF in section 2.1 for controlling these parameters.

1)
First turn BCALV on.

2)
Set the frequency to either 32,000 Hz or 89,812 Hz whether measuring electron beam or anti-protons, respectively.

3)
Set the amplitude, but not too high (see IMORTANT below).  If in High Gain mode, the amplitude can be set to roughly .40 Vpp, for Low Gain the calibration amplitude can be set to about 2.0 Vpp.

4)
Turn BCALV off when done with the test.

Another test that has been used, before, is to examine the level of noise of the BPM electronics.  This is done by turning the calibration signal on with no beam.  The noise on the position readings reveals the noise contributed by the preamp plus the digital signal receiver (DSR).  The observed noise level should be roughly 10 m, or even less.  
IMPORTANT:

There is a signal level at which the DSR modules saturate.  With one signal source present, this occurs at a BPM intensity of about 29,000.   The DSRs measure the intensity of one frequency—either 32 kHz or 89 kHz, depending on which beam is being measured.  DSR saturation is occurs when the peak amplitude is too high, regardless of the wave shape.  Therefore, turning on the calibration signal on at 32 kHz when there is a large stash in the recycler can result in DSR saturation in the BPMs in the cooling section even though the calibration signal level itself is set to a reasonable level.  Therefore, be careful when using the calibration signal with beam in the machine.
2.1
Controlling the Calibration Signal
Two ACNET parameters, BCALV and BCALF, are used to control the calibration signal.  Several comments about control of the calibration signal are:

1)
The calibration signal is turned on and off by way of the ON and OFF control bits on BCALV.

2)
BCALV is for control and read back of the amplitude.  The amplitude range is 0 – 5 V peak-to-peak.  This amplitude is as measured at both the preamp calibration signal input and the output of the signal source board in the source chassis.
3)
Neither the calibration signal amplitude nor frequency can be changed unless the calibration signal is set to ON.
The following tables describe these two ACNET parameters.
	R:BCALV
	BPM Cal Signal Amplitude

	Settable parameter

	The amplitude can only set to a non-zero value after it has been set to ON.  The calibration voltage is adjustable over a range from 0 to 5 Vpp—as measured at the preamp input.  When BCALV is set OFF, the amplitude is automatically set to 0.  

	ON

Control bit
	Turns on the calibration signal.  

	OFF

Control bit
	Turns off the calibration signal.

	Status bit 1:
	“.” (grn) – Indication that the calibration signal is on.

	
	“*” (rd) – Indication that the calibration signal is off.


	R:BCALF
	BPM Cal Signal Frequency

	Settable parameter

	The modulation frequency can be set only after the BCALV has been set ON.  The valid range of settable frequencies is from 20,000 Hz to 131,070 Hz.  The frequency is entered in Hz.  The frequency resolution is 2Hz.  The read back accuracy is better than 1 part in 32,000 plus or minus 1Hz.  When BCALV is set OFF the frequency is automatically set to 59,596 Hz.


3.0
Preamp 5 Volt DC Power Distribution
The following table list the ACNET parameters that read back the current on the 5 Volt lines sent to the preamp power distribution chassis.  
	R:B5P1I, R:B5P2I, R:B5P3I, 

R:B5P4I, R:B5P5I, R:B5P6I
	Preamp Distribution +5 Vdc Current

	Read only parameters

	These parameters are the read backs of the current on the +5V DC power fed to each of the distribution chassis.  


	R:B5M1I, R:B5M2I, R:B5M3I, 

R:B5M4I, R:B5M5I, R:B5M6I
	Preamp Distribution -5 Vdc Current

	Read only parameters

	These parameters are the read backs of the current on the -5V DC power fed to each of the distribution chassis.  


Table 3.0 lists values of current that are “normal”.  Note that R:B5P5I and R:B5MI are 0.0 because this distribution line is not used.  Five of the six possible distribution chassis are in use.
Table 3.0.  Typical 5 Vdc Supply Line Current Values

	Parameter
	Current Value (A)
	Parameter
	Current Value (A)

	R:B5P1I
	.966
	R:B5M1I
	.871

	R:B5P2I
	.536
	R:B5M2I
	.481

	R:B5P3I
	.869
	R:B5M3I
	.750

	R:B5P4I
	.004
	R:B5M4I
	.011

	R:B5P5I
	.779
	R:B5M5I
	.753

	R:B5P6I
	.807
	R:B5M6I
	.718


4.0
Circuit Description

The information in this section documents hardware and software aspects of the system design.  This information is not needed to understand normal operation of the calibration signal or the preamp power distribution.
4.1    Ethernet IP Assignment

The source chassis relies on communication over Ethernet with the front end for ACNET control.  The protocol for communication between the front-end, client, and the source chassis, server, is defined in a document titled “Ethernet Controller Communication Protocol”.   The data structure of the exchanged data is spelled out later in this section.  

Table 4.0 lists Ethernet specifics for communicating with the source chassis. 

Table 4.0  BPM Calibration Source Chassis Ethernet Parameters

	Domain Name
	BMPCAL.fnal.gov

	IP Address
	131.225.137.38

	VLAN
	4

	Local Port
	4524

	Network Mask
	255.255.255.0

	Default Gateway
	131.225.137.200


4.2    Ethernet Client/Server Communication Data Structures

The source chassis uses the CEC protocol to communicate with the front end for ACNET services (see Beams-doc-2109).  Per this protocol, all data exchanged between the front end and the source chassis are to be organized into arrays.  For this application three arrays have been defined:  analog readings, analog settings and control bits.  The following tables define these data arrays.

Table 4.1a  Array of Analog Readings. The CEC protocol message

type code 0. 

	Element No.
	ACNET
Parameter
	Description

	0
	R:BCALV
	Calibration Signal Ampl.

	1
	
	Spare

	2
	
	Spare

	3
	
	spare

	4
	R:B5P1I
	Preamp Distr #1 +5V Curr.

	5
	R:B5M1I
	Preamp Distr #1 -5V Curr.

	6
	R:B5P2I
	Preamp Distr #2 +5V Curr.

	7
	R:B5M2I
	Preamp Distr #2 -5V Curr.

	8
	R:B5P3I
	Preamp Distr #3 +5V Curr.

	9
	R:B5M3I
	Preamp Distr #3 -5V Curr.

	10
	R:B5P4I
	Preamp Distr #4 +5V Curr.

	11
	R:B5M4I
	Preamp Distr #4 -5V Curr.

	12
	R:B5P5I
	Preamp Distr #5 +5V Curr.

	13
	R:B5M5I
	Preamp Distr #5 -5V Curr.

	14
	R:B5P6I
	Preamp Distr #6 +5V Curr.

	15
	R:B5M6I
	Preamp Distr #6 -5V Curr.

	16
	R:BCALF
	Calibration Signal Freq.


Table 4.1b  Array of Analog Readings. The CEC protocol message

type code 0. 

	Ele. No.
	Number

Format
	Raw Data 

Range
	ADC
Full Scale Range
	Full Scale

Analog Range
	Displayed

Units

	0
	Unsigned 16-bit
	0x0000-0xFFFF
	-102.4 to 102.4 V
	-102.4 to 102.4 V
	Vpp

	1
	Unsigned 16-bit
	na
	
	
	

	2
	Unsigned 16-bit
	na
	
	
	

	3
	Unsigned 16-bit
	na
	
	
	

	4
	Unsigned 16-bit
	0x0000-0xFFFF
	-102.4 to 102.4 V
	-5.12 to 5.12 V
	A

	5
	Unsigned 16-bit
	0x0000-0xFFFF
	-102.4 to 102.4 V
	-5.12 to 5.12 v
	A

	6
	Unsigned 16-bit
	0x0000-0xFFFF
	-102.4 to 102.4 V
	-5.12 to 5.12 V
	A

	7
	Unsigned 16-bit
	0x0000-0xFFFF
	-102.4 to 102.4 V
	-5.12 to 5.12 V
	A

	8
	Unsigned 16-bit
	0x0000-0xFFFF
	-102.4 to 102.4 V
	-5.12 to 5.12 V
	A

	9
	Unsigned 16-bit
	0x0000-0xFFFF
	-102.4 to 102.4 V
	-5.12 to 5.12 V
	A

	10
	Unsigned 16-bit
	0x0000-0xFFFF
	-102.4 to 102.4 V
	-5.12 to 5.12 V
	A

	11
	Unsigned 16-bit
	0x0000-0xFFFF
	-102.4 to 102.4 V
	-5.12 to 5.12 V
	A

	12
	Unsigned 16-bit
	0x0000-0xFFFF
	-102.4 to 102.4 V
	-5.12 to 5.12 V
	A

	13
	Unsigned 16-bit 
	0x0000-0xFFFF
	-102.4 to 102.4 V
	-5.12 to 5.12 V
	A

	14
	Unsigned 16-bit
	0x0000-0xFFFF
	-102.4 to 102.4 V
	-5.12 to 5.12 V
	A

	15
	Unsigned 16-bit
	0 – 65,535
	n/a
	0 – 131,070
	Hz


Table 4.2a  Array of Analog Settings. The CEC protocol message

  type codes 1 and 3. 

	Ele. No.
	ACNET
Parameter
	Description



	0
	R:BCALV
	Calibration Signal Amplitude

	1
	R:BCALF
	Calibration Signal Frequency


Table 4.2b  Array of Analog Settings. The CEC protocol message 

  type codes 1 and 3. 

	Ele. No.
	Number

Format
	Numerical 

Range Used
	ADC
Full Scale Range
	Full Scale

Analog Range
	Displayed

Units

	0
	Unsigned 16-bit
	0x0000-0xFFFF
	0 – 5.0 V
	0 – 5.0 V
	Vpp

	1
	Unsigned 16-bit
	0 – 65,535
	n/a
	0 – 131,070
	Hz


Table 4.3  Array of status bits.  The communication protocol message type code 2.

	Ele. No.
	Bit Number
	Description


	ACNET

Parameter

	0
	0
	Cal. Signal On/Off (1 = on, 0 = off)
	R:BCALV


Table 4.4  Array of control bits.  The CEC protocol message type code 4.

	Ele. No.
	Bit Number
	Description


	ACNET

Parameter

	0
	0
	Set calibration signal off. (0x01)
	R:BCALV

	
	1
	Set calibration signal on. (0x02)
	R:BCALV


4.3
Addressing Circuit Devices

The circuitry that produces the calibration signal and that reads back the distributed 5 Volt power was designed using the Modular Ethernet Configurable Controller (MECC) system of PCBs.  

Table A lists the modulator chassis devices and their assigned addresses.  The values in the Data column are the data values written to the data bus to activate the specific function.  All accesses on the external I/O are done so using a strobe, which are also assigned and listed in Table A.  

Table A.  Modulator chassis device address assignments.

	Device
	Function
	Address
	Data
	Strobe

Pin

	LTC1867, 8-Ch ADC, DAQ Bd. U6
	Latch CS on
	0x6001
	0x01
	PE3(1)

	
	Latch CS off
	
	0x00
	

	
	ADC convert
	
	0x02
	

	LTC1867, 8-Ch ADC, DAQ Bd. U8
	Latch CS on
	0x6003
	0x01
	PE3(1)

	
	Latch CS off
	
	0x00
	

	
	ADC convert
	
	0x02
	

	Frequency scalar, frequency measurement
	Set scalar value, div. by: 2,

4, 8, 16 … 256
	0x8008
	Value
	PE4

	AD9832 DDS Frequency Synthesizer, setting modulation frequency
	Latch CS on
	0x8009
	0x01
	PE4

	
	Latch CS off
	
	0x00
	

	AD5200 digital potentiometer, setting modulation amplitude
	Latch CS on
	0x800A
	0x01
	PE4

	
	Latch CS off
	
	0x00
	


(1) PE3 must to be >100ns wide for LTC1867 CONVERT strobe.

Table B.  Strobe Confingurations.

	Pin
	Type
	Sense
	Wait States
	Address Range

	PE3
	CS
	Active HI
	3(1)
	0x6000 – 0x7FFF

	PE4
	Write
	Active HI
	1
	0x8000 – 0x9FFF

	PE5
	Read
	Active HI
	1
	0xA000 – 0xBFFF


(1) PE3 must to be >100ns wide for LTC1867 CONVERT strobe.
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