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1.  Overview 
The Mini DAQ is a standalone data acquisition system located on the east side of MINOS, middle level between SM1 and SM2.  It consists of a rack with power supplies (two low voltage and one high voltage), a MUX box and a VME crate.  A PC controls the Mini DAQ system.  At this time there are no optical inputs to the MUX box.  The system can be used to measure pedestals, charge injection response and other tests of the electronics.  This note describes how to use the Mini DAQ to test VFB boards.
· Procedure  

Mount a VFB on the MUX box and connect cables, as described in section 2.  After switching on the power and initializing the software, use the diagnostics software (described in section 4) to check voltage levels on the VFB.  Then take a pedestal run (digital display) and download pedestals and a sparsification threshold for future use.  At this point you are ready to look at graphic displays of all channels.  First, perform a charge injection scan to check the basic functionality of the VFB components.  Second, take a random sample of the pedestals.  Third, use the dynode trigger to look at photoelectron spectra.  
· Criteria 
An initial set of criteria for a properly functioning VFB has been developed.  Pass/fail conditions are stated at the end of each of the test procedures, described in the text below, and also summarized at the end of this note.
· Organization

The hardware and software setup are discussed in section 2, the testing procedure is described in section 3 and the criteria for passing a VFB are summarized in section 4.
2. Hardware and Software Setup
· Hardware Description
The Mini DAQ is located at the middle level on the East side of the MINOS detector and is shown in Figure 1.  The MUX box, located in the middle of the rack (Fig. 1) contains three M 16 pmts that are powered by a high voltage power supply (top-most  in the rack) at 790 V.  A splitter box just behind the power supply distributes the voltage to the three M 16 pmts.  Although high voltage is not needed for pedestal studies, high voltage is needed for charge injection to work properly and for testing the dynode trigger and single photoelectron spectra. 
A VFB, which contains 3 VA chips, is mounted on the outside of the MUX box.  Three cables attach to the VFB: a blue signal cable, a ribbon communications cable and a gray power cable.  The signal cable connects the VFB to VMM channel 0, VFB0 on the top-most right front panel connector on the VARC.   The signal cable connects to the uppermost signal connector on the VARC.  The power cable is plugged into any one of the outputs of the VFB power supply at the bottom of the rack.  Note: an amber light signifies a properly-operating power output.  Red or green lights signify a problematic output channel. 
· Power ON and OFF
To switch power on, first switch ON the AC distribution panel attached to the rack.  Then switch ON the following:
· VME power supply (WIENER supply); check red LEDs flashing inside the VARC card-pair, just behind the connector
· VFB power supply (bottom of rack; switch on rear panel)

· PC (pushbutton on front panel)
· HV supply (at the top of the rack), when needed

Note: HV should be set to 790 V 
All power to Mini-DAQ rack and PC must be switched off at the end of the workday for safety reasons.  To switch power off, follow the same procedure in reverse order.


 The VARC card resides in the VME crate.  It is plugged into the 7th 
(counting from the left) connector on the bottom row of the VME backplane (12 
bottom connectors in total).  The card-pair plugged into the 7th connector is 
referred to as VARC60.  Note: Due to the fact that the Mini Daq is also used to 
test VARC cards, a VARC could be plugged into a different slot and therefore it 
will not be referred to as VARC60 .  Also, there may be more than than one 
VARC 
plugged into the backplane.  It is a good idea to unplug all other VARCs  
and leave only one VARC that you are working with plugged into the VME crate.
· Software Setup

The software component of the Mini Daq is the VARCReadOut program, 
installed on the Mini Daq PC.  It provides a graphical user interface to control the 
electronics configuration and the readout.  The usage is fairly intuitive after a little 
experience with the program.
· Log on to the PC:  (userid: minos  ;   pwd: minosdaq).
· Start the Resource Manager:  Double click Resman icon and click “ok” when done.  (Resman initializes communication between the VME readout processor and the PC.  It has to be run once before starting VARCReadOut.)
· Start the Readout:  Double click the VARCReadout icon.  A window called Main Tree View with the VXI crate icon appears. 
Use this window to select the appropriate VARC and the VFB which is attached to the MUX box.  Once this is done, various test utilities can be accessed by right-clicking on either the VARC 60 icon or the VFB0 icon, as described below.
· Display VARC 60 and VFB icons:
· Right Click on VXI Crate icon and pop-up menu appears.  Select “Add VARCs” from pop-up menu. An icon for VARC 60 should appear.   If the icon is for something other than VARC60, continue to ADD VARC until the proper icon appears.
· Double click on VARC60  to display a list of 12 VFBs;  although icons for VFB0 through VFB11 appear in the window, VFB0 is the only VFB connected to the VARC in the mini DAQ system.

Note: A screenshot of the program’s main window is shown in Figure 2, with the 
Main Tree View displayed in the upper left corner along with some of the other 
utility GUIs. Refer to this and subsequent screenshots to check to see that you are 
selecting the proper settings as you proceed with the testing.


Note:  There have been a few times when a minimized window fails to open to the 
usual size.  The only option appears to be to click it open to occupy the entire 
screen.  However, another option is to click the minimized window and drag its 
borders to open it to the usual size. 

3.  Testing Procedure
     Part 1: Initialization

At this point it is assumed that a VFB has been connected to the MUX box and 
the power, signal and communications cables have been connected.

· Initialize the VFB
1. Right click VFB0 and select VFB Slow Controls from pop-up menu.

Note:  An error box may pop up, especially if this is the first instance of 
using “VFB Slow Controls”.  Type the “Esc” character to remove the error 
message; the “Slow Controls” window will appear.
2. Click the Initialize to default settings tab.  This sets the voltage bias and dynode trigger threshold to their default values.  Refer to the GUI VARC 60  VFB 0:Slow Controls in Figure 2. 
3.  Examine operating voltages and temperature: Click the Read ADC Values tab.


Typical readings



Trigger ASD supply

+3.28V



VA Common Positive

+2.48V



VA Negative Rail 1

-2.46V



VA Negative Rail 2

-2.50V



VA Negative Rail 3

-2.49V



Temperature


+24.7C

   4. Pass or Fail? 

If the readback shows wrong voltage levels or if the voltage regulators do not switch on when you Initialize to default settings, check the VFB power supply light (should be amber color).  If power supply is ok, check that the power connector to VFB has all pins engaged properly.  Also, check voltage (with respect to mux box can) before and after two fuses right next to the power connector.  (should be -5V top fuse and +4.7V bottom fuse).

· Initialize the VARC 

1.  Right click VARC60 icon in Main Tree View window, select VARC settings.  

     (Refer to Figure 2, lower left corner).

2.  Click Initialize to default settings tab.


3.  Select Normal Mode.

4.  Enable chips 0, 1 and 2.


5.  Click Write new settings.

Note: Keep the VARC 60: Settings box for later use.
     Part 2:  Computer-generated triggers

· Take a Pedestal Run  

The next step in testing a VFB board is to measure the zero level of the electronics 
by taking a pedestal run.  The readout is triggered by the computer, not the pmt 
dynode (even though Normal Mode was selected above).


1.  High voltage power supply: set to 790 V and switch “HV ON”

2.  Right click VARC60 icon and …


3.  Select View/Edit Pedestals 


Note:  Select VFB0 on the left side of the VARC 60 Pedestal window to 


confine data display to VFB0 (otherwise VBF0-VFB11 data is displayed).  

Refer to Figure 2. 

4.  Click Start a Pedestal Run 
   5.  Pass or Fail?
    Examine pedestals (typical VALUES 400-600) and noise (typically 3-4) 


for the three VA chips on VFB0.  
Note: VA channels 2-17 are connected to the pmt anodes the M-16 pmt.  

            Other channels ( 0, 1, 18, 19, 20 and 21) are not connected.  (Normally channel 


18 is connected to a  PIN diode, but not in the test setup).  The other 


unconnected channels are used for rejecting common mode noise. 
· Load pedestals and sparsification threshold for later use
· Write Pedestal Values to Firmware
· Click Select All
· Click Write Selected Pedestals to Firmware
· Check downloading by clicking Read Pedestals from Firmware
· Write Thresholds for Sparsification (for later use)
· Click Select All 
· Click Set Selected Peds
· Enter the value 30  
· Click Select All
· Click Write selected items as thresholds to firmware
· Confirm by clicking Read thresholds from firmware button

Note: thresholds appear in the Pedestal column
· Take a Charge Injection Run
Note: HV to pmts must be switched ON or else the anode charge buildup protection diodes on pmt base will “eat” the injected charge
1.  Click Initialize to default settings in the VFB 0: SLOW CONTROLS window.  Note: This is done to reset the dynode trigger threshold to nominal value of 57, as shown in Figure 2.  The trigger threshold is modified in some of the diagnostic tests, described below.  If the trigger threshold is higher (a smaller number than 57) an error may occur during charge injection with the error message: “52 events seen in 1ST buffer when 66 are expected”.
2.  Choose the readout settings in VARC Settings window 

· Select Cal-inject and verify other settings are as shown in the Varc60: Settings window in Figure 3.
· Click on Write new settings tab


3.  Right click VFB0 icon in Main Tree View window

· Select CAL-inject Scan from pop-up menu

· Enable Chip 0, Chip 1 and Chip 2 in the Cal-inject Scan window (see Figure 3)
· Be sure that HV is ON to all three phototubes
· Click the Start Scanning tab 

4.  Scan through all inputs using the Channel and Chip selector buttons


5.  Pass or Fail?
· Typical response for each channel is shown in Figure 3

·  injection response goes nonlinear around 70 on x-axis scale

·  typical values for non-linearity:
20% - 23% 

· typical values for slope:  ~140 
· typical values for intercept: 300 – 500   
· Note: there are some healthy variations in all these parameters 
· Channels with consistent and significant different responses than indicated above are due to a bad chip and therefore a bad VFB
· Graphic Display of Raw Pedestals: Computer Trigger
1.   Change parameters in the VARC60 Settings window; refer to Figure 4
· Select Automatic Executes
· Select Triggerless Peds under the ETC MODE heading 
· Click Write new settings
2.  Right click VFB0 in the Main Tree View window
· Select Spectra Display; a window labeled VARC 60 VFB 0:Spectra Display appears
3.  Click Acquire spectra


Note:  It takes 25 sec to generate 20K events; then triggers stop 
· Click Stop the run (even though triggers have stopped) to display the latest data 
· Select the chip of interest (VA0, VA1 or VA2)
· Autorange is the default; otherwise select range 
4.  Pass or Fail?
The pedestals are typically within 200 channels of each other in a particular VA chip as shown in Figure 4.  However, there are variations among VA chips, with pedestals as low as 200 adc counts and as high as 600 adc counts.  Pedestal widths are fairly consistent in good chips, as shown in the autorange display in Figure 5.
     Part 3:  Dynode-generated Triggers
Dynode-generated triggers are subject to some noise in the Mini Daq environment.  Most of the noise is associated with use of the splitter box for high voltage distribution.  If a single phototube is powered by a direct cable (no splitter box) from the high voltage supply, the threshold must be raised from nominal value of 57 to 50.  However, since we power all three phototubes at once, the threshold must be raised to a value of 25.  Note: Smaller numerical values for the threshold setting produce larger voltage thresholds.  (The threshold setting can vary between 64, the lowest value, to 0).
· Graphic Display of Raw Pedestals: Dynode Trigger
1.  Change the dynode threshold from the default value of 57 to 25
· Right click VFB0 in the Main Tree View.  Select VARC 60 VFB Slow Controls from the pop-up menu.
· Select Dynode trigger threshold under DACs.   Change the value to 25, as shown in Figure 6 (upper left corner).
· Click Set All Values
2.  In the VARC 60: Settings window 
· Select Normal Mode
· De-select Automatic Executes 
· Click Write new settings
3.  Right click VFB0 in the Main Tree View window

· Select Spectra Display from the pop-up menu

· Click the Acquire spectra tab 
· Data acquisition stops when 20,000 Events are recorded.  However, even if data taking has stopped you must click the Stop the run tab to display new data. 


Note:  You may also Stop the run before reaching 20,000 events.
· View VA0, VA1 or VA2

Note: VA0 Ch 4 spectrum always has a bump about 100 adc 
channels above the pedestal, regardless of which VFB is used.  
Therefore this does not indicate a bad VFB.  See Figure 7.
· Typical range limits are 300 to 600

       Examples of dynode-triggered pedestals are shown in Figures 6              (chip VA1) and 7 (chip VA0).
4.  Pass or Fail?
     Typical pedestals look just like the computer-triggered pedestals with the addition of a higher energy hit distribution, as shown in Figure 6.  Note (again) that the VA0 Ch 4 spectrum has a bump about 100 adc                 channels above the pedestal, shown in Figure 7, and does not indicate a bad VFB.  
· Graphic Display of Photoelectron Distribution
This is a test of the dynode trigger produced by (mostly single) photoelectrons due to thermal agitation or possible light leaks into the Mux box.  The procedure to obtain photoelectron distributions is to set the dynode threshold level to a value of 25, as in the procedure described in the previous section, and then to remove unwanted pedestal events by means of pedestal subtraction, common mode correction and data sparsification.  

Note: Because the dynode threshold value is large, a significant portion of the lower end of the photoelectron distribution will be truncated.  A study of the photoelectron distribution without the splitter box (and therefore less noisy trigger) showed that about half of the photoelectron signal is truncated at the lower end of the spectrum if the threshold is 25.    
1.  Change the dynode threshold from the default value of 57 to 25
· Right click VFB0 in the Main Tree View.  Select VARC 60 VFB Slow Controls from the pop-up menu.

· Select Dynode trigger threshold under DACs 

· Change the value to 25 
· Click Set All Values
2.  In the VARC 60: Settings window select Normal Mode and
· select all of the following: Data Sparsification, C.M. Correction, and Pedestal Subtraction (along with Buffer Switching, which should always be selected).  Refer to Figure 8.
· Click Write new settings
3.  Right click VFB0 in the Main Tree View window

· Select Spectra Display from the pop-up menu

· Click the Acquire spectra  tab 
· Data acquisition stops when 20,000 Events are recorded.  However, even if data taking has stopped you must click the Stop the run tab to display new data. 


Note:  You may also Stop the run before reaching 20,000 events.  
This run will take about 5 or 6 minutes to acquire 20,000 events. 
· View VA0, VA1 or VA2

Note: VA0 Ch 4 spectrum has a bump about 100 adc channels 
above the pedestal and does not indicate a bad VFB.
· Typical range limits are -10 to 200

       Examples of dynode-triggered pedestals are shown in Figure 8.


  4.  Pass or Fail?



    The adc spectra should look like those in Figures 8.  Absence of 


    
    data in any graph or a significantly wider distribution may be an 



    indicator of a faulty VFB.  An abnormally long time (>10 minutes) to 


    acquire data may indicate a faulty dynode trigger.  
4.  Summary of Criteria to Pass a VFB
1.  If the readback shows wrong voltage levels or if the voltage regulators do not switch on when you Initialize to default settings, check the VFB power supply light (should be amber color).  If power supply is ok, check that the power connector to VFB has all pins engaged properly.  Also, check voltage (with respect to mux box can) before and after two fuses right next to the power connector.  (should be -5V top fuse and +4.7V bottom fuse).


         2.  Current Injection

· Typical response for each channel is shown in Figure 3

·  injection response goes nonlinear around 70 on x-axis scale

·  typical values for non-linearity:
20% - 23% 

· typical values for slope:  ~140 

· typical values for intercept: 300 – 500   

· Note: there are some healthy variations in all these parameters 
· Channels with consistent and significant different responses than indicated above are due to a bad chip and therefore a bad VFB 


3.  Pedestal graphs, computer trigger
The pedestals are typically within 200 channels of each other in a particular VA chip as shown in Figure 4.  However, there are variations among VA chips, with pedestals as low as 200 adc counts and as high as 600 adc counts.  Pedestal widths are fairly consistent in good chips, as shown in the autorange display in Figure 5.



4.  Pedestal graphs, dynode trigger



Typical pedestals look just like the computer-triggered pedestals with the 


addition of a higher energy hit distribution, as shown in Figure 6.  Note (again) 


that the VA0 Ch 4 spectrum has a bump about 100 adc channels 



above the pedestal, shown in Figure 7, and does not indicate a bad VFB.  


5.  Photoelectron Spectra, dynode trigger


            The adc spectra should look like those in Figure 8.  Absence of 



data in any graph or a significantly wider distribution may be an 



indicator of a faulty VFB.  An abnormally long time (>10 minutes) to 


acquire data may indicate a faulty dynode trigger.  
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Figure 1.  Mini DAQ setup consists of ( top to bottom in the rack):  HV power supply;  WIENER power supply; MUX box with a VFB board installed; VME crate with the readout system - VARC card and VME readout processor connected to a PC; fan pack; LV power supply.  The readout PC is on the desk next to the Mini DAQ rack.
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Figure 2: A screenshot of the VARCReadOut program main window with the following sub-windows opened: Main Tree View – top left; VARC 60: Settings – bottom left; VARC 60 VFB0:  Slow Controls –  bottom right;  VARC 60: Pedestals – top center.
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Figure 3: A screenshot of the Cal-inject Scan and VARC Settings sub-windows, showing the appropriate parameter selections and a typical response curve.
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Figure 4: A screenshot of ADC pedestals, with a selected channel range of 300-600.  The data were taken with computer-generated triggers.  Note the parameters selected in the Settings sub-window for computer-generated triggers.
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Figure 5: A screenshot of ADC pedestals, shown in the autorange display.  Triggers were computer-generated.
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Figure 6:  A screenshot of ADC "pedestals" with dynode trigger and a trigger threshold of 25, selected in the Slow Controls sub-window.  Note also the parameters selected in the Settings sub-window.  The spectra exhibit signals attributed to photoelectron noise.
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Figure 7: A screenshot of ADC "pedestals" with dynode trigger.  Note the large bump above pedestal in VA0 channel 4, which appears to be a feature of the Mini DAQ setup and does not indicate a bad VA chip.
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Figure 8: A screenshot of the ADC distribution of photoelectron "noise".   The selected parameters in the settings sub-window indicate Pedestal Subtraction, C.M. correction and Data Sparsification.  Note that the lower half of the photoelectron distribution is truncated due the relatively high dynode threshold.
