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STF Test Description




To be filled out for all tests
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STF Test Name:   STF_ATWD_PULSER_SPE

STF Test Numerical ID:   
Base Test Version #(none if new test):   

Target Test Version #:   

Target DOM-MB Software Release Version #:         
TBD :        

Short Description of STF Test :   In this test the front end pulser is used to thest the ATWD waveforms. An average waveform for a given chip/channel is obtained using SPE triggers. The discriminator setting is obtained from a scan. If the pedestal-subtracted option is requested, a pedestal waveform is obtained with the pulser amplitude set to zero (CPU triggers), and it is subtracted from the first waveform. The resulting average waveform (pedestal subtracted if requested) is analyzed to check if it has the expected pulse width, amplitude and baseline. These calculated values are used to define a pass/no-pass criterion. If the PMT is connected the HV should be off.



Applicable Test Environment Levels (check all that apply): 

 FORMCHECKBOX 
  Level 0 
Tests exposed subsystem (DOM MB, PMT base, DOR card etc.) with possible addition of test fixtures, pulsers or cables.

 FORMCHECKBOX 
  Level 1
Tests exposed DOM assembly with multiple subsystems connected (DOM MB plus PMT base, DOM MB plus flasher board, etc.) and possible test fixtures, pulsers or cables.

 FORMCHECKBOX 
  Level 2
Tests sealed DOMs with possible connections to local coincidence connectors.

 FORMCHECKBOX 
  Level 3
Tests sealed, fully deployed DOM.

Note: DOR card functionality under Linux OS assumed at level 1 and higher.



Additional Test Environment requirements:  If PMT is NOT connected to the DOMMB a terminator resistor has to be connected on DOMMB (100 Ohm in JP13 for V2 DOMMB). The delay board should be connected.



Required FPGA components or features needed for test execution (check all that apply, incl. applicable version info.)

Required DOM Main Board FPGA Features:

 FORMCHECKBOX 
  None

 FORMCHECKBOX 
  Fifo TP communications engine (ver.             )

 FORMCHECKBOX 
 Shared memory TP communications engine (ver.             )

 FORMCHECKBOX 
 Test flasher interface (ver.             )

 FORMCHECKBOX 
 Test ATWD/FADC readout (ver.     1 )

 FORMCHECKBOX 
 Test local coincidence (ver.             )

 FORMCHECKBOX 
 Test internal pulser (ver.             )

 FORMCHECKBOX 
 Test discriminator rate meters (ver.             )


 FORMCHECKBOX 
 DAQ flasher interface (ver.             )

 FORMCHECKBOX 
 DAQ local clock readout (ver.             )

 FORMCHECKBOX 
 DAQ ATWD/FADC readout (ver.             )

 FORMCHECKBOX 
 DAQ local coincidence (ver.             )

 FORMCHECKBOX 
 DAQ internal pulser (ver.             )

 FORMCHECKBOX 
 DAQ discriminator rate meters (ver.             )

 FORMCHECKBOX 
 DAQ trigger (ver.             )r

 FORMCHECKBOX 
 SN trigger histogram (ver.             )

Required DOR Card FPGA Features:

 FORMCHECKBOX 
  Normal operation (ver.             )

 FORMCHECKBOX 
  None

 FORMCHECKBOX 
  Test FPGA (ver.             )

 FORMCHECKBOX 
  Other


Required Flasher Card FPGA Features:

 FORMCHECKBOX 
  Normal operation

 FORMCHECKBOX 
  None

 FORMCHECKBOX 
  Other



Approvals (required for production STF releases)

Test Czar:        
WBS 1.3.3:          
WBS 1.3.4:          
Other:      

Permissible Parameter Types:

Parameter type
Description

Unsigned Short
Unsigned 16 bit value

Unsigned Long
Unsigned 32 bit value

Unsigned Short Array
Array of Unsigned 16 bit values

Boolean
TRUE or FALSE

1 Input parameters (required, parameter table plus optional desc.)

Name of Variable
Description
Input/Output & Type
Default & Range

ATWD_CONV_SPEED_DAC
DAC setting (of a 12 Bit device) for ATWD sampling speed (called trigger bias current)
Input

Unsigned Short
850 [0-4095]

ATWD_RAMP_TOP_DAC
DAC setting (of a 12 Bit device) for ATWD Ramp Top Voltage
Input

Unsigned Short
2097 [0-4095]

ATWD_RAMP_BIAS_DAC


DAC setting (of a 12 Bit device) for ATWD Ramp Bias current 
Input

Unsigned Short
3000 [0-4095]

ATWD_ANALOG_REF_DAC


DAC setting (of a 12 Bit device) for ATWD Analog Reference Voltage
Input

Unsigned Short
2048 [0-4095]

ATWD_PEDESTAL_DAC
DAC setting (of a 12 Bit device) for ATWD Pedestal Voltage
Input

Unsigned Short
1925 [0-4095]

ATWD_CH0_CLAMP
DAC setting (of a 12 Bit device) for clamping of the output of the first stage amp in Ch0
Input

Unsigned Short
800 [0-4095]

ATWD_CHIP_A_OR_B


Selects one of two chips (A or B) on the board: True=ATWD-A and False=ATWD-B 
Input

Boolean
True [True/False]

ATWD_CHANNEL


Selects one of 3 PMT analog signal channels with different gains
Input

Unsigned Short
0 [0,1,2]

PULSER_AMPLITUDE_UVOLT
Pulser Amplitude in microvolts (at the PMT input). 5000 = 5mV ~ 1 SPE
Input

Unsigned Long
5000 

[0-5,000,000]

PEDESTAL_SUBTRACTION
Subtract pedestal waveform before analyzing. Subtract =True; Not-subtract =Flase
Input

Boolean
True

[True/False]

WAVES_FOR_PEDESTAL_COUNT


Number of waveforms to take and average for pedestal
Input Generic

Unsigned Long
50

LOOP_COUNT
Number of waveforms to take and average over before analysis.
Input Generic

Unsigned Long
1000                 [0-1,000,000]

FILL_OUTPUT_ARRAYS


Fill  the output array with the baseline values histogram. True=do-not-fill, False=fill-array
Input Generic

Boolean
True [True/False]

2 Output parameters (required, parameter table plus optional desc.)

Name of Variable
Description
InputOutput & Type
Default & Range

TEST_PASS_NOPASS
Average waveform passes or not the criteria 
Output Generic

Boolean


TRIGGERABLE_SPE_DAC
First value of the SPE DAC that was found to be away from the noise (of a 10-bit DAC). If failed to find triggerable point it will set below last tried point. 
Output 

Unsigned Short


ATWD_WAVEFORM_BASELINE


Waveform baseline in ATWD counts units, strictly 100 if pedestal subtraction requested.
Output

Unsigned Short


ATWD_WAVEFORM_WIDTH


Pulse width in ATWD samples units.
Output

Unsigned Short


ATWD_WAVEFORM_AMPLITUDE


Pulse height (max point – baseline) in ATWD counts units.
Output

Unsigned Short


ATWD_WAVEFORM_POSITION


Pulse peak position in ATWD samples units.
Output

Unsigned Short


ATWD_EXPECTED_AMPLITUDE
Expected pulse height (max point – baseline) in ATWD counts units for the pulse/channel.
Output

Unsigned Short

1. 
ATWD_WAVEFORM_PULSER_SPE


Average  waveform in ATWD counts units taken with SPE trigger and 
Output

Unsigned Short Array[128]


3 Detailed description of required external test conditions (optional).

None.

4 Detailed description of test algorithm (required).

B. Pretest checks: 

1. All input DAC settings are programmed, for simplicity program both ATWD chips for the values that have separate DAC channels.

2. If HV base is connected HV is set to 0.  

3. Set the Front-End pulser amplitude DAC to zero. 

4. Turn ON  the front-end pulser.

5. Find if there is a reasonable value for the SPE discriminator level such that will not trigger on noise. (Because part values vary from board to board and the noise band is narrow the discriminator value must be scanned). The nominal value is obtained from: SPE DAC_NOMINAL = (Discriminator_in_milivolts * 9.6 * (2240+249)/249 + ATWD_PEDESTAL_DAC * 5,000 /4096) *1024 / 5,000,
with Discriminator_in_milivolts = 0.

6. Scan SPE_DAC downwards from SPE DAC_NOMINAL+5% to SPE DAC_NOMINAL-5% in 1-count steps (integer values), at each value set the SPE_DAC and obtain the SPE rate meter value (this counts discriminator crossings in 100 msec, so this step will be relatively time-consuming). Continue the scan until a Non-zero value is found.

7. Save the first SPE_DAC setting for which there is a Non-Zero value of the SPE rate meter. If there is NO transition from 0 rate to non-zero rate the test FAILS and QUITS and returns in TRIGGERABLE_SPE_DAC the largest SPE_DAC tried if there were no zeros found and the smallest SPE_DAC tried if they were all zeros.

8. Set the TRIGGERABLE_SPE_DAC output variable to 2 + the first SPE_DAC setting that gave a Non-Zero value of the SPE rate.

9. Set the SPE_DAC to the TRIGGERABLE_SPE_DAC value.

10. Turn Off Front End Pulser

11. Test algorithm: 

12. If  PEDESTAL_SUBTRACTION = True, first obtain a pedestal waveform for this ATWD/channel: 

a. Take one waveform for the ATWD_CHIP_A_OR_B/ATWD_CHANNEL channel requested with FORCED (CPU) trigger

b. Repeat from step 1.a, WAVES_FOR_PEDESTAL_COUNT +3 times, keeping a waveform that is the sum of all (sample by sample) but excluding the first 3 collected waveforms (idle issue).

c. Divide the resulting sum waveform by WAVES_FOR_PEDESTAL_COUNT to get an average pedestal waveform and keep the result in the pedestal_waveform[128] array.

13. Set Front End Pulser DAC to deliver the signal level given in PULSER_AMPLITUDE_UVOLT using the following:



 Front-End-Pulser-DAC= PULSER_AMPLITUDE_UVOLT*25.0/5000.0 (this uses the ad-hoc knowledge that 25 DAC units produce a 5 mV signal at the front end). If the Front-End-Pulse-DAC > 1023 set Front-End-Pulser-DAC=1023.
14. Turn ON  the front-end pulser.
15. Take LOOP_COUNT waveforms for the ATWD_CHIP_A_OR_B/ATWD_CHANNEL with the SPE- trigger, keeping a sum-waveform to obtain the average waveform ATWD_WAVEFORM_PULSER_SPE [128](that means 128 individual sums, one for each waveform sample). (If a timeout occurs while trying to get a trigger, the test fails and reports back zeros for the amplitude, width, position but it fills the  – ATWD_WAVEFORM_PULSER_SPE if requested- with the average waveform so far collected. Reverse the order of the array so that the samples are time-ordered in the output). 

16. If PEDESTAL_SUBTRACTION = True, subtract pedestal and offset by 100:
ATWD_WAVEFORM_PULSER_SPE[i] = ATWD_WAVEFORM_PULSER_SPE[i] - pedestal_waveform[i] + 100, for all the samples in the waveform.

17. If PEDESTAL_SUBTRACTION = True, set ATWD_WAVEFORM_BASELINE = 100.

18. If PEDESTAL_SUBTRACTION = False, compute the average pedestal value: set ATWD_WAVEFORM_BASELINE = arithmetic mean of the 128 elements in the pedestal_waveform array.

19. Revert the order of the ATWD_WAVEFORM_PULSER_SPE array so that it is now time-ordered.

20.  Find the position of the largest sample in the average waveform. Fill ATWD_WAVEFORM_POSITION with that position (a number between 1 and 128). If the maximum value appears in more that one sample, report and keep the first (earliest- sample number). 

21. Compute the ATWD_WAVEFORM_AMPLITUDE = Maximum sample value in average waveform – ATWD_WAVEFORM_BASELINE.  

22. Compute the half-maximum amplitude as ATWD_WAVEFORM_AMPLITUDE/2 + ATWD_WAVEFORM_BASELINE.

23. Start at the position of the maximum sample and move up until the first sample with a value less than the half-maximum amplitude is found. Save that position. If no value if found to meet this condition save the maximum position=128.

24.  Start at the position of the maximum sample and move down until the first sample with a value less than the half-maximum amplitude is found. Save that position. If no value if found to meet this condition save the minimum position=1.

25. Compute ATWD_WAVEFORM_WIDTH = result from step 11 – result from step 12.

C. Success criteria: 

1. Set TEST_PASS_NOPASS to pass value if ALL of the following are true:

2. 2 < ATWD_WAVEFORM_POSITION < 9

3. 2 < ATWD_WAVEFORM_WIDTH <6

a. ATWD_WAVEFORM_AMPLITUDE is within 50% of its expected value for this gain-channel and this pulser amplitude. The expected value is obtained from (this might change if relative and absolute gains for 3 channels change!!!):
ATWD_EXPECTED_AMPLITUDE =  PULSER_AMPLITUDE_UVOLT * 40.0 / 5000.0 / (8.0 ^( ATWD_CHANNEL)),
as usual use floating point arithmetic.
 
Notes in explanation:

b.  40 is for 40 counts per SPE in High Gain Channel

c. 5000 is for 5000 microvolts per SPE at input

d. 8.0 for the relative gain between channels


4. Needed extensions: 

5.   what about clamped level pulser signals?

6. How about pulses that hit the roof? Make exceptions?
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