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1. Scope

1.1. Purpose

The LAT Performance and Operations Test Plan describes the plan for verification of the Gamma-ray Large Area Space Telescope (GLAST) Large Area Telescope (LAT) under development by the Stanford Linear Accelerator Center (SLAC). This test plan is a living document, the contents of which are updated to reflect any changes to plans that arise during program execution. The initial release of the document will cover up through multi-tower testing during the integration phase.

1.2. Document Overview

This test plan identifies and describes the objectives and requirements for electrical testing to be performed as the subsystems are received and integrated into the LAT and to be performed on the LAT during the integration phase and during the acceptance test phase. The sections of this document and their specific purposes follow.

· Section 1.0, Scope, briefly describes the LAT Performance and Operations Test Plan and its objectives. 

· Section 2.0, Acronyms, defines the acronyms used in this document.
· Section 3.0, Applicable Documents, lists the documents referenced in this plan or that are applicable to the test process.

· Section 4.0, Overview of the LAT.

· Section 5.0, Performance and Operations Test Overview, provides an overview of the electrical tests defined by this document.
· Section 6.0, Test Definitions, describes the individual tests used to verify the LAT during the integration process and during acceptance testing.
· Section 7.0, Test Suites, describes the test suites, when each suite is used, and which tests are to be run during each test suite.

· Section 8.0 EGSE Definitions, describes the EGSE configurations and delineates which configurations are used during which test phases.

2. Acronyms

	ACD
	Anticoincidence Detector

	ADC
	Analog to Digital Converter

	AFEE
	Analog Front End Electronics

	CAL
	Calorimeter

	CDE
	Crystal Detector Element

	CFT
	Comprehensive Functional Test

	CPT
	Comprehensive Performance Test

	CPU
	Central Processing Unit

	CR
	Cosmic Ray

	DAC
	Digital to Analog Converter

	DAQ
	Data Acquisition

	EGSE
	Electrical Ground Support Equipment

	EPU
	Event Processing Unit

	FHE
	Fast High Energy Discriminator

	FLE
	Fast Low Energy Discriminator

	GAFE
	GLAST ACD Front End

	GARC
	GLAST ACD Readout Controller

	GASU
	Global Trigger, ACD, DAQ, and SIG Unit

	GCCC
	GLAST Calorimeter Cable Controller

	GCFE
	GLAST Calorimeter Front End

	GEM
	Global Trigger Electronics Module

	GLAST
	Gamma-ray Large Area Space Telescope

	GTFE
	GLAST Tracker Front End

	GTRC
	GLAST Tracker Readout Controller

	HE
	High Energy

	HVBS
	High Voltage Bias Supply

	I&T
	Integration and Test

	LAC
	Zero-Suppression Threshold DAC

	LAT
	Large Area Space Telescope

	LCB
	LAT Communications Board

	LE
	Low Energy

	LFT
	Limited Functional Test

	LPT
	Limited Performance Test

	LRS
	Low Rate Science Counter

	MCM
	Multichip Module

	MIP
	Minimum Ionizing Pulse

	P&OTP
	Performance and Operations Test Plan

	PDA
	Pin Diode Assembly

	PDU
	Power Distribution Unit

	PHA
	Pulse Height Analysis

	PMT
	Photomultiplier Tube

	SAA
	South Atlantic Anomaly

	SIIS
	Spacecraft Instrument Interface Simulator

	SIU
	Spacecraft Interface Unit

	SLAC
	Stanford Linear Accelerator Center

	SSD
	Silicon Strip Detector

	SVAC
	Science Verification and Calibration

	T&DF
	Trigger and Data Flow

	TACK
	Trigger Acknowledge

	TBD
	To Be Determined

	TEM
	Tower Electronics Module

	TKR
	Tracker

	TOT
	Time Over Threshold

	TPS
	TEM Power Supply

	TREQ
	Trigger Request

	ULD
	Auto-Ranging Discriminator DAC

	VDG
	Van De Graaff

	VG
	Van De Graaff


3. Applicable Documents

This section lists documents that either are referenced in this Test Plan or provide additional information applicable to the understanding of this document. 

Table 3‑1: LAT Project Documents

	Document Number
	Document Title

	NASA 433-SPEC-0001
	Mission System Specification

	NASA 433-IRD-0001
	LAT Instrument – Spacecraft Interface Requirements Document

	NASA 433-SRD-0001
	LAT Science Requirements Document

	LAT-SS-0010
	LAT Performance Specification – Level II(b) 

	LAT-SS-00018
	LAT Calorimeter Subsystem Specification – Level III

	LAT-SS-00019
	LAT Trigger and Data Flow Subsystem Specification – Level III 

	LAT-SS-00017
	LAT Tracker Subsystem Specification – Level III

	LAT-SS-00016
	LAT Anticoincidence Detector Subsystem Specification – Level III

	LAT-SS-00399
	LAT Flight Software Requirements Specification – Level IV

	LAT-TD-00035
	LAT Coordinate and Numbering System

	LAT-MD-00408
	LAT Instrument Performance Verification Plan

	LAT-MD-00446
	Science Verification and Analysis Plan

	LAT-TD-00493
	Mechanical Subsystems Test Plan

	LAT-TD-00786
	LAT Flight Software Test Plan

	LAT-TD-00296
	Electronics Test Plan

	LAT-TD-00191
	Tracker Tower Test Plan

	LAT-TD-00262
	Calorimeter Test Plan

	ACD-PLAN-000050
	ACD Test Plan

	LAT-MD-01533
	LAT I&T EGSE Plan

	LAT-DS-04136
	Van de Graaff and Cosmic Ray Data Runs for LAT Integration

	LAT-TD-04642
	GLAST LAT Tracker Tower Hand-off Electrical Test Plan

	LAT-MD-00575
	SVAC Plan for LAT Integration

	ACD-LIST-000282
	Summary of Test Scripts and Techniques

	ACD-PROC-000270
	GLAST LAT ACD Comprehensive Performance Test (CPT) Procedure


4. Overview of LAT 

This section of the LAT Performance and Operations Test Plan (P&OTP) describes the overall LAT System.

The LAT science instrument (SI) consists of a plastic scintillator Anticoincidence Detector (ACD), a silicon-strip detector tracker (TKR), a hodoscopic CsI calorimeter (CAL), and a Trigger and Dataflow system (T&DF). The principal purpose of the SI is to measure the incident direction, energy, and arrival time of cosmic gamma rays. The measurements are streamed to the spacecraft for data storage and subsequent transmittal to ground-based analysis centers. 

The CAL provides the energy measurements of incident photons and background particles. These measurements, along with the information in the TKR, are used to reconstruct the energy of the incident photons. These CAL Measurements are also critical to the background particle identification and rejection. The CAL provides fast signals to the T&DF system that report significant energy depositions in CAL. The T&DF system analyzes these fast signals to form requests for data readout of GLAST. The CAL responds to T&DF requests by digitizing the energy deposition in the CAL and outputs the data to the T&DF system.
The TKR converts gamma rays to charged particles and precisely measures the path of the charged particles within the TKR. Fast signals from tracks are examined in the T&DF system for likely gamma ray candidates. Once identified, and at the request of the T&DF system, data are read out via the T&DF system. The T&DF system uses the data to assemble particle tracks and, coupled with the ACD and CAL, identify gamma rays. 

The ACD detects energetic cosmic ray electrons and nuclei for the purpose of removing these backgrounds. It is the principle means for detection of that background. This detector array covers the top and four sides of the TKR. It consists of an array of 89 plastic scintillator tiles (25 on the LAT top, 16 on each of the four sides) plus 8 scintillating fiber “ribbons” that cover the gaps between the tiles. Each scintillator tile is read by 2 PMT’s via waveshifting fibers (and in some cases by clear optical extensions.)

The T&DF system provides the functions for data acquisition, instrument control, and housekeeping operations. The T&DF decides whether the instrument should be triggered in response to trigger input information from the detector subsystems. If the instrument is triggered, the T&DF instructs the detector systems to acquire the data for that event and assembles the subsystem fragments into full events for transport to the T&DF processor farm. There the data is filtered for subsequent transmission to the Spacecraft and relay to the ground.
5. Performance & operations Test Overview

Figure 4-1 illustrates the general flow of the testing governed by this plan. 
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Figure 5-1 I&T Test Flow

6. Test Definitions

The test definitions are in three major groups. The first group is the Subsystem Tests that will be ported from the Subsystem test program to be run during LAT level receiving tests and integration, and in some cases later during acceptance testing. The second group is the Integration Tests that are a small set of additional tests to be run on each unit as it is integrated into the LAT. The third set is composed of SVAC, Trigger and Data Flow, and System Interface tests. Many of the functions tested by the subsystem test scripts will be absorbed into the third set of tests, so few if any of the subsystem tests will be performed on the LAT after integration is complete. 

6.1. Subsystem Tests

This set of tests is based on subsystem level tests, and will be ported from the subsystem level testing for use at the LAT level.
6.1.1. TEM/ TEM Power Supply

The TEM/TPS will be tested by DAQ personnel as part of the final acceptance of the TEM/TPS. I&T will witness this test. This test verifies TEM/TPS basic functionality, functionally verifies the interfaces from the TEM to the Calorimeter and Tracker, demonstrates the temperature telemetry capability and tests the voltage outputs (including bias voltages at low, medium and high settings.) 

6.1.1.1. TEM/ TEM Power Interface Check
The primary and redundant interfaces between the TEM/TPS and the GASU shall be functionally tested using a combination of TEM register tests and event data. 

6.1.2. Tracker

The tracker testing is defined as a set of individual tests. The specific tests to be used for each test suite are defined in Section Error! Reference source not found.. The complete set of tracker tests (including those done only at the Tracker Subsystem level) is defined in GLAST LAT Tracker Tower Hand-off Electrical Test Plan (LAT-TD-04642-01)
All testing will use the default register configurations unless otherwise specified in the detailed test description.
6.1.2.1. TE100 – Tracker Turn-on and Power Consumption

The tracker shall be powered on in the default data taking configuration. All housekeeping telemetry (including Tracker related power telemetry from the TEM) should match expected values. The step change in TEM current consumption when the tracker is powered on should match expected values.

6.1.2.2. TE201 - GTRC Configuration Register and Readback

This test is performed to confirm whether the communication with GTRC is functional.

The GTRC chips are sequentially addressed and their configuration registers loaded with a bit pattern.  Each time the register is read back and checked for errors.  The test is repeated with the complement of the bit pattern.  The test then is repeated with a broadcast address for writing the register, followed by sequential readback.

6.1.2.3. TE202 - GTFE Registers Load and Read-Back

This test is performed to confirm whether the communication with GTFE via either GTRC is functional.

The GTFE chips are sequentially addressed via the low-side GTRC and their masks (TRIGGER, DATA, CALIB) and DAC registers are sequentially loaded with a bit pattern.  In each case the register then is read back and checked for errors.  The MODE register then is loaded to switch the chips to the high-side controller and the MODE register is read back via the right GTRC.  The MASK and DAC registers then are loaded with the complement bit pattern and read back via the right GTRC and checked. In both cases the test is repeated loading the bit pattern via a broadcast command and reading it back serially.

6.1.2.4. TE203 – Readout Configuration Test

This test is performed to confirm whether the serial path through GTFE is functional.

The redundancy of the readout configuration is tested by running the same test of the charge injection system for three layer configurations, i.e. i) all GTFEs read out on the low-side GTRC, ii) all GTFEs read out on the high-side GTRC, iii) default configuration with 12 GTFEs on each side. In each configuration all the channels in the layer are enabled for data taking and triggering, and the signal threshold is set high enough to cut out noise; one random channel per GTFE is pulsed with enough charge to cross the threshold. The layer is read out and the channels above threshold are compared with the pulsed one. 

6.1.2.5. TE301 – Gain and Noise Measurement

This test is performed to measure the gain and noise of each channel, which can be used to detect dead and disconnected channels. Noisy channels are not determined by this test.

The calibration DAC is set in each chip to about 1.5 fC injection, and the calibration and data masks are set to select in each layer a set of non-adjacent channels smaller in number than the GTRC buffer size.  The threshold is scanned over a range about 1 fC, with about 100 events per setting taken.  For each setting the occupancy is calculated, and the data are used to fit for each channel the gain and noise.  Channels having too low a gain are listed as dead amplifiers, and channels with a noise comparable with the average noise level from a bare MCM are listed as disconnected strips. The procedure is repeated for different mask settings until all live channels are analyzed. Average and RMS of gain and noise for each GTFE are saved. A list of dead channels including disconnected channels is generated and compared with lists of dead channels generated during previous tests. Changes of the list of noisy channels should be flagged for engineering evaluation and possible modifications to the default trigger and/or data masks. The presence of a response in the pulsed channel verifies presence of the serial path through the GTFE.
For the LPT, the number of channels is reduced to four or more per GTFE, which is sufficient to check GTFE functionality.

6.1.2.6. TE302 – Single Strip Noise Occupancy

This test delineates noisy channels.

The calibration and trigger masks are all disabled and the data masks are opened to all channels. The Calibration DAC is set to 0 (range 0), and the threshold is fixed around a working point value (THR_DAC = 35). 100,000 random triggers, followed by tacks, are issued by the TEM and the single strip noise occupancy (hits/triggers) is recorded. Any channel with the noise occupancy larger than 10-3 is considered as noisy in this test. The count of noisy channels must be within specification (less than 16 noisy channels per MCM). Changes of the list of noisy channels should be flagged for engineering evaluation and possible modifications to the default trigger and/or data masks.

6.1.2.7. TE303 - GTFE Noise Occupancy Scan

In this test, the noise occupancy for each GTFE is measured as a function of the threshold DAC value and the lower limit for the threshold DAC value is obtained.

The data and trigger masks are set to enable all the channels except the noisy channels. The calibration masks are all disabled. The threshold DAC register is scanned over its range 0 in steps, starting from lower values. At each step of the scan random triggers are issued and strips above threshold are readout. At each data point, for each GTFE chip, the average strip noise occupancy is calculated as the ratio of the number of strips above threshold divided by the number of strips enabled in the FE. The threshold gets incremented until a plateau is reached, which is the result of cosmic rays crossing the stack in accidental coincidence with the issued random triggers. The average expected values are a few 10-5 for the occupancy plateau, occurring at a threshold DAC larger than ~30 (range 0). The threshold DAC corresponding to noise occupancy of 10-4 is extrapolated from the plot and shall be lower than a value of 30 DAC (range 0).

6.1.2.8. TE304 - GTFE Trigger Threshold Scan

This test obtains the lower limit for the threshold DAC for each GTFE by measuring GTFE trigger rate as a function of the threshold DAC. 

One GTFE is enabled at a time. The data and trigger masks are set to enable all the channels except the noisy channels. The calibration masks are all disabled. The trigger in the TEM is set to the standard 3-in-a-row self-trigger, enabling the combination of layers that includes the tray under test; the other five missing silicon layers are faked by forcing the corresponding trigger lines in the combination to be always on. The threshold DAC is set at a low value, the TEM LRS counters are monitored and each single GTFE must provide high rate trigger primitives at sufficiently low threshold. The threshold is increased in steps until the trigger rate decreases to cosmic rays levels at a reasonably high threshold. The GTFE rate should be less than 10hz at a DAC setting of 50, and the max GTFE rate should be less than 100 Hz.
6.1.2.9. TE305 - Layer Trigger Threshold Scan

This test obtain lower limit for the threshold DAC for each layer by measuring layer trigger rate as a function of the threshold DAC. 

One layer is enabled at a time. The data and trigger masks are set to enable all the channels except the noisy channels. The calibration masks are all disabled. The trigger in the TEM is set to the standard 3-in-a-row self-trigger, enabling the combination of layers that includes the tray under test; the other five missing silicon layers are faked by forcing the corresponding trigger lines in the combination to be always on. The threshold DAC is set at a low value, the TEM LRS counters are monitored and each single layer must provide high rate trigger primitives at sufficiently low threshold. The threshold is increased in steps until the trigger rate decreases to cosmic rays levels at a reasonably high threshold. The max rate should be less than 2400 Hz at a DAC setting less than 15, and less than 240 Hz at a DAC setting of 50.
6.1.2.10. TE306 - TOT Test

This test confirms the functionality of TOT circuits.

The calibration and data masks in each layer are set to capture data from at most four (smaller than the GTFE buffer size) non-adjacent channels at a time. Enable a subset of non-adjacent channels smaller in number than the GTRC buffer size. The threshold is fixed at value high enough to cut out noise, and the calibration DAC is scanned over its whole range shifting the masks as to cover the entire layer. The TOT values at both GTRCs are recorded for each setting and averaged over all pulsed channels. A fit with a straight line is performed in the linear region (i.e. for the TOT values below the saturation, occurring at 25 s). The slope should be between 1 to 5 µs/fC
6.1.2.11. TE307 – TREQ Check

This procedure confirms the functionality of TREQ system.

All the channels in the layer are enabled, except the known noisy channels. The calibration masks are all disabled. The trigger in the TEM is set to the standard 3-in-a-row self-trigger, enabling the combination of layers that includes the tray under test; the other five missing layers are faked by forcing the corresponding trigger lines in the combination to be always on. The threshold DAC is set at a low value (threshold DAC < 20), the TEM LRS counters are monitored and each layer must provide high rate trigger primitives at sufficiently low threshold. The measurement is repeated at a high threshold value (threshold DAC > 50). The trigger rate should be greater than 2.4 kHz at the low threshold and lower than 240 Hz at the high threshold.
6.1.2.12. TE401 – Self-Triggering Test

This test is performed to confirm the functionality of three-in-a-row trigger system.

The data and trigger masks in the layer are set to enable all channels to be read out except the noisy channels. The threshold is fixed at a value (THR_DAC ~ 35, range 0). The trigger is set to the standard 3-in-a-row self-trigger, enabling all combination of layers. The system is left running for ~10000 events with cosmic rays. Relevant plots (hitmap, event and cluster size distribution, and TOT pulse height distribution) are recorded and checked, before proceeding to long runs data taking for higher level performance tests. The trigger rate for each layer-OR should be greater than 10hz.
6.1.2.13. TE403 - Efficiency, Resolution, and Alignment

In this test, we measure detection and trigger efficiencies for each layer, upper limit of threshold DAC (to retain 99% detection efficiency), makes sure that the tray alignment is not way out of specification.

The trigger is set to the standard 3-in-a-row and all combinations are enabled. Detection efficiency is studied for each layer independently. Cosmic ray data are taken for at least 12 hours. (The data taking is merged with SVAC muon data taking, thus no script conversion is required at the LAT level)The data are analyzed as follows. Tracks are found and fit to straight lines with the layer under study omitted from the pattern recognition. Events are selected with a single, good-quality track. The projection of the track onto the selected layer is calculated, and a search is made for a hit cluster close to the track, if the extrapolation shows that the particle, to high confidence, passed through a live detector region.  The efficiency for finding a hit cluster is calculated from the full data set and recorded for each of the 16 SSDs in the layer. (Note that the tracker level test extends the test compared to the LAT level test. At the Tracker level, the threshold DAC is then varied and the efficiency measurement is repeated until the threshold range 0 has been explored.) The same measurement is then repeated for all the layers in the tracker tower.

For each trigger in the above procedure, the status of all Layer-ORs is recorded, and the efficiency of each Layer-OR is calculated in the same manner as for the data readout.

During the same procedure, when a cluster is found close to the track in the selected layer, its distance from the track intersection is calculated and a histogram of that residual is made on a layer-by-layer basis.  The width of the distribution is a measure of the resolution (with some bias from the track fit), and the mean of the distribution gives an indication of the alignment quality.

The number of triggers registered in every combination of 3 x-y- layers is recorded as to check that every combination works with good efficiency.

6.1.2.14. TE601 – Threshold Calibration

This test obtains the optimum threshold for each GTFE provided that the charge injection system is calibrated.

The calibration DAC is set in each chip to about 1.25 fC (~1/4 MIP) injection, and the calibration and data masks are set to select in each layer a set of non-adjacent channels smaller in number than the GTRC buffer size. The threshold is scanned over a range about 1.25 fC around the nominal value, with about 100 events per setting taken.  For each setting the occupancy is calculated. The procedure is repeated for different mask settings until the data for all channels are taken. The best threshold for each GTFE is determined by a fit to the GTFE average occupancy vs. threshold. Noisy and dead channels as defined in the default configuration file should be excluded from the average.

6.1.2.15. TE602 – TOT Conversion Parameter Calibration

This test obtains conversion parameters from TOT into input charge for each channel provided that the charge injection system is calibrated.

The calibration and data masks are set to select only one channel in each GTRC. The calibration DAC is scanned over its whole range, with about 100 events per setting taken.  The TOT value as a function of injected charge is fit with a quadratic function for each channel. The fit parameters are stored in the SAS calibration database.

6.1.2.16. TE603 – MIP Calibration

This test calibrates the charge injection scale via TOT for each GTFE (or each channel if necessary).

The analysis uses data collected during SVAC runs, thus no LAT level script for data collection is required. Take cosmic ray data for one million events per tower. Measure muon MIP peak for each GTFE and obtain calibration DAC correction factor.

6.1.2.17. TE604 – Threshold Dispersion 

This test is performed to verify the threshold dispersion specification. (TKR Level IV, section 6.3)

The calibration and data masks in each layer are set to capture data from at most four (smaller than the GTFE buffer size) non-adjacent channels at a time.  The calibration DAC is scanned over a range about 1.25 fC around the nominal value, with about 100 events per setting taken.  For each setting the occupancy is calculated, and the data are used to fit for each channel to obtain the threshold in terms of input charge. The procedure is repeated for different mask settings until the data for all channels are taken. This measurement is performed at the timing of the real DAQ TACK timing (TACK ~ 4µs), which gives the threshold for data capture.
6.1.2.18. TE702 – Trigger Jitter Measurement

This test is performed to verify the trigger jitter specification. (TKR Level IV, section 8.8)

The calibration and data masks in each layer are set to capture data from at most four (smaller than the GTFE buffer size) non-adjacent channels at a time. TACK delay is scanned over a nominal leading edge timing range, with about 100 events per setting taken.  For each setting the occupancy is calculated, and the data are used to fit for each channel to obtain the leading edge timing. The procedure is repeated for different mask settings until the data for all channels are taken. The above procedure is performed for the calibration DAC of 2.6 fC and largest charge (~30 fC.) Dead and noisy channels defined in the default configuration file should be excluded. Trigger jitter shall be less than 250 nanosec (range less than 500 nanosec).

6.1.2.19. TE703 – Dead Time Measurement

This test is performed to verify the dead time specification. (TKR Level III, section 5.13)

The threshold DAC values are lowered enough to give a high noise occupancy (e.g. around 50%), and the data masks are set such that the occupancy per layer is roughly what is expected from Monte Carlo simulations of on-orbit background triggers for the tower in each simulated event with the largest number of hits, including the noise occupancy measured in test TE302.  External or solicited triggers are issued at a 1.2 kHz rate with a Poisson distribution in time, the system is read out as in the operational data-taking mode, and the dead time is measured.  The procedure is repeated with a trigger rate of 12kHz. The dead time shall be less than 10% at 12kHz.
6.1.2.20. TE704 - Noise Occupancy with Readout in Progress

This test is performed to verify the noise occupancy specification. (TKR Level III, section 5.12)

The calibration masks are set to simulate a typical high-energy photon conversion in the top converter layer (i.e. resulting in hits in every layer, with relatively high multiplicity in the lower layers), and the calibration DACs are set to inject about 5 fC. 5,000 pairs of events (where a pair of events is a calibration event followed by second trigger request timed to arrive when the tracker is still reading out data) are taken as follows. First, a calibration strobe is broadcast, followed by a trigger request to latch the data. (It is desirable to use trigger request from TKR three-in-a-row when GASU is available.) Then a readout of the data is begun, closely followed by a second trigger request issued before the readout is complete (it is desirable to vary the delay between the read-event command and the second trigger request). Then the second event is read out and the procedure repeated.  For each channel the occupancy from the triggers taken during readout is calculated and plots are made layer by layer.  For each event the trigger Layer-OR signals also are read and all possible 3-in-a-row trigger coincidences are calculated.  The individual Layer-OR occupancies are calculated from the full event sample of triggers taken during readout, and the same is done for the coincidences. Dead and noisy channels are excluded. The average noise occupancy shall be less than 10-4. 
6.1.3. Calorimeter

The Calorimeter testing is defined as two suites of testing. Section 6.1.3.1 defines these suites and the list of scripts used to capture and/or process test data.  Section 6.1.3.2 provides the definition of the scripts.
6.1.3.1. Calorimeter Test Suites

The suites are a comprehensive functional test (CFT), and a limited functional test (LFT). These suites are defined to run on individual Calorimeter modules.
6.1.3.1.1. Calorimeter Comprehensive Functional Test

The CAL Comprehensive Functional Test (CFT) Suite is defined in LAT-MD-01370.  In general, the CFT provides verification of functionality or performance, and characterization of CAL settings, rather than detailed calibrations of the controlling DACs.  These simplified performance and characterization constants are then made available for trending analysis.

The tests included in the CFT are sufficient to: 

· verify full functionality of all CAL registers and proper communication with the TEM,

· measure pedestal centroids and widths,

· verify the stability of the optical bonds for all CDEs,

· measure the electronic gain, linearity, and integral non-linearity of each GCFE,

· characterize the low and high energy (FLE and FHE) discriminators,

· characterize the zero-suppression (LAC) threshold DAC,

· characterize the auto-ranging (ULD) discriminator DAC,

· estimate event deadtime,

· verify functionality of the overload recovery circuitry.
The CFT shall be comprised of the following tests in the listed order:

1. CALU_INIT:
Initialize the Calorimeter.

2. CALF_EXR_P01: 
Exercise registers.

3. CALU_INIT: 
Initialize the Calorimeter.

4. CALF_PEDESTALS_CI: 
Compute pedestals.

5. CALU_INIT: 
Redefine pedestal file.

6. CALF_MU_OPTICAL: 
Collect cosmic muon data under CAL self-trigger
7. CALF_MU_TREND
Analyze muon data for changes in relative optical performance.

8. CALF_SHP_P01: 
Calibrate slow shaper and determine optimal charge-injection Tack time delay under Timed Readout.

9. CALF_GAIN_P01: 
Calibrate relative electronic gains with charge injection.

10. CALU_INIT: 
Redefine relative gain table.

11. CALU_COLLECT_CI_SINGLEX16: 
Collect charge injection.

12. CALF_ADC_P02:
Analyze data from charge injection to determine front-end integral non-linearity and noise
13. CALU_COLLECT_CI: 
Measure front-end integral non-linearity and noise with charge injection.
14. CALF_ADC_P05: 
Evaluate front-end droop.

15. CALU_COLLECT_CI_SINGLEX16: 
Collect charge injection.

16. CALF_TRG_P01: 
Test CAL-LO and CAL-HI trigger enable/disable with charge injection.

17. CALF_TRG_P04: 
Characterize FLE and FHE trigger times.

18. CALF_TRG_P03: 
Characterize FLE and FHE DAC settings with charge injection.

19. CALF_SUPP_P01: 
Characterize LAC DAC settings with charge injection.

20. CALF_SUPP_P02: 
Determine lowest effective LAC DAC settings.

21. CALU_INIT: 
Redefine LAC table, setting LAC to its lowest effective setting.

22. CALF_RNG_P01: 
Characterize ULD DAC settings with charge injection.

23. CALF_OVR_P01: 
Evaluate overload recovery with charge injection.
24. CALF_DTM_P01: 
Estimate event dead-time with charge injection.

6.1.3.1.2. Limited Functional Testing

The LFT suite shall include the following test steps.  As defined herein, they are executed sequentially on a single CAL Tower Module.  The tests included in the LFT are a subset of those in the CFT.  In addition, some of the tests themselves are abbreviated forms of the test in the CFT.

The tests included in the LFT are sufficient to verify the following: 

· Proper communication between TEM and CAL at nominal voltage and frequency.

· Functionality of all bits of all CAL registers.

· Stability of pedestals and pedestal noise in all four ranges of each GCFE.

· Stability of the optical contact of all LE and HE photodiodes.

Limited Functional Testing shall provide verification of selected elements of the electrical function of the AFEE and TEM electronics. The LFT shall be comprised of the following tests in the listed order:

25. CALU_INIT: 
Initialize calorimeter.

26. CALF_EXR_P01: 
Exercise registers.

27. CALU_INIT: 
Initialize calorimeter.
28. CALF_PEDESTALS_CI: 
Compute pedestals.

29. CALU_INIT: 
Redefine pedestal file.

30. CALF_MU_OPTICAL: 
Collect cosmic muon data under CAL self trigger.

31. CALF_MU_TREND:
Analyze muon data for changes in relative optical response

6.1.3.2. Calorimeter Test Scripts

6.1.3.2.1. CALU_INIT: Initialize the Calorimeter

The CAL initialization script shall be executed to ensure that the CAL is powered and begins the functional test in defined configuration.

The CAL initialization script can also be used to ensure that the CAL returns from the register exerciser in the proper command configuration. In addition, the most recent pedestal table and ADC to energy conversion table shall be loaded into the analysis environment to ensure that the analysis tools begin with the most up to date performance summary tables.

6.1.3.2.2. CALF_EXR_P01: Exercise registers.

A set of patterns shall be written to and read from all CAL registers to verify that the registers are properly functioning. All bits of nearly all AFEE and GCCC read/write registers shall be exercised in all eight broadcast configurations. The GCCC configuration register requires the “Controller output enable bit” to be set. Certain fields in some registers are designed to read back fixed settings. This behavior is tested as part of the read back verification logic. In this test, read-only registers are queried only as needed to support read/write register testing.

6.1.3.2.3. CALF_PEDESTALS_CI: Compute pedestals.

Pedestals for all energy ranges in all gain settings shall be computed by generating solicited triggers with zero charge injected. The pedestal is given by the centroid of a Gaussian fit to the observed ADC values from triggers at each gain setting.

Both the centroid and the width of the Gaussian shall be recorded for trending analysis. The pedestal value will be used in subsequent functional tests whenever conversion to energy units is required.

6.1.3.2.4. CALF_MU_OPTICAL: Check optical response with muons.

The stability of the optical bonds shall be monitored with sea-level muons. A collection of 10 minutes of muons is adequate to establish that the relative gain of the Plus and Minus PDAs (both LE and HE photodiodes) of each CDE has not changed more than 10%.
6.1.3.2.5. CALF_SHP_P01: Calibrate slow shaper and determine optimal charge-injection Tack time delay under Timed Readout.

The LE and HE slow shaping amplifier outputs shall be mapped and the optimal Tack time delay for charge injection pulses under Timed Readout shall be determined.
6.1.3.2.6. CALF_GAIN_P01: Calibrate relative electronic gains with charge injection.

The electronic gain of all gain settings for each energy range shall be calculated from charge-injection pulses that are below saturation in the highest  gain setting. The mean pedestal-subtracted pulse shall be calculated in each gain setting. The Tack delay shall be set to the optimal delay for Timed readout computed in this functional test suite. The pedestals subtracted shall be those calculated during  this functional test suite.
The relative gains of all LE gain settings and all HE gain settings shall be recorded for trending analysis.
6.1.3.2.7. CALU_COLLECT_CI_SINGLEX16: Charge injection collection.

Data to support determination of the integral linearity of the LEX8 energy range will be obtained with charge injection data. Charge shall be injected simultaneously into a limited number of GCFE chips to minimize the bias introduced into the linearity measurement by cross talk between neighboring GCFEs.
6.1.3.2.8. CALU_COLLECT_CI: Charge injection collection.

The integral linearity of all energy ranges shall be measured with charge-injection data. To speed the test, charge shall be injected simultaneously into all GCFE chips, but this injection is known to introduce a bias in the observed ADC values from cross talk between neighboring GCFEs. Data from this test shall therefore never be used to generate a calibration of the linearity; instead the best measurement of the linearity shall be made as part of the SVAC data analysis.
The charge injection data shall be analyzed to determine the maximum integral non-linearity and noise in each energy range. A linear least-squares fit shall be performed to the mean pedestal subtracted ADC value at each pulse amplitude, and the maximum deviation from the linear model shall be determined and expressed as a fraction of the maximum unsaturated ADC value. The rms width of the ADC value at each pulse amplitude shall be calculated; this is a measure of the noise in each channel as a function of pulse amplitude (although it contains a contribution from the charge-injection system).

The slope of the linear fit, the maximum deviation from the linear fit, the mean noise in each range, and the maximum noise (i.e. maximum rms width) shall be recorded for trending analysis.
6.1.3.2.9. CALF_ADC_P05: Evaluate droop.

The amount of GCFE track-and-hold droop between the first and last readout shall be measured with charge injection pulses. 

The mean ADC value for each charge injection setting and readout order shall be calculated. The droop is then defined to be the ratio of the mean ADC value at each readout order to the mean ADC value when that energy range is read out first.
6.1.3.2.10. CALF_TRG_P01: Test CAL-LO and CAL-HI trigger enable/disable with charge injection.

The functionality of the FLE and FHE trigger primitives of each GCFE shall be tested with charge injection pulses. For each GCFE and trigger source (FLE/CAL-LO and FHE/CAL-HI) in sequence, the discriminator shall be enabled, charge shall be injected, and the LRS counters inspected to determine if the CAL-LO or CAL-HI trigger has been processed.
6.1.3.2.11. CALF_TRG_P03: Characterize FLE and FHE DAC settings with charge injection.

The pulse amplitudes at which the FLE and FHE discriminators fire shall be characterized with charge injection. This characterization is distinct from a calibration in that only a small number of DAC settings are examined.
6.1.3.2.12. CALF_TRG_P04: Characterize FLE and FHE trigger times.

The time delay between pulse injection and the appearance of the FLE trigger primitive in the diagnostic data shall be characterized with charge injection.

This process shall then be repeated for the FHE DAC.
6.1.3.2.13. CALF_SUPP_P01: Characterize LAC DAC settings with charge injection.

The pulse amplitudes at which the Log-Accept discriminators fire shall be calibrated with charge injection. This is not a calibration because only a subset of the LAC DAC settings is examined.

The output of this process is a table of correspondence between the LAC DAC setting and LEX8 ADC bin number in the nominal flight gain (“lac2adc”).
6.1.3.2.14. CALF_SUPP_P02: Determine lowest-effective LAC DAC settings.

The lowest LAC DAC setting for which pedestals are excluded shall be determined for each channel. This setting is therefore the lowest for which the LAC functions effectively as zero suppression. Noisy channels are detected and recorded.
6.1.3.2.15. CALF_RNG_P01: Characterize ULD DAC settings with charge injection.

The correspondence between the Upper Level Discriminator (ULD) DAC setting and the ADC value at which the range selection is made shall be characterized with charge injection. This is a characterization rather than a calibration, because only a subset of the ULD DAC settings is examined. 
6.1.3.2.16. CALF_DTM_P01: Verify compliance with event deadtime requirement.

An estimate of the event deadtime shall be calculated using charge injection. The total number of solicited triggers, the total number of events read out, and the total LRS dead time counter accumulation from the TEM shall be logged. The average dead time is then given by the ratio of the total LRS data time to the total number of events read out.
6.1.3.2.17. CALF_OVR_P01: Test functionality of overload recovery using charge injection.

The operation of the active overload recovery shall be verified using charge injection pulses. Data from solicited triggers with null charge injection that follow immediately after solicited triggers with maximal injected charge may be inspected for evidence of incomplete baseline restoration. 
6.1.3.2.18. CALF_ADC_P02: Analyze charge-injection data to determine front-end integral non-linearity and noise 
The data from CALU_COLLECT_CI_SINGLEX16 shall be analyzed to determine the maximum integral nonlinearity and noise in each energy range. A linear least-squares fit shall be performed to the mean pedestal subtracted ADC value at each pulse amplitude, and the maximum deviation from the linear model shall be determined and expressed as a fraction of the maximum unsaturated ADC value. The rms width of the ADC value at each pulse amplitude shall be calculated; this is a measure of the noise in each channel as a function of pulse amplitude (although it contains a contribution from the charge-injection system).

The slope of the linear fit, the maximum deviation from the linear fit, the mean noise in each range, and the maximum noise (i.e. maximum rms width) shall be recorded for trending analysis. 
6.1.3.2.19. CALF_MU_TREND: Analyze muon data for changes in relative optical performance. 

A sensitive test for changes in the PDA optical bond quality can be made from the ratio of LE diode signals from the Plus and Minus faces and the LE/HE ratio at each of the Plus and Minus faces. The diode ratios – LE(Plus)/LE(Minus), LE(Plus)/HE(Plus), and LE(Minus)/HE(Minus) – shall be calculated from the pedestal subtracted ADC values in the LEX8 and HEX8 ranges. Pedestal values shall be taken from the recent CAL_PEDESTALS_CI test.

The three diode ratios for each CDE shall be recorded for trending analysis.

All energy ranges with no ADC values at least 10 pedestal-sigma above the pedestal shall be recorded as “dead” in the Dead Range table. If this test finds no such ranges in the Module under test, a null Dead Range table shall be created.

6.1.4. GASU

TBD

6.1.5. EPU

TBD

6.1.6. SIU

TBD

6.1.7. PDU

TBD

6.1.8. ACD 

6.1.8.1. Initial Current Measurements

6.1.8.2. GARC Registers Initial Reset Test

6.1.8.3. Initial GAFE Logic Reset Test (18)

6.1.8.4. Power Consumption Tests

6.1.8.5. GARC/GAFE Register Read/Write Tests (multiple small scripts)

6.1.8.6. Parity Error Detection by GARC

6.1.8.7. Maximum PHA Return Test

6.1.8.8. PHA Enable/Disable Test

6.1.8.9. PHA Threshold Test

6.1.8.10. GAFE Register Tests (18)

6.1.8.11. GAFE Broadcast Command Verification

6.1.8.12. Characterization of GAFE chips (18, A interface only)

6.1.8.13. GAFE BIAS_DAC Calibration

6.1.8.14. GAFE Hold Delay Optimization using TCI

6.1.8.15. GAFE HitMap Delay Test

6.1.8.16. GAFE VETO Calibration (using GASU hardware scalers)

6.1.8.17. GAFE Noise Test (using GASU hardware scalers)

6.1.8.18. GAFE HLD Calibration (using GASU hardware scalers)

6.1.8.19. GAFE Discriminator Enable/Disable Test (using GASU hardware scalers)

6.1.8.20. GAFE TCI Regular Range Tests

6.1.8.21. GAFE TCI High Range Tests

6.1.8.22. GAFE Parity Error Test

6.1.8.23. HitMap Width Test

6.1.8.24. HitMap Deadtime Stretch Test

6.1.8.25. VETO and ADC Crosstalk Test

6.1.8.26. ADC Start Time (TACQ) Test

6.1.8.27. TCI Comparison of VETO, Hitmap, and PHA

6.1.8.28. HVBS and PMT Aliveness

6.1.8.29. HVBS DAC Commands and HV Monitor Differential Drivers

6.1.8.30. SAA/HV Normal Modes

6.1.8.31. PMT Aliveness

6.1.8.32. Test of Look-At-Me Circuitry

6.1.8.33. VETO and HLD output (B interface only, using GASU hardware scalers and CNO map in event data)

6.1.8.34. Test of Hardware Scalers with realistic VETO signal rates

6.1.8.35. ACD-Triggered Operation

6.1.8.36. Pulse Height Spectra

6.1.8.37. Test of Software Scalers with ACD Trigger

6.1.8.38. Pedestal Test with Random and/or Periodic Triggers

6.1.8.39. ACD TDA Data Collection Test (8-10 hours for this test)

6.1.8.40. ACD Self-Trigger Configuration

6.1.8.41. Charged Particle Collection

6.1.8.42. ACD Clock Variation Test

6.2. Integration Tests

The following list defines tests that will be executed during the integration testing that are in addition to the previously defined subsystem tests or that are modifications from the previously defined subsystem tests.

6.2.1. CAL to TEM/TPS Integration Tests

An interface verification test shall be performed on the TEM/TPS and on the Calorimeter prior to integration of these two assemblies. The interface verification test shall demonstrate that the pinouts comply with the interface control documents.
The calorimeter receiving test shall be performed after the calorimeter and the flight TEM/TPS are integrated.

6.2.2. Tracker to Tower Integration Tests

An interface verification test shall be performed on the Tracker prior to integration. The interface verification test shall demonstrate that the pinouts comply with the interface control documents.

The tracker receiving test will be performed after the tracker is integrated with the flight TEM/TPS and calorimeter. 
6.2.3. GASU Integration Tests

An interface verification test shall be performed on the GASU prior to integration. The interface verification test shall demonstrate that the pinouts comply with the interface control documents.

TBD tests will be performed after the GASU is integrated.
6.2.4. PDU Integration Tests

An interface verification test shall be performed on the PDU prior to integration. The interface verification test shall demonstrate that the pinouts comply with the interface control documents.

TBD tests will be performed after the PDU is integrated.

6.2.5. SIU Integration Tests

An interface verification test shall be performed on the SIU prior to integration. The interface verification test shall demonstrate that the pinouts comply with the interface control documents.

TBD tests will be performed after the SIU is integrated.

6.2.6. EPU Integration Tests

An interface verification test shall be performed on the EPU prior to integration. The interface verification test shall demonstrate that the pinouts comply with the interface control documents.

TBD tests will be performed after the EPU is integrated.

6.2.7. ACD Integration Tests

An interface verification test shall be performed on the ACD prior to integration. The interface verification test shall demonstrate that the pinouts comply with the interface control documents.

TBD tests will be performed after the ACD is integrated. 
6.2.8. Heater Control Box Integration Tests

An interface verification test shall be performed on the Heater Control Box prior to integration. The interface verification test shall demonstrate that the pinouts comply with the interface control documents.

TBD tests will be performed after the Heater Control Box is integrated.

6.3. Tower Tests

6.3.1. Functionality vs Clock Frequency
The Tracker and Calorimeter LPT will be performed at three clock frequencies. The frequencies are low (14 Mhz), nominal (20MHz) and high (22MHz). The nominal frequency test may be covered during the normal CPT or LPT with the clock at the nominal frequency.
6.4. Trigger and Data Flow Tests

6.4.1. Start-Up Tests

6.4.1.1. Main Feed Power-Up Test

Starting from a position with no power on the LAT, the SIIS is used to turn on the main feeds to the LAT.  The results of powering the main feeds are monitored via the discrete analog signals sent back from the LAT to the SIIS and must be within nominally established limits.  Both primary and redundant feeds and primary and redundant PDUs must be tested.

6.4.1.2. SIU/EPU Power-Up Test

Starting from a position with the LAT main feeds powered, the SIIS is used to turn on the power to the SIU. The results of powering the SIU are monitored by the SIIS. The SIU, in turn, powers up the EPUs. The results of powering the EPUs are monitored by the SIU. Powering up the SIU/EPU will result in the power-on reset circuitry initiating a cold primary boot procedure. Establishment of 1553 communications (in the case of the SIU) or LCB communications (in the case of the EPU) and a primary boot success message issued over the communication channel indicates successful completion of the primary boot procedure. Boot housekeeping telemetry (TBR) should be within expected ranges. This test needs to be performed on all crates
, exercising both primary and redundant power feeds. Analog signals from the LAT to the SIIS must be within established limits. 

6.4.1.3. SIU/EPU Warm Boot, via Hardware Reset

Once the success of the SIU/EPU Power-Up Test is established, the hardware reset lines can be tested. Upon receiving a reset signal, all crates execute the warm primary boot procedure. Success is as indicated by the same criteria in the EPU/SIU Power-Up Test except normal housekeeping telemetry will be available and should be within expected ranges. All primary and redundant resets to all crates must be tested.

6.4.1.4. SIU/EPU Warm Boot, via Watchdog Timer Expiration

Using special software in the SIU/EPU, the hardware watchdog timer will be allowed to expire, initiating a warm boot. Success of this procedure is indicated by the same criteria as in the EPU/SIU Power-Up Test except normal housekeeping telemetry will be available and should be within expected ranges.  In addition, the reboot diagnostic area should show that the reboot was caused by a watchdog timer expiration.

6.4.1.5. SIU/EPU Cold/Warm, via Command

A 1553 message (SIU) or a LCB command (EPU) will be issued instructing the target CPU to execute either a warm or cold reboot. Success of this procedure is indicated by the same criteria as in the EPU/SIU Power-Up Test except normal housekeeping telemetry will be available and should be within expected ranges. In addition, the reboot diagnostic area should show that the reboot was caused by command. 

6.4.1.6. LAT Power On

The remainder of the LAT is powered up.  The success is determined by monitoring the LAT housekeeping stream, checking that all voltages and currents are acceptable.

6.4.1.7. LAT Configuration

Once the LAT has been successfully powered up, the LAT must be configured using the default settings. This involves loading registers not already configured during power-up sequencing. These are primarily the registers of the subsystems Front-End-Electronics. Success is determined by reading back the configuration and matching it against expectations.

6.4.2. Trigger Test
6.4.2.1. TREQ Timing Alignment

This test verifies the timing alignment and jitter for each GEM trigger input by examining its arrival time at the GEM with respect to a  reference trigger. It is performed at the subsystem level and at LAT level, both on the ground and on orbit.
At the subsystem level, to measure the TREQ alignment of individual Towers or ACD tiles, the LAT will be configured to trigger on an external muon telescope along with TKR, CAL-LO, CAL-HI, and ACD ROI in a logical OR.  The GEM condition arrival time for each trigger is measured, and the mean and jitter are computed.  Because only a fraction of FHE thresholds can be set low enough to trigger on muons, the arrival time of CAL-HI is collected for informational purposes only.  For the ACD, this test may be performed prior to integration of the ACD.
To test the TREQ alignment of the ACD after it is integrated into the LAT, the LAT will be configured to enable only the undelayed TKR trigger to open the GEM window (i.e. trigger on TKR).  With all ACD tiles grouped into ROIs, and a fixed delay applied, the GEM ROI condition arrival time will be measured and the arrival time associated with its proper tile by inspection of the GEM Veto list.
To measure the TREQ alignment of TKR and CAL at the LAT level, the LAT will be configured to enable only the undelayed ACD ROI to open the trigger window, and the GEM condition arrival time for TKR, CAL-LO, and CAL-HI will be measured.  CAL thresholds will be set to values near their noise floor (note again that CAL-HI arrival time is not reliably measured on the ground).

On orbit, the consistency of the TKR, CAL-LO, and CAL-HI condition arrival times will be measured with heavy cosmic rays and high energy photons (i.e. those that deposit at least a few times the FLE or FHE threshold energy).  Similarly, the consistency of the TKR and ACD ROI condition arrival times will be measured for selected cosmic rays (lower Zs are useful for ACD timing).
In particular, we expect that eight TKR and CAL Modules will be TREQ-aligned by the subsystem-level test, with the external muon telescope trigger.  A portion of the ACD tiles will be TREQ-aligned with the muon telescope prior to the integration of the ACD.  After integration, the full ACD will be TREQ-aligned using the undelayed TKR trigger reference, and the optimal values compared against the previously aligned tiles.  Finally, the TKR and CAL will be TREQ-aligned using the ACD trigger reference, and the optimal values compared against the previously aligned Towers.
6.4.2.2. Subsystem TACK Delay Test

This test determines the optimal trigger output (TACK) delay for each subsystem.  It is performed at the subsystem and LAT level, the latter both on the ground and on orbit.
At the subsystem level, to determine the optimal TACK delay  for individual Towers or ACD tiles, the LAT trigger masks will be configured to trigger on the external muon telescope or the TKR, as appropriate. The TACK delays for TKR, CAL, and/or ACD PHA (as appropriate) will be scanned over the applicable range simultaneously.  The optimal TACK delay will be determined by analysis of the pulse heights for the CAL and ACD and hit multiplicity for the TKR.  
As part of the TACK delay scan for the ACD, the hit map latching delay and stretch width parameters will be scanned to optimize the data latching efficiency.  This optimization needs to be checked for the range of ACD TREQ alignment settings expected for different tests. This test may be performed prior to integration with the LAT, in which case the trigger source may be either the muon telescope or ACD ROI.
At the LAT level, after the ACD is integrated, the TACK delay for ACD PHA, TKR, and CAL will be optimized with the LAT configured to trigger on TKR.  Again, the optimal TACK delay will be determined by analysis of pulse heights for CAL and ACD PHA and hit multiplicity for TKR.
For tests on orbit, the trigger will be the TKR in coincidence with the ACD CNO to provide a modest rate of medium cosmic rays, and TKR in coincidence with ACD ROI prescaled to provide a modest rate of protons and helium.  The event data will be analyzed off line to select clean cosmic ray tracks and identify their charge, from which the TACK optimization can be derived.

We expect the following test flow.  The TACK optimization of the first eight TKR and CAL Modules will be performed by the subsystem-level test, with TKR trigger.  The ACD hit map latching delay and stretch optimization will be performed with the ACD ROI trigger and the ACD TACK optimization with ROI trigger, prior to the integration of the ACD.  After integration, the TACK delay for the ACD PHA, TKR, and CAL will be optimized using the TKR trigger reference, and the optimal values compared against the previously optimized Towers.

6.4.2.3. FLE Muon Scan
This test determines the optimal setting for the FLE to support muon data taking.  An optimal FLE setting allows the CAL to generate an essentially unbiased muon event sample without excessive contribution from noise triggers.  This test is performed at the LAT level.
The FLE noise floor for each GCFE will be estimated by examining the LRS counter rate as the FLE threshold is scanned over the relevant range.  The threshold will then be set several FLE DAC steps above the noise floor (each step is ~1 MeV).  After a trial threshold is chosen, FLE-triggered muon data will be collected with TEM trigger diagnostic data readout enabled.  CAL layer ends that generate excessively high trigger rates may be identified from the TEM diagnostic data and excluded from further tests.  
If disabling entire CAL layer-ends would result in a muon distribution with unacceptably large bias, the search for hot FLE triggers can be extended to identify individual hot log ends.  For this study, additional muon collections are required, in which single CDEs in each hot layer are enabled in series, one at a time.

6.4.2.4. Trigger Efficiency

This test determines the LAT trigger efficiency.  It is performed at the LAT level.  Ground tests of trigger efficiency are performed with sea-level muons.  On-orbit tests are performed with photon and cosmic ray events.
This test will simultaneously activate TKR, CAL-LO and ACD triggers to collect data with the LAT. Offline analysis will use a subset of the triggers to select unbiased event samples for testing the efficiency of the trigger not used in the selection.  
To test the TKR trigger efficiency, events will be selected requiring CAL-LO trigger with the threshold set to trigger on muons (for ground test).  Tracks will be imaged with CAL and ACD, and the expected hit towers will be compared with the TKR trigger vector in the GEM.

To test the CAL trigger efficiency, events will be selected requiring the TKR trigger.  Extrapolated TKR tracks will be compared to the CAL-LO and CAL-HI vectors in the GEM.  CAL-HI efficiency can be measured only on orbit.
To test the ACD trigger efficiency, events will be selected requiring the TKR trigger, and the ACD ROIs will be defined as for flight.  Extrapolated TKR tracks will be compared to the GEM veto list.
The efficiency test runs will be run at two different GEM trigger window widths to verify the trigger latching coincidence has reached asymptotic level.  
For on-orbit verification of the trigger efficiency, the same process will be followed, but the CAL-LO threshold will be raised to the flight-nominal value (~100 MeV).  
6.4.2.5. 
 
6.4.2.6. ACD Veto Efficiency Test

This test verifies functionality and efficiency of the ACD Veto.  It is performed at the LAT level with muons for ground test and cosmic ray events on orbit.
The LAT will be configured to trigger on CAL-LO with the threshold set to trigger on muons (for ground test) in logical OR with TKR vetoed by ACD ROI.  Extrapolated TKR tracks of events triggered by CAL LO give an unbiased muon population from which to find the leakage rate of TKR triggers not vetoed by the ACD ROI or possible false vetos.  
ACD Trigger Rate Test

This test maps the ACD single-tile trigger rate and searches for hot trigger channels.  It is performed at the LAT level on the ground and on orbit.
The LAT will be configured to trigger on ACD ROIs, with ROIs created from groups of ACD tiles on the same plane.  Prescaling to reduce the rate to an acceptable value for readout is permitted.  The trigger rate from each tile will be mapped from the GEM veto list and hot trigger tiles identified as outliers.
This test will be repeated at intervals on orbit to verify that the hot tile list has not changed.
GEM Self-Integrity Tests
These tests verify consistency between event data and trigger vectors.  They are performed at the LAT level on the ground and on orbit.
Data from the Trigger Efficiency Test will be analyzed to check the consistency between (a) the Condition Summary word versus the TKR, CAL, and ROI vectors, (b) the condition arrival times versus the TKR, CAL, and ROI vectors, (c) the TKR and CAL event data and the TKR and CAL vectors, (d) the Veto list and the ROI, and (e) delta event time, delta window time, livetime, prescaled event, and discarded event statistics counters.
GEM Trigger Engine Test

This test verifies the trigger engines.  It is performed at the LAT level on the ground and on orbit.
Each trigger engine in succession is set to the periodic trigger for a given period of time.  The trigger count for each engine is then compared to the expected count.  This test can also be performed on orbit with flight trigger configurations by rotating the trigger logic definitions among the engines and verifying consistency over time. 
ACD Channel Uniformity Test

This test measures the GEM condition arrival time of ACD ROI and HLD (CNO) signals with charge injection, and verifies the GEM ACD veto list channel map.  This test can be performed either before or after the ACD is integrated into the LAT.  Verification through EGSE software (LATTE 4) shall be sufficient; FSW is not required.
Charge will be injected one tile at a time, and the GEM ROI condition arrival time will be measured and the GEM Veto list verified against the injected tile.  Charge will then be injected at maximum level one tile at a time, and the HLD threshold lowered sufficiently to trigger.  The CNO condition arrival time will be measured and the hit list verified.
6.4.3. Data Handling Tests

The detailed test definitions listed below provide the definitions of the tests as run on the fully integrated LAT. VG and CR Data Runs for LAT Integration (LAT-DS-04136) defines the specific test cases that will be run in that configuration, and in addition, defines the specific test cases that will be run at various stages during integration. 
6.4.3.1. Baseline CR

This test captures cosmic ray data with the LAT at nominal temperature, voltage, timing, and thresholds, and standard data taking configuration
, and thus provides a baseline LAT response.
6.4.3.2. Condition Scan CR

This test captures cosmic ray data with variations in LAT operating parameters. Operating parameters that are varied TKR thresholds, and TKR readout configuration.  Each condition should be varied independently, while all other conditions are held at nominal.  

6.4.3.3. Baseline CR trigger sub-tests

This test captures cosmic ray data with variations in LAT trigger settings. All other settings are the same as the Baseline CR test. The trigger configurations that are tested are TKR alone and  CAL-low alone.  

6.4.3.4. Nominal-rate CR

This test captures cosmic ray data under nominal conditions with the addition of solicited-condition triggers to raise the rate. Set the triggers so the data system runs at 1 kHz, 5 kHz, 10 kHz, and 20 kHz. NOTE: The data system and EGSE
 can not write out all the events at these rates.  Therefore, a simple filter selection will be run on the EPUs, requiring a TKR, CAL-low or CAL-high trigger plus a pass-through of 1%-10% (TBR) prescaled computer-generated triggers.

6.4.3.5. Nominal-rate condition scan CR

Same as Condition Scan CR test, but with solicited trigger rates of 10kHz.
6.4.3.6. Baseline CR data volume sub-tests

The same as the Baseline CR, but switches off CAL digital zero suppression to exercise the system over all levels of data volume loading.  

6.4.3.7. Nominal-rate CR data volume sub-tests

The same as Nominal-rate CR test, but turn off CAL zero suppression to exercise the system at nominal rates over all levels of data volume loading.  Four-range readout should be configured to acquire CAL events with information on all four-range settings. Use only the 10kHz overlay rate.
6.4.3.8. VDG two-rate tests

Run the VDG to collect 1 million (TBR) events at mean trigger rates of 100 Hz and 1 kHz (rates TBR). This test can be accomplished using either the VDG alone or the low-rate VDG mixed with solicited condition triggers as described above. This test is to be performed only on the first single tower in the test grid.
6.4.3.9. Deliberate Introduction of errors (TBR)
A class of these tests which introduce deliberate transport errors can be accomplished with the flight LAT by setting configuration registers that reverse the expected parity. To the extent that one expects the bit streams to produce the expected parity, this technique will artificially induce errors. This technique can be applied wherever the T&DF moves information including command/response, trigger and event information. There is more flexibility in the Test Bed for inducing cable level errors, since one can construct cable level bit streams containing these errors at any desired duty cycle.
6.5. SVAC Data Collection

The SVAC data collection covers charge injection data and muon data. This data is analyzed off line to characterize and calibrate the LAT. Muon data collection runs are to be preceeded by the SVAC Charge injection tests defined below unless the configuration under test has been previously calibrated and that calibration has been determined to be valid.
6.5.1. SVAC Charge Injection Collection

The charge injection data collection events for the Tracker are:

· TE601 – Threshold calibrations (see 6.1.2.14)

· TE602 – TOT conversion parameter calibrations (see 6.1.2.15)

· TE604 – Threshold dispersion (see 6.1.2.17)

The charge injection data collection events for the Calorimeter are briefly summarized below. More details are available in CAL Electronic and Muon Calibration Suite Definition (LAT-MD-04187).
· Script CalibGen determines flight gains

· Script CALIBDAC determines thresholds with charge injection
· Script MUTRIG determines operational thresholds with muons

These scripts will be the basis for testing at the LAT level, but will be replaced by equivalent data collection and processing using flight software capabilities as the integration proceeds.

6.5.1.1. CalibGen
For each GCFE, the calibGen suite provides calibration of the electronic gain and integral nonlinearity of all four energy ranges. Data shall be taken in several configurations such that the distortion induced in the four energy ranges by the FLE and FHE discriminator firing may be measured and accounted for in subsequent energy calibrations. The suite shall be comprised of the following test procedures:
1. CALU_INIT:  Initialize the Calorimeter.

genFLEsettings_ADC:  Generate FLE DAC settings corresponding to ~10 MeV.

2. CALU_INIT:  Load FLE DAC settings table.

CALF_COLLECT_CI_SINGLEX16:  Determine front-end integral non-linearity and noise with charge injection.  Muon gain.  Set FLE DACs to maximum.  Pulse LE only.

CALF_COLLECT_CI_SINGLEX16:  Determine front-end integral non-linearity and noise with charge injection.  Muon gain.  Set FLE DACs to ~10 MeV.  Pulse LE only.

CALF_COLLECT_CI_SINGLEX16:  Determine front-end integral non-linearity and noise with charge injection.  Muon gain.  Set FLE DACs to maximum and Tack delay to allow trigger diagnostics.  Pulse LE only.

CALF_COLLECT_CI_SINGLEX16:  Determine front-end integral non-linearity and noise with charge injection.  Muon gain.  Set FLE DACs to ~10 MeV and Tack delay to allow trigger diagnostics.  Pulse LE only.

CALF_COLLECT_CI_SINGLEX16:  Determine HE front-end integral non-linearity and noise with charge injection.  Muon gain.  Set calibration gain on.  Set FHE DACs to their maximum value.  Pulse HE only.

CALF_COLLECT_CI_SINGLEX16:  Determine HE front-end integral non-linearity and noise with charge injection.  Muon gain.  Set calibration gain off.  Set FLE and FHE DACs to maximum.  Pulse HE only.

genFLEsettings_ADC:  Generate FLE DAC settings corresponding to ~20 MeV

6.5.1.2. CalibDAC

For each GCFE, the calibDAC suite provides calibration of the relative electronic gain of all four energy ranges, the FLE and FHE discriminator settings, the LAC discriminator setting, and the range ULD settings.  The calibration is performed in the flight gain settings.  The suite is comprised of the following test procedures.

3. CALU_INIT:  Initialize the Calorimeter.

CALF_PEDESTALS_CI:  Compute pedestals.

CALU_INIT:  Redefine pedestal table.

CALF_GAIN_P01:  Calibrate electronic gains with charge injection.  Generate relgain table.

CALU_INIT:  Redefine relgain table.

CALF_TRG_P03:  Calibrate FLE and FHE DAC settings with charge injection.  Generate fle2adc and fhe2adc tables.

CALF_SUPP_P01:  Calibrate LAC DAC settings with charge injection.  Generate lac2adc table.

CALF_RNG_P01:  Calibrate ULD DAC settings with charge injection.  Generate uld2adc table.

6.5.1.3. muTrg

The goal of the muTrg suite is to calibrate the FLE DAC settings with muons.  The suite is comprised of the following test procedures.

4. CALU_INIT:  Initialize the Calorimeter.

CALF_TRG_P03:  Characterize the FLE DAC settings with charge injection (if required by WOA).

genFLEsettings_ADC:  Generate FLE DAC settings corresponding to ~10 MeV.

CALU_INIT:  Load appropriate FLE DAC setting and trigger mask.

CALU_COLLECT_MU:  Collect muons under CAL self-triggered readout.  Set FLE DACs to ~10 MeV.  Enable even columns of even rows and odd columns of odd rows.

CALU_INIT:  Load appropriate FLE DAC setting and trigger mask.

CALU_COLLECT_MU:  Collect muons under CAL self-triggered readout.  Set FLE DACs to ~10 MeV.  Enable odd columns of even rows and even columns of odd rows.

genFLEsettings_ADC:  Generate FLE DAC settings corresponding to ~20 MeV.

CALU_INIT:  Load appropriate FLE DAC setting and trigger mask.  Set FLE DACs to ~20 MeV.  Enable even columns of even rows and odd columns of odd rows.

CALU_COLLECT_MU:  Collect muons under CAL self-triggered readout.

CALU_INIT:  Load appropriate FLE DAC setting and trigger mask.  Set FLE DACs to ~20 MeV.  Enable odd columns of even rows and even columns of odd rows.

CALU_COLLECT_MU:  Collect muons under CAL self-triggered readout.

CALU_INIT:  Restore FLE DAC setting and trigger mask to initial values.

6.5.2. SVAC Muon Collection

The muon data collection settings and durations are defined in Van de Graaff (VG) and Cosmic Ray (CR) Data Runs for LAT Integration (LAT-DS-04136). These tests occur after the time settings and operational settings for the integrated tower have been determined. Note that some tracker tests (TE403 – Efficiency, Resolution and Alignment, and TE603 – MIP Calibration) are performed by analysis on this muon data rather than a separate data collection. 
6.6. System Interface Tests

TBD

7. LAT Test Suites

The LAT test suites are collections of tests run at various times during the integration and test operations. For example, the LAT comprehensive performance test (CPT) suite is the set of tests run after the LAT is fully integrated, at specific times during thermal vacuum test, and at the end of the environmental test sequence. The individual tests defined above may be part of several of the test suites. The LAT test suite definitions are shown in Table 7-2 LAT Test Suite Definitions. The tests to be run at each execution of each test suite are shown in Table 7-1. Note that the term test suite is used at various levels to define a collection of tests. For example, the Calorimeter has a comprehensive test suite that in turn becomes part of the single tower CPT.

The CPT is a full test series which verifies the performance of the LAT. The limited performance test (LPT) is a subset of the CPT used to verify health and functionality. 

Table 7-2 LAT Test Suite Definitions

	LAT Test Suite
	Definition/Discussion

	Receiving tests
	Post delivery CPT to verify health of Tracker, Calorimeter, TEM/TPS, GASU, EPU, SIU and PDU before integration into the LAT

	Cal/TEM/TPS Integration
	Testing during integration of the TEM and TPS to the Calorimeter.

	GASU Integration Tests
	Tests run during integration of the GASU

	PDU Integration Tests
	Tests run during integration of the PDU

	SIU Integration Tests
	Tests run during integration of the SIU

	EPU Integration Tests
	Tests run during integration of the EPU

	ACD Integration Tests
	Tests run during integration of the ACD

	Heater Control Box Integration Tests
	Tests run during integration of the Heater Control Box

	Thermal Control System Integration
	Verifies heaters, thermistors, thermostats

	Tracker LPT in test bay
	Optional test to check the Tracker after installation in the test bay and before integration with the TEM/TPS (uses Tracker portion of the Test Bay Detector LPT)

	Test Bay Detector LPT
	Limited performance test of the tower installed in the test bay

	Test Bay Detector CPT
	Comprehensive performance test of the tower installed in the test bay

	Test Bay SVAC
	Calibration Data Collection on a single tower in the test bay

	Test Bay ETE
	Data flow tests on a single tower in the test bay

	Single tower in Grid Detector LPT
	Limited performance test of the tower installed in the grid

	Single tower in Grid  Detector CPT
	Comprehensive performance test of the tower installed in the grid

	Single tower in Grid  SVAC
	Calibration Data Collection on a single tower in the grid

	Single tower in Grid  ETE
	Data flow tests on a single tower in the grid

	Multiple tower in Grid Detector LPT
	Limited performance test of  multiple towers installed in the grid

	Multiple tower in Grid  Detector CPT
	Comprehensive performance test of multiple towers (4 or more) installed in the grid

	Multiple tower in Grid  SVAC
	Calibration Data Collection on multiple towers  in the grid

	Multiple tower in Grid  ETE
	Data flow tests on  multiple towers  in the grid

	Two tower in Grid CPT
	Comprehensive performance test of  two towers installed in the grid


Table 7-1 Test Case vs Phase

	
	
	Receiving Tests
	Integration Tests
	Test Bay
	Single Tower in Grid
	Multiple Towers in Grid

	Group
	Test Title
	TEM/TEMPS
	Calorimeter
	Tracker
	GASU
	PDU
	SIU
	EPU
	ACD
	CAL/TEM/TEMPS
	GASU
	PDU
	SUI
	EPU
	ACD
	Heater cntl Box
	Detector LPT
	Detector CPT
	SVAC
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	T&DF Tests
	LAT Configuration
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	T&DF Tests
	GEM Timing Alignment
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	X
	
	
	
	
	
	
	
	7
	

	T&DF Tests
	Subsystem TACK Delay
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	X
	
	
	
	
	
	
	
	7
	

	T&DF Tests
	FLE Muon Scan
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	X
	
	
	
	
	
	
	
	
	

	T&DF Tests
	Trigger Efficiency
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	X
	
	
	
	
	
	
	
	7
	

	T&DF Tests
	Trigger Window Test
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	X
	
	
	
	7
	

	T&DF Tests
	Baseline CR
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	6
	
	
	
	
	
	
	
	7
	

	T&DF Tests
	Condition Scan CR
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	6
	
	
	
	
	
	
	
	7
	

	T&DF Tests
	Baseline CR trigger sub-tests
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	6
	
	
	
	
	
	
	
	7
	

	T&DF Tests
	Nominal-rate CR
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	6
	
	
	
	
	
	
	
	7
	

	T&DF Tests
	Nominal-rate condition scan CR
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	6
	
	
	
	
	
	
	
	7
	

	T&DF Tests
	CAL nominal-rate CR
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	T&DF Tests
	Baseline CR data volume sub-tests
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	6
	
	
	
	
	
	
	
	7
	

	T&DF Tests
	Nominal-rate CR data volume sub-tests
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	6
	
	
	
	
	
	
	
	7
	

	T&DF Tests
	VDG two-rate tests
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	6
	
	
	
	
	
	
	
	
	

	T&DF Tests
	Deliberate  Introduction of errors
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	System Interface Tests
	TBD
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


8. EGSE Definitions

The definitions of the EGSE below are to aid in understanding of this test plan. Details of the EGSE are available in LAT I&T EGSE Plan (LAT-MD-01533).

The receiving tests for Tracker and Calorimeter are run using a test stand with an X board, with bench power provided to the EGSE TEM/TPS.
The Cal/TEM/TPS integration and tower integration into the test bay are tested with a test stand that provides GASU functionality and provides bench power to the flight TEM/TPS.
When the towers go into the grid, they are first tested with the same test set defined above. When the towers are electrically connected to the LAT, tests are performed with a test stand that provides power to the EM or flight PDU, and GASU functionality is provided using either an EM or a flight GASU.



1-The LPT version of this test is abbreviated 


2-See SVAC definition (below) for these tests


3-Partial test with no threshold variations, data processing on SVAC muon runs


4-Data processing on SVAC muon runs


5-First tower only


6-First tower only


7-With 2 tower test only, cases per LAT-DS-04136








� There are five crates, two SIUs and three EPUs.


� The configuration includes, but is not limited to the trigger setup, GTRC splits, discriminator thresholds etc.


�  Electrical Ground Support Equipment






Hard copies of this document are for REFERENCE ONLY and should not be


considered the latest revision beyond.
 

Hard copies of this document are for REFERENCE ONLY and should not be


considered the latest revision beyond.
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