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�	Introduction


This document is intended as starting point for SXV3 diagnostic software development.  It is a hardware engineers view of system testing.  The scope of this document will be limited to the front end hardware from the detector ladders and SVX3 integrated circuits to the Fiber Interface Boards as shown in Fig. 1 below.  The individual components within this sub-system are: Silicon detector ladders (the source of the data ), SVX3 ICs (usually mounted on a ladder), Port Cards containing Dense Optical Modules (DOIM) and Digital to Analog Converter/Decoder/ Regulator ICs (DDR), junction boxes , Fiber Interface Board Transition Modules (FIB_TM), and Fiber Interface Boards (FIB).  The first section of this document will have the test descriptions in approximately the order that they would be applied in a test stand.  The second section will describe the order tests of interest in an experiment situation.  The last section will contain additional information about each test to provide the details needed to implement the tests.  An appendix follows with a list of acronyms used in this document.
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	Description of Test Stand Tests.


The tests described here are system level tests.  Board level tests should be described in the specifications for each board.  The order of these tests will be appropriate in the test stand environment.  The system components are assumed to have been already been tested successfully individually.  It is assumed that there will be a progression of testing from prototype to individual testing to system testing and that along that route, known working or “golden parts” will be identified and tracked.  This will provide the operator with comparison and reference parts during design verification and problem diagnosis.


	Level 1 Tests: DDR/Port Card


These tests will begin to exercise the control circuitry from the FIB to the DDR and will confirm basic connectivity in the DDR.  They do require the data path back from the port card to the FIB to be operational.  They can detect and identify some data path problems.





Level 1-A  -  DDR Control Line and DOIM Transmitter Test 


Exercise the Control Out lines and use the four DDR bits (BUS0 - BUS3) that can be read back into the FIB to test the connectivity of the DDR chip.  The DOIM enable bit must be toggled and the input data to the FIB will be in the range of 000 - 00F.  This test must be run intermittently to keep heat rise in the DOIM chip acceptable. 





Level 1-B  -  Initialization Bit Stream Test 





Run various initialization bit streams around the top neighbor/bottom neighbor loop and look for incorrect data in the returning bit stream.  Figure 2 shows the top neighbor/bottom neighbor loop around the detector chips.
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 The initialization bit stream is used to set the mode and operation of the front end and is typically run once when the front end setup needs to change.  The bit stream is generated in a DDR by loading the TN bit with C_Data bit to set and clear the top neighbor signal in the pattern desired.  FE_CLK moves the bits around the SVX chip loop and, if configured, the DDR can pass the incoming bottom neighbor (BN) signal back to the FIB on the BUS3 signal.  A couple of tests with a small set of bit patterns should be used to test this loop and check for gross errors.  A complete test of all the bit patterns ( 2 ^ 183) might take a while.








Level 2 Tests: Front End/Back End (without Calibrate)


These tests will expand testing into the control circuitry in the SVX chips.  They need to set various modes in the front end using the initialization bit stream so the initialization bit stream test should have been run successfully. 





Level 2-A  -  First Readout Test 


Check all the fixed information from read out data.  Set the SVX3 chips to read-all mode and load known chip ID patterns.  Run digitize and readout cycles.  Verify all the chip ID bytes and channel IDs.  This will identify problems in individual SVX3 chips.  Ignore data or use it for background noise measurements.


Expand test by setting sparse mode, all chips set for last chip and the thresholds set for least count.  All chips should read out even with sparse mode because they all are “last”.





	Level 3 Tests: Front End/Back End (with Calibrate)


Now the readout data is examined, though only to check for existence or “within bounds” rather than precise content.  The system components are still being screened for problems as part of the tests.


Level 3-A  -  Second Readout Test 


The front ends will be driven with a large calibrate signal and the sparse logic exercised to test channel masking.  Configure the SVX3 chips for sparse readout and set the threshold at ½ maximum.  This will involve two DACs in the SVX3 chips but, beyond setting those DACs, the read back data values can still be ignored as long as they are present.  Load unique calibrate enable patterns for the channels in each chip and execute calibrate/digitize/readout with the maximum calibrate signal.  Only the enabled channels should readout and the pattern of channels that readout should match the calibrate enable patterns.  Vary calibrate enable patterns to verify correct operation on all channels and chips.


Level 3-B -  Calibration Test  #1


Look for “in bounds” data from a calibrate cycle. Load the calibrate DAC in the DDR (signals DAC0-2) to a known value.  Set the SVX3 chips for read all mode and command a calibrate inject with the CAL_SR command.  Analyze the data to look for dead or out-of-calibration channels.  Vary the DDR calibrate DAC value.


Expand this test by setting sparse mode and varying the calibrate DAC value and the threshold values. 





Level 3-C  -  Calibration Test  #2


Use the power supplies as calibration inputs. Set the DDR to output the power supply voltages one at a time.  Command a CAL_SR to digitize those voltages and readout to check for data values within limits.  Calibrate enable masks can be used and varied in this test also.





	Level 4: Front End/Back End (with External Input)





At this level, the emphasis shifts from detecting errors to grading.  The components are basically good and useful.  Now the readout data is processed to characterize parts for use in actual data taking.  Level 4 tests will not be described in this diagnostic document.





	Troubleshooting during data collection.





An important result of the prototype and debugging process should be a troubleshoot diagram that can provide guidance in diagnosing problems during data collection.  Also some diagnostic routines should be part of normal operation during gaps in data collection.  Calibrations test #2 (level 3-C) should probably be run occasionally to ensure that the power supplies are operations within bounds.  This will exercise enough of the system to also detect many other front end problems.  There should be more suggestions and discussions.??


�
	Test Technical Descriptions.


The individual specifications for the system components mentioned in this document are most easily accessed through the ESE web page at http://www-ese.fnal.gov/eseproj/svx/default.htm.


Helpful specification documents are the FIB Module, FIB Transition Module, SVX 3 IC Device Specifications, SVX3 IC Design Notes, Test Port Card (TPC), DDR IC and General System Test Module.  The SVX software page is also useful.





Recommended additional reading include: A Beginner's Guide To The SVXII Readout Electronics Project, System Specifications, and the Dense Optical Interface Module Specifications.





Test Setup.


Common operations which occur in several or all of the tests are described here.  Note that the FIB clock comes from FIB Fan Out board (FIB_FO).  It can be supplied by external circuitry or a FIB_FO but the FIB will not operate without this clock.





Direct control of the DDR bits on the port card is exercised through the FIB DDR Command Register.  Direct read-back of a DOIM data word is available through the FIB DOIM read-back register.  Using this register for quantities of data will be inefficient because of the per transfer overhead. (Level 1-A test)





Generation of a initialization bit stream is started by loading the FIB download FIFO with the bit-stream and then issuing an initialization command to the FIB micro-sequencer.  The configuration stream data is read back through the FIB G-Link Output FIFO.  This FIFO is large enough to hold all the data or all the initialization bits from all the channels of the maximum number of SVX3 chips (16) on one HDI twice.  The initialization bit stream definition is in the SVX3SPEC document. (Level 2-A test and initialization for other tests.)





SVX3 chip calibrate, readout and digitize/readout operations are micro sequenced steps generated by the FIB and initiated by VME writes to the FIB VME command register or through the FIB_FO command FIFO. The modes of the front and back ends of the SVX3 chips must be setup with an initialization bit stream and then the DDR command and clock lines are manipulated to perform the function in the front end. As an example, for a calibration, the initialization stream should set the front and back end modes. The calibration output level is set and its output enabled on the DDR. Then a digitize & readout cycle is performed and the data clocked back to the FIB where it can be processed. (Level 2 & 3 tests.)





FIB read-back of quantities of DOIM data is done using the FIB G-link output FIFOs because all the front end data is processed automagically by the FIB pipeline processor.  Note that the pipeline processor must be set up (pedestal and gain values and end chip ID) before reading data.  Additional information consisting of header and end-of-record frames are added to data stream by pipeline processor.  The pedestal and gain values of the pipeline processor can be set such that the incoming front end data is unchanged after passing through the FIB to allow examination of the raw data.  (Level 3 tests)





An API has been developed for FIB board diagnostics and it can be the basis for the software diagnostics described in this document because the FIB is the master controller in this sub-system.  This API can simplify diagnostic development and use.  More information on all the API calls can be found through the ESE web page.  The key API calls used in these diagnostic tests will follow the test step descriptions and be enclosed in brackets.([]).  One simplification in this document will shorten the FIB command procedure.  The total procedure would be the sequence fib_VmeCommandEnable(), fib_ManualStrobeEnable(), fib_VmeCommandWrite(), fib_VmeCommandStrobe() but this will be abbreviated as VmeCommandWrite().  There will be a common boiler plate of calls used to set up a FIB before use.  An example of this code is in Appendix B. 





	Detailed Test Descriptions.





Level 1-A  -  DDR Control Line and DOIM Transmitter Test 


This will require writing to the FIB DDR command register to cause it to write bits directly into the DDR.  A DDR must be enabled and then patterns written to BUS0 - BUS 3 bits using the four XXX_RST commands.  These DDR bits are enabled onto the Port Card HDI using BUF_EN command.  The data is read back on the FIB data inputs and checked for correct levels.  Additional information can come from the RESET command because this will set these four DDR bus bits high.  The DDR control line test will check for gross functionality from the FIB control circuitry, through the Port Card control circuits and the DOIM transmitter back to the data inputs of the FIB board.  This test should be done quickly and not statically to minimize heat rise in the DOIMs. 


Select and enable a DDR using direct DDR control through the FIB. [fib_PortCardControlRegWrite()]


Enable FIB read back of DOIM data. [fib_DoimOutputEnable()]


With direct DDR control load the reset bit.  It will self clear. [fib_PortCardControlRegWrite()]


With direct DDR control load the DRV_EN and BUF_EN bits, read the FIB DDR data register and then clear at least the DRV_EN bit. [fib_PortCardControlRegWrite(), fib_DoimRead()]


The BUS0 through BUS3 bits in the read word should be high (0x0f).


With direct DDR control clear the four bits (COMP_RST, RAMP_RST, CNTR_RST, and RREF_RST) individually and read the DDR as above. [fib_PortCardControlRegWrite(), fib_DoimRead()]


The BUS0 through BUS3 bits in the read word should change corresponding to the commands.





Level 1-B  -  Initialization Bit Stream Test 


The DDR top neighbor signal goes into the first SVX chip in the loop and reappears back out the bottom neighbor pin on that chip.  That signal goes to the top neighbor pin of the next SVX chip and continues on until all the chips have seen the bit stream.  The last bottom neighbor output is readable through the DDR chip as BUS0 by using the command SVX3_RB.  The number of bits sent depends on the number of SVX3 chips in the loop (NumChips * 184 bits/chip).  If the stream clock is (FE_CLK) continued for twice the number of bits in the loop, all the bits are clocked all the way around the loop and can be completely read back into the FIB.  Any change in the received bit pattern compared to that sent indicates a problem in that loop.  All five DDRs on a port card are tested individually.  The SVX chips do not have latches on all of the bits of this initialization stream.  The channel mask setup of a particular chip depends on the bits within the chips shift register when the clock stops.  This test will not look for functionality in the SVX chips, however, only fidelity of the initialization bit stream.  The process of this test should be:


Load the FIB pedestal and gain values so that the incoming data will not be modified, in other words, set to zero. [ fib_PedRamWriteBlock(), fib_CalcRamWriteBlock()]


Configure a DDR using direct DDR control through the FIB.  Enable the DDR and SVX3_RB. [fib_PortCardControlRegWrite()]


Load the bits of the initialization bit stream into the FIB download FIFO.  There should be twice the number of bits needed for the number of SVX chips attached to the DDR. [fib_DownloadFifoWrite()]


Issue an INIT command to the FIB micro-sequencer to shift the initialization stream to the front end. [VmeCommandWrite()]


Readout the FIB G-Link Output FIFO and extract the BUS3 bit stream from all the data words.  Compare that data to what was loaded into the download FIFO. [fib_UploadFifoRead()]


Change patterns and test again.  Two to four patterns should be able to detect most errors.  The SVX3 IC designers say that the chip cannot be damaged by any bit patterns in the initialization bit stream.


Level 2-A  -  First Readout Test 


The initialization bit stream is used to setup the SVX chips to read all mode and the chip IDs are loaded with known bit patterns.  Then a read is executed.  The data is ignored, or used for noise data, and the chip IDs and the channel IDs are checked for correct pattern and order.  Correctness of all ID bits can be checked with a few patterns or an extensive test will exercise all possible bit combinations.


This test can be expanded to begin to include the sparse logic by setting sparse mode, all chips set for last chip and the thresholds set for least count All chips should read out even with sparse mode because they all are “last”.


Setup the FIB and DDR to load the initialization bit stream as in test 1-A above. 


Generate an initialization bit stream that sets the chip IDs to known values and sets read all mode.  The size of the bit stream will depend on the number of chips connected to the DDR.


Load the bits of the initialization bit stream into the FIB download FIFO. [fib_DownloadFifoWrite()]


Issue an INIT command to the FIB micro-sequencer to shift the initialization stream to the front end.  Assertion of the CAL_STRB signal must be part of this command or it must be manually toggled to latch all the control bit signals. [VmeCommandWrite()]


Issue a READOUT command to the FIB micro-sequencer. [VmeCommandWrite()]


Readout the FIB G-Link Output FIFO and extract the chip ID and channel # from the data words.  Compare to what was expected. [fib_UploadFifoRead()]


Change ID numbers and test again.  Two to four patterns should be able to detect most errors.  Change DDRs to test all the front end chips.


Expand this test by:


Generate an initialization bit stream that sets the chip IDs to known values and sets sparse mode (i.e.  not read all mode) and the last chip bit.  Also set the threshold and pedestal values to a least count value.  The read out data should still include all chips and channels.





Level 3-A  -  Second Readout Test 


The initialization bit stream is used to setup the SVX chips to sparse mode and the chip IDs are loaded with reasonable bit patterns.  In the bit stream, the threshold and pedestal values are set to a mid range value.  The channel masks in the first 128 bits of each SVX3 IC’s initialization stream are set to a known pattern to test for crosstalk and problem channels.  Then a calibrate cycle is run with a large signal level and a digitize and read is executed.  The channels that have been enabled should send data and the disabled channels should not.  Correctness of the mask logic can be checked with a few patterns to look for major errors.  All channels should be tested on and off at least once..


Setup the FIB and DDR to load the initialization bit stream as in test 1-A above. 


Create an initialization bit stream that sets the chip IDs to known values, enables calibration, and clears read all mode.  Create a pattern of channel masks in the mask portion of the bit stream.  Also set the threshold and pedestal values to a mid count value.  The size of the bit stream will depend on the number of chips connected to the DDR.


Load the bits of the initialization bit stream into the FIB download FIFO. [fib_DownloadFifoWrite()]


Issue an INIT command to the FIB micro-sequencer to shift the initialization stream to the front end.  Assertion of the CAL_STRB signal must be part of this command or it must be manually toggled to latch all the control bit signals. [VmeCommandWrite()]


Set up the DDR for a maximum calibration level.  Set DAC0 through DAC3 and SEL0&1. [fib_PortCardControlRegWrite()]


Issue DIGITIZE & READOUT commands to the FIB micro-sequencer. [VmeCommandWrite()]


Readout the FIB G-Link Output FIFO and extract the chip ID and channel # from the data words.  Compare to what was expected. [fib_UploadFifoRead()]


Change channel masks and test again.  Two to four patterns should be able to detect most errors.  Change DDRs to test all of the front end chips.


Level 3-B  -  Calibration Test  #1


The DDR calibrate DAC is set to a known value.  Set the SVX3 chips for read all mode and command a calibrate inject.  Analyze the data to look for dead or out-of-calibration channels.  Vary the DDR calibrate DAC value.  Try sparse mode and vary the calibrate DAC value and the threshold values to see channels come and go. 


As above, setup the FIB and DDR to load an initialization bit stream for calibrate, read all and known threshold and pedestal values.  Enable all channels in the mask bits.


Set up the DDR for a known calibration level.  Set DAC0 through DAC3 and SEL0&1. [fib_PortCardControlRegWrite()]


Issue DIGITIZE & READOUT commands to the FIB micro-sequencer. [VmeCommandWrite()]


Readout the FIB G-Link Output FIFO and process the data words.  Determine average and range of readings and compare readings to range of acceptable values. [fib_UploadFifoRead()]


Change calibration level and test again.  All sixteen levels should be tested.  Change DDRs to test all of the front end chips.





Level 3-C  -  Calibration Test  #2


Use the front end to digitize the power supply voltages one at a time.





As above, setup the FIB and DDR to load an initialization bit stream for calibrate, read all and known threshold and pedestal values.  Enable all channels in the mask bits.


Set up the DDR multiplexer to select a power supply sample.  Set SEL0&1. [fib_PortCardControlRegWrite()]


Issue DIGITIZE &READOUT commands to the FIB micro-sequencer. [VmeCommandWrite()]


Readout the FIB G-Link Output FIFO and process the data words.  Determine average and range of readings and compare readings to range of acceptable values for the supply. [fib_UploadFifoRead()]


Change power supply and test again.  All three supplies should be tested.  Change DDRs to test all of the front end chips.








	APPENDICES





A1	Acronyms


BE_CLK - Back End Clock.  Paces the operation of the digital portion of the SVX3 IC.


BN - Bottom Neighbor.  Part of the initialization path among SVX3 ICs.


DAC - Digital to Analog Converter.  Create an analog voltage proportional to the digital input.


DOIM - Dense Interconnect Module.  Fiber data link from SVXII to the FIB sub racks.


DDR - Digital to Analog Converter/Decoder/ Regulator ICs.  Multi-purpose chip that controls several SVX3 ICs.


FE_CLK - Front End Clock.  Paces the operation of the analog portion of the SVX3 IC.


FIB - Fiber Interface Board.  Buffer/processor for front end data before it goes on to the VRB.


HDI - High Density Interconnect.  The data path between the SVX3 ICs and the DDRs and DOIMs on the port card.


IC - Integrated Circuit (i.e. chip).  Digital logic component.  Can contain some analog circuitry.


SVX - Silicon Vertex Detector.  Didn’t know? Go directly to jail.  Do not collect ………….


SVXII - The second version of the Silicon Vertex Detector for the upcoming Run II.


SVX3 - Silicon Vertex Detector chip version 3.  Mounted on the detector ladders. 


TN - Top Neighbor.  Part of the initialization path among SVX3 ICs.








A2	FIB setup code





Kerry supplies code for level 2-A test.
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