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1 Related Documents and Drawings

1.1 Applicable documents
The following documents are part of this document to the extent specified herein. If not explicitly stated otherwise, the latest issue of the document is valid.
	AD01
	Integration and Test Plan for APP 

	AD02
	APP Project Plan

	AD03
	APP Requirements Document

	AD04
	APP Computing Management Plan (ALMA-05.11.60.01-001-A-PLA)

	AD05
	Commissioning and Science Verification Plan (ALMA-05.11.10..01-001-A-PLA)

	AD06
	Back End ICD         ALMA-05.11.10.00-50.00.00.00-A-ICD

	AD07
	Site ICD                  ALMA-05.11.10.00-20.00.00.00-A-ICD

	AD08
	Correlator ICD        ALMA-05.11.10.00-60.00.00.00-A-ICD

	AD09
	Computing ICD      ALMA-05.11.10.00-70.00.00.00-A-ICD

	AD10
	General Safety Design Specification (ALMA-10.08.00.00-003-B-SPE)

	AD11
	System Technical Requirements (ALMA-80.04.00.00-005-B-SPE)

	AD12
	System Electrical Design Requirements (ALMA-80.05.00.00-005-C-SPE)

	AD13
	System Electromagnetic Compatibility (EMC) Requirements (ALMA-80.05.01.00-001-B-SPE)

	AD14
	Product Assurance Requirements (ALMA-80.11.00.00-001-D-GEN)

	AD15
	Environmental Specification (ALMA-80.05.02.00-001-B-SPE)

	AD16
	Operations Plan (ALMA-00.00.00.00-002-A-PLA)

	AD17
	Seismic Design Specifications for ALMA-AOS and ALMA-OSF (SYSE-80.10.00.00-002-B-REP)

	AD18
	ALMA Interface Management Plan (ALMA-80.07.00.00-001-D-PLA)

	AD19
	Mark6 Users Manual (draft)

	AD20
	APP Optical Fiber Link system design (ALMA-05.11.40.01-0001-A-DSN)

	AD21
	Phasing Interface Card Manual (ALMA-05.11.31.05-0001-A-MAN)

	AD22
	2013-12-13-PIC Sequence Nrs short.xls (https://deki.mpifr-bonn.mpg.de/@api/deki/files/4486/=2013-12-13-PIC_Sequence_Nrs_short.xls)

	AD23
	2014-05-31-NRAO APP Misc Cales.xlsx( https://deki.mpifr-bonn.mpg.de/@api/deki/files/4487/=2014-05-31-NRAO_APP_Misc_Cables.xlsx)


1.2 Acronyms
A list of the acronyms used in this document is given below.

6U-PWR
6-U Power Card

9U-PWR
9-U Power Card

ALMA
Atacama Large Millimeter Array

ATR
Acceptance Test Report
CAN
Controller Area Network

CC

Correlator Card
CCC
Correlator Control Computer

CDP
Correlator Data Processing Computer
CDR
Critical Design Review

CVS
Concurrent Version System (software revision control system)

DMC
ACA DTS-R Monitor & Control Computer

DPI
Data Port Interface

DRX
DTS Receiver Module 
DTS
Data Transmission System

DVM
Digital Volt Meter

FA

Final Adder

FPGA
Field Programmable Gate Array

GUI
Graphical User Interface

ICD
Interface Control Document

IPT

Integrated Product Team

LTA
Long Term Accumulator

LRU
Line Replaceable Unit

LVDS
Low Voltage Differential Signaling

NRAO
National Radio Astronomy Observatory
OPS
One PPS Distributor Board
PAS
Provisional Acceptance on Site

PLL
Phase Locked Loop

QCC
Quadrant Control Card

SC

Station Card

SCC
Station Control Card

TE 

Time Event (a 48 millisecond ALMA-wide timing signal)

TFB
Tunable Filter Board
TLC
TTL to LVDS Converter Board
2 Introduction
2.1 Purpose and Scope
This document describes procedures for doing hardware-based system tests of the ALMA Phasing Project (APP) Correlator Upgrades at the AOS and reports the results thereof.  See the Integration and Test Plan for APP for a description of test philosophy.
2.2 Integration and Test Plan Overview
The purpose of the ACRV tests is to verify that the delivered hardware, firmware and FPGA personalities meet their requirements.  The verification will entail visual inspections, electrical and electronic tests and computer-based tests.  The flow of the testing will include:

1. Verify a safe operating environment for the equipment (electrical, thermal, personnel)

2. Visual inspection of installed components to assure they are installed correctly
3. Electronic tests when applicable to verify signal characteristics

4. Verification that correct firmware and FPGA personalities are installed

5. Connectivity tests to assure reliable connections between installed modules

6. Performance tests to assure that the equipment is performing according to the specifications.

A broader overview of the test plan is included in the Integration and Test Plan [AD-01].
2.3 Detailed Test Procedures and Results
2.3.1 Overview

For the AcRv tests, the equipment will be configured as described in the Site ICD (ALMA-05.11.10.00-20.00.00.00-A-ICD).  Testing is accomplished by several means including COTS meters, probes and oscilloscopes, and built-in tests.  Details for individual tests are provided in the sections below.  Most of the testing was conducted by Alejandro Saez and Rich Lacasse in June of 2014.
2.3.2 Assumptions

· The baseline correlator and associated HVAC is functional.
· The rack space and power requested in the Site ICD is available.

· Support from ALMA personnel as requested is available

2.3.3 Electrical Infrastructure Tests

Procedure:  Prior to installing APP hardware verify that voltages supplied by the ALMA infrastructure are within safe operating limits.  For the GPS receiver verify the AC voltage where the receiver is to be plugged in is between 200 and 240 VAC.  For the PICs, verify that the voltages at the connector from the ATX supply that provides power to the PIC are all within tolerance.  The connector voltages present on this connector are shown in Figure 2‑1.  Voltages should be within 5% of nominal, open-circuited.
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Figure 2‑1.  Location of voltages on PIC power connector.
Result:  Voltages were measured by ALMA personnel prior to APP personnel arrival.  The ALMA personnel reported that all voltages were well within tolerance.  There are no APP requirements related to these voltages.  The measurements are included as a matter of good practice.
2.3.4 Testing New Signals Provided to the Correlator
2.3.4.1 Visual Inspection

Procedure: Two new signals, Maser 1-PPS and GPS 1-PPS are provided to the Correlator by the Phasing Project.  Visually verify that the Maser and GPS cables are installed per the cable list [AD-23] and the Site ICD [AD-07].  
Result:  The signals were found to be correctly installed.
2.3.4.2 Electronic Verification

2.3.4.2.1 Testing the Maser 1-PPS Signal Amplitude
Procedure:  The Maser 1PPS signal will be available at the correlator-room end of the cable provided for that purpose.  Test by viewing this signal on an oscilloscope which has its internal 50-ohm termination installed.  The pulse amplitude must be at least 2-volts.  The pulse duration is 100 usec, nominal. 

Results:
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Figure 2‑2.  The above sequence of 3 scope images show the Maser 1-PPS pulse at 3 time resolutions.

Figure 2‑2 shows the Maser 1-PPS signal measured at three resolutions.  From these scope images one can see that the pulse period is 1.0 second (sanity check only), that the pulse amplitude is 2.6 volts and the rise time is well in excess of 10 ns.  Therefore, the signal is compliant with APP requirement BAK-0040.
2.3.4.2.2 Testing the GPS 1-PPS Signal Amplitude

Procedure:  The GPS 1PPS signal will be available at the correlator-room end of the cable provided for that purpose.  Test by viewing this signal on an oscilloscope which has its internal 50-ohm termination installed.  The pulse amplitude must be at least 2-volts.  The pulse duration is 20 usec, nominal.  In the ACRV report, include a scope-shot of the pulse and check the appropriate box if the amplitude is at least 2-volts.

[image: image5.png]@ 1.00V O 250 S/s & - s560mv
Value Mean  Min Max Std Dev |UI»70.00000s 1000 points

@ Frequency 1.000 Hz 1.000  1.000  1.000  0.000
@D Peak—Peak 4.04V  4.05 4.04 4.08 16.3m





[image: image6.png]@ 1.00V O 10.0ps 10.0MS/s & - s560mv
Value Mean  Min Max Std Dev |U»70.00000 s 1000 points

@ Frequency ————.Hz No period found
@D Peak—Peak 4.00 V 4.00 4.00 4.00 0.00





[image: image7.png]@ 1.00V O 0GS/s & - s560mv
Value Mean  Min Max Std Dev |UI»70.00000s 00 points

@ Frequency ————.Hz No period found
@D Peak—Peak 3.88V 3.89 3.88 3.92 16.9m





Figure 2‑3.  The above sequence of 3 scope images show the GPS 1-PPS pulse at 3 time resolutions.
Figure 2‑3 shows the GPS 1-PPS signal measured at three resolutions.  From these scope images one can see that the pulse period is 1.0 second (sanity check only), that the pulse amplitude is 4.0 volts and the rise time is well in excess of 10 ns.  There are no APP requirements related to this signal.  The measurements are included as a matter of good practice.
2.3.4.2.3 Testing the Maser and GPS 1-PPS Signal Duty Cycle

Procedure:  This test verifies connectivity of the Maser and GPS 1-PPS signals into the 1-PPS distributor and verifies that the duty cycle (technically the period of time during which the signal is high) matches that seen on the oscilloscope photos above.  Connect both the Maser and GPS 1-PPS signals to the TLC.  Verify that the TLC is connected to the One-PPS-Distributor board (OPS) by visual inspection.  Power up the correlator.  Monitor the Engineering Port display.  After the roll call is complete, connect to the OPS via the Engineering Port for quadrant 2 (“cc 35”).  Request the duty cycles of the GPS and Maser 1-PPS signals (“dutycycle”).  Remove the Maser 1-PPS signal from the TLC and repeat the dutycycle command.   Note that the maser duty cycle gets much larger, verifying connect connection all the way into the 1-PPS distributor.  Replace the Maser 1-PPS signal and remove the GPS signal.  Repeat the duty cycle command.  Note that the GPS duty cycle gets much larger, verifying correct connection all the way into the 1-PPS distributor.  Verify that  the measured duty cycle for GPS is 0x9C4 (2500) ± 10% , the duty cycle for the Maser is 0x30D4 (12,500) ± 10% and the duty cycles get larger when signals are removed.
Results: The visual inspection passed.  Duty cycles were as specified above.  There are no APP requirements related to this signal.  The measurements are included as a matter of good practice.
2.3.5 Tests to Assure Safe Operation of the New and Existing Hardware
2.3.5.1 Visual Inspection
Procedure: Visually inspect all hardware added to the Correlator for the APP and assure that it is properly installed.  This includes the following:

· LVDS cables

· 10 GbE cables

· Fiber cables

· PICs

· ATX Supplies

Results:  All components were installed as per the ICDs.
2.3.5.2 Operating Temperature Check of the ROACH FPGA and PPC

Procedure:

· Power on correlator quadrant 1

· Verify that all modules respond with their prompts

· Connect to PIC-0 via the engineering port (“cc 38”)
· Command the ROACH board to power up  (“roachon”)

· After 30 seconds, connect to the PPC on the ROACH from via telnet (“telnet cockroachx 7147”), where “x” is replaced by the assigned board number.

· Force the PIC into a maximum power dissipation mode with the following sequence of commands:

· startxmt 1
· cc 36

· summode 3
· Via the telnet connection monitor the PPC and FPGA temperature as shown in the following transcript:

lyra_rlacasse<1029> telnet cockroach4 7147                           
(note cockroach4 is the network name of the ROACH2 in this example)







Trying 10.12.97.220...                                               













Connected to cockroach4.                                             













Escape character is '^]'.                                            













#version alpha-74-g1c6a441-dirty                                     













#build-state 2012-12-16T22:51:01  













?sensor-value raw.temp.ppc













#log info 1778100 raw 1\_clients\_subscribed\_to\_sensor\_raw.temp.ppc













#sensor-value 1778107 1 raw.temp.ppc nominal 38000





(note: this says that the temperature is 38 degrees)







!sensor-value ok 1













sensor-value raw.temp.fpga













^[[A













?sensor-value raw.temp.fpga













#log info 1808179 raw 1\_clients\_subscribed\_to\_sensor\_raw.temp.fpga













#sensor-value 1808187 1 raw.temp.fpga nominal 34000





(note: this says that the temperature is 34 degrees)







!sensor-value ok 1












· Continue to monitor the temperature until it stabilizes (about 10 minutes) and record the temperatures 
· Repeat this process for the second PIC in quadrant 1 (CAN bus address 40).

· Repeat all of the above for the PICs in the remaining three quadrants.

· Observe the results and verify that the operating temperatures of all FPGAs are less than 70 oC.
Results:  The above was done using a simple python script.  Results were recorded every minute for 100 minutes and plotted.  The plot is shown in below.  All temperatures are well below the 70oC safe limit.  This verifies that the cooling design for the PICs meets APP requirement ENVI-00070 and APP0070.
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Figure 2‑4.  PIC temperatures versus time for all four quadrants.
2.3.5.3 Test Safe Correlator Operation 
Procedure:  The purpose of this test is to verify that, with the added electrical and heat load of the PICs, the Correlator still operates in a safe electrical and thermal environment.  The procedure is as follows:
1. Configure the PICs as described in 2.3.5.2
2. Allow about 10 minutes for the Correlator to come to thermal equilibrium

3. From the Engineering Ports run the command “win 5” from the QCC prompt.

4. Verify that no fields are shown in inverse video which indicates an unsafe operating environment.

Result:  The test passed on all four quadrants.  This satisfies requirement COR-0030.
2.3.6 Firmware and FPGA Personality Verification
Procedure:  Using the engineering port, verify that all the firmware and FPGA personalities installed in the correlator are the latest version.  Record typical screenshots of the Engineering Port session.
Results:  Every node in the system was checked on 2014-11-20.  Typical results for each node are shown below.  All nodes were identical to those shown below.  Comparing with the firmware repository, it is clear that these are the latest personalities.  This satisfies APP requirement COR-0070.
LTA:4Q:Quad1:Node0 > fpga

SA15= 00CC3228      SA31= 0062021E      SA47= 00CF0ADA      SA63= 005C391A

SA14= 004185C5      SA30= 0061F4B3      SA46= 00FF0000      SA62= 005BC084

SA13= 00CC30FA      SA29= 0060F1D5      SA45= 00FF0000      SA61= 005C6EF8

SA12= 00421023      SA28= 00613CFD      SA44= 00FF0000      SA60= 005BFC7A

SA11= 00CC227B      SA27= 006149AF      SA43= 00FF0000      SA59= 005C02EC

SA10= 004270CF      SA26= 00617F24      SA42= 00C6C46E      SA58= 005CB098

SA 9= 00CC1D55      SA25= 00611AED      SA41= 000943A7      SA57= 005C4C6B

SA 8= 0041AAC4      SA24= 00619A77      SA40= 00C6AA7A      SA56= 005C28AD

SA 7= 00CE268E      SA23= 0060EBA9      SA39= 0009883E      SA55= 005CB976

SA 6= 0042FB42      SA22= 00615D41      SA38= 00C6AE21      SA54= 005C3BF4

SA 5= 00CC2329      SA21= 00618E0B      SA37= 00093053      SA53= 005C01B6

SA 4= 004239C2      SA20= 0061C317      SA36= 00327D32      SA52= 005C2F60

SA 3= 00CC2798      SA19= 00618DC5      SA35= 003271F5      SA51= 005C8F3C

SA 2= 0041A80E      SA18= 00614879      SA34= 00326D8A      SA50= 005C8BEF

SA 1= 0076352A      SA17= 006199D2      SA33= 003269B5      SA49= 005C3F78

SA 0= 0049638E      SA16= 00617D08      SA32= 0043EFD9      SA48= 005C413F

        DataFlash Checksum Total = 1C4990EC

        Application Checksum     = 09A7DFE3

        BootLevel_1 Checksum     = 01A095D6

                                  ----------

                    TOTAL        = 279206A5

CORR-INTF FPGA checksum = 010DB7ED

ASUMMID FPGA checksum   = 010E411D

ASUM2ND FPGA checksum   = 010E934A

ASUMEND FPGA checksum   = 010DC819

DATAOUT FPGA checksum   = 011121D0

ADDER2 FPGA checksum    = 010E5CEB

ADDER1 FPGA checksum    = 010DCFA6

LTA FPGA checksum       = 00BF98B8

LTA:4Q:Quad1:Node0 > cc 16

ASYNC_ID 16 connected.

SCC:TFB-II:Quad1:Node16 > fpga

SA15= 00EF0076      SA31= 00FF0000      SA47= 00118E0E      SA63= 00C6B4A4

SA14= 00CC2C90      SA30= 00FF0000      SA46= 000FA3A5      SA62= 000980AA

SA13= 00419740      SA29= 00FF0000      SA45= 00178022      SA61= 00C6AA7A

SA12= 00CC30FB      SA28= 00FF0000      SA44= 0010769B      SA60= 0009883E

SA11= 0040CD0F      SA27= 00FF0000      SA43= 000FDFCE      SA59= 00C6AE21

SA10= 00CC2E17      SA26= 00FF0000      SA42= 0015D500      SA58= 00093053

SA 9= 004286C3      SA25= 00FF0000      SA41= 000ED8CA      SA57= 00FF0000

SA 8= 00CC3AC8      SA24= 00FF0000      SA40= 000D6270      SA56= 00FF0000

SA 7= 0043CC17      SA23= 00FF0000      SA39= 000F9AD9      SA55= 00FF0000

SA 6= 00604BC4      SA22= 00FF0000      SA38= 000C8520      SA54= 00FF0000

SA 5= 00534B21      SA21= 00FED24B      SA37= 0013ADDB      SA53= 00FF0000

SA 4= 00506B50      SA20= 00FED149      SA36= 00144356      SA52= 00FF0000

SA 3= 0076D981      SA19= 00FF0000      SA35= 001153DD      SA51= 00FF0000

SA 2= 004ACF82      SA18= 00FF0000      SA34= 00056B78      SA50= 00A06914

SA 1= 00CC295C      SA17= 00CC2521      SA33= 000926E8      SA49= 0007ADAB

SA 0= 00413A72      SA16= 003C2EBC      SA32= 0011A410      SA48= 00131768

        DataFlash Checksum Total = 221AAD10

        Application Checksum     = 0933B869

        BootLevel_1 Checksum     = 01A095D6

                                  ----------

                    TOTAL        = 2CEEFB4F

Intf Params checksum            = 00EF0076

STN-INTF(new) FPGA checksum     = 010DC3D0

CORR-INTF FPGA checksum         = 010CFE0A

STN-INTF(old) FPGA checksum     = 010EB4DA

SCC-CTRL FPGA checksum          = 011006DF

MEM-ADDR FPGA checksum          = 01040235

MEM-MUX FPGA checksum           = 00C1A903

MEM-DMUX FPGA checksum          = 010D63CE

----------------------------------------------

31.25 MHz TAPS checksum         = 00FED24B

62.5  MHz TAPS checksum         = 00FED149

----------------------------------------------

TFB-FIR-DLY FPGA checksum       = 010853DD

TFB-FIR-FIR  checksum           = 01BBE216

SCC:TFB-II:Quad1:Node16 > cc 35

ASYNC_ID 35 connected.

FinalAdderB:Quad1:Node35 > fpga

SA15= 00FF0000      SA31= 00FF0000      SA47= 00FF0000      SA63= 00FF0000

SA14= 00FF0000      SA30= 00FF0000      SA46= 00FF0000      SA62= 00FF0000

SA13= 00FF0000      SA29= 00FF0000      SA45= 00FF0000      SA61= 00FF0000

SA12= 00FF0000      SA28= 00FF0000      SA44= 00FF0000      SA60= 00FF0000

SA11= 00CC345B      SA27= 00FF0000      SA43= 00FF0000      SA59= 00FF0000

SA10= 00449980      SA26= 00FF0000      SA42= 00FF0000      SA58= 00FF0000

SA 9= 00CC2377      SA25= 00FF0000      SA41= 00FF0000      SA57= 00FF0000

SA 8= 0044A38B      SA24= 00FF0000      SA40= 00FF0000      SA56= 00FF0000

SA 7= 00CC2C0F      SA23= 00FF0000      SA39= 00FF0000      SA55= 00FF0000

SA 6= 00447FF3      SA22= 007669FA      SA38= 00FF0000      SA54= 00FF0000

SA 5= 00CC22BD      SA21= 004A6008      SA37= 00FF0000      SA53= 00FF0000

SA 4= 00449E9E      SA20= 007658FD      SA36= 00FF0000      SA52= 00FF0000

SA 3= 0075F9CD      SA19= 004A80E2      SA35= 00C6AA7A      SA51= 00FF0000

SA 2= 00488934      SA18= 005FD9EA      SA34= 0009883E      SA50= 00FF0000

SA 1= 007572CC      SA17= 005116E5      SA33= 00C6AE21      SA49= 00FF0000

SA 0= 0048AA61      SA16= 0050A18F      SA32= 00093053      SA48= 00FF0000

        DataFlash Checksum Total = 32B9E9D3

        Application Checksum     = 0C11078B

        BootLevel_1 Checksum     = 01A095D6

                                  ----------

                    TOTAL        = 406B8734

FA-OUT-Y FPGA checksum    = 00C0CA02

FA-OUT-X FPGA checksum    = 00C0D9DF

FA-FIFO FPGA checksum     = 0101925E

BTypeA-Y FPGA checksum    = 0110CDDB

BTypeB-Y FPGA checksum    = 0110C702

BTypeB-X FPGA checksum    = 0110AC02

BTypeA-X FPGA checksum    = 0110C15B

FA-IN-Y FPGA checksum     = 00BE8301

FA-IN-X FPGA checksum     = 00BE1D2D

FinalAdderB:Quad1:Node35 > cc 43

ASYNC_ID 43 connected.

DPI:64ANT:Quad1:Node43 > fpga

SA15= 00FF0000      SA31= 00FF0000      SA47= 00FF0000      SA63= 00FF0000

SA14= 00FF0000      SA30= 00FF0000      SA46= 00FF0000      SA62= 00FF0000

SA13= 00FF0000      SA29= 00FF0000      SA45= 00FF0000      SA61= 00FF0000

SA12= 00FF0000      SA28= 00FF0000      SA44= 00FF0000      SA60= 00FF0000

SA11= 00FF0000      SA27= 00FF0000      SA43= 00FF0000      SA59= 00FF0000

SA10= 00FF0000      SA26= 00FF0000      SA42= 00FF0000      SA58= 00FF0000

SA 9= 00FF0000      SA25= 00FF0000      SA41= 00FF0000      SA57= 00FF0000

SA 8= 00FF0000      SA24= 00FF0000      SA40= 00FF0000      SA56= 00FF0000

SA 7= 00FF0000      SA23= 00FF0000      SA39= 00FF0000      SA55= 00FF0000

SA 6= 0075C1B7      SA22= 00FF0000      SA38= 00FF0000      SA54= 00FF0000

SA 5= 004A41F5      SA21= 00FF0000      SA37= 00FF0000      SA53= 00FF0000

SA 4= 00600CDA      SA20= 00FF0000      SA36= 00FF0000      SA52= 00FF0000

SA 3= 00528D26      SA19= 00FF0000      SA35= 00FF0000      SA51= 00FF0000

SA 2= 0050B1C0      SA18= 00FF0000      SA34= 00FF0000      SA50= 00FF0000

SA 1= 007561EC      SA17= 00FF0000      SA33= 00FF0000      SA49= 00FF0000

SA 0= 0048E9F0      SA16= 00FF0000      SA32= 00FF0000      SA48= 00FF0000

        DataFlash Checksum Total = 3B489B48

        Application Checksum     = 0BA027FF

        BootLevel_1 Checksum     = 01A095D6

                                  ----------

                    TOTAL        = 4889591D

DPI-OUT FPGA checksum    = 00C003AC

DPI-FIFO FPGA checksum   = 01034BC0

DPI-IN FPGA checksum     = 00BE4BDC

DPI:64ANT:Quad1:Node43 > cc 38

ASYNC_ID 38 connected.

PIC:64ANT:Quad1:Node38 > fpga

SA15= 00FF0000      SA31= 00FF0000      SA47= 00FF0000      SA63= 00FF0000

SA14= 00FF0000      SA30= 00FF0000      SA46= 00FF0000      SA62= 00FF0000

SA13= 00FF0000      SA29= 00FF0000      SA45= 00FF0000      SA61= 00FF0000

SA12= 00FF0000      SA28= 00FF0000      SA44= 00FF0000      SA60= 00FF0000

SA11= 00FF0000      SA27= 00FF0000      SA43= 00FF0000      SA59= 00FF0000

SA10= 00FF0000      SA26= 00FF0000      SA42= 00FF0000      SA58= 00FF0000

SA 9= 00FF0000      SA25= 00FF0000      SA41= 00FF0000      SA57= 00FF0000

SA 8= 00FF0000      SA24= 00FF0000      SA40= 00FF0000      SA56= 00FF0000

SA 7= 00FF0000      SA23= 00FF0000      SA39= 00FF0000      SA55= 00FF0000

SA 6= 00FF0000      SA22= 00FF0000      SA38= 00FF0000      SA54= 00FF0000

SA 5= 00FF0000      SA21= 00FF0000      SA37= 00FF0000      SA53= 00FF0000

SA 4= 00FF0000      SA20= 00FF0000      SA36= 00FF0000      SA52= 00FF0000

SA 3= 00FF0000      SA19= 00FF0000      SA35= 00FF0000      SA51= 00FF0000

SA 2= 00FF0000      SA18= 00FF0000      SA34= 00FF0000      SA50= 00FF0000

SA 1= 00FF0000      SA17= 00FF0000      SA33= 00FF0000      SA49= 00FF0000

SA 0= 00FF0000      SA16= 00FF0000      SA32= 00FF0000      SA48= 00FF0000

        DataFlash Checksum Total = 3FC00000

        Application Checksum     = 0C037072

        BootLevel_1 Checksum     = 01A095D6

                                  ----------

                    TOTAL        = 4D640648

PIC:64ANT:Quad1:Node38 > fpgaver

FPGA Version Number = 5

2.3.7 Connectivity RobustnessTests

2.3.7.1 Multi-drop Busses

Procedure:  The multi-drop busses interconnecting the LTAs, SCCs, etc. in each quadrant were lengthened to incorporate the OPS and PIC boards.  Thus, we must assure that the bus communications is still robust.  
The dsplycan command is used for querying each node on the bus using the engineering port.  For the purposes of this test, checking nodes 15 and 16 is sufficient.  An example of the query of LTA-0 in quadrant 4 is shown below.    Other nodes are similar.
LTA:4Q:Quad4:Node0 > dsplycan

serial_number (8 hex bytes):  10  E6  BC  8D  00  08  00  3C  

node_address:     0x00  (0 decimal)

base_address:     0x00040000

revision_level:  0. 0. 1

missed_msg_errcnt:         0

missed_msg_errcnt1:         0

busoff_errcnt:             0

EML96_errcnt:              0

gt5bits_errcnt:            0

format_errcnt:             0

ack_errcnt:                0

bit1_errcnt:               0

bit0busoff_errcnt:         0

bit0notbusoff_errcnt:      0

crc_errcnt:                0

last_slave_error:      0

num_transactions: 25682

identify_mode:    0

num_cbs:          0

Test the system after a night of observing to verify that the system works in a real-world situation.  
Results:  This test was executed on three mornings after a night of astronomical observations.  No errors were found on any of the three morning and on any of the nodes.  There are no APP requirements related to this test.  The testing was done as a matter of good practice, to assure that the infrastructure was sound.
2.3.7.2 1-PPS signals

Procedure:  Connectivity to the 1-PPS Distributor is tested in Section 2.3.4.2.3
Connectivity between the 1-PPS distributor and each PIC is tested using the Engineering Port “dif” command as show here:
PIC:64ANT:Quad0:Node38 > dif

Checking time difference between internal 1 PPS and external references

Type ESC or space at any time to escape. 

Maser 1PPS = 0x043DF6DC [raw x8nSec] or 0.568834 secs

GPS 1PPS   = 0x06CBCDD2 [raw x8nSec] or 0.911634 secs

TE 1PPS    = 0x060B0A09 [raw x8nSec] or 0.005788 secs

The reported values for Maser and GPS should be random between 0 and 1 sec.  This is because the internal 1 PPS is not set by the CCC and comes up at a random phase.  The values, however, should be quite stable since we are measuring the difference between the rubidium standard which supplies 125 MHz to the correlator, and the independent but stable Maser and GPS references. The measured difference between the Maser and GPS values should be comparable to values measured via an independent counter.  Verify correct routing by removing the Maser input from the TLC and noting a large time difference as shown here:
PIC:64ANT:Quad0:Node38 > dif

Checking time difference between internal 1 PPS and external references

Type ESC or space at any time to escape. 

Maser 1PPS = 0x0FFFFFFF [raw x8nSec] or 2.146959 secs

GPS 1PPS   = 0x06CC1588 [raw x8nSec] or 0.912305 secs

TE 1PPS    = 0x060B0A09 [raw x8nSec] or 0.005788 secs
Results:  Connectivity to each PIC was confirmed.  It was later (2014-11-19) found that quadrant 4 Maser and GPS cables were swapped.  This was corrected.  This verifies APP0220.
2.3.7.3 Correlator Card to Correlator Interface Card

Procedure:  This test verifies the connections of the sum feedback to CAI-63 are functional and robust.  Use the “C 8” test available in the LTA. Use DPI commands to switch the input of antenna 63 on the CI 3 and 7 in each bin to the sum input.  Set up the sum logic to emit pseudo-random data.  The detail screens “C11” and “C15” for each bin show one completely error-free input.  This test verifies APP0190 and partly satisfies APP0200.
Results:  All inputs were verified.
2.3.7.4 Correlator Card to PIC

Procedure:   Verify that the “sum” connections from the CC to the PIC are functional and robust.   From the Engineer Port, execute the following steps
1. Set the CI data source to pseudo-random, non-repeating (mc 0 … 14, wrfd 1 0x3CF 0x400 19 0x80 1)
2. From each PIC, execute pntest command and view the resulting error display for one minute.  There should zero errors in each channel.  The example below shows two channels with errors. 
PIC:64ANT:Quad0:Node38 > pntest
             Bin 0    Bin 0    Bin 1    Bin 1    Bin 2    Bin 2    Bin 3    Bin 3   

            CC1 CC1  CC5 CC5  CC1 CC1  CC5 CC5  CC1 CC1  CC5 CC5  CC1 CC1  CC5 CC5  

   Bit:      0   1    0   1    0   1    0   1    0   1    0   1    0   1    0   1   

            ----------------------------------------------------------------------

Rack 1       0   0    0   0    0   0    0   0    0   0    0   0    0   0    0   0 

Rack 2       0   0    0   0    0   0   99  99    0   0    0   0    0   0    0   0 

Rack 3       0   0    0   0    0   0    0   0    0   0    0   0    0   0    0   0 

Rack 4       0   0    0   0    0   0    0   0    0   0    0   0    0   0    0   0
Results:  Initially some errors were found.  Ensuing trouble-shooting found some cables incorrectly installed (despite the visual inspection).  All errors were corrected and then the test passed error-free for all nodes. This is one of the tests that demonstrates compliance with APP0200
2.3.7.5 Ethernet to PICs

Procedure: Testing Ethernet connectivity to the PICs is done as a by-product of executing the temperature monitoring test described in Section 0.
Result:  The test was successful and demonstrates compliance with COR-0050.
2.3.7.6 TE from QCC to PICs

Procedure:  This test verifies that the TE connections to the PICs from the QCCs.
From the Engineering Port, execute the resette command at each PIC.  Then execute the seete command at each PIC.  See the example session below:
PIC:64ANT:Quad0:Node38 > resette

TE Error Flag has been cleared..

PIC:64ANT:Quad0:Node38 > seete

NO TE Error.

If each PIC shows “NO TE error” after an initial reset, the test passes.
Result:  The test passed.  There are no APP requirements directly related to this test but it is a pre-requisite to having the PICs correctly time tag data.
2.3.7.7 Clock Cables for PIC.

Procedure: This procedure verifies that the 125 MHz clock connections to the PICs from the clock distribution network are functional.  These are implicitly tested in Section 2.3.7.4.

Results: The test passed.  There are no APP requirements directly related to this test but it is a pre-requisite to having the PICs correctly time tag data.
2.3.7.8 48-Volt Power Cables for ATX supplies

Procedure: This test verifies the functionality of the 48-volt connections to the ATX ROACH Power Supplies. These are implicitly tested in Section 2.3.3.
Result: Test Passed.  No APP requirements are satisfied by this test.  It is executed as a matter of good practice.
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