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Description
0. [bookmark: _Toc6801393][bookmark: _Toc405790519]Purpose and Scope
[bookmark: _GoBack]This document covers the maintenance requirements and procedures for the equipment supplied by the ALMA Phasing Project (APP) and related to the Correlator Upgrades. 
[bookmark: _Toc405790520]Applicable Document, Reference Documents, Acronyms and Definitions

Applicable documents are necessary for the understanding of this document.  In some cases, they provide additional requirements.  Reference documents are supplemental and simply provide further reference or additional information for various topics. 
[bookmark: _Toc405790521]Applicable Documents
The following documents, of the exact issue shown, form part of this document. In the event of conflict between the documents listed here and this document, this document shall take precedence.

	Number
	Document Title

	Reference


	[AD 01]
	ALMA Product Assurance 
Requirements 
	ALMA-80.11.00.00-001-C-GEN 


	[AD 02] 
	ALMA 64-Antenna Correlator 
Safety Hazard and Risk Analysis 
Report 
	ALMA-60.00.00.00-057-A-REP 

	[AD 03] 
	ALMA Safety Manual 
	ALMA-10.08.00.00-011-C-MAN

	[AD 04] 
	Electrostatic Discharge Control Program 
	OPER-00.00.00.00-0021-A-PRO

	[AD-05]
	64-Antenna Correlator Maintenance Manual
	CORL-60.00.00.00-070-B-MAN

	[AD 06]
	
	

	[AD 07]
	
	


Table 1.  Applicable Documents for this document
[bookmark: _Toc405790522]Reference Documents

	Number
	Document Title

	Reference


	[RD 01]
	APP Project Plan
	ALMA Phasing Project, latest release

	[RD 02]
	64-Antenna Correlator Maintenance Manual
	ALMA-60.00.00.00-070-B-MAN

	[RD 03]
	GPS Receiver User Manual
	CD Part Number 098-00116-000 Rev. C available from Symmetricom and already supplied to ALMA

	[RD 04]
	Interface Control Document Between ALMA Phasing Project And ALMA Computing
	ALMA-05.11.00.49-0004-B-ICD

	[RD 05]
	ALMA Phasing Project Maintenance Manual
	ALMA-05.11.10.05-0001-A-MAN

	[RD-06]
	ALMA Phasing Project Correlator Upgrades Manual
	ALMA-05.11.31.05-0001-A-MAN

	[RD-07]
	PIC Assembly Check-out Logs
	ALMA-05.11.31.03-0001-A-REP

	[RD-08]
	APP Hazard Analysis and SafetyCompliance Plan
	ALMA-05.11.10.01-0003-A-PLA


Table 2.  Reference Documents for this document

[bookmark: _Toc405790523]Abbreviations and Acronyms

	AC
	Alternating Current

	AD
	Applicable Document

	ALMA
	Atacama Large Millimeter Array radio telescope

	AOS
	Array Operations Site

	APP 
	ALMA Phasing Project

	APS
	ALMA Phasing System

	ATX 
	Advanced Technology eXtended (standard for Personal Computers)

	BE
	Back End

	CAI
	Correlator Antenna Input

	CIC
	Correlator Interface Card

	CRG
	Central Reference Generator LRU

	CVR
	Central Variable Reference LRU

	CVRR
	Central Variable Reference Rack

	DLO
	Digital Local Oscillator

	GPS
	Global Positioning Service

	HMR
	Hydrogen Maser Rack

	ICD
	Interface Control Document

	IPT
	Integrated Product Team

	LLCR
	Line Length Corrector Rack

	LO
	Local Oscillator

	LRU
	Line Replaceable Unit

	LVDS
	Low Voltage Differential Signal

	M&C
	Monitor and Control

	MFS
	Master Frequency Standard LRU

	ML
	Master Laser LRU

	NRAO
	National Radio Astronomy Observatory

	PAI
	Preliminary Acceptance In-House

	PAS
	Provisional Acceptance On-Site

	PDU
	Power Distribution Unit

	PIC
	Phasing Interface Card

	PLOTS
	Photonic LO Test Stand

	PPS
	Pulse Per Second

	PRDR
	Photonic Reference Distribution Rack

	PRR
	Photonic Reference Rack

	RF
	Radio Frequency

	RFI
	Radio Frequency Interference

	SASR
	Sub Array Switch Rack

	TE
	Timing Event (a 48-msec timing tick which is the heartbeat of the ALMA control system)

	TSM
	Temperature Sensor Module

	UPS
	Uninterruptable Power Supply

	VDIF
	VLBI Data Interchange Format

	VEX
	VLBI EXperiment

	VLBI
	Very Long Baseline Interferometry

	
	




[bookmark: _Toc405790524]ALMA Phasing System Description

An overview of the entire APP system is provided in [RD-05].  An overview of the Phasing Interface Card is also provided in [RD-05].  A very detailed manual addressing the Correlator Upgrades is provided in [RD-06]; this would be useful to read after reading the overview below. This documentation will not be duplicated here.  This section provides an overview of the hardware and firmware associated specifically with the Correlator Upgrades as an introduction to this subsystem for personnel who must maintain it.  The basic purpose of the Correlator Upgrades is to provide a means of summing antennas together in nearly-exact phase, time-tagging the sum, packetizing it in 10 GbE packets and transmitting to the recorders at the OSF via the Optical Fiber Link System.

A block diagram showing the Correlator Upgrades is shown below in Figure 3‑1.  Hardware and firmware added to the Correlator are shown in light brown and yellow.  The function of each addition is explained in the following paragraphs.  
[image: ]
[bookmark: _Ref405284834][bookmark: _Toc405790545]Figure 3‑1.  Block diagram of the correlator upgrades.  See text for detail.

One of the tasks of the QCC, in each quadrant, is to distribute the TE pulse to all modules that need it.  To accommodate the PIC, the QCC FPGA personality and firmware had to be updated.  The update provides the ability to set the phase of the two “PIC TE” outputs in the same way as for other cards that need TE.  In particular, the delay of the TE is settable in steps of 8 ns and 2 ns to provide optimum capture at the PICs.  This ability is the key for achieving reliable capture and time alignment in each module.  Firmware to update this delay is also provided.

The PICs generate an internal 1-PPS based on the rising edge of the TE pulse and a command from the CCC.  This method for generating the PIC_1-PPS was selected because it was simpler than other alternatives.  As mentioned above, distributing a time marker like the TE, or potentially a 1-PPS signal, requires an infrastructure with adjustable fractional and integer delays for each card; it is not as simple as just sending the pulse to the card and clocking it in!  It turns out that the TE is coincident with the Maser 1-PPS at seconds 0, 6, 12, …, 54 of every minute.  By sending a command from the CCC real-time computer we can synchronize the PICs to the Maser 1-PPS using the TE.  The CCC command simply says “at the next rising edge of the TE, initialize the PIC 1-PPS counter. “ 

As redundant checks of the PIC 1-PPS, two additional 1-PPS signals are provided to each PIC, one from the Maser and one from a GPS receiver that the APP added to the suite of equipment housed in the Correlator Room.  In a sense, this receiver is redundant with the one already present at the AOS.  However, having a GPS receiver in the Correlator room is advantageous in terms of providing easy access to a GPS signal and avoiding conflicts with other groups and functions of the other AOS GPS receiver.

Both the Maser and LVDS signals are in TTL format.  The 1-PPS Distributor, discussed below, expects signals in LVDS format.  To resolve this, a small new board, called the TTL-LVDS Converter, or TLC was designed.  It is housed in the rear of the rack that contains the 1-PPS Distributor.  It simply provides 50-ohm termination for the Maser and GPS 1-PPS signals and level-converts them to LVDS.  It is powered from the 1-PPS Distributor.  A photo of this card is shown in Figure 3‑2. 

Eight copies of the GPS and Maser 1-PPS pulses are required in order for each PIC to have its own.  The 1 to 8 fan-out is provided by the 1-PPS Distributor.  This module uses the same physical hardware as the Final Adder and fits into a Final Adder Slot.  The new functionality is achieved by providing new FPGA personalities and new application code.  Note that the PIC 1-PPS signals are returned to the 1-PPS distributor.  This provides possibilities for additional monitoring. Also note that care must be taken if/when a Final Adder or 1-PPS Distributor is ever swapped out.  Assure that the FPGA personality and application code appropriate for the intended functionality is installed!

[image: ]
[bookmark: _Ref405293445][bookmark: _Toc405790546]Figure 3‑2.  Photo of the TTL to LVDS Converter board.

The ability to compare the summed data stream with data streams from individual antennas is a very useful diagnostic.  For this purpose, a new LVDS cable is routed from the Correlator card that produces the sums to an unused input of CI-3 or CI-7.  Also, an electronic single-pole-double-throw switch was added to the Correlator Interface Card FPGA personality.  This switch is controlled via the back plane bus and ultimately from the Engineering Port or CCC.  Note that it is associated specifically with the input for CAI-63.

The actual summing of the data from the antennas is done in the Correlator Cards.  A Correlator plane can correlate data from 64 antennas at a 1/32 of the ALMA data rate.  (Thus there are 32 planes per quadrant.)  A plane consists of four Correlator cards.  Two of these cards receive signals from all 64 antennas and two receive signals from only half the antennas.  One of the two cards that receives signals from all antennas is used to sum the signals for both polarizations, which we can Pol 0 and Pol 1 here.  The summers for Pol 0 and Pol 1 and independent but reside on the same physical card.  They also have the ability to substitute test data (random, count and fixed) for real data.  Finally note that the summer is configured as a “tap” on the normal Correlator data stream and thus can perform its functions without affecting normal operation.

The PIC is a multi-module assembly with a confusing name.  The purpose of the PIC is to time tag and packetize the data.  It consists of four modules: a PIC, a ROACH2, an SFP+ card and a 10 GbE Fiber Transmitter.  The name confusion comes from the fact that the name of one of the modules, the PIC, is also the name of the entire assembly.  In some contexts the acronym PICA, for PIC Assembly, is used to differentiate the PIC module from the entire assembly.  However, early in the project, PIC was the name used for the entire assembly, and it continues to be used in many contexts.  Good luck!  A photo of the PICA is shown in Figure 3‑3


[image: ]
[bookmark: _Ref397697928][bookmark: _Toc405790547]Figure 3‑3.  Photo of a PIC Assembly.

The PIC module is the large board which serves as a “motherboard” for the other modules.  It contains the circuitry for the standard Correlator microprocessor allowing the PICA to appear as just another address on the multi-bus.  It also provides buffers for the input sum data, test points and Digital to Analog Converters for future use.  The board directly mounted to the PIC module is a ROACH2 board.  This is a commercially produced board designed by the CASPER collaboration.  See 

https://casper.berkeley.edu/wiki/ROACH-2_Revision_2

It is suggested that ALMA personnel visit this site and download whatever documents they feel would be useful in the long-term maintenance of this board.  Hopefully, this information will never be needed since the APP has provided lifetime spares (12 boards with only 8 required in the system).  The ROACH2 board contains a large FPGA (under the fan in the above photo) that is responsible for the time tagging and Ethernet formatting.  It also, in conjunction with the microprocessor, provides test capabilities which will be described later.  The board mounted atop the ROACH to is the SFP+ board.  Its purpose is to convert the format of the 10 GbE signals provided by the FPGA.  The FPGA provides the 10 GbE signal as 4 x 2.5 Gb.  Chips in the SFP+ board convert this to 1 x 10 Gb.  These chips run quite hot, so we have added heat sinks to them.  The final piece of the puzzle is the Fiber Transmitter.  This module slides into a specific slot (as shown) of the card cage on the SFP+ card and provides a place to plug in the LC fiber connectors.

There are two means of communicating with the PICs.  The first is the “normal” way via the multi-drop bus.  The PICs are at addresses 38 and 40 in each quadrant.  One can also communicate with the Power PC on the ROACH2 board via Ethernet.  This is described in more detail in the following section.

[bookmark: _Toc405790525]Maintenance Procedures

[bookmark: _Toc405790526]Personnel safety

The requirements discussed in [AD-05] apply.  Also, note that the PICs include laser fiber transmitters.  However, as noted in [RD-08] these are Class 1 and pose no eye danger. 

[bookmark: _Toc405790527]ESD Precautions

The requirements discussed in [AD-05] apply.

[bookmark: _Toc405790528]Periodic Maintenance

Unlike the rest of the Correlator, the Correlator Upgrades will not be used on a regular basis.  They will only be used when ALMA does VLBI experiments, probably a few weeks a year.  As a result, the ROACH2 boards on the PICs can be left powered down.  This is the default state after a system reset, so requires no intervention by maintenance personnel.  

Using their well-developed expertise, JAO personnel will develop their own detailed procedures for testing the upgrades.  These procedures will likely evolve, with time, as experience is gained with the system.  Therefore, in this manual, we provide, in Tble X a list of things we believe, given the experience developed thus far, are important to test.   With respect to a time-table for performing “periodic” maintenance, we recommend that the tests be performed sufficiently before the start of a VLBI experiment (1 to 2 weeks) to allow time to repair any failures that might be uncovered.  The tests should also be conducted immediately before the start of the experiment.

	Item Description
	Suggested approach

	ROACH2 fans
	It is difficult to visually check the fan.  Instead, monitor FPGA temperature.  Check the FPGA temperatures on each PIC using the Engineering port command temperature.  Compare the reading with past readings.  If the HVAC system is working correctly, an increase of more than 5oC likely means that a fan has failed.  The FPGA will not overheat due to a fan failure, so this is not an emergency.  Check the fan speed using the katcp interface (see Section x).  It should be around 5000 (rpm).  Alternatively, at the next opportunity, inspect the fan using a non-conductive inspection mirror (e.g. 
http://www.tecratools.com/product674.html 
and flashlight.  If the fan is not spinning or is spinning very slowly, replace the PIC when convenient (see section x below).  At the OSF, replace the heat-sink/fan assembly with a provided spare.  Test the PIC using the procedure in RD-07.

	Data Paths
	Check the sum data integrity into the PIC using the procedure described in Section x.  
Check the feedback data integrity using the procedure described in Section x.
Check the data path out of the PIC, to the recorder, using the procedure described in Section x.

	Timing Signals
	Check TE; see section x
Check 1-PPS signals; see section x

	Firmware and FPGA personality versions
	See section x




[bookmark: _Ref405465599][bookmark: _Toc405790529]Procedure for Testing PIC Sum Data Input

This procedure tests the data paths into one PIC from 32 correlator cards.

1. Assuming the ROACH is not powered up, execute, from the Engineering Port, the command “roachon”.
2. Wait 30 seconds for the roach to boot.
3. Execute the command “pntest”.
4. Verify that all error counters show zero errors as shown below:

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    0   0    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

The error display is organized in such a way that it is straightforward to identify the source of an error.  So far, it has been our experience that errors generally do not occur; the links are quite stable.  However, potential sources of error include loose cables and bent pins.  Updated personalities can have different timing and require timing adjustments.  These adjustments can be made by modifying a table in the LTA code and recompiling.  Specifically, the array asummidIntDelayFracValues in LtaStartCCC.c can be modified.  The array asummidIntDelayValues hopefully will never have to be modified.  It is absolutely necessary that the delays in all data paths be the same.  This was achieved by design, by selecting equal length cables.  Do not blindly change the values in these arrays.  Some expertise is required to assure that all delays are equal.  A good follow-on project would be one that would check that all delays are the same in a simple way.

[bookmark: _Ref405465722][bookmark: _Toc405790530]Procedure for Testing the Sum Data Feedback

This procedure tests the “feedback” data path for the sum data from the Correlator Card to the Correlator Interface Card.  The procedure is as follows.
1. from a DPI execute "summode 3"
2. from a DPI execute "setciswitch 1"
3. from LTA 0 execute "C 8"
4. check the error counters associated to CI 3 and 7, they should look like:

[image: ]

These entries look incorrect, but they are not.   These are the ones associated with the feedback data and have xx in the second column because the data rate is 125 Mbps instead of 250 Mbps like the other inputs.

[bookmark: _Toc405790531]Procedure for updating application code

Updating the application code for the PIC follows the same procedure as updating the application code for any other module in the system.

[bookmark: _Ref405381183][bookmark: _Toc405790532]Procedure for updating FPGA personality

The FPGA in the PIC is located on the ROACH2 board.  As a result, the process for updating the FPGA personality is different from that on other modules.  The personality is stored in flash on the ROACH2, under the purview of the Power PC on the ROACH2 and one has to go through it to get to the flash.  The Power PC is a linux computer and so it is easiest to work on a linux system to update the personality.   Some knowledge of linux commands is assumed below.   The network name of the ROACH2 is assumed to be cockroach12 in the example below and the file to be downloaded is assumed to be test.bof.gz.  Operate from two windows in a linux machine (Red and green below for clarity.  Commands are in bold type; comments and replies from the system are not.)

Window 1:
Somehow copy the personality from the CVS repository to the directory you want to work from this is machine dependent – get help from sys admin if necessary)
lyra_rlacasse<1008> nc -v -w 2 cockroach12 7148 < test.bof.gz (don't hit [ENTER] yet)

Window 2
Login to cockroach12 as root (usual password)
lyra_rlacasse<1004> telnet cockroach12
Trying 10.12.97.140...
Connected to cockroach12.
Escape character is '^]'.

cockroach12 login: root
Password:

Consult /root/README for a basic guide

cd to area where personalities are kept
cockroach12 ~ $cd ../boffiles/
prepare for a file transfer
cockroach12 /usr/bof $nc -w 30 -p 7148 -l > test.bof.gz [ENTER]

Window 1
Now hit ENTER:
[ENTER]
Connection to cockroach12 7148 port [tcp/*] succeeded!
lyra_rlacasse<1009>

Window 2
Change the file that is loaded into the FPGA at power-up to test.bof.gz
(The PPC always loads alma_pic.bof, which is a symbolic link that
 we point to the file we want loaded.)
cockroach12 /usr/bof $rm alma_pic.bof
cockroach12 /usr/bof $ln -s test.bof.gz alma_pic.bof
Check to make sure the file link is established
cockroach12 /usr/bof $ls -l alma_pic.bof
lrwxrwxrwx    1 root     root            11 Oct 29 19:20 alma_pic.bof -> test.bof.gz
Use CTRL-] to get telnet prompt
CTRL-]
cockroach12 /usr/bof $
telnet> quit
Connection closed.
lyra_rlacasse<1005>

The personality test.bof.gz will load on the next roach power cycle.  

If the flash ever fills up, remove unneeded files using the usual “rm” linux command.

[bookmark: _Ref405470578][bookmark: _Toc405790533]Procedure for replacing a PIC

Replacing a PIC is similar to replacing any other card except that one has to deal with optical and electrical cables connected to the board.  See Figure 4‑1.   There are two PICs in each quadrant located in the bottom bin of Correlator racks 2 and 3.  Proceed as follows:

1. Power down every bin in the rack associated with the PIC.
2. Open the front panel.
3. Put on an anti-static strap.
4. Disconnect and cap the fiber cable.  Secure it out of the way to prevent damage.
5. Disconnect the Ethernet cable and secure it out of the way to prevent damage.  Note which of the two available ports is connected.  The cable with need to be replaced in the same port of the replacement card.
6. Using the card ejectors, eject the PIC until the ATX connector clears the bin.  Remove the connector by squeezing the catch, and wiggling the connector slowly up and down while pulling out.
7. Completely remove the PIC from the bin and place in an anti-static bag and box.
8. Reverse the process for installing the card.  Clean the fiber and transmitter before mating them and assure that the bend radius of the fiber is greater than 25 mm everywhere.
9. Test the installed card as installed in Sections 4.4 and 4.5.  Also verify that you can telnet to it as shown in Section 5.4.1.  Note that it will have a different network name from the card that was removed.  Finally, verify that it transmits data to the recorders using the Engineering Port “startxmt 3” command and the recorder command ??.  For more details on this final test, see xxxx!!  (this would be a good topic for the system-level Maintenance Manual)
10. Check that the versions of the installed application code and FPGA personality are the same as the other PICs in the system using the Engineering Port “fpga” and “fpgaver” commands.

[image: K:\Photos\APP\Chile_2014\DSC06555.JPG]Fiber connection
Ethernet connection
ATX power connection

[bookmark: _Ref405466706][bookmark: _Toc405790548]Figure 4‑1.  Photo of PIC in a correlator bin
[bookmark: _Toc405790534]Procedure for replacing the 1-PPS Distributor

There is only one 1-PPS distributor in the entire system, located in quadrant 2, Correlator Rack 1, Bin?.    Removing this card is similar to removing other Correlator cards except that there is an electrical cable attached to it.  (It is connected to the TTL to LVDS Level Converter Card in the back of the rack.)  

Alejandro: can you provide a procedure for this?   I don’t know what this looks like.

[bookmark: _Toc405790535]Procedure for replacing the ATX Supply.

There is one ATX supply per PIC, located in the back of the rack, behind the PIC.  To replace this supply, it must be disconnected from the PIC as explained in Section 4.8.  The supply itself can be removed by unscrewing two thumb-screws (no tools required!) and carefully extricating the cable and connector from the bin.  

[image: K:\Photos\APP\Cville\P1010236.JPG]Thumbscrews

[bookmark: _Toc405790549]Figure 4‑2.  Photo of an ATX Supply with location of thumbscrews indicated.
[bookmark: _Toc405790536]PIC test points

The FPGA has two programmable and four fixed test points on connected JR-1 at the front of the PIC.  The fixed test points are shown in Table X below:

	Pin #
	Signal Name
	Notes

	JR1-5
	PPS_PIC
	Internally generated PIC 1-PPS signal

	JR1-7
	PPS_Maser
	Maser 1-PPS signal received from 1-PPS Distributor

	JR1-9
	PPS_GPS
	GPS 1-PPS signal received from 1-PPS Distributor

	JR1-7
	TE_sys
	TE timing signal received from QCC


Table 3.  PIC fixed test points

If the PIC has been properly initialized, the PPS_PIC signal should be within 40 ns of the TE_sys, but only on seconds 0, 6, …  The PPS_GPS should be with about 50 usec of the TE_sys on seconds 0, 6, …  The timing of the Maser pulse is programmable in the Maser, so timing relative to the other signals is an operational issue.

The programmable test points are useful only for development and are sometimes changed between versions.  They are documented here just for general interest and future reference.  Each test point has 64 inputs.  These are listed in the file opb_vdif_interface.vhd in the port maps for mux_rtp0 and mux_rtp1.  By default, port 0 is available after power up.  The outputs are on the following pins: mux_rpt0: JR1-3 and mux_rpt1: JR1-4.  Conveniently, JR1 pins 1, 2, 39 and 40 are grounds.  The output selection for mux_rpt0 is via the following command from the Engineering Port:
wrbyte  12 0 1 x

where x is the desired signal input (0 to 63).

Similarly, output select for mux_rpt1 is via

wrbyte  12 0 2 x
[bookmark: _Toc405790537]Additional Useful Information

[bookmark: _Toc405790538]Procedure for modifying application code

Application code modification is the same as for the other modules in the system.  It uses the Keil compiler.

[bookmark: _Toc405790539]Procedure for modifying FPGA personality

The Xilinx personality was developed using VHDL.  The VHDL code is available on CVS if it needs to be modified.  To modify the code, a computer with XILINX ISE 14.4 installed is required.  The VHDL code can be modified using any text editor.  To synthesize the file, a large tree of files is required.  This can be obtained from Alejandro Saez or Richard Lacasse or downloaded from the following git repository:

https://github.com/sma-wideband/alma_pic

A tutorial for using git is beyond the scope of this manual.  Please get help from someone familiar with this type of repository for downloading the files.

In the file tree, the files that can be modified for the git repository are in

XPS_ROACH2_base/pcores/opb_vdif_interface/hdl/vhdl

To synthesize a personality cd to XPS_ROACH2_base and execute the command:

xps –nw –scr run_xps.tcl system.xmp

This will take several minutes to run and spew out quite a few warnings which can be ignored.  VHDL coding error will result in synthesis errors which must be fixed to get through this step.  Once it completes, execute a the following command:

			genprog filename

This program is very quick and deposits three files in a directory parallel to XPS_ROACH2_base:

			../bit_files

Three files are generated with the file name provided in genprog.  They have suffixes .bit, .bof and .bof.gz.  The .bof.gz is the file that should be downloaded to the ROACH2 as described in Section 4.7

[bookmark: _Toc405790540]Component data sheets

Data sheets for most of the components used in the PIC are kept in Charlottesville in the following folder:
			MMA Correlator\DATA_SHEETS\PIC

Recently, we have ported these as well as data sheets for other Correlator components to EDM.  These data sheets may prove useful for detailed troubleshooting should that ever become necessary.  They are located in a sub-folder of the Card Records folder in the Correlator Construction area of EDM as shown below in 

[image: ]
[bookmark: _Toc405790550]Figure 5‑1.  Screenshot of the Correlator Data-Sheets folder in ALMA EDM

[bookmark: _Toc405790541]More Information on the ROACH2 board

[bookmark: _Ref405465883][bookmark: _Toc405790542]Primitive KATCP interface
The ROAC2 board has a primitive interface which can provide useful information for troubleshooting.  It is called KATCP.  The interface is accessed by telnet to port 7147.  An example session is shown below.    The network name of the ROACH in the example is cockroach12.  Comments are added in red font.  Typed commands are in green font.

Connect to port 7147 via telnet
lyra_rlacasse<1017> telnet cockroach12 7147
Trying 10.12.97.140...
Connected to cockroach12.
Escape character is '^]'.
#version memcpy-88-g38ad77a-dirty
#build-state 2013-04-11T11:50:43
Type ?help (including the “?”)to get a list of commands
?help
#help serial-proxy start\_a\_serial\_proxy\_(?serial-proxy\_serial-port\_network-port\_serial-speed)
#help client-list displays\_client\_list\_(?client-list)
#help system-info report\_server\_information\_(?system-info)
#help version version\_operations\_(?sensor\_[add\_module\_version\_[mode]|remove\_module])
#help sensor sensor\_operations\_(?sensor\_[list|create|relay\_job-name])
#help chassis-led set\_a\_chassis\_led\_(?chassis-led\_led\_state)
#help chassis-start initialise\_chassis\_interface
#help tap-info displays\_diagnostics\_for\_a\_tap\_instance\_(?tap-info\_register-name)
#help tap-stop deletes\_a\_tap\_instance\_(?tap-stop\_register-name)
#help tap-start start\_a\_tap\_instance\_(?tap-start\_(?tap-start\_tap-device\_register-name\_ip-address\_[port\_[mac]])
#help delbof deletes\_a\_gateware\_image\_(?delbof\_image-file)
#help listbof display\_available\_bof\_files\_(?listbof)
#help listdev lists\_available\_registers\_(?listdev\_[size|detail]
#help status compatebility\_alias\_for\_fpgastatus,\_use\_fpgastatus\_in\_new\_code\_(?status)
#help fpgastatus display\_if\_the\_fpga\_is\_programmed\_(?fpgastatus)
#help progdev program\_the\_fpga\_(?progdev\_[filename])
#help wordread read\_hex\_words\_from\_a\_named\_register\_(?wordread\_name\_word-offset:bit-offset\_word-count)
#help wordwrite write\_hex\_words\_to\_a\_named\_register\_(?wordwrite\_name\_index\_value+)
#help read read\_binary\_data\_from\_a\_named\_register\_(?read\_name\_byte-offset:bit-offset\_byte-length:bit-length)
#help write write\_binary\_data\_to\_a\_named\_register\_(?write\_name\_byte-offset:bit-offset\_value\_byte-length:bit-length)
#help register name\_a\_memory\_location\_(?register\_name\_position\_bit-offset\_length)
#help upload upload\_and\_program\_a\_(possibly\_compressed)\_boffile\_(?upload\_[port\_[length\_[timeout]]])
#help uploadbof upload\_a\_(possibly\_compressed)\_boffile\_(?uploadbof\_port\_filename\_[length\_[timeout]])
#help mode mode\_change\_command\_(?mode\_[new-mode])
#help version-list list\_versions\_(?version-list)
#help sensor-limit adjust\_sensor\_limits\_(?sensor-limit\_[sensor]\_[min|max]\_value)
#help sensor-value query\_a\_sensor\_(?sensor-value\_sensor)
#help sensor-sampling configure\_sensor\_(?sensor-sampling\_sensor\_[strategy\_[parameter]])
#help sensor-list lists\_available\_sensors\_(?sensor-list\_[sensor])
#help watchdog pings\_the\_system\_(?watchdog)
#help log-record generate\_a\_log\_entry\_(?log-record\_[priority]\_message)
#help log-default sets\_the\_minimum\_reported\_log\_priority\_for\_all\_new\_connections\_(?log-default\_[priority])
#help log-limit sets\_the\_minimum\_reported\_log\_priority\_for\_the\_current\_connection\_(?log-local\_[priority])
#help log-level sets\_the\_minimum\_reported\_log\_priority\_(?log-level\_[priority])
#help help displays\_this\_help\_(?help\_[command])
#help restart restarts\_the\_system\_(?restart)
#help halt shuts\_the\_system\_down\_(?halt)
!help ok 37
A command to get a list of available sensors:
?sensor-list
#sensor-list mode current\_mode none discrete raw
#sensor-list raw.temp.ambient Ambient\_board\_temperature millidegrees integer -2147483648 2147483647 -2147483648 2147483647
#sensor-list raw.temp.ppc PowerPC\_temperature millidegrees integer -2147483648 2147483647 -2147483648 2147483647
#sensor-list raw.temp.fpga FPGA\_temperature millidegrees integer -2147483648 2147483647 -2147483648 2147483647
#sensor-list raw.fan.chs1 Chassis\_fan\_speed rpm integer -2147483648 2147483647 -2147483648 2147483647
#sensor-list raw.fan.chs2 Chassis\_fan\_speed rpm integer -2147483648 2147483647 -2147483648 2147483647
#sensor-list raw.fan.fpga FPGA\_fan\_speed rpm integer -2147483648 2147483647 -2147483648 2147483647
#sensor-list raw.fan.chs0 Chassis\_fan\_speed rpm integer -2147483648 2147483647 -2147483648 2147483647
#sensor-list raw.temp.inlet Inlet\_ambient\_temperature millidegrees integer -2147483648 2147483647 -2147483648 2147483647
#sensor-list raw.temp.outlet Outlet\_ambient\_temperature millidegrees integer -2147483648 2147483647 -2147483648 2147483647
#sensor-list raw.voltage.1v 1v\_voltage\_rail millivolts integer -2147483648 2147483647 -2147483648 2147483647
#sensor-list raw.voltage.1v5 1.5v\_voltage\_rail millivolts integer -2147483648 2147483647 -2147483648 2147483647
#sensor-list raw.voltage.1v8 1.8v\_voltage\_rail millivolts integer -2147483648 2147483647 -2147483648 2147483647
#sensor-list raw.voltage.2v5 2.5v\_voltage\_rail millivolts integer -2147483648 2147483647 -2147483648 2147483647
#sensor-list raw.voltage.3v3 3.3v\_voltage\_rail millivolts integer -2147483648 2147483647 -2147483648 2147483647
#sensor-list raw.voltage.5v 5v\_voltage\_rail millivolts integer -2147483648 2147483647 -2147483648 2147483647
#sensor-list raw.voltage.12v 12v\_voltage\_rail millivolts integer -2147483648 2147483647 -2147483648 2147483647
#sensor-list raw.voltage.3v3aux auxiliary\_3.3v\_voltage\_rail millivolts integer -2147483648 2147483647 -2147483648 2147483647
#sensor-list raw.voltage.5vaux auxiliary\_5v\_voltage\_rail millivolts integer -2147483648 2147483647 -2147483648 2147483647
#sensor-list raw.current.3v3 3.3v\_rail\_current milliamps integer -2147483648 2147483647 -2147483648 2147483647
#sensor-list raw.current.2v5 2.5v\_rail\_current milliamps integer -2147483648 2147483647 -2147483648 2147483647
#sensor-list raw.current.1v8 1.8v\_rail\_current milliamps integer -2147483648 2147483647 -2147483648 2147483647
#sensor-list raw.current.1v5 1.5v\_rail\_current milliamps integer -2147483648 2147483647 -2147483648 2147483647
#sensor-list raw.current.1v 1v\_rail\_current milliamps integer -2147483648 2147483647 -2147483648 2147483647
#sensor-list raw.current.5v 5v\_rail\_current milliamps integer -2147483648 2147483647 -2147483648 2147483647
#sensor-list raw.current.12v 12v\_rail\_current milliamps integer -2147483648 2147483647 -2147483648 2147483647
!sensor-list ok 26
A command to get the fpga temperature
?sensor-value raw.temp.fpga
#log info 972860901568 raw 1\_clients\_subscribed\_to\_sensor\_raw.temp.fpga
#sensor-value 972860901576 1 raw.temp.fpga nominal 37000
!sensor-value ok 1
A command to get the fan speed of the fpga fan
?sensor-value raw.fan.fpga
#log info 972860915528 raw 1\_clients\_subscribed\_to\_sensor\_raw.fan.fpga
#sensor-value 972860915531 1 raw.fan.fpga nominal 5730
!sensor-value ok 1

[bookmark: _Toc405790543]Python interface

The primitive katcp interface discussed in Section 5.4.1combined with the python package “corr” can be used to build python scripts for interacting with the PICs.  A tutorial in python is beyond the scope of this manual.  A sample script is shown below.  It can be used to load an FPGA personality into all 8 PIC FPGAs in the system at once.

import corr
fpga=[]
fpga.append(corr.katcp_wrapper.FpgaClient('10.197.60.101',7147))
fpga.append(corr.katcp_wrapper.FpgaClient('10.197.60.115',7147))
fpga.append(corr.katcp_wrapper.FpgaClient('10.197.60.112',7147))
fpga.append(corr.katcp_wrapper.FpgaClient('10.197.60.113',7147))
fpga.append(corr.katcp_wrapper.FpgaClient('10.197.60.117',7147))
fpga.append(corr.katcp_wrapper.FpgaClient('10.197.60.116',7147))
fpga.append(corr.katcp_wrapper.FpgaClient('10.197.60.118',7147))
fpga.append(corr.katcp_wrapper.FpgaClient('10.197.60.119',7147))

for i in range (len(fpga[0].listbof())):
    print "%d %s" %(i,fpga[0].listbof()[i])
personalityId = int(raw_input("Select a personality"))
personality = fpga[0].listbof()[personalityId]
for i in range (8):
    print i
    try:
        print fpga[i].progdev(personality)
    except:
        print "Error"
[bookmark: _Toc405790544]Information on the Web
The ROACH2 board was designed by the CASPER collaboration, a loosely knit group of engineers and scientists from around the world.  The collaboration maintains a web site:

https://casper.berkeley.edu/

The web site contains quite a bit of information on the ROACH2 board and other products developed by CASPER.  Our advice is to download everything of potential interest since the web site may not be there forever.  The collaboration also maintains a mailing list which users from around the world use to ask one another questions.  Subscribe to the list by visiting

https://calmail.berkeley.edu/manage/list/listinfo/casper@lists.berkeley.edu

On the web site, one can access and search the mail archive.  This is a useful way to try to solve problems.
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