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Installation, operation and maintenance procedure for BLM system.
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Abbreviations

ADC
Analogue to Digital Converter, in the FEE, monitors the integrator.

BEE
Back End Electronic, surface electronic that receives signal from FEE and sends dump to the combiner.

CR
Control Room, generally indicates a centralized location.
CPU
Central Processor Unit, in the surface rack.

CRC
Cyclic Redundancy Check, extra bits added to the data frame to check the transmission correctness.

DAB
Data Acqusition Board, board in the surface, which elaborate the data and ask for a dump.

FEE
Front End Electronic, tunnel electronic.

FPGA
Field Programmable Gates Array, digital processor in both surface and tunnel electronic.

GOH
GOL OptoHybrid, chip for the digital transmission from the tunnel to the surface via optical fibre.
GOL
Gigabit Optical Link, see GOH
HV
High Voltage, high tension source, also used to generate testing signals.

IC
Ionisation Chamber, our detector.
PCB
Personal Computer Board, interface board for a laptop and our electronic.
SW
SoftWare, a computer program.

TBF
Threshold and Beam Flags, indicates tables in the BEE used to compare the signal with the limit and to orient the dump request for the maskable and not maskable combiner.
TH
Thresholds
Synoptic table.

	
	FEE
	IC
	BEE
	COMBINER

	INSTALLA-TION
	· FEE bench test

· PCB test in the tunnel with HV test
· Barcode check preparation
	· Radiation test with PC board
· Barcode check preparation
	· BEE bench test

· BEE + Combiner test on the rack with HV test
· Barcode check preparation
· TBF check
· TH test
	· Combiner bench test
· BEE + Combiner test on the rack with HV test
· Barcode check preparation

	OPERA-TION
	· 10 pA test
· Out of range ADC

· HV test every dump
	· Radiation test every year before start up
· HV test every dump
	· HV test every dump

· TBF check
· (TH test every dump)
	· HV test every dump



	MAINTE-NANCE
	· Cable by cable substitution with barcode check.
	· Barcode check
	· TBF check
· TH test
· Cable by cable substitution with barcode check.
	· Barcode check


Test descriptions
	NAME
	10 pA test

	AIM
	Test FEE analogue electronics and connections.

	WHERE
	Online in the system.

	WHEN
	Continuously.

	PROCEDURE
	Generate a 10 pA signal in the FEE card. This generate an ADC bit every 5 ms. In case of no variation for time greater than 10ms the channel is declared blind.

	REMARKS
	Study better the reliability of the procedure (influence of the noise on the test).and the possibility to improve the ADC electronics and/or bias current.


	NAME
	Barcode check

	AIM
	To detect possible maintenance error of the whole system. 

	WHERE
	In the system. 

	WHEN
	During maintenance, preparation during installation.

	PROCEDURE
	During installation an association between position-IC-cables-(patchcord)-FEE-crate-optical fibres-BEE-surface rack-combiner is created and stored into a database in the CR.

During maintenance, the substituted elements position is checked through the database to avoid wrong assignation to the channel.

	REMARKS
	Barcode reader needed for the maintainers with SW facilities to download and upload data.


	NAME
	BEE bench test

	AIM
	Test Back End Electronic.

	WHERE
	Laboratory.

	WHEN
	Before BEE card installation.

	PROCEDURE
	Photodiodes functionalities…
FPGA functionalities...

Dump switches functionalities...

	REMARKS
	Always keep at least 3 boards per point already tested, ready to install into the tunnel.


	NAME
	FEE bench test

	AIM
	Test Front End Electronic.

	WHERE
	Laboratory.

	WHEN
	Before FEE card installation.

	PROCEDURE
	Frequency calibration…
(ADC calibration.)
10 pA generation check...
FPGA functionalities...

GOH functionalities…

	REMARKS
	Always keep at least 3 boards per point already tested, ready to install into the tunnel.


	NAME
	Combiner bench test

	AIM
	Test Combiner electronic. 

	WHERE
	Laboratory.

	WHEN
	Before Combiner card installation.

	PROCEDURE
	Test either the maskable and not maskable inputs and outputs with voting results.
Test HT input and output.

Test power supply input

Test beam permit input.

Test Energy monitor signal.

	REMARKS
	Always keep at least 3 boards per point already tested, ready to install into the tunnel.


	NAME
	Double optical line comparison

	AIM
	To detect either possible optical transmission error or optical connections problems.

	WHERE
	Online in the system.

	WHEN
	Continuously.

	PROCEDURE
	The 2 signals are generated in the tunnel electronic and transmit with a CRC.
1. Both signals are checked for errors via their CRC.
2. The CRCs are compared in order to check if they (as well the data) are identical. 

3. Select one of the two signal to be processed
The table below summarise the decision taken by the surface FPGA

CRC -A
CRC -B
CRC comparison
Output

Remarks
0
0
0
Dump

Both signals have error
0
0
1
Dump

CRC generation or check error
0
1
0
Signal B

error in CRC
0
1
1
Signal B

error in data
1
0
0
Signal A

error in CRC
1
0
1
Signal A

error in data
1
1
0
Dump

one of the counters has error
1
1
1
Signal A

By default (both signals are correct)
1:Correct, 0:Error
4) report in the status the number of the counted error per line to estimate the BER variation. This operation is important to monitor the fiber/component aging due to several factors (radiation, temperature, …)



	REMARKS
	If BER exceed a certain level, typically 10-7, a maintenance on the transmission line must be planned (transmission mezzanine substitution, optical fibre substitution,…) 
Generally BER=10-10


	NAME
	Dump test

	AIM
	Test the switches status in the DAB

	WHERE
	At the surface.

	WHEN
	After every dump.

	PROCEDURE
	TBD (depending on the implementation)

	REMARKS
	Could be integrated into the HV test?


	NAME
	HV test

	AIM
	To detect possible malfunctions of the tunnel electronics and electrical connections problems.

	WHERE
	In the system, in the lab. 

	WHEN
	During installation with the PC board, every dump.

	PROCEDURE
	The test consists in two steps. The HV test could be generated by the combiner card (during operation) or by the PC board.

Low Frequency HV modulation (LFHV): generation of an HV modulation with a frequency between 0.01 and 1 Hz. to test the IC electronics variations and to detect if a channel is blind. CR software and database should be used to detect variations and to plan maintenance.

High Frequency Test Activation (HFTA): generation of a signal on the HV line to trigger the tunnel FPGA for a digital test of the channels. The tunnel FPGA generate different frame which activates the dumps in the 8 channels in different times. CR and PC board SW should be implemented to detect the frame (and the answer of the combiner voting).

	REMARKS
	Substitute the deteriorated IC or electronic ASAP. Perform the LFHV later after the dump, to minimize external irradiation influence.


	NAME
	PCB test

	AIM
	Test FEE and connections with a laptop.

	WHERE
	Tunnel or eventually surface.

	WHEN
	Before FEE card installation and eventual tunnel configuration check.

	PROCEDURE
	1. Connection of the output fibre(s) to the card.
2. Generation of the HV test either by the central generator or by the board itself.
3. Checking of the optical frame.

Eventual surface test to check the tunnel-surface link too.

Use of the PC board during radiation test in installation.

	REMARKS
	At least 3 PC board available per each LHC point. (1 for the tunnel, 1 for the surface, 1 spare).


	NAME
	Radiation test

	AIM
	Test IC inner gas and connections. 

	WHERE
	Tunnel.

	WHEN
	Installation and every year before starting (transitory: also after annual shut down to eliminate infancy mortality).

	PROCEDURE
	During installation: 

1. Connect the PC board to the fibre(s)
2. Put a radioactive source on the ionization chamber in the marked position.

3. Record the changing and either substitute the out of range chamber or find the wrong connection.
During operation, only point 2 and 3, with recording in a CR SW.

	REMARKS
	Every IC has to been marked to have the same irradiated zone.
Problem to physically reach some monitor?
“Not eat in presence of radiation”.  [PSI]
Pb of monitoring some IC in not comfortable locations.


	NAME
	TBF check

	AIM
	Modify and check the Thresholds tables and Beam Flags table in the FPGA memory. 

	WHERE
	Generation of the signal in two locations of the CR (or CR and local PC).

	WHEN
	With different valences, in all life phases.

	PROCEDURE
	During installation and maintenance: 

1. from two different interfaces, A and B, start the TBF software.
2. download the tables from the FPGA which has to be modified.

3. modify the tables.
4. send the request of changing from the interface A.
5. The SW generates a key that has to be inserted in the interface B in 10 seconds before the upload request.

6. The SW checks the correctness of the 2 tables. If they are different, restart from the point 3 underling the difference.
7. The SW uploads the tables to the FPGA and to the crate CPU and checks the correct transmission downloading them after uploading. If there is a permanent error, substitution of the broken component (CPU crate memory or BEE).
During operation,
1. CPU crate continuously checks the tables in the FPGA and the one in its memory.

2. If there is a problem, CPU crate doesn’t send an OK to the central SW.

3. In that case, the SW check if there is an error either in CPU memory or in the FPGA ones. If the problem is in the CPU memory, try to correct it and, if it not possible, exclude the wrong tables from the checking. If the problem is in the FPGA memory: if it is a safe error(threshold limit lower then desired or safe beam flags not set) just marks to board to be substituted the next dump; if not, dumps.

	REMARKS
	SW must be high reliable one.


	NAME
	TH test

	AIM
	Check the BEE FPGA whole functionality 

	WHERE
	Generation of artificial dump signal in FEE, following a CR command

	WHEN
	During installation and maintenance (operation too?).

	PROCEDURE
	Generation of a test signal via (fast) HT modulation in the FEE and in the combiner via the VME crate. The FEE FPGA set a counter value of one channel to its maximum and transmits this “artificial” frame. We check from the combiner the correct dump request from the BEE FPGA. The test has to be performed on each of the 8 FEE channels.

	REMARKS
	Coordination of the test signal request (with high reliability, like in the TBF test)


SW requirements
PC board test software to check frame from FEE.
SW for radiation test data analysis either in the PC board or CR.

Barcode check database and SW in CR.
TBF check SW.
OnGoing

Better detail definition of the Bench tests (with Franco+ Ewald).

Status bit definition (with Christos)
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