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BLMLHC Optical Link Architecture

» Surface Processing Electronics (BLETC): 2x2 redundant optical links receiver (carrying the same info)
» Link quality is evaluated at the reception: if no good package from either link, an interlock is generated

» Optical receiver very sensitive to temperature
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Optical Link Reception

e Redundant link e TLK1501 Deserializer

 Protected by CRC32 « 40MHz clock
« Frame ID counter « 2 control bits: StartOfFrame (SOF) + RestOfFrame (ROF)

« 16 data bits Optical receiver mezzanine: EMDS https://fedms.cern.ch/document/493588/4

CID (card identity number)
STATUS 1
STATUS 2

C01|mt 1 | ADF 1
ADC 1 Count 2 ADC?2 . nm__obzt)

AD C 2 | Count 3 + - _dﬂ(] 1010 |COFF |FFFF | 410C /8000 | 0000 /0004 | 10CE 0000 0410 ) CDA1 OCED 0000 ) C800 | 00CE |OOCD |CEOD 0008 | ADAO |BEB3 ) 0000

ADC3 | Count 4 :

Count 5 | ADC 5 Simulation example
ADCS5 | Count 6 | ADC6

ADC 6 | Count 7 .

ADC 7 [ Count8 « BLETC Firmware
Count 8 ABDEE— . .
:iFID{frame identity number * Receive asynchronous links (clock + 2ctrl + 16data)

DAC %u 2 . -

DACS DACA Warf for bqth frames

DACS DACG6 « Decide which frame to keep:

DAC7 DACS

CRC « CRC
CRC « card ID
40us frame

(20x16bits word) « frame ID increase
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Spurious Optical Link Errors

This issue may have been present since Runl.

BLM Spurious Dumps . |
(incl. optical issue) : l“ m MU m [ ’I
20 .- , * st L
wmw %ﬁw _"Wﬂ:‘f ’1!—. .
0 |
1 2 3 4 5 6 7 8 9 10 11 12 13 14 7 : : v -
Extract AFT (*approx. numbers) BLM AFT cardiogram view (2015)
- Rack temperatures: BY01 - Front Fresh Air
Partially solved by decreasing the rack temperature during Run2. ST
But the temperature was increased during LS2, and not lowered after. "
=> Temperature set back from 23 °C to 16°C on the 24" May 2023. B e i
R I\"'-'--n._...._..,..al‘u-'"— -.-‘-. g - ,__‘“___# .
Example of spurious dump: https://issues.cern.ch/browse/BIBML-2710 I e e e e e
Example of thermalized rack reconfiguration: https://issues.cern.ch/browse/BIBML-2741 Tize e me e 2 mw 20 e 200 MMe e mMe 20

BLM rack temperature reduction in May 2023
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https://issues.cern.ch/browse/BIBML-2710
https://issues.cern.ch/browse/BIBML-2741

Optical Link Reception Issue

An investigation on the spurious dumps in April/May 2023 allowed to identify the source of the issue.

Failure case: 1 intermittent faulty link leading to a spurious failure of the entire decision-making process for both links !
The Frame ID check framelD(n+1) = framelD(n)+1 is done twice on the same frame: on the good link. then on the bad one.

Happens in very specific conditions: temperature & weak tunnel transmitter make 1 link unstable

FW code to be updated: fully synchronous decision process (no clock domain crossing) = easy to update and simulate

TLK1501
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1clock
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+16data
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|
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data
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1
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Data reception in the processing FPGA




Redundant Link Arbitration Misalignment

Temperature = incomplete frame

Firmware issue: Link1 is good & Link2 intermittently faulty

If one link is shifted and the end of packet is missing, the Bad link is shifted by one 25ns cycle

good link is used, but the bad link is taken into account for ikt TN e X0 7 T T %

the Frame ID check, as the corresponding “lost” flag arrives et ok / R — _

1 cycle to late and the CRC_ok is not reset. st T\ / A/ 1%t check: Frame ID + 1

Consequence 2 FID errors are both frames are compared frame_done — — —

COﬂSGCUtiV6|y. link2 V777778 framen ¥ 77 7 fram A7 ) frame n+2 A
crc2_ok / S

This issue happens only:

1- at high temperature: optical diode unstable, and the f "”:2;"}5‘ ‘ — =
deserialiser TLK1501 at the limit (resynchro cycles + CRC e " >nd check Erame 1D S 1
errors, + lost frames).

2- when one link is good and the other recovers and stops

CORRECTED frame_done pulsed + link_lost updated 1 cycle before

ContInUOUSIV in rame n ame n+ ame n+.

3- when the bad link received frame is shifted by exactly one Cm:_:( A /)? A ot WA i i e

25ns clock cycle kot 1\ / A/ 1stcheck: Frame ID + 1
frame1_done /—“\ /L“\ /—“\

link2 A% framen ¥ A7 7 fram A7) frame n+2 7/ A

Correction: 2 changes in the RTL code cre2_ok / T

- frame_done is now pulsed ink2_lost —\ = \

- lost_link flag generated one cycle before. frame2_done N\ I N\

T \/ \Now 1 cycle before

pulsed so no frame ID check
Validation: non-regression tests played in simulation.
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Lab Testbench

Extra BLMLHC_LAB1 @10:32:04 1100'0000~0000'0000
Max Loss | Thresholds | Status |
CARD STATUS | BEAM DUMP | ALL CARD STATUSES |
Custom and manual testbench on one cousotn  cousors  comsesm  cowsoss
. H MaxVal Resets Ox00003699 Ox00003699  Ox00003699 Ox00003699
board . n O m O re e r r O r S p u rl O u S . Dumps Ox00000002 Ox00000SDE  Ox00000008 Ox00000001
Err CRC Ikl OwD0D001E70 OwQO00Q4C0A  OxOO000000 Ox00000000
Err CRC lkc2 Ox0000000S OxO0QOQO000 = Ox00000008 Ox00000000
. Err comp k1/2 _(0x00000000  0Ox00000000 Q0000000 000000000
In the lab, 2 BLETCs board running: Err Card ID 0x00000000 0x00000000
Err Frameid  §0x00000000 § 0x00000000 JOx00000010 § 000000000
-v1l.24 CorrECted FW i AAAAAA GG ======== AEAAAAGG FYETTEeT
. GHGEGEEE GAGGEGGE (GGAGEGGE GGGGGGGG
- L= AAG49444 A46449644 A64G4444 G4G964G44
v1.2.2 current Operat|0na| FW Lost Fr lkl Ox000DE241 Ox00002F44  0x00009108 Ox00004778
Lost Fr lk2 Ox0000EE2D OxO0003ES8B  Ox0000BDOF OxDOODOCGEF7
k1 FID 0x3B2E OxOF 6B Ox3B2E OxOF6B
ciD 443 159 443 159
P R O C DAC Value 1 0x19 Ox6E 0x19 Ox6E
k1 DAC Value2z  Ox00 0xl6 0x00 016
Vl . 2 . 4 DAC Value 3 Ox0B Ox00 Ox0B 0x00
DACValue4  OxOE 0xSC OxDE Ox5C
AC Q Ik DAC Value 5 Oxl6 0xlC 0x16 Ox1C
1 DAC Value 6 0x19 0x00 0x19 0x00
Att+ DAC Value 7 ml2 0x30 Oxl2 Ox30
l DAC Value 8 Ox0C 0x00 0x0C Ox00
Split ADCRangel  OxOF3A OxOF96 OxOF3A OXOFS6
ADC Range 2 OxOFB1 OxOFBD OXOFBL OXOFED
ADC Range3  OXOFAB OXOFAA OXOFAB OXOFAA
ADC Range 4 DxOFAC OXOFB4 OxOFAC Ox0FB4
ADC Range S  OxOFBA OxOFA4 Ox0OFBA Ox0FA4
ADC Range 6  DXOFG7 OxOFB1 OxOF67 OxOFB1
ADC Range 7  OxDFC4 OxOFB4 OxOFC4 Ox0FB4
. ADC Range®  DXOFSC OxOFC4 OxOF5C Ox0FC4
Tune the optical attenuator to reach the tertock output | e
Interlock sources TYIITITTILYY AALAGAGRES
Ilmlt On one Ilnk’ then the Other' Beam energy Uz2Status | @ @ @& | 1/32 Status: | 4 & &
BE line timeouts kl: 0 lk2: o kl: 0 k2 0
. . . . BE line CRC errors lkl: 0 le2: D l: 0 k20
MOI'e statistics: since TSl'23 n LHC FW git tag m 0x1020004 0x1020002
H FW version 120672023 r.0  0x17080c00 14032023 r.0 Ox17030=200
>600 processing boards run the v1.2.4. Serial b Oxe000003224b70L 1200008326471
Temperature 45.0625°C 50.0%C
Can be easily rolled-back if needed. Testbench in the lab
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Deployment and test with beam

The new firmware v1.2.4 was deployed during TS1-23 on the 19™ June 2023 (https://issues.cern.ch/browse/BIBML-509).

We have CRON jobs to get daily reports: temperatures & optical link diagnostics.

=>» No spurious dump detected since the upgrade.

BLM optical link issues

t.crates daily

2023-07-10 08:00 to 2023-07-11 08:00

45.0

6L Card 1,9
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BLM Electronics Temperature Report at 6L
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oplink daily 2023-07-10 18:00 to 2023-07-11 06:00
Optical link errors -V2
COMPARISONS ERRORS LOST
B D16 DI D9:16
Card  CF Ser FB_ [FA_ LFB [F7 F F
LLOI 0398 0530 0 0 0 0 0 0 32
2.C11 0719 0258 0 0 0 0 0 29 0
2.C02 0188 0324 0 0 o0 0 1 0 o
2110 0456 0468 0 0 0 0 2 0 0
21L.11 0440 0388 ] 0 1849 o 0 0 99999
2.L.06 ) 0380 0444 0 0 0 ~99999 0 ! 0,
2.L08 | 0366 0715 0 189 0 o 0n 26761 0
3.L.15 | 0123 0619 1756 0 0 0 35747 n 0
TCUST 0008 0119 0 0 0 0 0 0 0
LLO1 0744 0157 0 0 0 0 0 0 1
LR.13_ 0083 0121 b 0 0 0 0 0 0 0
5.L.04 0871 0753 302641900 0 0 0 17195 0 0 0
0683 0490 1102481 o 0 0 0 0 0 0 o0 Ll 0 >99999 0
0391 0056 0 0 0 0 0 0 0 0 0 0 0 3
0708 0813 0 0 0 0 0 13 0 0 0 3333 0 0
0207 0843 0 0 0 0 0 0 0 0 0 0 1045 0
0372 0096 0 0 0 0 0 0 0 0 10 0 il 0
0243 0248 0 0 0 0 0 0 3 0 0 0 34 0
0130 0150 0 \LJ 0 0 0 0 1 0 0 0 23 0
GLE
LKZ_CRC_ERRORS_A
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=50 L% C
B g
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Link error vs temperature at 6L
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https://issues.cern.ch/browse/BIBML-509

BLMLHC Future Plan

» New surface processing electronics will be deployed during LS3: VFC-HD (embedded deserializer, larger/faster FPGA)
* New tunnel acquisition electronics will de deployed during LS4 (new optical transmitter)
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unnel Electronics pt
s o s
. . N X 2N
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JULLCTEITHIE 0 4 Optical Recsiver ¢us| LO in
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JLLLTECEATHEY w
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