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Introduction-LHCHJpgrade

x During the second LHClong shutdown (20192020 the
entire LHCldetector will be upgradedto operate at higher

)
& 4

LU

luminosity;

The LHCbRICHsub-detectors upgraded with a 40 times
increasedreadout rate;
Forthe Digital Boardsan SRAMbasedFPGArom Kintex-7
family hasbeenproposed XC7K70T-FB®G76;

x DeviceUnder Test X(ZK70T-FB@84(%. (More info)

LHCDb detector
https://Ihcb-public.web.cern.ch/lhalublic/

Elementary Cell (typical architecture simplified)
8 x 64 readout channels (each digital board can re
8 MaPMTssignals)

The LHCb CollaborationtiCh Particle
Identification Upgrade Technical Design
Report available atfink.
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Radiation Environment

x FLUKAsimulation --> Total lonizing Dose (TID) and
neutron equivalentfor 50 "H'H;

X Worse casescenariovaluesare expectedin RICHL
sub-detector, becauseof its position with respectto
primary collisionand singlearm spectrometer,

X FPGA exposed to a maximum of 200 krad
(2 kGy) overthe Upgradephase

Framework TDR for the LHCb Upgrade: Technical
Design Report

RICH 1 and RICH 2 sidiectors

Region | TID krad] | Neutrons: Hadrons:
1MeVl [Al ] >20MeV[AT ]

RICH1 200 3 X 1.2 X

LHCb Upgraded RICH 1 Engineering Design Review Report
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KINTEX/

x  SRAMFPGAamily A FlipChipdesignusing28 nm High-K Metal Gatetechnology,
x  KINTEX/ A bestprice/performance/watt ratio;
x In order to allow the heavyionsto penetrate the diceto the bottom activelayer:
A the FPG/packageis lidless
A the wafer was thinned from 250to about 60 um (typical / ion penetration depths
of 100um for availablebeamsat the laboratoriesfrom the list).
x  DUTswere thinned.

Copper Heatspreader Thermal Interface Material

\ Underfill Epoxy

/
/

Silicon Die

!

Flip Chip Solder Bump  Solder Ball Organic Build-Up Substrate
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Experimental Setup

NEXYS3
Dev. Board

LVDS communication

A
m
=
i
T
m
KINTEX 7
DAQ system for XC7K70T- B —p
currentand 1FBG484C6

voltage monitoring

Power supply
ADP5050

AC/DC Aadaptor
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Experimental Setup
~FPGA Test Board~

oL/

Y, e

fl' The DUT test board was designed considering the

~ )l : following test constrains
x Minimal external componentsusagejust to ensure

abaserunning;

________ |5 ; ' 3 x No external FLASHonfiguration memory;

% : - i x Reconfiguration through JTAG at each power

= ' up/cycle;

x A singleended 50 MHz clock, for the mitigation IP
CORE

x Externalclockwhich rangesfrom 500 KHzup to 12
MHzfor the userlogic.

n__" L i o i . -

Top view of the FPGA Test Board
http://www.xilinx.com/support/documentation/data_
sheets/ds180_7Series_Overview.pdf
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Experimental Setup
~SEM IP Core~

x  Soft Error Mitigation IP Coreis a speciallP provided free by Xilinxand usedto perform
SEWletection, correctionand classificationfor the configurationmemory, CRAM
x Typicaldetectionlatency. 25ms,
x The error correction is an optional feature which can be done using one of the
following method:
x Correctionby Repairmethod: ECCalgorithm basedand supports correction of
configurationmemoryframeswith singlebit errors; (one bit in eachframe)
x Correction by EnhancedRepair method: ECCand CRCalgorithm based and
supportssinglebit or double-bit adjacenterrors;
x Correction by Replacemethod: supports correction of configuration memory
frameswith arbitrary errors. (externalmemoryneeded)
x Using the classification capability the user can determine if corrected errors have
affected configurationmemoryin locationsessentialto the userdesign
X Supporterror injection:; with this feature the usercaninject SEUn the configuration
memorywhichis usefulfor establishthe critical bits ratio of he userdesign

https://www.Xxilinx.com/products/intellectualproperty/sem.htmi
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Experimental Setup

~Monitoring and Control~

j

A custom DAQ system monitors the
most important 4 voltage rails of the
Kintex-7 FPGA
TheLabVIEWGUIlallow usto:
A Readand plot the parameters
A Savethe parametersin to ASCII
filesfor offline analyses
A Performpower cyclefor the entire
FPGAor only on VCCAUXall.
All parametersare sampledat every 50
ms.
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Experimental Setup

~Monitoring and Control~

sync

SEM IP core

seTcounteR g
av. -
seucouner [N
(4:45:41 PM / GENERAL COUNTERPZRN |l FD-TMR-SEM-FI LTl settings64 8:& impact -batch fd-tmr-sem-fi.bt

Mon, Jun 13, 2016
605.321

BEAM OFF

lidated
- muem Current Reading:  32.16 C, Min. Reading:
a.xt.lu

Reading:
Lw:m:q.lrm-zu-. 1.017 V, Min. Reading:

3822 3079 v e ' s

:—1 Current Reading: 1.761 V, Min. Reading:
v,
a
Q V 38223079

ENABLE SEU DET

Allow usto reconfigurethe FPGAandalsoto do a blind scrubbingprocedure
We canseethe SEMIP coreresponse

We cancontrol the functionality of the DUTboard, by controllingits logicfrequency,pattern type etc.;
We canreadthe BRAMcontent and alsowe comparedit with a goldencopy.

ing: L'm v
"1': Programing device...
= o

JC=\RiLinx\14."

X X X X
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i Irradiation Faclilities
X Heavy ions

C “Eat 126MeV (LET2.85'E "Hiiz "Hi 7i "Mand ¢ at 118 MeV (LET2.67

'E“Hifg "Hi i "Mat SIRADfacility servedby a 14 MV TANDEMaccelerator
from LegnaroNational Laboratories (Italy, July2015

C "Eat108MeV (LET2.97 E "Hijz "Hi Zi "Mand 1 iat 157MeV (LET8.58
'E"Hifg "Hi i "Mat SIRADfacility servedby a 14 MV TANDEMaccelerator
from LegnaroNational Laboratoriesn Italy; (Italy, March 2017

C Heavy lon Facility at Cyclotron Resource Center at Louvainla-Neuve
Universite Catholique de Louvain (UCL),the following ions were used
(Belgium,June2016

o ‘Aat131 MeV(LET=1.F "Hi "Hi I "M

o 'E'Ht238 MeV(LET=3.F “Hif "Hi i "M

o At 379 MeV(LET=1(@E "Hrf "Hi 7i "M (different inclination angles
wrt the beam: 0, 30 and 50 degrees)

0 "H at 582 MeV (LETZZOE"HFT “Hi T TB_I Note: Results from highlighted

facilities will be presented in this

o £ "ht769 MeV (LET=32B"Hif Hi I "M tak.
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Irradiation Facilities

x  Protons:
C Paul Scherrer Institute (at PIF) using 200 MeV protons (LET of 0.0036
‘E"Hiz "Hi 71 "M (Switzerland August2016)

C Juliech ResearchCenter (at COSYusing 35 MeV protons (LETof 0.0132
'E"Hiz "Hi i "M (GermanyMay 2017

x X-Rays
C PadovaUniversityusingl0keVphotons; (Italy, March2017)

x Mixedfield:
C CERNat CHARMusing24 GeVprotons with a metallic target, copper,without
shield. (Switzerland August2017)

Note: Results from highlighted
facilities will be presented in this
talk.
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Heavy lons Irradiation Results

x Irradiation was performed at UCL ,where severalfirmware versionswere prepared
for testingthe CRAMand Flip-Flopsfailure rates;

x Two error mitigation techniqueswere introduced in the firmware versions TMRfor
logicmitigation and SEMIP corefor CRAMmitigation;

x A blind scrubbingprocedurewasimplementedto allow a full devicereconfiguration,
andistriggeredby the SEUate occurrencen userlogic(userdefined criteria).

------

Laser alignment of the device with The vacuum vessel inside of which the
the particle beam longitudinal axis beam was extracted
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Heavy lons Irradiation Results

x With "E'Heam(LET=3.E "Hif "Hi 7i "M results- no latchup, significant SEU rate
CRAM and logic;

x However, we saw 100 mA jumps (mictatchup) in the VCCAUX rail when we used

‘A" beam with the DUT tilled at 50 degrees with respect to the be@nkET=15.57
‘E'HE "HI 7T "M

BEAM OFF
C . ‘A"beam with DUT
BEAM ON
Thiskind of mlcro—la_tchup phenomenonobserved tilled at 50 degrees
on the VCCAUXall is strongly related to the 5000 particles/Hi /s

circuitry associatedwith type of programmable

I/O banks, specificallythe High Rangel/O banks,

for LETvalues<40'E "Hif "Hi X "H
(DOI:10.1109/NSREC.2016.7891Y36

DEVICE CONFIGURE/O

| vlad-mihai.placinta@cern.ch | www.nipne.ro/dpp/Collab/LHCb/upgrade.html |








































