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* |BL and the FE-I4B chip
* Operational conditions during LHC Run 2

 Effect of Single Event Upset (SEU) /Single Event
Transient (SET) in FE-14 global registers

« Effect of SEU/SET in single pixel registers
« SEU/SET cross section measurements
« Mitigation strategies and test run results

* Conclusions and future plan
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The IBL idea in a nutshell

The IBL layout

The IBL detector
 Existing B-Laye
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add a single detector layer built around a new thinner [z
Beryllium beam-pipe (radius 29 mm =» 25 mm)

closer to interaction point (5.05 — 3.27 cm)

&
-~ 5

smaller pixel size (50 x 400 — 50 x 250 ym?)

"y T .

Old Bearh pipe

IBL + beam pipe and structures : < 2% X,

14 staves in the phi coordinate

32 front-end chips along the eta (z) coordinate

mixed configuration of planar ( 75%) and 3D (25%)
sensors technologies along the staves.

~12 million pixels in total!
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GOTTINGEN The ) detector
Plxel IBL 3 Layers Pixel Detector
Sensor n*-in-n n*-in-n/n*-in-p since start of RUN 1 (2010)
Leermeleey (only planar) (planar/3D) SO '
Sensor
Thickness 250 ym 200/230 uym
Front End @3 ™ FE-I4
Technology ZWDS\\ 130 nm CMOS
Pixel Size 50 x 400 pm? 50 x 250 ym?
(show (short side along R-o)
Radiati
o ass 50 Mrad (500 kGy)  |(250 Mrad (2500 kGy)
~1x10" n,-om22 ~5x 10" ng-om™
r\
Barrel B-Layer 50.5 mm
<Radius> =Py =
Layer1 | 88.5mm =l
Or a4 \"f
Layer2 |122.5 mm —— /*‘ U }\\\
EndCaps I_nsertable B-Layer (IBL)
Radius,;, | —ndcaps | 88.8mm since start of RUN2 (2014)
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apvdatitai@l  The IBL FE-14 chip vs Pixel FE-I3

Main features of the new front-end:

« new read-out electronics to face with larger
occupancy and radiation

=>» 26880 hybrid pixels arranged in 336 rows
(50 pm pitch) x 80 (250 pm pitch) columns

= 8b/10b encoding at 160 Mb/s
(FE-I3 used 40 Mb/s and no encoding)

= IBM 130 nm CMOS process i
(FE-13 used 250 nm) T80 col 5.0 ”

= Mostly std. cell library and std. linear transistors € n direction >
(FE-I3 used special rad. hard cell library and enclosed transistors)

* new read-out architecture
=>» hits collection limited to Pixel Digital Region, 2x2 pixels matrix
(FE-I3 used Double Column granularity, 2 x 160 pixels matrix)

* larger size (and active area) to reduce the costs (and inefficiencies)
= ~ 4 cm? size (FE-I3 was 0,8 cm?)

= ~ 89% of active area (FE-13 had 74%)
« max power dissipation < 300 m\W/cm?

PR e gy 1 111

N

]| Illlllll“’
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ww 88t

@ direction -
336 rows x 50 ym
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Mean Number of Interactions per Crossing

Tough working con

ditions for Pixel/IBL

Integrated Luminosity F::;( 19) | :Elr)
CoIIect((el_\c’julrJ]p1 ;co 2012 29 0
et hunn | e | e

(REF)I( aef §3n2y+2g5r? 3) ~430 ~400

240 pb'' expected in Run 3 & LHC Evian Workshop

First SEU induced
radiation effects visible

4

already in 2016!
L Expected peak conditions

Inst. luminosity
~2°10% cm? s
Pile up ~ 60

Lvl1 rate ~100 kHz.

< Only Pixel 4 < Pixel + IBL 9/
v'_-:‘ 3O_LIIII|IIIII|IIIII|IIIII Illllllllll IIIII|lllll|lllll|l|lll|llIIIIIIIII|IIIII {II]_
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Month in Year

« Fill lumi. up to 1 fb"!
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. 32 cormn Fluence vs Integrated dose

Pixel* IBL
Integrated Fluence Dose Integrated Fluence Dose
Luminosity B-Layer B-Layer Luminosity @ z=0 @ z=32 cm
(fb™) (Ngg-cm™2) | (Mrad) (fb1) (Neq-CM™2) (Mrad)
Run 1 + Run 2 189 ~5.5¢10'4| ~28 160 ~ 1015 ~ 93
Expected by 2023 ~ 430 » 5 ~400 sy wrsn | s
un't+ Run 2+ Run3 | (~ 240 Run 3) |11 1) [~ 60 )1 240 Run 3) [=25°10%) [ ~132

*Assuming, for simplicity, the same Energy of 13 TeV in Ng 1ok  ATLAS ;'D}é/ih}n;}y' - l_‘ 150@

Run1,Run2 and Run3. Y [ e {2

c - —IBL o

5 8 L. i £

Number from From Pythia + Fluka = b E;j‘eyf : 1100 %

i - Il 6 ——Layer? {3

= IBL should still be within the FE-14 O .-

specification (250/300 Mrad) in Run 3. S/ Ty S

= B-Layer will probably exceed FE-I3 limit 35 2 foit ] E
(50 Mrad) in Run 3. T eI

0 200 400 600 800 1000 1200
Days Since Start of Run 2

N.B. Full ATLAS tracker will be replaced at HL-LHC!
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e commaE How to make FE-I14 more SEU-tolerant?

Up to ~1073 hadrons (E>20 Mev) cm=2 fb-! according to PYTHIA/FLUKA simulations.

« Configuration memories based on Dual Interlock Cells (DICE) to
mitigate effects of SEU (smaller capacitance/voltage for the 130 nm feature)

=>» node storage redundancy.

DICE latch structure mmp

« Charge sharing between adjacent
nodes can corrupt data in latches:
=» custom layout design strategies

to mitigate such effect ...
= hardened by design (HDB).

« Hamming coding data buses and storage.

« Radiation burst detection circuitry if dose exceeds 100 MRad/s.
=>» hard reset triggered.
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. @J cominGen Local pixel registers

Local Pixel Registers: 13 DICE latches per each pixel
(12 millions pixels in the entire IBL)

Pixel memory

local local
feedback threshold
tune tune
Vfb Vth _ -
G o + wor @ fhers
V ( )
ﬂ)2?
- feedbox |- - feedbox R
‘ || “ MonHit |/
lieakMon Il (it 8) It

Cy=17fF Cp=8.7fF
Pag ;
\ \ _[ >_D",30ut
QD Preamp | Amp?2
Cc=52ﬂ: / Oo—
| DigHit D_

Dig_En (SR bit) D—

Inj1 (bit 6)

(bit 7) Injo
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Bl (o o Local pixel registers

Local Pixel Registers: 13 DICE latches per each pixel

(12 millions pixels in the entire IBL)
PxStrobes | Latch controlled in the pixel

10] Output Enable (1 bit): set to 1 to include pixel in read-out (enabled pixels)
set to 0 to digitally mask the pixel (noisy pixel)
TDAQ or local Threshold DAC (5 bits): single pixel threshold.
[6] Large Injection Capacitor (1 bit): set to 1 to enable charge
injection through big capacitor; set to 0 otherwise. Uzed_only
= uring
[7] Small Injection Capacitor (1 bit): set to 1 to enable charge Calibration
injection through small capacitor; set to 0 otherwise.
8] Imon/HitBus(1 bit): set to 1 to monitor the leakage current Indirect impact
set to O to include pixel in HitBus logic on noise in
data taking..
[9:12] FDAQ or local Feedback DAC (5 bits): single pixel feedback.

Pixel registers that can have a direct impact in data taking efficiency!
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. @J GoTNGEN Global chip registers

Global Chip Configuration: RAM block of 32 words of 16 bits each.

« Extra protection added for the global memory (not possible due to
space limitation in single pixel):
=» each memory cell has triple redundancy (majority logic).

O w Word 0 -]
! Word 1 Datain To config
Word2 ............................................ Loadi1
\ g 1_ .......
\ Maiorit To readout
[ i |DICE1 I?gi:':y ) +
AO ; -8 . \ Loadi2 I
Ay g é = Me?;w1%ray \ | di = L, and WEb
H B readi = L; an ar
A,—>| E » B X \ i [picE2
A.—> 0w C :
AZ N o Q — \ Loadi3
e} \ ]
© :
< : : Error fla
i|bices | Eror | TS
Ldi =L; and WE logic
L31 ............................................................................................................
Word 32
R| RJ
Data in<15:0> N [: Data out<15:0>
Z
7 / o
Error out<31:0>
—> >
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. @J GOTTINGEN Single Event Upset/Transient

Single Event Upset (SEU)

secondary
neutron ion
- Circuit with two stable states, 0 or 1 (latch), used to \ =
store each configuration bit. \ L , L 777
« Arelevant amount of charge into a latch can flip its Y T ”*/,

logic state.
* In case of highly ionizing recoil nuclei and showers
from nuclear interactions of the MIPs in the proximity

of the memory cells: &

= memory corruption.

nuclear
action

Single Event Transient (SET) SEUQ& n

* Transient pulse caused by single event effect (SEE)  |Logic FF or
that propagates in a combinatorial circuit path and D™ Circuit| —{ Latch

eventually be latche in a storage cell.

* Glitch on the “LOAD" line of Shift Register (SR): ' & |
= memory corruption. D— ]gi(zfilcit B El;gl:
CK
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. @ il G [0 bal registers SEU/SET effects

« Global register SEU/SET has a strong impact on module operation.

« Both Low Voltage (LV) current consumption and module hit
occupancy|can be affected.

o nrri LI | L LI LI I 1.78 Lo u
[ ix'el Pr'e"mi'nary' 17 < < LV current consumption serves
s ) 11775 two DAQ modules in IBL:
2 % 4176 3 - one of the DAQ module was
a 07 . not affected in this case.
T - —1.75
L 0.6F )
= ! - E
0.5¢ J174% Corrective actions taken to
0.4F S J1.73 restore the correct operation:
0'3;_ ——— First and Second Module LV Current _51 79 y mOdUIe reconflguratlon
0.2F First Module Occupancy 1
- — Second Module Occupancy _:1_71
O Fill6046 ] Fill from Aug. 2017
i I ST BEETE FEETE FEEE e / / 34 -2 -1
O e A e e 1.7 Max Luminosity 1.50 x 10°* cm= s

Luminosity Block
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. @ Ll A\utomatic chip reconfiguration

* For convenience, it was decided to perform a regular reconfiguration
of the FE-I4 GRs.

 How often? Every 5 s...\Why?

* ATLAS sends to sub-systems Bunch Counter Reset (BCR) every LHC
beam revolution time (89.1 ys) and Event Counter Reset (every 5 s)
=>» keep synchronization between FEs and Off-detector readout.

« Time window of 2 ms available at each ECR
=>» decided to use this “space” without adding extra dead-time!

~Hr |9 |0 || | || |9 || m ' ' ARSI L | m
U U3 ISL IS BB 18] 6 Reconfiguration | |B) B X m
> N> ||=] | =] |=]| =] |=]| |=] =] =~ Stream ol (=||> > X

l\ 5s - /
Y

« Joint effort of Sw and Fw =» deployed successfully in summer 2017.
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. @J GoTNGEN Single pixel reglster SEU effects

Despite the GR reconfiguration.. g  ATLASPreiminary :
= {s= 13 TeV )

* increase of noisy pixels (up to +30% 8 1000 | LHC Fil 4947 (2016) :;
average hit occupancy) during the fill z | : —

i : 4= ! Collected -

<hits> ;0150 pot = 47 sool : in ~50 pb- .

Noisy pixel if: <hits> ;.50 pp-t > 200 ; | 1

- I i

« noise disappears if full FE-I4 reconfig e R R

Number of Hits in Each Pixel

(including single pixel registers) performed.

=>bit fI|p on single pixel threshold (TDAQ) seems to b; the maln cause

0 :1 """" | I' UL DL L B %
% 0.005- *‘** | ATLAS Pixel Prellmlna[y & i ATLAS Prellmlnary 7
> ++* 2017) {5 = 13 TeV ] Bit flip in > . \r—13_TeV /-
2 LHC Fill 6343 . S 0.004/— LHC Fill 4947 (2016) . ]
< 0.004 - z
2 - +° Integlated luminosity 0.48 fo"' TDAQ MSB ks - , 8
S u ] c N
ooy, : SN 2=
L C + - = = . © N «
0.002 —— 3 | implies abig | &
oo MSB=0 | MSB=1 A decrease of
: , +++++¥ threshold!
] N I BN B PP SNy N & O " e " -
0 5 10 15: 20 25 30 00 ——— 0 200
: Initial TDAQ
& HLgher Threshold Integrated Luminosity [pb™]
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. @J GOTTINGEN Other way of looking at noise

« Check the average hit occupancy in the empty bunches (~10-).

 Distribution increase only for IBL (effect not present in other layers) as
a function of time: y (pile up) decreasing along a fill.

-3

c>J§ 0-2:x|1|0|1 | LI I Tt I rr Tt ] L [ LI T | 1T TT | T Il__ > 1_4i§1|0|-|3| —TT I T I T I — I T I T I T I —T L
& 0.18 ATLAS Preliminary NOISE 3 =2 - ATLAS Preliminary  Zero Bias after NOISE -
2 0.16E 1uUn-22018 /s =13 TeV 31 S 12F Run22018 5=13Tev  SUBTRACTION -
@ 7 "L stream calibration_PixelNoise, LHC fill 6953 ] § " stream physics_ZeroBias, LHC fill 6953 :
2 - +IBL t B-Layer 4 3 " 4 IBL } B-Layer .
S N | Layer-1 Layer-2 94 8§ oa8fF : Layer-2 i
Sf 0.1E\: Disks = - -
@ - a ] = —
o ; 2 4 5 06 -
> o ] [4}] -
< - - % |
0.06— -4 of 04 ]

- 4 9 ]

0.04— 4 < .

- - 2 ]

0.02— — ]

0_ - ¥ 1 I T B 1111 ||‘|-| |i”| L ‘||||F 0_7 l L L | T | | | |—

20 26 30 35 40 45 50 55 60 20 25 30 35 40 45 50 55 60

< Average u per lumi block < Average p per lumi block
Time or Integrated Lumi in a fill Time or Integrated Lumi in a fill

* Artificial increase of occupancy present also in filled bunches (Zero bias).

At the end of a fill, this corresponds to an extra ~ 30% of occupancy.
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. @J o Single pixel reglster SEU effects

o Similar effect was observed with an

E ATLASProliminary
iIncreasing of quiet pixels (up to 1% a Be13 TV
. . . . e LHC Fill 4947 (2016)
of pixels disabled) during the fill. £ 1000 -
<hits>;ci50 ppt = 47
Quiet pixel if: <hits> ;.50 oot =0 500 5
Enable blt fllps from 1 9 O o ]
w001 " |
%, i ATLAS Prellmlnary : Number of Hits in Each Pixel
(A = . . .
% 0.008] ‘LF-C‘;’”TeV N\ + Similar behavior observed for
= - LHC Fill 5163 (2016 * . :
S 115163 (2016) ] different FEs at different n
o ] ]
g 0008 - region.
2 i ]
T 0.004 / Test beam results.
o.00a° 1 ¢ Typically ~10 -3 pixel/FE-I4
] masked (disabled.. or masked)
i at the start of the Run.

Ii ‘ L 1 1 | 1 1 1 1 | 1 1 L 1 |
0 100 200 300
Integrated Luminosity [pb™]
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. @J gg;l;%gtésusnumvsksnm Quantifying bit f||ps in GR

« Exploiting FE-14 functionality to read-back GR and local pixel laches
during a fill:

* 12 FEs under tests, disabled from the start of the run, no-reconfig
« 3D modules...out of tracking acceptance = no impact on physics.

» Registers read-back performed several times before and during the fill.

« Shift registers were always reloaded with “1” during the tests:
=>» much higher rate of 021

- ; @ 0.005 TS
transitions (SET glitches) S 0.0045E 2018, (5 =13TeV . comost) |
respect to 120 transitions 5 0004c LHOFINT® VA

5 0.0035F RunMode=0FF, Register = 1 3

(memory SEU). S 0003 ATLAS Pixel Preliminary E
: : .. £0.0025F- =

-> trlp!e _redundancy with majorlty £ oone- 3
logic in FE-14 global memories  Zooo1s: =
seems to work! E 0997 E

O 0.0005 =

= =100 - 200 300 400" 50" 600

Integrated luminosity [pb™]
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. G S ™™ Local pixel register read-back

« Similar exercise for local pixel register read-back:

. . :‘; gz;_ _AETLAES Oniine I;umiﬁosita/ Fill 7334
- only two readings for this test § Sof IELHCDelverad AN 1
. i . i g’o 18%- - [T ATLAS Ready Recorded
- some FE-s loaded with 1 in the shift register < 16-
g 14:
- some FE-s loaded witht 0 in the shift register £ 2
B
W - T T L¢_| " - N | | | E 6
g 0.06 N g 0.06 [ Shift Register =0 a 4f vvvvvv
@ i o r ] o
a a R 2: ...............
§ + =a : 29—1_2lhl2|3-14:h|2l3-16 23-18h 23-20h 23-22h 24-00h 24-02h 24-04h 24-06h 24-08h
%005;_ - =005 ’ NI T CEST Time
. s SET 1+ Rate of bit f||!:)S mostly
= Fots, ¥ = 13 Tev o« e from SET (glitches) on
rLHC Fill 7334 : a 1 the LOAD lines:
0.03 -Shift Register = 1 . 0030 ———e—o .
L ATLAS Pixel Preliminary e SR=1:0~>1
0.02:_:0_)1 _;:G%Vprotonsps _: 002F*0-1 _: % SR — 0 . 190
i 1=0 ] i
0.01F o ] 1 » Lower rate due to real
SEUl, o yeroy “goool - _
o Y B Y A B memorySEU.
SEERR A CRET-T7Y
e« SR=0:0~>1

WIPIPIEER  Post Run 2 Workshop on Radiation Effects in the LHC Experiments 19



- [  Rate of (multiple) bit flips

« Multiple bit flips (more than one latch flipped) per single pixel could
indicate a glitch on the common LOAD line
=>» distribution peaked at one bit flip per pixel
| glitch on the LOAD line mainly related to individual DICE latch.
* Long tail imthe multiplicity
=>»|probably small_contribution from glitches common to several bits.

v - T T W T T T T T 1 .
§ ) mm ks § [ % wswrasa-ios0] * Differences between
g'0°F  ATLAS PxelPrelminay ] g'0"F - ¢ ShftRegser=0.1503  the opposite transition:
1:—-: [ —— B Shift Register=0,0— 13 :—E E . . .
2 [ =  esntRegser=11-0] 3 - chip to chip” process
107 ER = SET j  variations, tuning and
-.- B i ]
4 SEU ) - particle flow
. ER 3 - 3 differences.
S : : : —
. ) ¥ 1 Integrated luminosity:
v T 5 0.35 fb
107 | 1 t I I I N I | - 10-6- I I I | #l I | - Mean IumInOSIty
0 1 2 3 4 5 6 7 8 89 10 1 12 0 1 2 3 4 5 6 7 8 9 10 1 12 34 _2 _1
Multiplicity of bit flips Multiplicity of bit flips 1 1 ° 1 O cm S
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. @J GOTTINGEN Broken cluster studies

I I o (0 | T T | ! ! | 1]
* Quiet pixels can lead to long clusters & al ATLAS Protiminary i
getting split by the clustering algorithm & oo fs= 13 TeV :
° __ LHC Fill 6024 (2017) __
=> broken clusters meaning two €| :
. . zZ = _
clusters with 1-pixel gap along z- 50- i
direction and A,,,, < 3 where : LL Combinatory |
A,.., = center-to-center cluster background -
distance in r-¢ plane b5 Ji & 8 to T e 1
A Row
* Flat combinatory background, number L A
. 0.12—
of broken clusters from Ag,,, fit. - f5=13Tev j

- LHC Fill 5163 (2016)

0.1—

* Linear increase with integrated
luminosity
* initial offset represents the number
of disabled/dead pixels.

0.08

Fraction of Broken Primary Clusters

1 1 1 1 1 [ 1 1 |
100 200 300

Integrated Luminosity [pb™]
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. G S ™ SEU mitigation tests

* Thread on the PowerPC Sw (ROD FPGA embedded system) that fills the off-detector
FIFOs (1 per each module) with different content before each ECR.

Not enough time during ECR (1 ms time window) to fully reconfigure all the pixel
memories in the entire module
=» the content will depend on the ECR number

=>» configuring only one FE-14 Double Column (only 1 out of 40 DC) per module.

Sets of measurements with current probe in our test lab to establish the intensity and
frequency of the current spikes induced by the reconfiguration commands:
=» decided to reconfigure not more than 3 out of 13 latches each time.

« The full detector being reconfigured after ~130 ECRs - ~11 minutes
=» anticipation of the ITK trickle reconfiguration concepts.

Global + Pixel
Configuration

404
d404d
d04d
409
d084
d0d
d408
d404d
404
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. @J GOTTINGEN Test reconfig in local pixel registers

* Activated in few test runs (not completely deployed due to SW instabilities).

The full reconfiguration process takes 11 minutes.

Only 4 3D modules rings were reconfigured (the other 4 were not
reconfigured and used as a reference)

= stable number for fraction of noisy and quite pixels!

2 002 T T T T I T T T ] T I T T 'I T T T T T T \l T T T T l) '01 5 T T T T | T T T . T | T T ., ' T l T T T T l T T T
K | ATLASPixel Preliminary \" ] é’ ~ ATLAS Pixel Preliminary i
< " {s=13TeV - - - . {s=13 TeV ]
3 0.0151- LHC Fill 7018 (2018) - N 3 _ RHC Fill 7018 (2018) i
Z - , —
= _ / i 5 0.01— —
o - e i - i
- - 18 R
g 0.01~ - == w/o reconfig _ § - "= Wwioreconlg
s B ) R s . L e
- . T i 0.005 . - .
0.005— . T _] L e e - 1
- s — sess W re;&c])nfig : i - sees W recozfig i
— ._, - I | . —
0 L '% 7 ";F_':l ."'_’r._'—:t‘:éq;g'dff.—'—; 0 [ N NN N T N R PR ST R T N TR S B L1
0 100 200 300 400 500 0 100 200 300 400 500
Integrated Luminosity [pb’] Integrated Luminosity [pb™]
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. @J GOTTINGEN Test reconfig in local pixel registers

« Similar positive effect visible on the noise occupancy stream
(hit occupancy in empty bunches)

« Overall noise with pixel-reconfig active is actually decreasing as a
function of time

_ x107°
- = i T T T I T T T l T T T I T T
(1 Lumi-Block = 60 s) _ ATLAS Pixel Preliminary

| LHC Fill 7018 (2018)

o
—
N

. Ir # w/o reconfig
- ® w/ reconfig

 slight dependency on the

Noise occupancy
o

colliding bunches luminosity 0.08F -
(>=5 BC earlier) ETTILE
0.06- Ceaet -
I »® i
0.04- o ]
SN 1
002__ » * —_
AL L L LT T T
0 200 400 600 800

Lumi-block
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. @J GOTTINGEN Test reconfig in local pixel registers

o Effect visible also on the fraction of broken clusters.

* More time is needed to collect an XX amount of luminosity when the
instant luminosity is lower (typically at the end of the fill)

=» more reconfigurations happening in such integrated luminosity bins.
=» decreasing trend as a function of integrated lumi.

Effect on Time Over Threshold (TOT)/of the pixel hits also visible.

L e e A LA A A B ]

e 1T T 1T T T I. L T ‘I L B I B LA I B T o - . ' . . ! .
£ 0.15- ATLAS Pixel Preliminary | 4 /=, ATLAS Pixel Preliminary 3
? == w/o reconfig T - \s=13 TeV .
O - =18 Tev [/ S 10F LHCFill 7018 (2018 -
g - LHC Fill 7018 (2018) e 8 s I ( ) - wunn” 3
g I l...... (] :?J 9;— .Il....-.--- —;
o B l...:.l...l.... 8: -l'.. ]
Egliin — ot —

;qcc) 0.1— gpnn® = s ann” == W/0 reconfig amnn®t o
o B -l':l.lll 7 " --ll'"“. —
o ..-Ill=..l _ E - ....lll...- E
5 CE - seee wireconfig sroanenRanneennanibioailisnssassssnssssibbissasssss
c kAl AL L LT PP, - .
S 3-"'3'83..". . See 00000000 et00 000000 - eee s W/ reconfig B
& ........"'00'::0:::.'........"..""....0000 | 5:_ E
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. G S Effect of noise increase

« Adrift of the TOT could be also coming from de-tuning of FDAQ
registers (feedback regulators).

* |n reality, it is connected to noisy hits that distorts the average TOT
distribution =» flat distribution after noisy hits subtraction!
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. L al Conclusions and future plans

 IBL FE-14 affected by SEU/SET for global and single pixel registers.
* Impact on data taking mostly coming from global register upset.

* Pixel memory read-back results confirms that the FE-I4 SEUs are
dominated by SET (glitches) that create fake “LOAD” signals:
* 0 = 1 flips dominating when SR loaded with “1”
* 1 =>» 0 flips dominating when SR loaded with “0”

* The bit-flip multiplicity distributions are peaked at one flip per pixel
=» glitch on the LOAD line is mainly related to single DICE latch.

* Clear improvements from regular reconfiguration of the single
pixel latches during test run in 2018.

» Considering the increase of integrated lumi in Run 3 fills (longer
leveling time at high luminosity/flux), single pixel reconfiguration
mandatory for a smooth FE-I4 (IBL) operation!

Plant to expand to FE-I3 the periodic global register reconfiguration.

« Paper in preparation for the early spring...
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. @J GOTTINGEN Run 3 baseline
Run-III \ up to triplet
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Back-up: MIXED scheme (needed for 25% missing cryo-cooling capacity)
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. G S ™™ Local pixel register read-back

« Similar exercise for local pixel register read-back:

: . B 2% ATLAS Online Luminosity Fil 7334
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Local pixel register read-back at the begin and at the end of a fill (planar modules)

o output enable [fb]
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o FDAC MSB [fb]
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» The cross section for a latch to perform a 0—1 (1—0) flip computed for each planar module
FE-14 for the output Enable bit, the TDAC MSB and the FDAC MSB.

« The cross section is computed by dividing the number of Os (1s) that are changed into 1s (0s)
at the end of the run by the integrated luminosity of LHC Fill 6371 and dividing by the number
of initials Os (1s), under the assumption that the amount of SEUs depends linearly with respect
of the accumulated luminosity.

« The 0 — 1 cross section is set to 0 for the output enable because almost all pixels in a sensor
have this bit set at 1 and a measurement of such transition is not possible for this latch
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WO Fluence in various layers
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u
GOTTINGEN Comparisons of FE-I3 vs FE-I4
FE-I3 FE-14 Item Value Uni:s
Pixel Size 50 x 400pm? | 50 x 250um? A 20250 g
ump pad opening diameter 12 um
Pixel Array 18 x 160 80 x 336 put DC-coupled ve polarity
Chip Size 7.6 x 10.8mm* | 20.0 x 18.6mm? Maximum charge 100,000 e
Active Fraction T4% 9% DC leakage current tolerance 100 nA
Analog Current 16 A/pixel 1014 Alpixel Pixelarray size _ 80 x 336 Col x Row
Digital Current 10p A /pixel 104 A /pixel Last bump to physgcal chip edge on 3 sides <100 um
Last bump to physical edge on bottom <20 mm
Analog Supply VOltage 1.6V 1.5V Normal pixel input capacitance range 100-500 fF
Digital Supply Voltage 2.0V 1.2V Edge pixels input capacitance range 150-700 fF
Data Rate 40Mb/s 160Mb/s In-time threshold with 20 ns gate (400 pF)! < 4000 e
Hit-trigger association resolution 25 ns
Same pixel two-hit discrimination (time) 400 ns
Single channel ENC sigma (400 fF) < 300 e”
Tuned threshold dispersion < 100 e”
Charge resolution 4 bits
ADC method ToT
Radiation tolerance (specs met at this dose) 300 Mrad
Operating temperature range —40 to +60 °C
Average hit rate with < 1% data loss 400 MHz/cm’
Readout initiation Trigger command
Max. number of consecutive triggers 16
Trigger latency (max) 6.4 us
Maximum sustained trigger rate 200 kHz
External clock input (nominal)? 40 MHz
Single serial command input (nominal)? 40 Mb/s
Single serial data output (nominal)® 160 Mb/s
Output data encoding 8b/10b
I/O signals LVDS

1: Atdiscriminator output. Digital hit detection in region will reduce sensitivity to time-walk.

2: Nominal operating frequencies. The design includes 20% frequency margin in general and

~100% for the data output.



. @J Cormucen Test beam results

 Beam testing in 2012 before the installation of IBL (24 GeV proton
beam at CERN)

« Chip under test is perpendicularly held to the radiation beam:

1. Disable all pixels (Set Enable bit = 0)
2. Inject beam (flip O=»1 happening...)

3. Count firing pixels (count Enable bit=1)

=» SEU cross section measured bv beam testing 1.1¢ 10-1° cm?
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