HL-LHC &R Femfits i 2e &8 2K (%

FE-I3 1-chip pixels

FE-14 2-chip pixels

FE-14 1-chip pixels

FE-13 4-chip pixels

ith EfG— KEK/CIiRfSE
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ATLASHRH 3%

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Pixel detector \

LAr electromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor tracker
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Inner tracker

" End-cap semiconductor fracker

Pixel + SCT (strip) + TRT (chamber)
= All silicon semiconductor tracker

2017/01/24
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HL-LHC

» ATLAS detector to design for

N EB TR E S\ DRE

Instantaneous lum.: 7x10%* cm2s1

Integrated lum.: 6000 fb! (including safety factor 2 in dose rate)

Pileup: 200 events/crossing

+ PIXELs (HL-LHC)

Inner: r=3.7 cm ~2.2x10'6
Medium: r = 7.5 cm, ~6x1013
Med/Out: r=15.5 cm ~2x105
Outer: r=31cm (?) ~1x10"%
Charged:Neutrons = 1

* STRIPs (HL-LHC) 1 H“‘a,_h_‘
— Replacing Strip and TRT ey
- r= 30 cm, eg Pixels Strips

* Fluence ~1x1015
Neutrons:Charged = 1

1000

Fluence (10%14 1-MeV n_eqg/lcm"2)

-
(=]
o

ke
[=]

0

ATLAS 3,000 fb*-1x safety factor 2
(Y. Unno after ATL-GEN-2005-001 Table 5.3)

—%—z=300 cm
— total (z<150 cm)
—e—z=0cm
— - - neutron
— — charged (pi+p)

0 10 20 30 40 50 60 70 80 90 100
Radius (cm)

occupancy = pixel size :50x400 — 50x250 (um) — 50x50 (or 25x100) (um)
strip length:120 — 24 (mm)
B AR T 14 = p-bluk sensor® FA%
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NIEL

BEHEAMERNICAFHLTERIIRILT—DI5, [RFOHEEH
LIZOAFEONASZIRILF—FEMF eI RILF—) ZRLI=E
MZ%NIEL (Non lonizing Energy Loss) EFEAL,

104 HERLRRLLL LELRRLLY BELELLRLLL BELLELLL IR B L B "“"'L._'_"""! LELRLLL LR LELLLLLL BN LRLLL BELLRLLLL B
ik e
[nPutrons " protons ] N
2 2+ - RN
10k [ W \\ ] .
—-'GE o'k 1 |T ‘r - | \V‘protons
} - “‘-.__1_ i \._\._.
[ 100 [ A 'IJN’W#—'\. —
R B e T e R pons ]
= 102p \‘J -
— neutrons
o 103L electrons
10L |
10'5 PEETEIT EETERTRTTT EEEE TR T EETSRETIT EEEETRTIT REEEEETTT hall SRTTTT ERTEERTITT | :). sl ol gl ol - el
10010” 10®° 107 10° 10° 107 10° 107 107 10" 10" 107 10° 10%
particle energy [MeV]
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PRIFERICKDHI AR DRE

EABE D 5 B
FEILIESIO2[CIEERINAZREL. PN ERAEICBIZFEONT
BEFDE=HIZ. ANy TRINBERMIZENA->TLES,

++++++++++

e o] ] ] [T e

pt+

P-spray P-stop

P-spary, P—stop, geometry, implant condensation, ...

Tcm x 1cm MDbaby sensor ALNT, BBETESHERZF1TUMVERBEZ LEER
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FERORN

t+ HEt-8E(HPK) +€2a1—)L

¢‘*<j

) EA S 14 5T B =(IV, CV, CE, ...) + Beam test(CE, ...)

CERN(SPS), Fermi(Mtest), ...

CYRIC (70MeV-proton), & & F it HHZRRT (v)
Ljubljana (Neutron), ...

iy
=
anh
o8
S

BT  BEZEV, CV, CE, ...) + Beam test(CE, ...)

P
=\

<:
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Charge Collection after Irradiation

Long
strips
Short
25 'J ! Strips + " 1 T
%00 v 1| EARBIC
20 - = =] ~
E 205y B _ Fl:ﬁLE[if&L\
ﬂé, 15 | =
O Annealed 80 min at 60 C pixels
- 10F i
% —=— Neutrons (900 V) l
Q2 —a— 70 MeV Protons (900 V)
3 S —=— 26 MeV Protons (900V) i o
Pions (900 V) H.F.-W.Sadrozinski,et al.,
NIM A(2011)
0 MR | " L0 el L T A |

1 10 5 5 100
Fluence (10 " n_ cm™)
eq

Still good amount of signals
CC ~13000-18000 e at 1x10' neq/cm? at 500-900 V bias voltage
Still ~5000 e at ~1x10'6 neq/cm?
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ATLAS planar PIXEL prototyplng runs

= Dortmund n-on-n production at Cis
= 500 pm thickness
= FE-4 Quads, Alpines, pseudo-Hex Possib
= FE-I4 5CS, several versions
< Bias grid variation

= Extreme slim sdge design ‘ l lw‘u

o Investigation of S0 jim slim edge \

=* MPI n-on-p production at CiS
o 265-270 pm thickness
« FE-I4 Quads and doublets

o 50x250 and 25x500 pm pixel sizes

< KEK n-on-p production at HPK
o Split quad and single-module designs
o Quad wafer has 7 sensors fo meet the demand
o Single wafer aims at:
o HV edge protection study
o 50x50 um? pixels

IEEE NSS, November 2015, San Diego, California
Poster N3AP-36

= Liverpool n-on-p production at Micren
= CERN Pixel VI design
o New QUAD wafer = Quads use new Punch through Bias design
< to Improve Electrical characteristics and break down.
= 450 pum (std) and 250 pum (slim) cut edges
= Optional masks te implement N+and P+implants at dice streels
o Single sensors feature zig zag bias rail routing

= CHM n-on-p planar production
& 200 pm thick wafers (SOI).
o P-stop Isalation.
< FE-I4 and Fe-13 geometries (50x50, 25x500, 50x250 um?).

- FBK-INFN-LPNHE n-on-p pianar production at FBK
= 100 pm and 130 pm thick wafers (Silicon on Silicon).
= Single FE-I4 devices, no active edge.

o Late 2015 to early 2016: same wafers,
more aggressive designs with active edges,
50x50 um? and 50x250 um? pixels.

electrodes

g n'-ac&we edge
20 %3E CIRFSED—92 3 v 10
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N-oN-n vs p-on-n

T - - E NN EEEEEEEN ponn
EdgeDEX (L. &EE

IEeesseeeeeeemmmmmmn S 10 A X TOK= %21

EEEEEEEEEEEN Nn-0N-nN

EdgeDEEIL. ~0V
B B seesssssssssss 1 H 7 AL XDNBES S
IR1TDpixel THE A
OIE. EEZZIEHBRE
B RERRIX. B3 ZEZ L TOK
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= 1)1 a7 bl = e

Bias-rail

HV HV

St LRI,
FEZTLT2%h % -

HV
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ShirtPixel(um)

ShirtPixel[uum]

Pixel design improvement

PolySi, P-stop

PolySi, P-stop (non—irrad.)

Hit Efficiency Map& 1200V : KEK19 / common P

aube

- h e

ona Pixellum

PonS| P- stop (after 1016 1MeV—neq cm2)

50 x 250um TlZ. @RLT=.
50 x 50um TIEESM? ?

IR
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Pixel Layout

B
ATLAS Simulation Internal
Extended
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Pixel module & Layout

2chip module

FE
FEI4B (130n)
=FE65
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#FHLULERA (monolithic CMOS)

H35 Cross-section process rule
W sems % [ HVCOS 350nm
o #in| Lapis FD SOI 200nm
lﬂ - T 150nm
XFAB PD SOI 180nm

wasosiml| FE|4 (50ux250u)  130nm

as as 0gsans 008 o8 as as
.. ‘. ‘rae ‘. ‘. ‘. .-

2 & o pmmes pemeuie o) me next FE (50ux50u) 65nm
3 ST 3 VS 15 S ‘it e . |CPU(FINFET)  14nm
v =10 o0or 7nm
Bump bonding less © low mass
O low cost ???
A RFOTORRIFEZ AL
>R+ S Re (XML IXZELLY
FaH1E=FPIX (Lapis/200u)
150u layout [F LY
A REGEY—(>2cmA)ILHLLY
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MOS damage at gate

3A1- TOTAL DOSE EFFECTS — MOS Transistors — Continued

AVt depends on the gate oxide thickness.

1E3
J'/r
1E2 - /A Trapped holes leave very thin oxides
/ by tunnel effect
— 1E1 y
“% %y = Very deep submicron
g 2% CMOS technologies
> 1E0 S (gate thickness ~ 0.25 um)
2 . 6}‘ have very small AVt.
€1 § E
/ | However: standard deep submicron
- 2: 5 | CMOS  technologies are not
i radiation-hard  technologies. A
§ special design is required to get
1E-3L L Lt i radiation hardness properties.
10 100

Oxide thickness (nm)

Martin DENTAN / EFDA JET CSU / March 23, 2006 / Radiation Effects on Electronic Components and circuits, part 10f 2/ p. 43 0f 75

2017/01/24 883E CIRFSED—o>3v 7 18




Fully Depleted (FD) / Partially Depleted (PD) SOI

The top silicon layer is typically
between 50 and 90 nm thick,

depending on the design P D ( b Ik C S)
Silfcon under the channel is

tiafly depleted of mobile
)

= Radiation damage
No back gate effect
Naturally rad-hard

FD

5 and 20nm thick, ty of
the gate length

: <€ Radiation damage
Silicon under the gate is S0 thin . S e .: ThICk BOX
tha fully depleted of mobile
charges. There is no floating = Double SOI
body effect. __l__ + %E*ﬁIE
Fully depleted SOI MOS transistor cross-section Low ca paCitanCG
= Low power
High speed
2017/01/24 283[E CIRfSED—0>3av 7 19

#FHLULERA (LGAD)

FAUREDE Y —
LGAD Low Gain Avalanche Detectors
Linear Gain Avalanche Detectors

52 I -
SRS EAYEE
= B fERE%E £ I1F5<50ps
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