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Introduction

e  ATLAS Inner Tracker (ITk) strip sensors ATLAS ITk

Single-sided n*-in - p (FZ) <100>

6-inch wafer processing

thickness 300-320 um

AC-coupled readout, strips biased via poly-silicon bias resistors
common p-stop isolation (4e12 ions/cm?)

ITk includes: 2 barrel types: Short Strips (SS) and Long Strips (LS)

O O O 0 O O

b tesimntiation-Preliminary

6 End-Cap types: RO-R5 — EEERA + PYTHIAS + A2 tune

ITk Inclined Duals 10"7

* maximal nominal radiation fluences (doses) based on 4000 fb!
o strip barrel: 6.4 x 10'* n,./cm?(0.29 MGy)
o strip end-cap: 10.6 x 10 n../cm?(0.44 MGy)

* Testing with safety factor 1.5

10'"®

10"

10
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* high radiation fluence impact on sensor properties:
o bulk damage: - increase of leakage current
- depletion characteristics and CCE change

Si 1 MeV neutron eq. fluence [cm? / 4000ft°1]

Radiation environment ATLAS Phase Il upgrade (4000fb!)

o surface damage: - charge raise at the Si-SiO, interface . ‘:Mial
- influences break-down voltage, e D Moblo lonkc charge 0,27 €8 "
inter-electrode isolation and c;f:,gr;eg;-ﬂ Fzed ot :
other electrical surface parameters REEEXEXXE 0_0_0_07{_._._' {_Sicf
T R R R - I
* verification of sensor properties before and after irradiation by protons, ey :

neutrons and gammas at many ATLAS institutions o S o
Christoph Klein Thesis https://doi.org/10.17863/CAM.45814
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ATLAS ITk strip sensor prototypes

Last 2 main sensor prototype submissions:
- ATLAS12EC (RO EndCap) HPK
o First main ATLAS ITk sensor for EC region

o Minis with variant pitch, coupling and PTP structure configurations

o characterization of non-irradiated main sensors and irradiated mini sensors
in [R. F. H. Hunter et al. NIM A 924, p. 142 (2019)]

- ATLAS17LS (barrel LS) HPK and IFX
o qualifying vendors as a part of ATLAS strip sensors Market Survey Step3

o new features from 12 design: strip pitch 74.5 -> 75.5um; passivation
o mini sensors: 1x1cm, SS(1x2.6cm), LS(1x5cm), diodes, TEST structures

= 97.9505
Pl o rx | £= I
T 1|11 M1 re. ATLAS12EC

ATLAS17LS

Ls2

MD3|

97.621

Main sensor
7

150.0

this talk summarizes results from surface evaluation of HPK latest prototype submission of ATLAS17LS main and
mini sensors after irradiation by protons, neutrons and gammas and compares results with ATLAS12EC main sensors
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Step-3 Qualification requirements from Market

Survey MS-4086/EP for ATLAS Strip Tracker Upgrade

* The final qualification step required the production of full-size and fully featured prototype sensors
according to the specifications stated in MS-4086/EP document.

* Sensor shall fulfill the following electrical specifications before and after irradiation:

3.6.1 Electrical Specifications by ATLAS

Furopean Organization for Nuclear Research

Electrical measurements to be performed by the contractor(s) on each sensor (except where otherwise Organisation européenne pour la recherche nucléaire

stated). Only sensors fulfilling the electrical requirements will be accepted.

3.6.1.1 Specifications for quality assurance
. . MS-4086/EP|
Electrical measurements to be performed by the contractor on each sensor (except where otherwise

stated).
e Full depletion voltage: < 330V (preference for < 150 V)
¢ Maximum operating voltage: 600V Market Survey
e Poly-silicon bias resistors: 1-2 MOhm
o Inter-strip resistance: > 10 x Rbias at 300 Vat 23 C Technical Description
e Inter-strip capacitance: <1 pF/em at 300 V, measured at 100 kHz Planar Silicon Sensors for the ATLAS and
e Coupling capacitance: > 20pF/em at 1 kHz CMS Outer Tracker Upgrades
e Resistance of readout Al strips: <15 Ohm/em
e Resistance of n-implant strip: < 20 kOhm/em
e Onset of micro-discharge at =600 V (preferred)
o Total initial leakage current, Abstract
. . g . y 2 ) ) . This market survey concems the supply of planar silicon sensors for the
including guard ring: < 0.1 pA/em” at 600 V at room temperature ATLAS and CMS Outer Tracker upgrades.
e Number of strip defects < 1% per gnip;"segn]cnt and < 1% per sensor (due It will be followed by the issue of several Invitations to Tender to qualified
: : N : - : and selected contractors. ATLAS may split its total requirements into several
to dlelec.:tﬂc plmch t.h1 ouglll, metgl and implant strip defects (opens and shorts)., micro contrncts to b placed by CERN and by participating insitutes of the ATLAS
discharging strip or bias resistor failures) experiment through separate Invitations to Tender. The ATLAS Invitation to
. L. Tender to be conducted by CERN will be issued in the first quarter of 2017
3.6.1.2 Measurements after irradiation for a contract to be awarded in the third quarter of 2017,
i . . i . L . o CERN may Issue one or two Invitations to Tender for CMS in the first quarter
Sensors shall fulfil the following requirements after being subjected to irradiation with ionizing and of 2018 for a contract to be awarded in the third quarter of 2018, Furthermore,

CERN reserves the right to split the contracts amongst at least two contractors

non-ionizing radiation to a fluence of up to 210" ng/em? (60 Mrad). Irradiations and the - ° fos
= for each of the CMS Invitations to Tender

subsequent measurements will be performed by ATLAS.

Measurements are performed at T =-20°C.,
e Onset of micro-discharge at > 600 V or Vg + 50 V after irradiation (if lower)
e Inter-strip resistance: > 10 x Rpiaz at 400 V and for T =-20°C
e (Collected charge > 7500 electrons per MIP at 500V

April 2016
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Irradiations

ATLAS17LS ATLAS12EC
HPK IFX HPK (only mains shown)
Total number of samples irradiated 567 (2 mains) | 102 (2 mains) 3
Protons | (24 GeV) at CERN PS 89 (1) 0 1
(70 MeV) at CYRIC, Tohoku Uni 139 58 (1) 2
(28 MeV) at Birmingham 88 0
(23 MeV) at KIT 55 0
Neutrons | Ljubljana TRIGA reactor 121 (1) 21 (1)
Gammas | (®°Co) at UJP Praha 75 23
80Co in UJP Praha
«  Diameter of sensor irradiation area: 6 cm - CERN PS
. Homogeneity in irradiation area: +5% @ o0 7 - 2 Mini sensors: | | 2 Mini sensors: -
Co-60 source to g:ns';lzr:?slfance-ﬁ mm i ‘J I;gsggzll a}g;’ﬁ:g \lxzrg;irljicing 'I‘:;:S;l;is
1o Back || wo3e-pa W006-P2 Gront
105 ]
_ 100 A 6 cm ‘\
% // i '\\
85 7
T oaxdsancefon) ) . 60Co Terabalt, UJP Praha s ISR
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Institutions participating in evaluation of ATLAS17LS sensors

taion et

IFIC (CERN, Valencia) IV/CV, CCE, Test beam

Toronto IV/CV Surface studies, CCE, Test beam
KEK/Tsukuba U. IV/CV, Surface studies, CCE

DESY (Zeuthen), Surface studies, TCT , Test beam
Humboldt U (Berlin)

DESY (Hamburg) IV/CV, Surface studies, Test beam
Simon Fraser University (Vancouver) IV/CV, Surface studies, CCE

Santa Cruz IV/CV, Surface studies, CCE
Cambridge IV/CV, Surface studies, Test beam
Institute of Physics (Prague) IV/CV, Surface studies, Test beam
CNM (Barcelona) IV/CV, Surface studies

Carleton (Ottawa) IV/CV, Surface studies, Test beam
Liverpool CCE

Freiburg CCE, TCT, Test beam

1JS (Ljubljana) CCE, Edge TCT

Birmingham CCE, Test beam

UCT (Cape Town), RAL, University of Dortmund, Test beam
Charles University (Prague)
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Electrical tests of sensors

* |V (current, breakdown voltage)
* Inter-strip Resistance (R, )

* Inter-strip Capacitance (C;, )

* Bias Resistance (R,;..)

* Coupling Capacitance (C,,,)

* Implant and Metal Resistance Sample on PCB (wirebonded)
* PTP (beam loss protection) Effectiveness

for C.C.

for surface

TLASLY
®  ronirrad

Measurement conditions:
* Non-irradiated sensors: measured mainly in probe stations at RT
* Irradiated sensors: wire bonded to PCB board or a jig

tested in freezer (at -20°C or lower)

in dry N, atmosphere
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IV and onset of microdischarge:

| ATLAS Specs for these submissions: Onset Voltage of Microdischarge (V,,,) > 600V |

ATLAS12EC and ATLAS17LS

Itot[A]

ATLAS12EC main — CYRIC

5x 10 n,,/cm?

< 7 F-20C $ <
® 10 mtkr %
o K 9024 3
10°.
- e
10'6g S
* ©30%
10 g ‘[ X 50%
ofe +20°C .
10 ? 070%
C eirrad
10'9‘ Lo Lo TR Lo L
0 200 400 600 800 1000
voltage[-V]
Fz0 ATLAS12EC main - CERN PS
1.E-02 ———=
15 2
LE03 1.5x10% n,,/cm
1.E-04
® WO031 irrad, T =-30°C
1.E-05 ® WO031 notirrad, T= +20°C
1.E-06
1E-07 WMM
1.E-08
0 -200 -400 -600 -800 -1000

Bias Voltage [V]

5x 10* n,,/cm?

10°E 1 |
" 20°C_ m— M?
10° */ B
4 9014
107 all sensors
B (4 o o
10-6#—!! tested after
¥F+20°C °30% .
ol | annealing
10-8 ; ©70%
—9E s L L L ‘ ®irrad
1070777200 400 600 800 1000
voltage[-V]
& ATLAS17LS mai
FZU main - neutrons
1E-02 —EEEEEE
5.1 x 10% n, /cm?
1.E-03
= 1.E-04
S ® WO031 neutrons, T=-20°C
£ 1.E-05 [® ® WO073 notirrad, T=+20°C !
1.E-06
1.E-07
0 -200 -400 -600 -800

Bias Voltage [V]

No onset of microdischarge observed in main sensors after proton or neutron irradiations
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IV and Onset of Microdischarge: proton and gamma irradiated

ATLAS17LS

ATLAS Specs for these submission: Onset Voltage of Microdischarge (V,,p) > 600V

IFIC ATLAS17LS mini - PS CERN

N

ATLAS17LS mini - CYRIC

100 — 107 e
7 2E15 =, 0_43
1E15 = 107k T —
105 L ma!m:&ullml anann :
5E14 < - -
10°E:
— 7L non-ir
<10 107¢ ;
= 8T fl* 1E14
= 1E14 o 2 SE14
9] F .
= 10°k
O T=-20"C 1010E e
RH~ 0% " % + 2E15
1 T T T T 10— % : ‘ i |+ 1E16
10—1 NP AT AP AIFEPITE AN B A
0 200 400 600 800 1000 0 100 200 300 400 500 600 700
Voltage (V) -Vol [V] ST
. . ~) A
ATLAS17LS mini —n, p(KIT), ATLAS17LS mini — PS CERN
R
10 /’,_’/_, g i IR
//”f —— —p 1.420% n__jem? W o
106 ——— 1|—p2710" ne:,'cmz """
—p 5.4-1[}14 ngq,'cm2
——p110%° nw!cm2 Active Physical
— -8 [s] 2101 n, .fcm2
‘;:’ 10 Thin n 5.1-1q01" neﬁ.fcm2 § 1e15 neq, thin (W044-mini4) Thickness
g —Thin n 1.10*° n_ fem? g 10t W 1el5 neq, thin (WOM-n?ir?iB) std 290 320
3 10104 { [—n 2101 "eqkmz = 43 A 1el5 neq, std (W036-mini7)
—n 1101 n_ jem? © ' 9 1el5 neq, std (W033-minid) thin 240 320
—+ 17MRad @ 2el5 neq, thin (W045-mini2)
1012 ] |7 35MRad T 2e15 neq, thin (W045-mini6)
e e A 2e15 neg, std (W038-mini6)
RH ~ 0% —Unirradiated ? ’ 2e15 neq, std (W034-mini2)
7 | | ‘ | >
107, 200 400 600 800 1000 10% 200 400 600 800 1000
Bias Voltage (V) Voltage (-V)
e Results of all institutions in agreement
e Afterirradiations: 1 mini sensor out of 80 has onset voltage of microdischarge bellow 600V
9
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Inter-strip capacitance [pF/cm]
o I i o =
[*] = (=2 =] - )

o

Inter-strip capacitance: ATLAS12EC and ATLAS17LS

oC_

int

QC.

int

* next 2nd and 3rd neighbors add ~10%

ATLAS Specs: < 1 pF/cm at 300V for non-irrad.

at 400V after irrad.

PR 22
e

Ll

&)
FZU  ATLAS12EC main - CERN PS
T=-20°C 1.5 x 10%5 neq/cmz

strip# 0-50
® strip # 300-350

@ strip # 1000-1050

=1

-100 -200 -300

Vbias [V]

-400 -500

L
k=
O

contributes to the input capacitance of FE electronics and determines the noise level of the detector
measured by LCR meter between the central strip and its first neighbors (others floating)

&

FLPERF

Irrad. tests:

ATLAS17LS mini - CYRIC

Univwrsityof Tk

Non-irrad. tests: T =+20°C

T=-40°C

* Nochangeof C

int

and after irradiation

LCR _
mwr 0 4 1E14
’ SE14
03 1E15
PO bisard 02 2E1.
0!;...\.......\.\..\..\.....1E1G
5900200 300 400 500 600 700
-Vol [V]
ATLAS17LS main - neutron ATLAS17LS mini—n, p(KIT), y
2 xm'”l : i
18 L il J—r1310"n em?
E ——strips near edge i J—p2710%n_cm?
._E 16 | —+—strips center CE,E {—ps5a10 n:::cmz
§ 12 ,57'5- p210% nwcrr?
.‘g 1L % 7 ThfnniLl;:“‘newc;n’
© 065k J/=—Thinn 1-10 "eqf('"
% 08 2 —n 210 n“"crn2
; 06 | g 6 =|—n110'¢ n“"crn2
= 25 ——+ 17MRad
% 04 | = . saMrad
g 02 | 5.1x10% n,,/cm? 5 | JomRed
0 Il 1 1 45 1 1 1 L 1 L 1
0 200 400 600 200 100 200 300 400 500 600 700 800 900 1000
- - - B Bias Voltage (V)
Vhias [V]
after proton, neutron or gamma irradiations
e All tested main and mini sensors of both ATLAS12EC and ATLAS17LS types are within specs before
12th HSTD, Hiroshima, Dec. 14-18, 2019 10



Cint [pF/cm] at 400V

Inter-strip capacitance: gamma irradiated

ATLAS17LS

ATLAS Specs: < 1 pF/cm at 400V

Inter-strip Capacitance (T= -20°C Post-Annealing) cnml:
14 1.2
Non-irrad 11
12 10MRad '
— 10 35MRad z 1
o
5 70MRad T 09
= % O
o —_
2 € 0.8
£ <
© 5 0.7
5 0.6
0.5
0.4
0 100 200 300 400 500
Vbias [-V]
Inter-strip Capacitance (T=-20°C Post-Annealing) e
1.2
1 _

10

20 30 40 50 60

Strip

70 80 90

100

Inter-strip Capacitance vs TID

&
dcnml:’ FZU
¢ o o

| ® PRG
® PRG LS
i @® CNM
0 20 40 60 80
TID [Mrad]

All mini sensors within specifications both
before and after gamma irradiations

No change of C,, after gamma irradiation
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Rint [MOhm]

Inter-strip resistance:

ATLAS12EC and ATLAS17LS

Measurements of Inter-strip resistance (R,,) - verification of neighboring strips isolation

ATLAS Specs: non-irradiated: R; ,>15MOhm at 300V at +23°C
irradiated: R, ,>15MOhm at 400V at -20°C

ATLAS12EC — non-irrad ATLAS12EC - CERN PS

£

Rine= 2/(d1/dV 1500)

Rbias

—E -le
Vapm !! Iinl !!
ff———————— =

1000000 100
T=+20°C * Segl Stripy ] 1.5x 1015 neq/sz . e T=-20°C
100000 + Seql_stripx 1 - g °
XK BN T 2 K B B T I TP o Seg?_stripx A
L] L] L] - - L] L] L] - L] - L] L] | |
10000 - + Seg2 stripy £ - 8
= i i S -]
% 1000 |- Seq2_stripz g 10 - -
= ®Seg3 stripx o ] -
E ) ; @ center strips # 550 - 600
100 + Seg3_stripy -
a Seg3_stripz ] ® strips# 1000 - 1050
10 QO:J Segd_stripx PR strips# 0-50 (“:’
200 _400 600 gop - Seststipz 0 50 100 150 200 250 300 350
Bias Voltage [V] vhias [V]
ATLAS17LS - neutrons
10000
14 2 . . . .
5.1x10% n,/em vy ! Non- irradiated main sensors:
—_ o . ® R
o | 1--20°C Le et * R;/Strip = 15-80 GQ
s 8 strips 3 * R,¢ is independent of Vbias
® stripsb
100 ' ® stripsc H
- Irradiated sensors:
pecs. limi A . .
g * R« increases with bias voltage -
10 ) Bias field reduces conductivity between strips
t JFZU *R,; ~ 1 GOhm at 400V for neutrons
. : * Ri: > 70 MOhm at 400V for protons
0 100 200 300 400 500 600 700 800
Vbias [V]

Main sensors irradiated by neutrons and protons fulfill specifications

12th HSTD, Hiroshima, Dec. 14-18, 2019
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1E+2
1E+1
1E+0

1E-1

o [GQ]

o 1E-2
1E-3
1E-4
1E-5

1E-6

1000
100

10

Rt [GQ]

0.

[y

0.0

[t

0.001

Inter-strip resistance: y irradiated

ATLAS17LS

ATLAS Specs: R;,, > 10-R,;,, @ 400 V

Inter-strip resistance (T=-20°C Post-Annealing) [€nml:)

—

-

100

200

Bias [V]

300 400 !

Ernné

Unirrad Ry, @ 400 V = 38.76 £ 2.61 GQ
10MRad R;,, @ 400 V = 0.43 £ 0.07 GQ
35MRad R;,. @ 400 V =0.22 £ 0.05 GQ
70MRad R;,. @ 400 V = 0.06 £ 0.02 GQ

10 20 30 40 50 60 70 80 90 100

Strip

Inter-strip resistance vs TID (T=-20°C Post-Annealing)

100
L ® PRG
@ CNM
g 10 +
o
<
©
c L
&) ! o
= ) T
0.1 Specs fimit .
0'01 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70

TID [Mrad]

80

R;,; decreases with increasing gamma dose but all
sensors fulfill specs even at highest TID.
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Inter-strip resistance vs. total ionizing dose

(protons, neutrons and gammas)

1E+12 KIT 2014 A12A EC PRG
o Vi > 200V
LE+11 <& <] T=-20"C ACYRIC 2014 A12 PRG
F © 2 @ ACYRIC 2015 A12 PRG
LE410 | - S L CYRIC 2015 SCruz
: o @ ] ° ACYRIC 2014 A12 Tsukuba
g [ ® A& ACYRIC 2017 A12EC
= LE09 | . é
= F mB'ham 2015 A12 BZ3C PRG
[~ g A [ )
i ¢ OB'ham 2013 A12BZ3F Scruz
LEOS " 0y CERN PS A12EC main PRG
g * main
1.E+07 | 1 o Gamma BNL AT2EC PRG
E R;: of main sensors normalized to mini sensor size oGamma BNL A12BZ73C PRG
1 E+06 L L L R L ¢ Gamma BNL A12 SCruz
1.E+02 1.£403 1.6404 1.E+05 IL.E+06 1.E+07 ¢ Gamma LUF A12 PRG
«Gamma UJP A17LS PR
Total lonizing Dose [Gy] Max. TID expected
with 1.5 safety factor »*neutron AD7 SCruz
. . . utron A124 PR
 TIDin irradiated sensors at 1x101° neq/cm2 has been assessed to be: DT :
mneutron A17LS main PR
1x1015 neq/cmz TID [Gy] o neutron A17LS DESY
neutrons reactor minis led
main 1.2e4
protons B’ham 1.14e6 . . .
All irradiated sensors fulfill specs
KIT 1.44e6 .
up to max. predicted TID
CYRIC 0.77e6
CERN PS 0.48e6
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Bias resistance: proton and gamma irradiated ATLAS17LS

ATLAS Specs: 1.5 £ 0.5 MQ* *no temperature specified

ATLAS17LS mini - gamma lcnml:

test — 25
Viest (-1V- +1V) c T=-20°C, Post-Annealing
§ 2
£ Rb\as (=
——————————————/———— 8 1-5
DCpad b|asr|ng % 1 Non-irrad
S 10 Mrad
test > 35 Mrad
ra
Method for non-irradiated sensors ~ Method for irradiated sensors %’ 0.5
o 70 Mrad
Ko}
O
* 10 20 30 40 50 60 70 80 90 100
i ATLAS17LS mini - CYRIC Strip
3.0E+06 " - 3
©T=-40°C — 95 T=-20 °C, post annealing
C 256406 | @T=20°C $ =
. —
3 ° > 2 s o o o ® s
o ® [ J o
¥ 2.0e+06 | o ® g 15
© ® ® -
8 o 1
5 156406 [ g O PRG
e 0.5 ©® CNM
TOE+06 L—imi wvvwinn v e 0 , , ,
. 1.E+14 1.E+15 1.E+16 1.E+17
Non-irrad Fluence [neg/cm2] 0 20 40 60 80
TID [Mrad]

e Bias resistance (Ry;,.) is slightly temperature dependent

* Non-irradiated sensors: R, = 1.5 MQ at 20°C; R, = 1.8-1.9 MQ at -20°C
* Ry, is slightly increasing with proton fluence

* R, doesn’t change after gamma irradiation

* Ry is at limit of ATLAS specs if measured at cold

15
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Reff [MQ]

Punch —Through Protection: ATLAS17LS gamma

*  PTP structures: to protect the AC coupling capacitors against large signal current, induced for example by beam splash
* Different designs during prototyping, PTP structure with full gate coverage chosen in main ATLAS12EC, ATLAS17LS
* The effectiveness of PTP structure measured with DC method

No ATLAS Specs defined

DC Method:
for non-irradiated sensors

Vleﬁt

2 s

DCpad 4.
biasring

Vtest

R =
I Tiost

N
"

Virtual GND

for irradiated sensors

Viest (0-40V)

—B2

—

Viest (0-40V)

N

=
]

=

©
"

T=-20°C
Vbias= -600V

0 &
0 10

20
V test [V]

30

40

AC-coupli

Av=R*Ai

Ai

Bias resistor

Rbias XRRX GND
bias ring i et
Beam splash
1000
10 Mrad
800 I« 17.5 Mrad
< 600 | © 35Mrad E
o * 52.5 Mrad £
£ 400 - @ 70 Mrad
500 L === Non-irrad
0 |
0 10 20 30 40
V test [V]

745
[Y. Unno et al. Nucl. Instr. Meth. A765 (2014) 80-90]

&
FZU_ Punch Through Voltage (PTV) Elia®

40
s ® PRG Vbias =-600V
30 ] ® CNM Vbias =-400V
®
°
20 L °
I o
10 )
0
0 20 40 60 80
TID [Mrad]
bias
PTV = V(Reff = > )

* Initial increase of PTV from 0 to 10 Mrad, followed by a decrease with increasing TID
* Good performance of PTP structure

12th HSTD, Hiroshima, Dec. 14-18, 2019
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R[ohm]

R[ohm]

Punch Through Protection: ATLAS17LS protons
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PT voltage increases with increasing bias voltage and stays quite stable with increasing proton fluence
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Summary of surface parameters

Specifications for non-irradiated and
Parameter . . . Test
irradiated production sensors

Onset voltage of microdischarges

Resistance of Al read-out strips

Resistance of n-implant strip

Ryias (Poly-silicon) of bias resistor

Interstrip resistance

AC coupling capacitance

Interstrip capacitance

>500V 100% sensors after irradiation
<30 kQ/cm A12EC: 13-20 Q/cm

A17LS: 8.810.5 Q/cm
<50 kQ/cm A12EC: 20.5-21kQ/cm

A17LS: 8.85 kQ/cm
gamma irrad. <20 kQ/cm

1.5+ 0.5 MQ Non-irrad: 1.5 MQ at 20°C
1.9 MQ at -20°C
Irrad: 2-2.4 MQ if measured at -20;-40°C

10 x R, at 300V at RT (non-irrad) Non-irrad: 15-80 GQ
400V at -20°C (irradiated) Irrad: 1GQforn (5.1e14 n.,/cm?),
200 MQ for p (1.5e15 n,,/cm?)

60 MQ for y (70Mrad)
> 20 pF/cm, measured at 1 kHz 25pF/cm, no change with irradiation
<1 pF/cm at 300V at RT (non-irrad), 100% of tested sensors before and after

400V at -20°C (irradiated) irradiation C, ,<1pF/cm
measured at 100 kHz for main
(at 1MHz for mini)

Parameters within the specifications

12th HSTD, Hiroshima, Dec. 14-18, 2019 18



Conclusions

HPK ATLAS12EC and ATLAS17LS sensors were measured by ATLAS ITk
institutes before and after irradiation

ATLAS17LS as a part of Market Survey Step 3 qualification process

ATLAS17LS-HPK sensors, non-irradiated and irradiated with gamma,
protons and neutrons fulfill all the ATLAS Specs imposed for the Market

Survey Step 3

Specifications for production sensors were updated: maximal
operational voltage got reduced to 500V due to max HV decision

ATLAS12EC and ATLAS17LS sensors satisfy the ATLAS ITk performance
requirements

12th HSTD, Hiroshima, Dec. 14-18, 2019 19
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Inter-strip resistance ATLAS17LS mini

104

ATLAS17LS - CERN PS

103

1el5 neq, thin (W044-mini4)
1e15 neq, thin (W044-minig) __
1el5 neq, std (WO36-mini7)
1el5 neq, std (W033-mini4)
2e15 neq, thin (W045-mini2)
2el5 neq, thin (W045-mini6)
2el5 neq, std (W038-mini6)
2e15 neq, std (W034-mini2)

102

Interstrip resistance (MOhm)

$raoetus

101
0 200 400 600 800 1000

Voltage (-V)

11N D1V, Arrosniimg, vec. 14-1s6, ZUl1Y 21



Coupling Capacitance: ATLAS12EC, ATLAS17LS

ATLAS Specs:> 20pF/cm

Main ATLAS12EC — non-irrad ATLAST7LS - gamma
Coupling Capacitance (-20°C Post-Annealing)
E - —— Wod2-aT 30
L - —— Wo4d2-2T =
%‘— = W42-1T E_ 25
@ - —— W042-0T 5
g 30— 8 20
§ - 815 Non-irrad Ceg,p = 25.49 £ 1.06 pF/cm
8 ®- S g 10 Mrad Cqqyp = 27.00 % 0.24 pF/cm
o 210 35 Mrad Cqyp = 26.07 £ 0.09 pF/cm
= 20— = 70 Mrad Cg,,,, = 26.29 £ 0.06 pF/cm
3 = 3 5
o . - 8
o} 0
i F 10 20 30 40 50 60 70 80 90 100
g 10— Strip
S = )
z sE- mUnirad =10MRad m35MRad m70MRad S
5 -
s 0 E Coupling Capacitance (-20°C Post-Annealing)
E R A L L1 P — 39
0 200 400 600 800 1000 1200 E
Strip Number T 30
= °
=
820
L=
. L & 15
Ceoupl Must be large to maximize signal and its integrity C
) . . . . -E
*  Coyp doesn’t change with gamma or proton irradiations s 5
[=]
*  Ceoup Meets the specs S,
0 10 20 30 40 50 60 70

Total lonizing Dose [MRad]
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ATLAS17LS

Coupling Capacitance:

-11
206210 _ :
—p 2.7-10 neq!cm
L — . 10l4 2
2.04 p5.4.10 N eg/CM
15 2
2.02 — P 1'1015 oo™
E —p 210 Ngg/CM
§ s —Thinn 1.10% newcm2
g “\ —n 2107 nyem?
0 1.98 - 16 ,
© —n 110" n__cm
Q eq/
S ——~ 17MRad
il —— 35MRad
£ —~ 52MRad
0 1.94 - —~ 70MRad
2 —Unirradiated
&)
1.92 S — -
1.9 4
1.88 ' ' ' ' — I | | |
0 100 200 300 400 500 600 700 800 900 1000
Bias Voltage (V)
* Ceouw doesn’t change with gamma, neutron or proton irradiations
* Cgup Meets the specs
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BIAS
DC :
AC

[
=

—_
o

Metal Resistance [(2/cm]
>

o

0

Metal Resistance [(/cm]

Metal and Implant resistance: ATLAS17LS

Metal resistance: ATLAS Specs:< 30 Q/cm

Implant resistance: ATLAS Specs:< 50 kQ/cm

ATLAS17LS mini - gamma

Strip Metal Resistance (-20°C Post-Annealing)

[E M

100
Stnp

Strip Metal Resistance (-20°C Post-Annealing)
15

0 10 20 30 40 50 60 70
Total lonizing Dose [MRad]

Implant Resistance [k(Y/cm]

w

Implant Resistance [I(QIcm]
=

Strip Implant Resistance (-20°C Post-Annealing)

Strlp

100

Strip Implant Resistance (-20°C Post-Annealing)
20

hd 3
15

0 10 20 30 40 50 60 70
Total lonizing Dose [MRad]

AVto W[
(ramp)

_@"—'

Non-irrad. ATLAS12EC: R ., =13 - 20 Q/cm
ATLAS17LS: R s=8.820.5Q/cm
ydoes not change with TID

meta

meta

Non-irrad. ATLAS12EC: R, , p=20.5- 21kQ/cm
Non-irrad. ATLAS17LS: R.__=8.8+ 2.8 kQQ/cm

imp —

Rimp increases after gamma irradiation, <20 kQ/cm

e ATLAS17LS fulfill the Specs before and after gamma irradiation
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PTP onset voltage [V]

PTP onset voltage [V]

PTP - Structure dependence

Very good performance of “C” type (full gate) structure also
after proton irradiation:

* steep increase in current

* small PTP onset voltage (~20V)
* largest current at Vpp=-100V.

1.E+12

Verp onset at lprp=10HA
PTP Structure Type (12M)
A B C D E F

0.98e15 neg/cm?2

Vpre onset @t lprp=10LA
vs Fluence

PTP type C ®

1.E+13 1.E+14
Fluence [n,,/cm?]

1.E+15 1.E+16

modest increase of Vprp oot UP 0 2x101°
VPTP onset <25V

-100V [A]

lat Vi

| at V=100V [A]

0.0E+00

-5.0E-04

-1.0E-03

-1.5E-03

-2.0E-03

-2.5E-03

-3.0E-03

-4.0E-03
-3.5E-03
-3.0E-03
-2.5E-03
-2.0E-03
-1.5E-03
-1.0E-03
-5.0E-04
0.0E+00

&

PR

Universiy of Trukuba

I (V,oe=-100V)

est

PTP Structure Type (12M)
A B C D E F

0.98e15neq/cm2

-

I (Vies=-100V) vs Fluence
JRR
!
e 0 ©
PTP type C

1.E+12 1.E+13 1.E+14 1.E+15 1.E+16

Fluence (n,,/cm?)

large | (Vg =-100V) even at 1x106
2.5mA=2.5mC/s= 6e11 mips/s/strip

PTP: ATLAS12M, HV:-1000V & Fluence: 0.98e15

0.001

< a2 BZ3A
§0.0009§ — BZ3B
~0.0008F| — BZ3C
0.0007F 823D
. | — Bz3E
0.0006? ——— BZ3F
0.0005 .
0.0004 T=-20
0.0003
0.0002
0.0001F-
E —_— T ol b L L
00 10 20 30 40 650 60 70 80 90 100
Vtset [V]

The novel full gate PTP structure “C”
doubles the allowable current without
increasing the onset voltage.
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