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FZU AVCR pro SCT ATLAS

* Vyvoj stripovych senzoru pro SCT a studium radiacni odolnosti prvnich prototypti

« Kvalifikacni testy stripovych sensortli typu p-na-n BT o : =
- kvalifikacni testy seriové produkce stripovych senzorl pro SCT, p i
- celkem testovano pres 2500 senzorl (16% z celkového poctu)

SCT Endcap Outer Module

_J Diskovy modul

Automaticka testovaci stanice v laboratori FZU

Resitelsky tym z FzU: J.Bohm, M.Mikestikova, J. Stastny, J.Hrivnak, E.Grunthalova, A.Mocova, Z.Kotek 4



FZU AVCR pro SCT ATLAS

* Vyvoj a konstrukce nizkonapétovych zdrojti pro SCT

* nizkonapétovy zdroj pro SCT vyvinul Jan Stastny (FZU)
* pro cely detektor SCT je vyrobila firma TTC Praha (celkem 4500 zdroju).

Specifikace napéti pro SCT modul:
Analogové 0-5,1V

Digitalni 0-5,1V

VCSEL 0-6,6V

PIN 0-10,5V

2 logické signaly TTL

2 I-zdroje pro méreni teploty SCT modulu
Monitorovani vsech napéti a proud
Komunikace: CANbus

* Vyvoj napajeni a chladiciho systému EURO ramu a stojani pro SCT

Ve FZU bylo vyvinuto napajeni a architektura technické bezpecnosti systému EURO ramu
a byl navrien chladici systém stojand. (J.B6hm, J.Stastny, J.Hrivridk, E.Grunthdlovd,
A.Mocovd; J.BroZ and P.Kubik (both from Charles Uni.).

* Finalni instalace napajeciho systému SCT

V letech 2006-2008 byla pracovniky FZU provedena finalni instalace napdjeciho systému pro
4088 detekénich moduld v podzemni hale USA15 a US15. CR (J.B6hm, J.Stastny, J.Hrivridk,
E.Grunthdlova, A.Mocovd; J.BroZ and P.Kubik (both from Charles Uni.)

ATLAS stojan se ¢tyfmi EURO ramy, ve kterych jsou umistény nizkonapétové a vysokonapétoveé zdroje.
Cely napéjeci systém SCT sestava z 88 EURO ramu ve 22 stojanech.

hlavnim koordinatorem celé skupiny SCT napajecich zdroja byl Jan Bohm




ATLAS SCT Performance
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od LHC k HL-LHC

Ugrade Vnitrniho detektoru ATLAS

High Luminosity LHC

2010 2015 2020 2025 2035
——F—— ¢ —F—F—F—0—— —— iy W._
Runl LS1 Run2 LS2 Run3 LS3 Run4
Vs=7-8TeV Vs=13-14TeV Vs=14TeV Vs=14TeV
L=6x1033cm2s? L=1-2x103*cm2s1 L~>2x1034cm2s1 L=2x103>cm2s?
Pile-up: <u>~20-30 || Pile-up: <u>~25-50 | Pile-up: <u>~50-80 | Pile-up: <u>~200
Int.Lum.: ~30fb? Int.Lum.: ~150fb! Int.Lum.: ~300fb! | Int.Lum.: ~3000fb!
Bunch spacing:50ns || Bs: 25ns Bs: 25ns Bs: 25ns
Phase 0 upgrade Phase 1 upgrade || Phase 2 upgrade
béhem LongShutdown LS1: béhem LS2 béhem LS3 (HL-LHC):
nova urychlovaci trubice vymeéna celého Vnitfniho
s dalsi pixelovou vrstvou IBL detektoru za celokremikovy
(Insertable B-layer)




Proc upgrade Vnitrniho detektoru?

- zvySeni luminosity az 10x (103°cm2s1) v HL-LHC
- zvySeni “pile-up” z 20 na 200-300

- integrovana luminosita az 3000fb!

- zvySeni radiacnich tokd na detektory

«  Radiaéni poskozeni Run 1: ~0.2 X 10*cm?s™

- soucasny pixel. detektor do 1015neq/cm2 Run 1: vynikajici vykon Vnitfniho detektoru
- SCT detektor do 2x10'*n,./cm? '
= poZadavek radia¢ni odolnost pixeld do 2x10'®n,,/cm?

Z5up (zo_uvertices)‘
= stripli do 2x10*°n,/cm?

. Occupancy
- soucasny Vnitini detektor nemuze ucinné rozlisit drahy pfi pile-up >200
- TRT by dosahl 100% occupancy (zahlcenosti)
- soucasna vycitaci elektronika do 50 pile-up,
= pozadavek jemnéjsi granularity senzor(

= elektronika s rychlej$im pfenosem vétsiho objemu dat HL-LHC: 10 X 10* cm?s?
Az 1000 drahnaAn=1.0

* Ztrata dat nad 3 x 1034 cm2s-"
objemy dat by zahltily vycitaci linku
mezi ABCD FE Cipem a vycitaci ROD kartou
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Inner tracker layouts
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* Currentinner tracker

— Pixels: 5-12 cm
* Siarea: 2.7 m?
« IBL(2015): 3.3 cm
— Strips: 30-51 (B)/28-56 (EC) cm
* Siarea: 62 m?
— Transition Radiation Tracker
(TRT): 56-107 cm

* Occupancyi is acceptahle for
<3x10%* cms!
. fhase -1l at HL-LHC: 5x10%** cm2s

Inner Tracker (ITk)

* Phase-ll upgrade (LOI) 2012
— Pixels: 4-25 cm
* Siarea: 8.2 m?
— Strips: 40.-100(B) cm
* Siarea: 122 (B)+71(EC)=1923 m?
* Major changes from LHC
— All silicon tracker

— Large increase of Si area
* bothin Pixels and Strips
« ~3 X LHC ATLAS

2016 novy layout —zmény od Lol:

Valce: 4 - 5 pixelovych vrstev
5.1 = 4 stripové vrstvy

Disky: 7 = 6 stripovych diskd 9




Radiacni urovneé v ITk

Fluence evaluations per 3000 fb!
1 MeV neutron equivalent fluence

120 : | ! | i | Lol
: 100 1e+17
BL4-6 : 4.8cmL strips
BL4(73%,19%,8%) 80 ~
—_ £
BL1-3: 2.4cmL strips E_ 60 1‘*”5;
BL1(57%,35%,8%) 5
40 T
f le+15 OO
NIEL contributions by 20
(n, /K, p)
private comm with P Mivagawa &1, DEWSDHPUDSthﬁE|gD 100 15 200 250 30 250 400 le+ld
Z [em]

Taking a safety factor of 2,
Barrel short strips up to : 1.1 x 101% /cm?
Barrel long stripsup to : 0.6 x 10> /cm?
Endcap (8-48mm): 1.6 x 1015 /cm?
Difference in n/p damages is an issue

K. Hara, HSTD10, Xi'an China,

EC7: 8.1 x 10% /cm?
BL4: 2.9 x 10%* /cm?

BL1: 5.3 x 104 /em?

|.Dawson, Fos(WERTEX 2012015
ATL-GEN-2014-003

25-29 Sep 2015
10



Stripovy detektor

o Barrelové vrstvy - 4 valce se staves, o End-cap (EC) disky - 12 EC disku,
- celkem 392 staves, - 32 petall na disk,
- ~11000 moduld " R - celkem 384 petall
- ~7000 moduld

10° tilt angle

Barrel module

ABC130 hybnds modules Si sensors

End-cap petal

9+9 moduld na petalu
6 rdznych typl modull



Design stripovych senzoru pro ITK

* N-in-p
* tloustka 300-320 um
* nosi¢ naboje: elektrony

Polysilicon

Valcovy senzor  resistors
- velikost: 9.79 cm x 9.76 cm
- rozte€ 75.5 pm, 1280 stripU Bias pads
- 2 tvary senzor(:

délka stripll ~24 a ~48 mm
- Uhel stripl +/- 26mrad

Diskovy senzor
-véjifové usporadani strip(
-stripy nesméruji do stredu, ale jsou otoceny
o maly Uhel k zisani 2. soufadnice priletu
- 6 rliznych tvarud senzor(
délka stript 15-60mm

Rozméry stripli voleny
aby “hit occupancy” <1%

bond gap

Implant DC

j I :
Metal AC
contact pads

Bias ring

R-70mm Si wafer

A

biax lines

N. Hessey.

contact pads‘

Segment 1

Segment 2

Segment 3

Segment 4

Prehnané schema!

12




Vyber typu senzoru pro Upgrade

Senzor (p-in-n)
v soucasném SCT
(po inverzi Si typu n na p)
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Radia¢ni poskozeni vytvafri v Si
energetické urovné akceptorového typu
=>zmena Sitypunnatypp

Senzor (n-in-p)
pro Strip ITk Upgrade

M . "

o %
//////u’l’mm g

Radiacné odolnéjsi n-in-p

- shér elektronl

e jako v soucasném n-in-n pixel. detektoru

* rychlejsi signal

* mensi pravdépodobnost zachytu
- p-n prechod vzdy na strané sbéru signalu

* bez zmény typu Si

* funguje i v rezimu kdy neni zcela vyprazdnén
- jednostranny litograficky proces

* ~50% levnéjsi nez n-in-n

13




Vyvoj radiacné odolnych stripovych senzori typu n-na-p

* FzU je ¢lenem mezinarodni skupiny “ATLAS ITk Strip Sensor Collaboration”, ktera vyvinula ve spolupraci s
HAMAMATSU Photonics (Japan) novy radiacné odolny stripovy senzor typu n*-in-p vhodny pro radiacni

urovné v ITk na HL-LHC

eSenzor:

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

* kapacitné vazané n-stripy s vycitacimi stripy

* n-stripy biasovany pres polysilikonové odpory

* hlavni sensor (9.75¢cmx9.75cm) obklopen mini senzory
* roztec€ 74.5 um, 1280 stripti ve 4 segmentech

* spole¢na p-stop izolace (4e12 ions/cm?)

Verze ATLASO7:
o 6 typl rlznych izolaci n-strip(

ATLA512A Wafer Layout

BZ1 {PTP 10um)

BZ3C

BZ3F

BZ3C

o o | o feofro |—

BZ3F

BZ3C-unpassivation

EC-small pitch-C (AC gang)

EC-small pitch-E (AC gang)

EC-large pitch-C {AC gang)

10

EC-large pitch-E (AC gang)

BZ1 (PTP_10um)

12

BZ3C

13

BZ3F

14

BZ3C

15

BZ3C

16

BZ3C-unpassivation

17

EC-small pitch—C {DC gang)

18

EC-small pitch—E (DC gang)

19

EC-large pitch-C (DC )

21

20 EC-large pitch-E (DC gang)

EC-skewed—C

22

EC-skewed-E

* Main sensor at the center of the wafer

* 1-24 Baby sensors in the peripheral of the main sensor

o popis vlastnosti velkoploSného senzoru a ozarenych mini senzort

ve 4 ¢lancich v Nucl. Instr. and Meth. A636 (2011)
spoluautori z FzU AV: J. Bohm, M. Mikestikova

Verze ATLAS12: S
New features from 07 design: et i .
. . . . . I -
o implementation of 2 dicing lines ”‘ T W“ z
o anew gated PTP structure in main sensor N“\WU\“ \\\..' \
o bonding pads modified for the new ASIC readout Il n’"‘%l\\\)\\w M M

o end-cap mini sensors for irradiation studies

——

g

! W%

Diskové mini senzory W /4

1x1 em, 60 pm pitch

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

14



ATLAS12 sensor evaluation program

» Ovérovani vlastnosti senzorii ATLAS12 pied a po ozarenim v nékolika svétovych institutech

* Large Sensors before irradiation (Cambridge, UCSanta Cruz), B. Hommels

o sensor shape, IV, CV, Inter-strip characteristics
o  Full strip tests

* Bulk radiation hardness (Ljubljana, Liverpool, KEK/Tsukuba, Freiburg, Valencia, Cambridge), K. Hara

o Charge collection, Edge TCT (Transient Current Technique)

o Cinter, Rinter, PTP

* Surface radiation studies (Prague, UCSC, Freiburg, Lancaster, Tsukuba), M. Mikestikova

* Forward sensor studies (Valencia, Freiburg), R. Mori

o Laser scans, Strip ganging performance
* Embedded pitch adapters (Barcelona), M. Ullan

»>Ozafovani provadéno do dvojnasobné maximalni fluence ocekavané v ITk (2x10** n_,/cm?)

riznymi ¢asticemi a energiemi

Radiacni poskozeni kiemikovych senzord:

* objemové
-> zvétSeni zavérného proudu
->zména napéti uplného ochuzeni
->zmeéna ucinnosti sbéru naboje

* povrchové
-> akumulace kladnych nabojud a pasti v SiO, a na rozhrani Si-SiO,
-> vytvoreni elektronové akumulacni vrstvy na rozhrani Si-SiO,
-> indukce vodivych kandll v Si-SiO, => zkraty implantovanych stripU
-> ovlivni napéti prlirazu (breakdown voltage)

0, P-bulk

S|(:)2 Charged
Al / particle Al
+ i + +\\:_;;' i io- + 4+ {+ + i +

d—strip/ P-stop

P-backplane

15



Irradiation for surface studies

* ATLAS12A end-cap and barrel mini sensors irradiation:
o gammas (°°Co) at BNL and UJP Prague to 1IMGy

o protons (27 MeV) at Birmingham, UK fluences 1E12- 1E16 neq/cm2
o (25 MeV) at Karlsruhe Inst. Tech., DE
o (70 MeV) at CYRIC, Tohoku University, JPN

o neutrons — JSI Ljubljana reactor, SLO: fluences 1E15 neq/cm2

* ATLAS12A, A12M and AO7 barrel mini sensors irradiation (for comparison):
o protons CYRIC, fluences 1E14- 1E16 neq/cm2

—E—— FOVIVI | Dicngcut | Stripisolation

ATLAS12A C ~350 standard (950um) p-stop 4E12
ATLAS12A F ~350 standard p-stop 4E12
ATLAS12M C ~225 slim (450um)-inner cut  p-stop 4E12
ATLASO7 F ~200 standard p-stop 4E12

16



Electrical tests of irradiated ATLAS12 mini sensors

~200 mini sensors of different types tested for surface studies in:

O 0O O O O O

loP AS, Praque (Resitelsky tym z FzU: M.Mikestikova, J. Stastny, Z. Kotek, od 2015 J.Kroll)
UC Santa Cruz
U. Tsukuba

U. Freiburg i
Lancaster U ;,,,,?I

IFIC Valencia

JITTeY A ey

IV (current, breakdown voltage)
Inter-strip Capacitance (C., )
Inter-strip Resistance (R;,)
Stability measurements

Bias Resistance (Ry,)
Punch-through Protection (beam loss protection) effectiveness (PTP)

Sensors bonded to PCB board and tested in freezer (up to -50°C)
or in probe station with cooled chuck (up to -30°C)
Nitrogen environment (humidity < 10%)

Measurement conditions: /%‘/= E70
\\‘ 1 F ! ias vol e




Silicon lab in IP ASCR Prague

Semi-Clean room (24 m?)
- with temperature and humidity control, vertical air flow,
- electrically conductive flooring

18



Laboratory Equipment of silicon lab in IP ASCR Prague

For Sensors tests
]

Manual probe-station with cooled chuck (-30°C)

Automatic probe station KarlSuss PA200 Nitrogen flow in probe-station, humidity < 5%

equipped with probe heads with vacuum and magnetic support,
microscope , video camera and monitor

Measuring devices:

» LCR meter HP4284A

»SMU Keithley 237
»HP34401A multimeter

» Picoammeter Keithley 487

» Electometer K6517A

»HV Supply K248 up to 3000V

19



Total Leakage Current: Pre- and post proton and gamma irradiation

ATLAS12 mini sensors

End-Cap mini‘s ATLAS12A

= 5E14 W639 small E P18 B'ham

5E14 W604 large C P9 B'ham
=== ]1E15 W620 small C P7 B'ham
=—=@==1E15 W626 large C P19 B'ham

1E15 W628 large E P10 B'ham
emgpe 2E15 W644 small C P17 B'ham
@ 2E15 W645 small E P8 B'ham
= 2E15 W642 large E P20 B'ham
e 1E15 W620 small C P17 Karlsruhe
e 1E15 W642 small C P7 Karlsruhe
et 5E14 W644 small E P18 Karlsruhe
e 5E14 W626 small C P7 Karlsruhe
e 2E15 W620 small E P18 Karlsruhe
=== \\/627 small E P18 10kGy gamma

2E15
1.0E-04 L Protons, measurements at-10"Cin N2 = =" = o o oo-a-0-0- k81
1.0E-05 L@ e
z 1.0E-06 ¢
= gamma, measurements at f2Q°§x
g g,g.g.xﬁoxﬁoxbk"ﬁoxﬁo‘1‘(’..’.
£ 1.0E-07 ¢ e s e 30 kGy
3
100 kGy
1.0E-08
1.0E-09
non-irradiated, measurements at +20°C
1.0E-10 ! ! ! !
0 -200 -400 -600 -800 -1000
Bias Voltage [V]
Barrel mini‘s - CYRIC proton irradiation
1E-04 ¢ Fluence
E | Barrel
= [ Barrel — I fom
[ ——D5.20E+12
——1.00£+13
1.E-05 E 9.00E+13
C —1.13E+14
——4.70E+14
—G5.09E+14
— ——9.80E+14
i 1E-08 —1.07E+15
..E ——1.80E+15
8 ——2.06E+15
= ——2.50E+15
O 1.E-07 ——8.80E+15
TYPE
—ATLAS12M
1.E-08 L L 1 I | —e—ATLAS12A
—— ATLASO7
-100 -300 -500 -700 -900 -1100

Bias Voltage [V]

W632 small C P7 10kGy gamma
epus \N623 small E P18 30kGy gamma
=== \\/625 small C P17 30kGy gamma
et \/633 small E P8 100kGy gamma
=== \\/633 small C P17 100kGy gamma
e EC-smal-C-P17-W634-Not Irrad
e EC-small-C-P17-W634- Not Irrad

Non-irradiated:

* Very low current 1=4.8 £ 1.5 nA/cm?
(average of 28 EC minis)

¢ Tech. spec. < 2uA/cm? (600V)

* Breakdown voltage > 600/1000V

Proton-irradiated:

* 1=114 pA/cm?for 2E15 n,,/cm? (-10°C)
* Breakdown voltage > 1000V

Gamma-irradiated:

® 100 x current increase
* The higher the gamma dose the lower
the current - subject of further studies.

* strip pitch,
* strip ganging,
* wafer.

All type of EC and barrel sensors before and after
irradiation have a high micro-discharge breakdown,
well above the maximum operational voltage (500V).

Sensor stability not influenced by:
* PTP structure type,

20



CV characteristics for Full depletion voltage (FDV) estimation

e
v

Féz% 1/C2 ATLAS12A CYRIC Proton Irradiated
2E+21
1.8E+21 1E15 b
1.6E+21 |
1.4E+21 |
1.2E421 | T
L o1Ee21 | s
2 == 1F15
O 8E+20 |
> =g 3E15
6E+20 |
e—p=1E16
4E+20 :
e 10t irrad
2E+20 +

0

-400 600

Vbias [V] i

FDV: CYRIC Proton irradiated

800

700
600
500
400 L
300 I

200 i

100 F

0

FDV [V]

I A12A
AO7
A12M

0.0E+00

5.0E+14 1.0E+15
Fluence [neq/cm2]

1.5E+15

FDV extracted from CV characteristics as crossing of the
part of rising straight line of 1/C2? and the saturated value

Non-irradiated:

1/C? [F?]

FDV = 354420 V (average value of 28 EC mini's)
Resistivity: p =2.8 +0.15 kQ*cm, calculated from:
p=d?/(2e*u*V,p), d =302um is active thickness

Protons:

FDV increases with increasing fluence

little variation at low fluence - FDV decreases up to
1E14 n./em? (hypothesis: initial acceptor removal
process in p-type Si)

FDV > 1000V for 3E15 and 1E16 n.,/cm? (expected for
302 um silicon)

Gamma:

FDV and thus effective doping concentration (N.) are
independent on gamma irradiation.

1/C2 ATLAS12A-EC- Gamma Irradiated

1.6E+21

1.4E+21

1.2E+21
1E+21
8E+20 @ N0t irrad EC W923small
6E+20 | x  10kGy W632 small C P7
4E+20 A 30kGy W625 small CP17
2E+20 O 100kGy W633 small CP17

0 1 1 1

0 -100 -200 -30? -400 -500 -600
Vbias V]

The operational voltage in ITk will be max 500V, n-in-p sensors will be operated under partial depletion
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Inter-Strip Capacitance

oC_

.+ contributes to the input capacitance of FE electronics and determines the noise level of the detector
o C

.+ measured by LCR meter between the central strip and its first neighbors (others floating)
* next 2nd and 3th neighbors add ~10%

FZ0

Universityof Trukuba
Lees me}er

TTIE

TIIIIFE

PCB board

C. .vs Fluence:

int

Proton Irradiated A12A,A12M and AO07 barrel_mini

ATLAS12A | Average Cine/cm [pF] !
pitch [um] 100kHz, CPRP -9 fore irradiated
= 09

£ 0
Barrel mini 74.5 0.76+0.02 Soss |/
Z 038
EC Small pitch 64.3 0.7910.01 >
o 0.75
= —&— A12A Prague
EC Large pitch 103.4 0.5510.01 go 5;5 —e—A12A Tsukuba
EC Skewed 69.4 S2 0.74£0.01 g 06 % A07 Tsukuba Freq=1MHz
0.5 1 113 11l 1 113 11l 1 1111l 11 111319
average values of 25 sensors (Freiburg, Prague, Santa Cruz and Tsukuba) 1.E+12 1.E+13 1.E+14 1.E+15 1.E+16

All tested sensors : C,,, <0.85pF/cm (Spec. <0.9pF/cm) Fluence [n ,/cm?]
* no radiation induced change of C,,at V,, above FDV
* no PTP type dependence

* no wafer type dependence

int
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Inter-Strip Resistance

. . . . . . . . Interstrip resistance
Rint measurements - verification of neighboring strips isolation cAM[:) HPK_mini ATLAS12A_EC g

Measuring method: le+125 28
* 3 adjacent DC pads are contacted. On the central strip is 1e+11é

applied voltage V,,, by SMU, the current is measured on the ] %@'—E’%
outer strips. 1e+10-

Rint= 2/(d|/dVapp|) _ |
Rbias le+094
IR ) 1e+08- - iy
I Rint —+— large_E_P20
\AA 4 A q —&— small_C_P07
V : ll ﬁR I—I ) le+07+—7——7 777 T
int 0 100 200 300 400 500 600
appl D | | j=— Bias voltage [V]
DC pad SummarY for not irradiated sensors:
bias ring * R, /strip =18-78 GQ
* Values in GQ range agree with Spec: R;,,>15MQ
Rint vs Vbias: ATLAS12A, PTP C and F type * Rint is independent on Vbias
100000
A CYRIC === BZ3C 1E14 PRG
. Notlgadlated . _._,( ) ==@==DBZ3F 1E14 PRG
R ? efe== B73C 3E14 PRG
10000 «=@==BZ3F 3E14 PRG
egem B73C 1E15 PRG
e=@==B73F 1E15 PRG
emgemm B73C 3E15 PRG
—1000 a=g==B73F 3E15 PRG . .
g o B73C1F16 PRG Proton irradiated sensors:
S 100 | e . R, decreases with increasing fluence and
P s B73C 3E14 SCruz * 1 H H
= ooy ‘ |n.creases with bias voI‘ta.ge ‘
i ==se=BZ3C 3£15 SCruz Bias field reduces conductivity between strips
10 @=@== BZ3F 1E15 SCruz *
g 0t irradiated
1 . . . . . * notlannealed samples
0 -200 -400 -600 -800  -1000  -1200
Vbias [V]
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Temperature dependence of R, ,

* Inter-strip resistance of irradiated sensors is temperature dependent

* Inter-strip current has the same temperature dependence as bulk generation current

* all R, data in this talk are normalized to -20°C  R(T,,,)=R(T,,)*(T_,o/Ty)>*exp[-E/2ks*(1/T ,0-1/T)]
with energy E=1.2eV

I-V: temperature dep. R, at different temperatures &
10 g1o" st
- 7/ -~ 0degC
10°
: -10 degC
109 -20 degC
K’ -30 degC
107 — -40 degC
/r -50 degC d
10° 106E‘
o o e e b L
10° ——— e L L 0 200 400 600 800 1000
0 200 400 600 800 1 330[\/] HV [V]
R. . normalized to -20°C

int

* 18 M

Fluence:0.98e15
Sample:ATLAS12M-BZ3C

-
o
©

Rinl T=-20 [Q]

_‘
<
i

107 E
7

T S IR T SR SR SR ST NS NN S S S AT S T SN

0 200 400 600 800 1000
HV [V]
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Inter-Strip Resistance — Irradiated sensors

R, [MQ]

Rint [Q]

Rint vs Proton Fluence (CYRIC)

1.E+05 s .
Comparison A12A,A12M and A07 * R,: decreases with increasing fluence - .
g H @4 - * All sensor types A12A/A12M/A07 — same degradation with
1.E+04 P proton fluence
Ee e * No influence of PTP structure type
¢ Al2M-P
1.E+03 mA07-P b= ﬁi el
Al12AC-P . . ..
CALIAF. P z e * R values exceed the minimum limit (10xR,;,, =15 MQ)
1E+02 e e required in specs up to 3x10'* n.,/cm?
aA12AC-SC e 16 2 ; CH e
LA %_ - Up to 1x10% n../cm?R;, still larger than the amplifier’s input
1.E+01 ¢ A12M-T e impedance (kQ)
mA07-T =
A AL2A-T Vbias=-400V
1.E+00 T R R T
1.E+12 1.E+13 1.E+14 1.E+15 1.E+16
Fluence [n,,/cm?]
Proton, neutron and gamma irradiated ATLAS12A = &% &
. . . . . FZU & AT .« .
Lerto Different irradiation sites Z=2 5= Total lonizing dose (TID) vs R,
B+ .. .
o Vbinse-400V * Most sensors have similar degradation of
las=- .
1.E+11 < ! R. . with TID (except samples from
@ Karlsruhe EC Prague . I'nt . .
A CYRIC 2014 campaign Prague Birmingham 2013 campaign — low energy
1.E+10 Agg:g ggg campaign zraguec X A D
campaign Santa Cruz
ACYRI(_32014camgaiznTsukuba A ‘ .K proton baCkground)
LEWD | Bamngen s ragie $ e, * Suggesting the ionizing dose is the
LE+08 L| ocammeo reoyora Santa Cruz dominant factor for R, ,
<© Gamma BNL BZ3C Prague ‘ ‘ A
<© Gamma BNL Santa Cruz . A
1.E+07 © Gamma UJP Prague
X neutrons A07 Santa Cruz
X neutron A12A Prague
1.E+06 A
1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07

Total lonizing Dose [Gy]
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Annealing of R

int

at 60°C

Karlsruhe proton irradiation

IV annealing at 60°C, ATLAS 12A mini sensors,

protons 2E15neq/cm2
1.E-03 ¢ 100000
10000
1.E-04 ¢ . .
Annealing time 1000
E e 30 Min '(_:'
-— ey 160 min E
i 320 min — 100
e 600 Min =
LE-05 | e 1170 min =
= 2370 min
s 5040 Min 10
e 11040 Min
22470 min
44070 min
1.E-06 1 1 1 1 ) 1
0 -200 -600 -800 -1000 0

-400
Bias Voltage [V]
Annealing of Leakage current

* At low V,;, current decreases in time

* At high V.. current increases with annealing
due to charge multiplication (CM)

* With annealing time the space charge concentration
rises and higher electric field near strips causes CM
[I. Mandic,NIMA629 (2011) 101]

* With longer annealing time multiplication starts
at lower bias voltages

decreases

Charge multiplication near the strips influences the R, at 700V after
annealing time 5000 min and at 400V at > 22000 min

Inter-strip resistance annealing at 60°C,

Rint [MQ]

100000

10000

1000

100

protons 2E15neq/cm2
i / —a—20min —a— 160 min
—a+—320min —a— 500 min
I ——1170min —a— 2370 min
5040 min 11040 min
| I224?-'Dm|r1 : 44IDI-'Dm|n = 30 days at 60°C
0 -200 -400 -600 -800 -1000

Bias Voltage [V]

Annealing of Inter-strip resistance

* R,cincreases with annealing time significantly as the leakage current

* Annealing 5000 min causes R, increase to pre-rad value but the leakage
current is still 4 orders of magnitude higher then before irradiation

Ri.: Vs annealing time
™M
—=—400V
——700V
10 100 1000 10000 100000

Annealing time at 60°C [min]
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Stability measurements

Centro Naciondl de Microslechiénica

@ Current Stability — A12A EC

B’ham proton irradiation

A
@ALB ERT-LUDWIGS-

UNIVERSITAT FREIBURG

Leakage current, Cint and Rint are stable in time

-1.8E-05
-1.6E-05 * Measurements at cold, rel. humidity <10% (N2 flow)
-1.4E-05 * after annealing 80min at 60°C
— -1.2E-05 = \W644_EC_large_E_P10_2E15
T -1.06-05 ——— W645_EC_skewed_C_PO1_1E15 * Current: Relatively small decrease ~3% in 16 hours (some sensors)
§ -8.0E-06 —— W644_EC_skewed_E_P02_SE14 * Agrees with previous studies with SCT sensors
= 6.0E-06 ——— \W642_EC_large_E_P10_5E14 * Cint changes copies the temperature changes
_4.0E-06 * Instabilities in R, are not caused by instabilities in sensor but in set-up
5 0E-06 (e.g. external electromagnetic disturbance of measuring devices )
0.0E+00 T=-25°C
0 5 10 15 20
Time [hours]
CYRIC proton irradiation Karlsruhe proton irradiation
Cint Stability - A12A sensors Rint Stability - A12A, 5E14neq/cm2
0.7 FZU 10000 .
069 e — AC=0.0028pF . s
' AT=1.3°C o
'S 4
0.68 - e=fi—1.00E+16
— L) L 4
= —e—3.00E+15 g ° o s
= 067 - Z1000 o s
5 —@— 1.00E+15 e ° $ 23 hours
‘ o
0.66 -
+—3.008+14 ¢ ° © W626_EC_s_C_P7_5E1
0.65 - s —+— 1.00E+14 4
Lmin h  10n24h e T=20C
0.64 : o : } : - 100
1 10 100 1000 10000 100000 T=-10°C 0 10000 20000 30000 40000 50000 60000 70000 80000 90000
Time [s] Time [s]
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Punch —Through Protection Structure

PTP structures: to protect the AC coupling capacitors against large signal current,
induced for example by beam splash
Virtual GND AC-coupling capacitors are

tested to hold-off ~100V
AC-coupli \:E_ Bias resistor

Av=R*Ai & Ai
XXXX

e- e-~ce- e- PTP structure with full gate

coverage in main ATLAS1
Beam splash

The effectiveness of PTP structure was measured using:
* DC method

Not Irradiated
ATLAS12A EC mini PTP

Vest (0-100V)

DCpad

Vtest [V]

Reff = Vie/ liest

[Y. Unno et al. Nucl. Instr. Meth. A765 (2014) 80-90] 28



PTP - Structure dependence

Very good performance of “C” type (full gate) structure also

after proton irradiation:
* steep increase in current ﬁ?ﬁ% PTP: ATLAS12M, HV:-1000V & Fluence: 0.98e15
* small PTP onset voltage (~20V) A
* largest current at V,p=-100V. < 000
50.0008 ] BZ3A
2 H— Bz3B
VPTP onset at IPTP=10N'A | (Vtest=-100V) 1 0-00035 — BZ&C
PTP Structure Type (12M) PTP Structure Type (12M) o.co07H —— BZ3D
_ A B C D E F A B C D E F ooous; — BZ3E
= 0 T 0.0E+00 ) g BZ3F
8 10 I I > soe0s 0.0005E"
2 8 0.0004F T=-20°C
2 0 ' -1.0£-03 =
2 " 0.0003 |-
é -30 _,>: -1.5E-03 0-0002;
© =
E -40 — -2.0E-03 0.0001;
S0 | 0.98el5 neq/em2 oo p-ageTsneq/gm2 O~70 20 30 40 50 80 70 80 80 00
-60 -3.0E-03 Vtest [V]
Vorp onset at lprp=10HA [ (Vies=-100V) vs Fluence
35 vs Fluence -4.0E-03
— °
— <C -3.5E-03
= 30 PTPtypeC ® = { i
o s [ S -3.0E-03 oo
o o o S 25603 & o
g N " 2.06-03
> (X g T
@ 15 = -15E-03
c -10 ° 0k
S oo PTPtypeC The novel full gate PTP structure “C”
o 5.0E- .
“ o 0.0E+00 doubles the allowable current without
1E+12  1.E+13  1.E+14 1E+15 1.E+16 1.E+12 1.E+13 1.E+14 1.E+15 1.E+16 increasing the onset voltage.
Fluence [n,/cm?] Fluence (n,,/cm?)
modest increase of Vprp gnset UP tO 2x10%° large | (V7gs=-100V) even at 1x10%°
Vorponset < 25V 2.5mA=2.5mC/s= 6e11 mips/s/strip
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Surface studies conclusions

Surface properties of ATLAS12 n*-in-n strip sensors intended for upgraded ATLAS Itk fabricated by Hamamatsu were
evaluated by several participating institutes before and after irradiation to verify if they can cope with predicted
high radiation environment:

*  High micro-discharge breakdown > the maximum operational voltage (before and after irradiation)

* Interstrip capacitance < 0.9pF/cm and does not change with irradiation

* Interstrip resistance - decreases with proton and gamma irradiations
- is temperature dependent and changes with annealing, both through leakage current
- however for HL-LHC fluences the strip isolation is sufficient

*  Biasresistance - slightly increasing with proton fluence, agrees with specs up to fluence 3E15neq/cm2

Punch through protection - is efficient after irradiation 2E15n,,/cm?.

ATLAS12 sensor shows appropriate performance for operation in ATLAS Upgrade ITK

Protons Protons
e Gamma
Pre- radiation 1x10%% 2x10%5 100KG
[ne/em?] [neg/cm?] Y
Leakage current WA/ | o00a8 (20°0) [ 511000 | 103(10°0) | 0.22s20°€
(at V;,,=600V) : (-10°€) 22(+20°0)
Inter-strip capacitance 0.75-0.82 0.82 0.82 0.77
[pF/cm] (at 1MHz) e ’ ' :
Coupling C itance
pling Capacitanc 2 2 "
[pF/cm] (at 1kHz)
Inter-strip resistance 0.5-2.2 0.3-0.7 0.0086 (+20°C)
15-65 (+20°C)
[GQ/cm] (at V,,,,=400V) (-20°C) (-20°C) 0.6-1.1(-20°C)
Bias resistance 1.5+0.1(+23°C) o 5 o
i 2.0(-20°C) 2.1(-20°C) 1.7 (+23°C)
MQ] 1.7-1.8(-10,-20°C)
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Vysledky studia radiacni odolnosti

Prezentace a publikace

10th Hiroshima symposium on the Development and Application of Semiconductor Devices, Xian, China, 2015:
,Study of surface properties of ATLAS12 Strip Sensors and their Radiation Resistance”, (M. MikeStikova)

RD50 workshops 2013, 2014, 2015 (Radiation hard semiconductor devices for very high luminosity colliders), M.
Mikestikova, Z.Kotek, J. Stastny:

Strip Sensor meetings, Vidyo Meetings
Inner Tracker weeks, CERN

ATLAS Upgrade weeks, CERN

Publikace:

M.Mikestikovd, J. Stastny, Z. Kotek: Evaluation of Bulk and Surface Radiation Damage of Silicon Sensors for the
ATLAS Upgrade, PoS Vertex2014 (2015) 050, Conference: C14-09-15.2 Proceedings

M. Mikestikova, ...).Bohm, J.Stastny, Z.Dolezal, P.Kodys: Study of surface properties of ATLAS12 strip sensors and
their radiation resistance, NIMA(2016) In Press

B. Hommels, ... ... Z.Dolezal, P.Kodys, J. Bohm, M.Mikestikova, J. Stastny: Detailed studies of full-size ATLAS12
sensors NIMA(2016) In Press

K.Hara, ... ... Z.Dolezal, P.Kodys, J. Bohm, M.Mikestikova: Charge collection and field profile studies of heavily
irradiated strip sensors for the ATLAS inner tracker upgrade NIMA(2016) In Press

R. Mori, ... Z.Dolezal, P.Kodys, J. Bohm, M.Mikestikova, J.Stastny: Evaluation of the performance of irradiated
silicon strip sensors for the forward detector of the ATLAS Inner Tracker Upgrade upgrade NIMA(2016) In Press

M.Ullan, ... Z.Dolezal, P.Kodys, J. Bohm, M.Mikestikova: Embedded pitch adapters: A high-yield interconnection
solution for strip sensors NIMA(2016) In Press

Y.Unno, ... Z.Dolezal, P.Kodys, J. Bohm, M.Mikestikova: Development of n*-in-p large-area silicon microstrip
sensors for very high radiation environments — ATLAS12 design and initial results, NIMA765(2014)p.80
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Laser a beta testy ITk testovacich stripovych modulu

Jifi Kroll ve spolupraci s MFF UK (Z. Dolezal, P. Kodys, M. Sykora)

Laser setup Beta source testy

Treshold scan
Channel hits for bias_400V_1500trg

= 2001
t -
5 C
g 180
g C
8 180
= C
g 140
120~
100F—
sof-
60
40
208
Channel number
Pulse Shape Laser Scan in fC, RunNo 358, ScanNo 1, Strip 796
e it e Clustersize distribution for bias_400V_1500trg

Entries 200
Meanx 3647

. |Meany 4441 Statistics
Tt StdDevx  22.73 Entries 23680
Mean x 1.245 1000

Mean y 62.28
Std Dev x  0.4891
StdDevy 3412 800

StdDevy 25.02

VThr (DAQ counts)

W50((C)

600
400
100
9({ S
200

Clustersize



Plany

V ramci projektu ATLAS Itk Upgrade Phase Il se Ceska Republika zavazala dodat cca 1100 diskovych
stripovych moduld. FZU se bude na tomto zdvazku vyznamné podilet zejména v oblastech:

1. Testovani velkoplosnych stripovych senzori (tzv. QA quality assurance)
2. Implementace metodiky sestavovani modulli (modul = senzor + hybrid + ASICs)
3. Testovani kvality sestavenych moduld (QA)

— Metrologické vlastnosti

— Termomechanické vlastnosti
— Elektonické vlastnosti
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1. Testovani stripovych senzoru

Testovani velkoplosnych diskovych senzord - QA
Testy na 100% senzoru (ve FzU ccal100):

QO vizudlni kontrola pod mikroskopem (defekty, poskrabani)

O  zkfiveni senzoru
O IV charakteristiky

Testy na cca 5-10% senzoru (ve FzU az 110)
O Detailni testovani vSech stripl —

vazebna kapacita, svodovy proud, bias rezistor..

1 diskovy senzor — pocet stripu v zavislosti na typu senzoru
napf. RO senzor: 4360stripu

Detalni testovani vsech stripll jednoho senzoru metodou strip-by-strip trva
cca 12 hodin!

— zkraceni doby testovani pomoci 32 bodové sondy ( ~2.5hod)

— zakoupeni nutnych komponent do automatické stanice a vytoreni softwaru
pro ovladani automatického posuvu

(Reditelsky tym M. Mikestikova, J.Kroll, Z. Kotek, O. Korchak)
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Strip current [nA]

-

O N WEeE OO N WO
T T

1. Testovani stripovych senzoru

Nutné komponenty k porizeni pro automatické testovani s 32 bodovou sondou:

*  Switch unit crate

*  HighVoltage 12x4 switch matrix

*  USB-GPIB adapter

*  2xdual 8:1 multiplexer units

*  Probecard holder for probestation

*  Probecard low leakage, 32 channel + edge sense

r

-
-

) 1
1000

Vybudovani Cistého prostoru kolem probestation

Pokud se chce FZU kvalifikovat pro proces testovani stripovych senzor(, je nutné prokdzat dostate¢nou
Cistotu testovaci laboratore (ISO 7, tfida10000)

Redeni:
*  Predéleni Cistého prostoru méreni systémem prekryvajicich se PVC lamel.
*  Pofizenilaminarniho flow- boxu
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Testovani prvnich velkoplosnych prototypu ve FZu

2009 - 2010:

» testovani elektrickych charakteristik prvnich prototypu (verze ATLASO7) valcovych
senzord (10x10cm)

» kvalifikaCni testy pred ozarenim.

2.2
24 =
L o R AR R e
o
;’ 1.8 7 A
(&)
& 16
S
S 144 *
(]
(&)
o 127 4
= * W37-Segl
g 1- |=W37-Seg2
= A W37-Seg3 *
0.8 1 x W37-Segd
0.6 T T T T T T =
0 200 400 600 800 1000 1200
Strip Number
Z ¢lanku: _
J. Bohm, M. Mikestikova, A.A. Affolder, P.P. Allport, ... : -g-;‘ - . Section 1
Z. Dolezal, P.Kodys, et al. £ 06/ -Secton?
Evaluation of the bulk and strip characteristics of large area T 07 4+ _section3
n-inp silicon sensors intended for a very high radiation ol - Section 4
environment, NIM A636,5S104-S110,2011 1 : : . . . . .
0 200 400 600 800 1000 1200 1400

Strip Number
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http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TJM-5004PTT-1&_user=625012&_coverDate=05/01/2010&_alid=1565717094&_rdoc=7&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5314&_sort=r&_st=13&_docanchor=&view=c&_ct=7&_acct=C000031722&_version=1&_urlVersion=0&_userid=625012&md5=405d5e7bbe33ade70d037da5b69ca598&searchtype=a

2. Metodika sestavovani modulu

Hlavni koordinator Jifi Kroll

P¥iprava na sestavovani | Tk stripovych modult na FZU

@ kompletni setup pro testovani lepeni I Tk stripovych moduli
byl p¥ipraven na FZU (Zdenék K., Ji¥i K., Marcela M.)

UV lepidla

UV vytvrzovaci
lampa

Atrapy senzorQ, hybridt a Cipt
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2. Metodika sestavovani modulu

P¥iprava na sestavovani I Tk stripovych modult na FZU

@ detail vybranych komponent

(& Vakuovy rozvod

38
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2. Metodika sestavovani modulu

Ptiprava na sestavovani ITk stripovych modulti na FZU

@ detail vybranych komponent

Jsme pfipraveni testovat sestavovani moduld 39



3. Elektronické testovani modulu

e Vytitani modulu pomoci ATLYS karty (PMOD-TTC,
VMOD-IB)

“*!.*??23' }

o %
: XNl'IlX <

"I“wIJ :

2—

LNi'IIDIO v':
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Dékuji za pozornost



Polysilicon Bias Resistance: Pre and post proton and gamma irradiation

Viest  (-1V-+1V)

5 Rbias vs Vbias: not irradiated

e \W619_BZ3C_P2 . . : +
: AL2A e Tech. specs: R,;,,= 1.5+ 0.5 MQ
- Riiac s ————
I I — 'a‘ e—\W/634_EC_small_C_P17 . .
DCpad 2, ——wemis @ not jrradiated ATLAS12A
L 8 e o "
biasting 5 e vty * Rbias =1.48 £ 0.07 MQ (at RT)
0.5 9 W631_EC_large_E_P20
et W627_EC_skewed_C_PO1_S1
* “Rbias“ = Rbias + Rimplant st
0 ! e \W625_EC_skewed_E_P02_S2
0 00 -400 -600
Vbias [V]
Rbias vs proton fluence: A12A, A12M, A07 Rpi.s VS gamma dose: A12A @
3.0E+06 2.0E+06 FZ0
T=(-10,-20°C) o ToRT
2.5E+06 [ °*
h 1.8E+06 |
2.0E+06 A @ A .
< A & i@ % ¢ _ IS
", 1.56+06 {3 ® @ Sin) a; =) P
2 O §16E406 .
= +AL2M < 2
1.OE+06 | mA07 ) 4
AA12AC
O A12AF 1.4E+06
5.0E+05 | ©AL2M
OA07
A A12A
0.0E+00 e
1.2E+06 e =
1.E+12 1.E+13 1.E+14 1.E+15 1.E+16 1 10 100 1000

Fluence [n,,/cm?]

* Ryiss is slightly increasing with proton fluence and gamma dose
* A12A has slightly higher initial R, than A12M and A07, s well within the spec

Rpias @grees with specs up to proton fluence 3E15n,,/cm? and gamma dose 1MGy

Gamma Dose [kGy]
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Sensor parameters
from electrical tests

* ATLAS12A - proton and gamma irradiated
* Inter-strip values for strip pitch 74.5 um (barrel)
* for 1cm strip length

Before irradiation Protons Frotons Gamma
1E15n . /em? | 2E15n . /cm? | 10MRad

Inter-strip capacitance | 0.76+0.02 pFcm

to neighbor pair, other | (@100kHz)

floating 0.75-0.82pF/cm 0.82 0.82 0.77
(@1MHz)

Coupling capacitance 24 pF/cm 24 24

at 1kHz

Strip to back plane 0.31pFcm 0.21

capacitance (of depleted sensor)

Bias resistor 1.5+0.1 MO (+22°C) 2.0 (-20°C) 2.1(-20°C) 1.7 (+22°C)
1.7 1.8 (-10°C,-20°C)

Leakage current 210 nA 416

per 1 cm strip (-15°C) (-15°C)

Hodnoty parametri namérenych ve Fzu jsou pouZivany pro stanoveni specifikaci pro

Strip meeting Declt, 2015

vycCitaci Cipy ASIC senzor( v Itk. Strip sensor inputs to ABC130* ASIC specs
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Inter-strip capacitance scaling
for end-cap strip geometry (for all rings and rows)

* Geometry of end-cap strip sensors taken from Petal sensors Twiki pages:
https://twiki.cern.ch/twiki/bin/view/Atlas/PetalSensors

petal.xlsx file

rng row  length pitch_i pitch_o pitch_avrg C2 [pFfem] C2[pF)/strip

with f=1.12

[mm] [um] [um] d2 [um] with f=1.12
o 104,966
o 15011 75.387 .'-S.'_:‘E'Ir TT.248 0.4
1 23962 79.123 25..3‘_5' Bl4g9 0.20
18913 74528 7osea 77.045 0,54
3 31.BB3 79574 ES.'_E—" B2.345 0.80
85.767
o| 24121 eo9542| 7a062f 712582 0.89
1 18165 725972 .'-S.Ev—'SIr T4 260 0.86
2 21143 75.556 .'-E.E.E.E.Ir 77.055 0.24
3 21.143 TB.563 E:i:‘n;' B0.0B2 0.81
63.581
0 31255 74768 .'-E.BE:' T6.794 0.24
1 31,255 TEE1G g2 33'.' B0.855 0,81
3 117.539
0 29101 72.008 .'-5.2?‘3' 73643 0.87
29,101 75 286 78 55:}' 76921 0.84
25.101 7B.562 EL.BBZ' BOD.197 081
3| 29101 81840 85110 B3.475 0.79
109,880
o 54,455 74325 .'-5.553' 76.991 0.84
1 S4.455 79665 E:.QQB' B2.331 0.80
5 101,345
o 50.138 75480 .'-5.353' & 0.83
1 50138 79.839 E:.'_Q'_' B2.015 0.280

Inter-strip capacitance does not changse after

(for more information see backup).

trip meeti

R

C,=f-In(d/a)/In(d,/a) C,

C;- the capacitance measured
d, - the average pitch of the
measured sensor (EC mini sensor)
C,- the scaled capacitance for
the d, pitch
d, - average of pitch_i and pitch_o
f=1.12 (from ATLAS specs)

Cint max for max strip length

roton and gamma irradiation

Declg, 2015

Hodnoty parametrl namérenych ve Fzu jsou pouZivany pro stanoveni
specifikci pro vycitaci Cipy ASIC senzorl v ITk.
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Quality assurance - Lab requirements

- Sensors (Bart + Kristin)
T T I N

4a

4b

Arrival
* Unpacking?
* Storage of components

Visual Inspection

e  Check for scratches,
broken edges, dust etc.

* Check edge chip spec:
no chips or cracks

Metrology Survey
* XY geometry
e Zprofile

-V

Storage Cabinets (if not
packaged)

Optical Microscope with
automated inspection software

Optical (non contact) CMM

* Probe Station with
N,/humidity control/chiller

* Sensor held on jig using
clamps (not vac) in dry
conditions (N,)

As Above

Andy Blue ITK Week - Feb 2015

Humidity <5%

‘Nice and Clean sensor’

Total Bow <200um

* 0-800V in 10v steps with 10s
interval

* I < 200pA (as spec)

* No onset of micro-disharge

* T = Normalised to 20°C

0-800V 1In 10v steps with 5s
interval

T = Normalised to 20°C .



Quality assurance - Lab requirements

- Sensors (Bart + Rristin)

Name & Deception Equipment Needed QA Specs
No

Full Strip Test * Probe Station e Starts at 5-10%
*  Multichannel probe card * Reduce to 1-2%
5b Additional Tests Probe Station Same sensors as 5a

* PTP Cyp Rynr

7 Database PC / Laptop
* Sensor Is registered
e Data uploaded

8 Decision Good, Pass, Hold or Fail
* Grading of Sensor is
made

Andy Blue ITK Week - Feb 2015 *



Vysledky mereni sberu naboje

S/N at HL-LHC Barrel short (24mm)strips up to : 1.1 x 10?5 /cm?
Barrel long (48mm) strips up to : 0.6 x 1013 /cm?2
Endcap (8-48mm) strips: max 1.6 x 10> /cm?

ENC noise ~550/720/650 ENC for barrel short/barrel long/EC innermost strips
25

proton irradiation

. & E; Vh=500V * Mini sensors irradiated by neutrons
ﬂ and protons
* Charge collection measured with 2°Sr
beta-source
e CC of >9ke can be maintained at

e

Collected Charge (ke)
o
S/N~18 (long) G .@-
-+

: g 't
o A12A (p) 8¢ 3 V,=500V after 1.6x10%n,,/cm?
m AO7 {p) =
> ® A12M (p) 9 + 383 200 -
OA12A (n) “u 18.0 - mm B
O A07 (n) SR o n M *« *
T3 - 160 1 1e15 Neq cm? W . A
0 = 140 - >l< * 4,
1.0E+14 1.0E+15 1.0E+1§ B 120 | m . M-
Fluence (1-MeV n,,/cm?) ﬁ 1007 o . * A 4 ATLASO7 Neutrons
8.0 4
At Vb=500V, strip detectors remain as precision tracker after HL-LHC fluence E’ 6.0 - ) § W ATLAS 07 Protons
) ) S 40 [ ] ) ¢ A ATLAS12 Neutrons
K. Hara, HSTD10, Xi'an China, 25-29 Sep 2015 Y1 &
2.0 > ATLAS12 Protons
0.0 T T T T T 1
0 200 400 600 800 1000 1200
Bias Voltage (V)
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