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Expected radiation depending on position in
detector for HL-LHC

CMS

ATLAS Inner Tracker Fluences at the HL-LHC
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[I. Dawson, P. S. Miyagawa , Atlas Upgrade radiation background simulations] A. Mueller, KIT

Expected radiation damage very similar for ATLAS and CMS
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Outline

 |ntroduction
e Planar sensors
* New structures
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A future HL-LHC tracker should

Have a better resolution
Be more radiation hard
REVCRESHESS

Save power

Avoid dead regions
Contribute to L1 trigger
Be cost efficient
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Sensor Topics

Defect/material characterization Detector characterization

-General understanding of radiation
damage

-Testing of Si-materials and structured
devices for response to radiation damage

-Methods: DLTS, TSC...
-Investigate defects in the Si-bulk ( and
at the surface)

-Methods: CV, IV, TCT, eTCT, source
measurements, test-beam
-Investigate V., li.q SigNal, noise, trapping

Simulations New structures

-3D
-Thin detectors

-Optimize geometry
-Understand effects like trapping and

charge multiplication
-Forecast radiation damage
lieaks Vgepr CCE...

-Charge multiplication devices
-Active edges
-Cost effective solutions
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Simulation Efforts

Devices Optimize geometry
Simulate strip
_— aluminum stri . .
4 THER isolation,
silicon oxide and nitride :
D+ stipimplant implant depth,
strip width,
m-type bulk metal
- 0" backplane implant overhangm_

Simulation of rad. damage

Conduction band

Simulate E-Field, CCE,
MYe multiplication, current, * Neutron only

Model 1
Model 2
Model 3

Depletion Voltage (V)

2e+14 4de+14 6e+14 8e+1ld le+1l5 1.2e+
Fluence (neg/cm?)

Valence band
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CMS tracker upgrade campaign

Radiation hardness of silicon defined by growth process
* Oxygen content (MCz, FZ, dd-FZ, Epi)
* Influence of doping and sensor thickness —+— Charged had.
—— Neutral had. >100keV
(100 um — 320 um) w— SUM
—> Study diodes Pion/Neutron mixture
=> Obtain: V., lieakr Ceng, CC, defect parameters
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Study best design parameters for

structured devices

e Strip layout & and influence of sensor thickness
* Influence on n-type and p-type material

=> Strip and multi-geometry strip sensors

=> Obtain:V,_, |
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Available techniques: RWTH
CV/IV, TCT, e-TCT, source measurements, DLTS, TSC

Karlsruhe Institute of Technology
m ) eg s
Minimize differences in processing by using one vendor! [%
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Current above full depletion

Diode measurement Strip measurements at max 600 V
B FZ200N
© FZ200P = FZ320N
B FZ320N U, = 1-2xU,, or max. 600V o FZ320P
& & FZ320P s 5 FZ320Y
E 10°4| = MCZ200N o e
2 & MCZ200P e FZ200Y
3 B FZTH200N A FTH200N
£ qppq| & FZTH200P + FTiz00v
S ®  Epi100N
5  Epitoop $ Mezao0p
(&) expectation & MCZ200Y
() ) o=532E-
g Apon = 5.3-10%A/cm ' " =501 E-1
3 :
= annealing: 10@60, scaled for fluences>=1E15 neq with 23 GeV protons;
101 measured at -20C, scaled to 20C
1x10"  1x10?  1x10®  1x10"  1x10™® - 5.0x10% 1.0x10% 1.5x10°
Fluence (neq/cmz)
D, [cm'2]
Current taken at V., + 5% Thickness taken from CV measurements on diodes
» Some sensors not fully depleted at 600 V
» independent of material and » Leakage currents of strip sensors higher than
irradiation type [/V= aQ,, expected from diodes
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Expectation for mixed irradiations

Neutron + 23 GeV proton irradiation

—e— Charged had.
—— Neutral had. >100keV
— SUM

Pion/Neutron mixture
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* Leakage current increases in accordance with received @,

* FZ: damage accumulated

* MCz-n: damage compensated

=> Donors introduced in p irradiation compensated by acceptors introduced in
n-irradiation
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Mixed irradiations: 23 MeV Protons

(o2
o
o

* dd-FZ 220 um n-type
+ dd-FZ 220 um p-type
# MCz 200 um n-type
+ MCz 200 um p-type

q
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V gep [V] (2001m)

(=2
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Annealing step: 10 min at 60 °C

A. Junkes, VCI2013, Vienna
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Mixed irradiations: 23 MeV Protons +
Neutrons
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* dd-FZ 220 um n-type
+ dd-FZ 220 um p-type
# MCz 200 um n-type
+ MCz 200 um p-type
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n+p mixed

Annealing step: 10 min at 60 °C - Fluences add up
[ compensation effect

- Test with 23 GeV p

A. Junkes, VCI2013, Vienna
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Charge Collection from strip sensors

V, . = 600 V

- n-type sensors:

B dd-FZ 320 um

- p-type sensors:

p-stop

V, e = 900 V

- n-type sensors:

B dd-FZ 320 um

- p-type sensors:

p-stop

A dd-FZ 320 um

p-spray
v dd-FZ 320 um

A dd-FZ 320 um

p-spray
v dd-FZ 320 um
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Measurement: B-setup with Alibava read-out

- FZ320 collects more charge up to ®,,=1x10"> cm
* No significant difference between 200 um and 300 pum above
®.,=1x10" cm2
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Charge Collection from strip sensors

V, . = 600 V V, e = 900 V

- n-type sensors:
m  dd-FZ 320 um
= dd-FZ 200 um
= MCz 200 um
- p-type sensors:
p-stop
A dd-FZ 320 um
A dd-FZ 200 um
A MCz 200 um
p-spray
v dd-FZ 320 um
v dd-FZ 200 um
v MCz 200 um

- n-type sensors:
®  dd-FZ 320 um
®  dd-FZ 200 um
= MCz 200 um

- p-type sensors:
p-stop
A dd-FZ 320 um
A dd-FZ 200 um
A MCz 200 um
p-spray
v dd-FZ 320 um
v dd-FZ 200 um
v MCz 200 um
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Measurement: B-setup with Alibava read-out

FZ320 collects more charge up to ®,,=1x10"> cm
* No significant difference between 200 um and 300 pum above
®.,=1x10" cm2
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ATLAS planar n-in-p strip sensors

ATLAS Inner Tracker Fluences at the HL-LHC
; ; ; — o Z=0om) Mixed irradiation:

| neutron ] Irradiations corresponding to 3 specific radii in

10 ; == charged pion E

| — proton i ATLAS (“strawman” layout v14-2009)
M_, §'°“g e fluence in neq/cm*
M T —— radius pions protons  neutrons
— | | 93x 10" 19x10" 95x10" 2.1x 107
12x 107 19x 10" 1.0x10" 24x10°
D 26x 10" .

1 MeV neq fluence [cm™] / 3000 fb™'
>

0 20 40 60 80
Radius from beamiine [em] ¢ Small n-in-p strip sensors from Hamamatsu,

[I. Dawson, P. S. Miyagawa , Atlas Uprade radiation background simulations] part of “ATLAS 07" oro duction
T - p-stop strip isolation, FZ silicon
* 320 um thick, 74.5 um strip pitch
* Size 1 cm x 1 cm (strip length 0.8 cm)
* AC coupling, 6.7 kQcm resistivity
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Charge collection for n-in-p strip sensors

W203-BZ3-P1, 1.Ix 1015ncq/cm2

WI81-BZ3-P6, 1.3x10"n,/em’ J'E + p
W72-BZ3-P6, 1.3><10Hneq/cmz

W107-BZ3-P6, 1.4x10"n,/em’

W203-BZ3-P9, 1.4xI Olinmlcrrf/]/”[/I
-

‘W53-BZ4B-P10, unirradiated
W107-BZ3-P1, 9.3x10"n./cm?
‘W203-BZ3-P1, 9.3x1 O”nml/cm:
—— WI81-BZ3-P6, 1.2x10"n, Jem?
W72-BZ3-P6, 1.2x10" ng/em?
W107-BZ3-P6, 1.4x10"n, /cm®

200 400 600 800 1000 200 300 400 500 600 700 800 900 100
Bias Voltage (V) Bias Voltage (V)

W181-BZ3-P6, 2.5x10"n, /cm’
Collected charge increases with V,,_ WIBZ3PG, 2510 et
W107-BZ3-P6, 2.8x10"n  /cm’

* Max. signal after 2.8x10%> cm211-16 ke (1000V)

TT+p+n

lleak at -21 °C similar values for all fluences:
* At 400V: I, = 40 uA
* At 800V: |, = 64 uA

200 300 400 500 600 700 800 900 10001100
UH Bias Voltage (V)
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Active edges

U Active edges: Deep Reactive lon Etching + Side implantation

Reduce dead areas in sensors

UTrench doped by four-quadrant implantation (] Pixel-to-trench distance

, as low as 50 um
pLy 1t 0 Sensor thickness 100-200 um

Edge implantation . ¢50um

detector water

Oxide
(~lum}

B Silicon oxide Il Boron doping [T Phosphorus doping
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Characterization of active edge
N-IN-p Sensors

U Edge pixels show the same charge

dpbyz# D CCE with 908r scans before irradiation : _
collection properties as the central ones

e
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— All pixels

Only edges

® FE-14 edge 125um
Threshold 1000 e
FE-13 edge 125um
Threshold 1800 e
FE-I3 edge 50 um
Threshold 1800 e
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“3D” electrodes: - Narrow columns along detector
thickness
- Diameter: 10 um, distance: 50 — 100 um
Lateral depletion: - Lower depletion voltage needed

- Thicker detectors possible
- Fast signal

Charge collection with ®°SR-source

285um p-type]

- —e— Unirradiated (T=-16°C)

- —a— 2x10" ny/em’ (T=-40°C)
F —a— 2x10' nfom? (T=-43°C)
n-columns /p-columns

Charge
multiplication

Signal (ke )

141hl

v b b b b b b |

50 100 150 200 250 300 350 400
Bias Voltage (V)

n-type substrate
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Charge multiplication

CCE (670 nm laser)

CCE (830 nm laser)

CCE (1060 nm laser)

CCE (a-particles)

CCE (c-particles + 12 um PE)
CCE (a-particles + 24 um PE)
I, (arbitrarily normalised)
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101 , Impact ionization in silicon begins when the
electric field reaches 10-15 V/um

Collected Charge (electrons)

Charge Multiplication measured after high levels

Test beam of irradiation with different techniques and in

150 200 : .
Bias Voltage (V) several different types of devices
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Charge multiplication studies

Dedicated RD50 sensors:

Geometry
Depth (d = 150 um, 305 ym, 675 pm)
Width/pitch (0.075 < w/p < 0.75)
Interstrip

Active area: 10.18 mm x 11.76 mm

Processing

Diffusion time
Implantation energy

L. Altan, 20t RD50 meeting 2012, Bari

MICRON strip detectors of various geometries
1 cm x 1 cm, n-in-p FZ strip detectors developed by

MICRON
5 type of wafers were produced: standard, double diff.

time, double implant energy, thick and thin

lEéi
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Multiplication effects

600V, 5e15 neq oy

Oextra diff
A2e

0.2 0.4
w/n

1000V, 5e15 neq .y

Oextra diff
A2e

@ A

i 2802.2013

800V, 5e15 neq <y

Oextra diff
A2e

* CM only seen at V;,, > 600V
 Both Extr. Diff. and 2E imp. Show
signs of CM with respect to standard
wafer

» Lower w/p ratio leads to more
pronounced multiplication (as
expected)

A. Junkes, 6th Alliance Detector Workshop



Summary

Mixed irradiations important for accurate analysis of expected
damage in sensors

Planar sensors perform pretty well for the strip region

3D detectors, active edge design, charge multiplication under

development

!Eéi
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TCT techniques

TCT techniques

Measuring induced currents with fast current amplifiers after
e-h generation with the laser pulse!

IEEE Trans. Nucl. Sci. Vol. 57(4), 2010, p. 2294. HV
Edge-TCT Top-TCT

‘4I>__ osciloscope
n+

N N e

!
!

osciloscope

Probing the field in depth (average) m  Probing the lateral field (average)

20ns

1 Charge collection profile: Q(y) = [~ I(y, t)dt 1 Properties of the mid-strip region

o1 Velocity profile Iy, t~0) « (v, +vy) (¥) =1 Multiplication profiles

~1 Trapping induced charge sharing
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Charge and velocity profiles from e-TCT

HARGE COLLECTION PROFILE |v,_ =200V
V,..=120V
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V, =70V
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Beta Source Measurements

scintillators

-
electron

“Sr source sensor

o
<
s
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@n

150 200 250 400 450
Time (ns) Signal (ADC)
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