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Fluence for 2,500 fb * Fact of 10 luminosity upgrade
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* Radiation hardness requirements (including safety factor of 2)
2 x 10" n.,/cm?for the innermost pixel layers
1 x 107% n,/cm?for the innermost strip layers
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Greater signal charge due to o[ 1 A 'T _
faster collection time (less - 'M:'W— r J'
trapping) R Nt
Reduced power consumption '\ ++ 300 H
due to lower depletion voltages | + .
Reduced charge sharing - 1 l :
Active edge technology: large- —| + s
area tiled ‘edge-less’ detectors | | _

Drawbacks

» increased complexity, yield issues
= areas of inefficiency
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Timepix Telescope

+ TimePix/Medipix chips: 256*256 55um square pixels

* Energy deposition provided by Time over Threshold in TimePix
* 120 GeV pion beam from SPS

* Device under test (DUT): double sided 3D N-type pixel sensor
 DUT on high resolution rotational and translational stage

C03 - W15
Timepix

KOS - W19
Medipix2

Device Under Test
MO06 - W15
Timepix

Column Direction

Rotation Stage —/
Row Direction
y

more details on telescope see
f 147 - The LHCb VELO upgrade. Daniel Hynds \<
harged Particle Tracking with the Timepix ASIC.arXiv:1103.2739

Chip and Sensor =
Assembly

Precision scans of the Pixel cell response of double sided 3D Pixel detectors to pion and 5
X-rav beams. 2011 JINST 6 P05002
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Timepix Telescope

Mean energy deposited mapped onto pixel cell
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- » Area removed from columns exhibits standard Landau shape
o e b » Charge deposition full/column ration = 35/285um ratio
» Full cluster energy reconstruction
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Timepix Telescope
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Timepix Telescope

Binary resolution = 55um / V12 = 15.9um

| 3 | Planar* |

Degrees 0° 100 Q° 100
Spatial 15.8+0.1 9.18+0.1 10.15+0.1 5.86+0.1
resolution

Resolutions shown can be and have been improved with eta corrections and the removal
of track extrapolation error

=

 Hits that only affect one pixel have limited resolution
6@}@ « Tilting the sensor means all tracks charge share
e« (Can use ToT information in centroid, CoG calculations

o Maximum spatial resolution at 10° *
@
rib

* Charged Particle Tracking with the Timepix ASIC. arXiv:1103.2739
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Timepix Telescope

Single 2 pixel >2 pixel Clusters /
pixel hits clusters clusters pixel hits

59% of incident particles multiple pixel hits in the planar sensor.
14% of incident particles multiple pixel hits in the 3D sensor.
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Electrical measurements
3D

<+« 380 um

Planar

320 um
285 um
1,2,5,10,20 x10"> 1 MeV Neq cm-2 (£20%) Fluence Lateral depletion
(1x101° 1MeV | voltage (V)
ruhe Institute of Technology, -20°C, 26 MeV protons n,, cm'2)
3D devices . L 4
op isolation before and after irradiation to 10x10 0.5 15£5
=strip resistance 100MQ 5 100 £ 10

age current scales as expected 10 145 + 10
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Silicon Beam Telescope

35 AN DL N B R BN B B B BNL AL A BN
E o uniradiated 1 » Resolution before and after
O 0% e er? 7 irradiation close to binary resolution
- [ * 0Ty ]
E L i
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= 1« Summer 2011 — highly irradiated
g [ : sensors in TimePix Telescope
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Bias Voltage (V)

binary resolution = 74.5um / V12 = 23.1ym

e spatial resolutions contain telescope alignment error

Beam Test Measurements With Planar and 3D Silicon Strip Detectors Irradiated to
SLHC Fluences. Submitted to IEEE Trans. Nucl. Sci.. DOI 10.1109/TNS.2011.2126598
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Sr-90 electrons

arge charge collection at high fluences
] modest voltages

) charge collection of 47% of Q, @106
nce at 150V

IS has been simulated using TCAD
out any high field effects present and
)WS very good agreement

DiSe IS constant giving a signal to noise
e of >10 @ 1076 fluence at 150V
dmpared to planar sensor higher charge
ected

anar charge collection, 30% of Q,
016 fluence at 1000V
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Charge collection studies and electrical measurements of heavily irradiated 3D Double-
Sided sensors and comparison to planar strip detectors. R. Bates et al., submitted to IEEE
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Signal to noise ratio
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Sr-90 electrons Charge multiplication through impact ionisation
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* M. Koehler et al., 6th Trento Workshop 2011
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Laser scanning Microscope

. | /N_aser diode
Device
erimental setup: under test i

ace-resolved relative signal
ytorised x-y stages, 4um laser spot scanned in 2um steps
laser, 974 nm wavelength, absorption length: ~90um (in Si, T=-20°C)
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Laser scanning

High field
region

[

Low field

Mapped CCE with scanned laser

Bias:260V
Fluence: 2x10'*1 MeV n,, cm™
3r-90 measured ~137% of Q, collected

0 -

207 s

40

.

X <(:].\Lm)

00

\H‘HH‘HH‘\H HH‘H
10 15 20 25 30 35 40 45 50
y (um)

240

220

200

180

160

140

120

Q
<
=

5
N

* p+ column evident

« Non-uniform charge
collection outside of column
position

» Area of low charge collection
between the n+ contacts
were a low field is present,
greater probability of charge
trapping

1,2||||||||||||||||||||||||

1 —a— High Field Region

---%-- Medium Field Region

<
0

---w-- Low Field Region

Signal (arb. units)
=
=)
III|III|III|III|III|III

0.4 I
Ty
T
0.2 ./:/
,‘l_-
0 A A T B
50 100 150 200 250

Bias Voltage (V)



University T : :
mofIGf"a_iSm; Charge Multiplication - simulations

ey

TCAD
Viias = 300 V | Fluence =2:10"° n/cm? | T = -10°C
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« Charge multiplication occurs along column length
« Work on-going on low field region

16

NSS 2011 -"Simulations of charge multiplication effect in 3D-DDTC silicon strip detectors”
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Precision scans of the pixel performed, charge deposition mapped

4 - Full charge collection from 35um active Si above column

A
e
®
[ )

High efficiency across pixel matrix
- 93.0£0.5% @ 0°, Full pixel efficiency, 99.8%0.5%, at an angle of 10°
» Large decrease in charge sharing compared to planar

- MIPs that create clusters in sensor: 59% in planar, 14% in 3D

Good electrical performance after irradiation

- inter-strip resistance of 100MQ

N
x(© » Higher collected charge at modest voltages for 3D
‘\6\0‘3 - 47% of Q, collected in 3D @150V, 30% in planar @1,000V
2
(90 » Charge multiplication in 3D irradiation device.

» Spatially resolved laser scanning uniform charge collection after irradiation

Simulations can predict charge multiplication in irradiated devices
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Laser scanning
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Non-uniform charge
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between the n+ contacts
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Low field areas have greater
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« 77.5um square scans

« 2.5um steps
« Background subtracted

* Interpolated

Planar

%9
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Physics Model

Mobility Doping dependance, High Electric field saturation

Generation and Recombination Doping dependant Shockley-Read-Hall Generation recombination,
Surface recombination model

Impact ionization University of Bologna impact ionization model
Tunneling Band-to-band tunneling, Hurkx trap-assisted tunneling
Oxide physics Oxide as a wide band gap semiconductor for mips (irradiated),

interface charge accumulation

Radiation model Acceptor/Donor states in the band gap (traps)

P-TYPE RADIATION DAMAGE MODEL

Defect’s energy | Introduction Electron Hole  capture

(eV) rate (em™1) capture Cross- | cross-section
section (em %) (em™2)

Ee. —0.42 1.613 2.e-15 2e-14

FE. —0.46 0.9 Se-15 Se-14

E. —0.10 100 2e-15 2.5e-15

Ey +0.36 0.9 2.5e-14 2.5e-15

J.P. Balbuena et al., 6th Trento Workshop 2011
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Precision scans of the Pixel cell response of double sided 3D Pixel detectors to pion and21
X-rav beams. 2011 JINST 6 P05002
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Fig. 3. Signal as a function of the applied bias voltage for different irradiation
fluences (a) measured with the planar sensors and (b) measured with the 3D
sensors. The errors are dominated by a systematic contribution due to the cali-
bration uncertainty.

Beam Test Measurements With Planar and 3D Silicon Strip Detectors Irradiated to
SLHC Fluences. Submitted to IEEE Trans. Nucl. Sci.. DOI 10.1109/TNS.2011.2126598

Fig. 2. Normalized signal distributions for different irradiation fluences
(a) measured with planar detectors and (b) measured with 3D detectors. The fit
superimposed is a convolution of a Landau function and a Gaussian.
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Fig. 6. Strip to back plane capacitance as a function of bias voltage measured
after four different irradiation levels, namely; 0, 0.5, 5 and 10 x 101% cm—2
1 MeV neq. The four curves are labeled on the figure.

Charge collection studies and electrical measurements of heavily irradiated 3D Double-
Sided sensors and comparison to planar strip detectors. R. Bates et al., submitted to IEEE
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