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3Ds for CMS

3Ds are emerging as one of the most promising tracking detector
candidates for future upgrades at LHC.

N T

CT-PPS: 2016-17

Near-beam spectrometer at 220 m to CMS IP
Requirements

radiation hardness

active or slim edges

3D sensors are considered for the
phase-2 upgrade (2x10*¢ n,,/cm?).
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Layout of 3D Sensors

Stanford/Sintef FBK CNM

p-spray
p col.

n' col

p spray

p-spray

oxide .rnelal [lirassivation L Si oxide B metal B passivation oxide [l meta B passivation

P Si [ p+ poly Si g n+ poly-Si p+ Si o Si R | o Si o'Si W p poly-Si W n' poly-Si p* Si
Single-sided, full 3D with Double-sided full 3D with Double-sided 3D with not
active edges. Required a slim edges (200 m). passing through columns
support wafer which needs but slim edges (200 m).

to be removed later.

Columns etched in the substrate determine a geometrical inefficiency for tracks
entering the detector perpendicularly to the surface. Not passing through or
partially/totally filled columns can reduce the inefficiency.

Tilting the detector is necessary for increasing the efficiency.
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3D Pixel Detector Characterization
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CNM 3D Sensors for CMS

IBL wafer layout

Sensor thickness 230 m
Column deepness 210 m
Column diameter 10 m
Column filled with polysilicon
3D guard ring + fences 200 m

p type substrate

......

,,,,,,, | ,, IV curves of CNM 3Ds tested in January 2014
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Testbeam at FNAL (T-992 collaboration)

Testbeam DAQ system

bDuT Telescope plane
Scintillators

Accelerator
Clock BE'L}M

Clock and

Power supply trigger

| Iy |
ETR

-r
TELESCOPE ENCLOSURE / -—-—-)

.~ FERMILAB
NETWORK
CONTROLROOM

8 telescope planes of CMS pixel modules
(pixel size 100x150 m?), 4 upstream and
4 downstream with respect to the DUTs

Telescope planes rotated of 25°with respect to
100 m pixel pitch direction for increasing
resolutionto 8 m

Rotation and cooling systems for the DUTs
provided by Purdue

Alignment and analysis software developed at
Milano Bicocca
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Preliminary Results - |

Efficiency vs Bias

Efficiency vs Bias CNM_24_ 1

® ® ®

=0°

L

o

[{e]

[=2]

n
Il\ll‘Hll\l\ll\ll\Hll\l‘I\\lll\‘ll\l\l\‘llI

nf
(=]

P TSR RNR ST U TI TN RS S I RAI
40 60 80 100 120 140
Bias Voltage [-V]

Eff. > 97% at full depletion

Efficiency vs Bias CNM_17_3

0.95

o
w
e
o

Efficiency

0.94
0.935
0.93
0.925

=0°

ol b b b L L
10 15 20 25 30 35 40
Bias Voltage [-V]

Full depletion not reached due to
low breakdown  Eff. <95%

0.92

LHH‘IHI‘IIII‘IH\‘IH\‘I\II'I\I\‘

0.915

16000

14000

12000

10000

8000

6000

4000

2000

0

Collected Charge

Charge distribution for single hits Dut0

hLandauClusterSize1 Dut0
= Entries 356028
E Mean 2.269e+04
. RMS 9422
C ¥/ ndf 649.5/53
C Width 1246 £ 9.3
— MPYV 1.854e+04 + 1.203e+01
- Area 1.979e+08 + 3.641e+05
— GSigma 3390 + 14.1
L | 1 | 1 1 ! | I \ T R ! ! x1 03
0 20 40 60 80 100
charge (electrons)

Collected charge fitted with a convolution of

a Landau and a Gaussian function

At full depletion, Landau most probable value
compatible with the collected charge expected
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Preliminary Results - |

Space Resolution ( =09
X residuals - 1 pixel cluster
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Y residuals - 1 pixel cluster
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DUTSs resolution is obtained subtracting the telescope resolution (8 m)
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Preliminary Results - Il

Efficiency vs Angle
Efficiency vs Angle CNM_24_1
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Overall efficiency < 97.5% due to low bias voltage
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Preliminary Results - IV

Cluster Size Distribution vs Angle

Measurements on CNM_24_1, Vg, = 100V
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Torino Laser Setup

Aim: relative efficiency and collected charge
measurements of silicon pixel detectors

Light penetration
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Laser Setup
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Independence of DAQ and slow control
ensures a high versatility: synchronization
provided by the trigger signal.
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FBK 3D Production for CMS

Wafer thickness: 200 m Wafer thickness: 230 m
Standard edges (1 mm) Slim edges (200 m)
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3 D P |Xe| Scan Low efficiency due to timing problems.

Already solved

Lens:

min spot diameter =5.5 m Fficoney Map
focal length = 8 mm Layout of the £

scan area: 100 x 160 m? 2E_11 sensor -

steps along x and y: 2.5 m 3
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Misalignment of metallization also seen at the microscope

Preliminary_results confirm the capability of the
setup to perform area scan with the resolution of
few microns.

New pico-second laser ( = 1060 nm) now available to better reproduce a MIP signal
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Conclusions and Plans

Several CMS 3Ds from different producers (CNM, FBK, SINTEF) characterized in
laboratory and tested with 120 GeV protons at FNAL before and after irradiation

Preliminary results for two unirradiated CNM 1E 3Ds presented here

Performance similar to FBK ones, but higher breakdown voltage (expected)
Next steps:

Measurements of charge sharing with the pico-second laser

Irradiation of sensors recently tested:
4 1E FBK
1 1E CNM,
2 SINTEF (2E and 4E)

A new digital chip for CMS pixel detector (psi46dig) has been produced:
less time walk and lower threshold (below 2000 e°)

10 sensors bump bonded to the psi46dig ready by mid of March (from CNM
and FBK IBL production batches, possibly few SINTEF with active edges)

New testbeams in April and August at FNAL
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Backup Slides
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3D Silicon Detectors

3D silicon detectors were proposed in 1997 by Parker,
Kenney and Segal.

s ) Planar 3D sensors have
: ,7,?’ = -\ electrodes that are
” ‘N etched perpendicular aictodss
H through the silicon bulk. r-active edge

0\ Due to the radiation hardness requirement chosen
'y substrate is p-type.

pt

Columns have radius of ~5 m and the distance
between electrodes varies from
100 mto 50 m depending on the pixel configuration.

active edge
~dum

The architecture decouples substrate thickness and
electrode distance.
The result is the same charge deposit of a planar silicon

sensor of the same thickness but electrode distances
Possibility to implement active strongly reduced

edges.

Image by Per Hanss

F. Ravera, 9th Trento Workshop on Advanced Silicon Radiation Detectors



" J
PSI46 ROC

Pixel Unit Cell (PUC) Readout Levels

Level 3 ]

. Level2 .

. Levell -

. . . . LevelO
: C1 CO A2 A1 AO signal : :

M40.0ns A Ch2 S 20.5mV

) 4 Oct 2004
Math 10.0mv 40.0ns 1120.40 % 05:40:21

Readout sequence

The readout sequence starts with a high negative signal,
a zero and a signal proportional to the last addressed
DAC. After that, six signals (five for pixel address and
one for pulse height) are sent for each hit pixel.
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Laser Setting with Planar Sensor

Unfocused beam Reflection on ROC metallization
Increasing the amplitude of laser pulse

e

Expected a full
circle  saturation

Setting of ROC amplifier parameters
< _

S
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3D Pixel Scan

Used lens: Intensity and focusing not

min spot diameter = 10.9 m / tuned
focal length = 12 mm

scan area: 200 x 300 m?
stepsalongxandy:5 m

Efficiency Map

tuned >

For 3Ds used standard intensity
amplification chain parameters
(Vrgsh = 0 and VHIdDel = 160).
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