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CMS Tracker Upgrade

Experimental Conditions Fluence
« HL-LHC Pileup 25 — 200
Hit rate 0.58 — 3.2 GHz/cm?2 g 1200 10
 Latency 3.2 — 12.8 ps =1000- T
* L1 Trigger rate 100 — 750 kHz <
* Integrated luminosity 300 — 3000 fb! 5 &
107 =
5]
- . =]
Experimental Requirements 5
e SRR Y N N E
* Increased granularity, smaller pixels, low occupancy E )
* Increased Coverggle (Inl< 4)., improyed phyks.ics performance T by 1000 1500 2000 | 2500  z [mm] 10
Reduced mat'erla budget, improving trgc e . Innermost layer: 2.3x10'° n,,/em?, Outer & Service cylinder: 10" n,,/cm*
* Lower detection threshold, good resolution, 2-track separation
» Simple installation and removal o
Total Ionizing Dose
Layout and Sensors £ 1200~ 10’
—=1000F
» Two parts - Inner Tracker (IT) (Pixels) and Outer Tracker (OT) (Strips = 10°
& Macro pixels) 800~ &
* Inner tracker receives 2.3 X 10'% n,, cm?in the innermost layer after 10 600~ 10y
PSP S A T T L N W Y 3
years ' 00 SSSsss vy vy :' :l a)
* 3D sensors have advantage over planar sensors for the innermost layers of 200 EESAN A L ' : 10°
IT E
«  Short drift distance = ~30 - 50 um (3D) vs.100 - 150 um (Planar) 0 5 T 1 T T R 10°
*  Smaller bias voltage needed to deplete the sensor ( 500 1000 1500 2000 2500 z [mm]
*  Less trapping in irradiated sensors, due to shorter drift distance Innermost layer: 1.2 Grad, Outer € Service cylinder: 100 Mrad

*  Same charge produced as planar
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3D Sensors

3D Sensor type
* Only non- irradiated 3D sensors
* 3D sensors from FBK
* FBK - pixel size is 50x50 pm?
* FBK - pixel size is 100x25 pm?
* Bump bonded to RD53A Readout Chip

Column diameter
~ 5 um \... ............
Active thickness
”ZG::m 100 -150 yum
.
Handle wafer
thickness
Handle wafer to be thinned ~ wafer thickness
50 =100 um
% ]
= O 0O
= o N
™ m ¥
r T =

p* column n* column
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p* column

n* column
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Operating Conditions

FBK 50x50 pm?

e Temperature: 15°C for all angles
e Threshold: 1200 e

* Bias Voltage: -30 V

FBK 100x25 pum?

 Temp: -10°C for 0°,15°C for 10°
e Threshold: 1200 e

* Bias Voltage: -30 V

Only Linear front-end results will be shown!
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Orthogonal Beam Incidence 0°

Cell efficiency ref. Dut0
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electrodes
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Rotation of 10°
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The efficiency drops
near the p 4+ columns
at 0 ° (electrode
zone) and increases
when the sensor is
rotated.

Though there is high
efficiency near n+
columns at 0° is
possible look a drop
the efficiency.

Global
~100%

efficiency



Spatial Resolution

pixel size (100x25 pum?)

— - T T LI T LI T T T T LI .

E 40 - ] X resolution 1S B l l [ l b X resolution

= 5 ' : . . E Ao Xresolution for clustersize 1
= — A X resolution for clustersize 1 c : : : : . .

<) [ . ) 2 B : E : : [ X resolution for clustersize 2
= 35 I ST TSP SRR RUUTE SUNNt ® X reSOIUtIOn fOI’ ClUSterSlZe 2 45- 50 _., ............... ............... ,, ......... .

= = S = : : : : A Y resolution

o - 1 | : H ; H i .

@ — ; 5 ; ; 4 ¥ resolution é B g g g : Y resolution for clustersize 1
T BOp—rrdee P P Y resolution for clustersize 1 = B : i : : A Y resolution for clustersize 2
g : . . g 40 aneCETTEPPPPY SEETPPPPRPREPPR e Pt SRPITTTD - - - -
= — A Y resolution for clustersize 2 © : : : :

Q. — : : T C?)- i ] ; i

(7]

0 Ll j Lol L i Ll Il i (| j | B ) j L1 1 i (I | i Ll .l i | S j L.l

0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
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The table shows the intrinsic resolution for the cluster size 2 for

. . The decrease seen (right,red) is a
both sensors at 0 degrees. Where the is the telescope resolution

OTel fluctuation of a lack of statistics

and o, is the measured resolution and opyp 1is the calculated

resolution. :
Axis | o (pm) | o1 (pm) | opur(pem) [ Axis | oy (pm) | ora (pm) | opur(pem)
X 11.1 2.4 9.7 X 10.6 4.3 9.7
Y 11.6 9.0 10.5 Y 8.9 3.9 &.0
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The mean charge value of

the Landau distribution

increases with angle for
(100x25 um?) and for
(50x50 pm?), also sece
next slide.
Mean cluster size
increases with angle.
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Cell Charge

Orthogonal Beam, Incidence 0° Mean Value of Landau Distribution vs Angle
Cell charge 2D distribution Dut0
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= Conclusions 0.l

 Non-irradiated 3-D sensors were characterized
in the test beam

* Sensor Efficiency, Cell Efficiency, Landau
Distribution, Cell charge distributions and
Spatial resolution determined
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Rotation of 10°
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Efficiency remains between 98% and 99%, except for a
single angle of FBK 194 (is probably a fluke).

Efficiency increases when the sensor is rotated.

In the 2DEfficiency you can see the difference in sizes and

disposition into the DUT.
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