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▶  Summary & outlooks to final detector�
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State-of-the-art �

Optimisation of CPS for high performances vertexing & tracking�3�

▶  Sensor: sensing node�
▶  FEE: analogue amplification �
▶  Acquisition board: digital treatment �
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Current applications �
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ULTIMATE/MIMOSA 28�
960x928 ~0.9 Mpixels�
Pitch 20.7 x 20.7 µm2�

Sensitive surface 
19.7x19.2 cm2�
Readout time 200 µs�
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Next frontier�
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S.Senyukov’s talk �

Single point res.� Integra. time� TID � Fluence neq/cm2� Temp.�

STAR - PXL � ~ 5 µm � ≲ 200 µs� 150 kRad� 3.1012� 30 ∘C�

ALICE - ITS� ~ 5µm� 10-30 µs� 700 kRad� 1.1013� 30 ∘C�

CBM - MVD � ~ 5 µm � 10-30 µs� ≲ 10 MRad� 1.1014� ≪0 ∘C�

ILD - VXD � ≲ 3 µm � ≲ 10 µs� O(100 kRad)� O(1011)� ≲ 30 ∘C�

Super Flavor Factory � ≲ 10 µm � ≲ 2 µs� 5 Mrad/year x 
safety f.�

5.1012 /year x 
safety f.� ≳ 10 ∘C�

➡ more complex µ-circuits�

➡ CMOS technology upgrade �
  & architecture optimisation �

VCI 2013 �



Upgrading the technology�
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Sensing node 
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Prototypes in 0.18 µm technology �
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Evaluation method�
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Basic feature: SNR �
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▶  Detection efficiency > 99 % for all conditions�
▶ Except 20x40 pixel �
at highest load and 30C (98 %)�

▶  Validation of �
▶  Radiation tolerance�
▶  Elongated pixel�

staggered diode 
staggered diode 
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20×40 µm2 1 diode staggered�

Seed pixel Signal/Noise 



▶  Distribution of noise over pixels much 
larger�

Basic feature: Noise�
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Noise level of 20×20 µm2 �
with in-pixel amplification �

20×20 µm2 �

▶  Noise increase with radiation level mainly 
explains SNR degradation �

0.35 µm techno.�
Pixel with ampli�

0.18 µm techno.�
Pixel w.o. ampli�

➡ non-yet optimised transistors geometry for 0.18 µm process �
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Basic feature: cluster size�
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▶  Decrease of cluster size (SNR>5) related to increase of noise with irradiation load �
▶  Impact of high resistive sensitive layer assessed�

# pixels with SNR>5 in cluster # pixels with SNR>5 in cluster 
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20×20 µm2 with amplification � 20×33 µm2 staggered diode�

Total cluster charge�
collected within ≲ 5 pixels�



Digitisation emulation �
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Pixel matrix with�
analogue signals�

Pixel matrix with�
binary signals �

hit �

fake�
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Square pixel digitisation �
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▶  clear efficiency plateau near 100 %➙ potential operating thresholds = 5-7 x noise�
▶  fake hit rate high ➙ coherent with current noise performances�

➡ will get down with transistors adapted to 0.18 µm process �
▶  single point resolution in expected range (3.5 µm)�

▶  detailed behaviour related to #pixels/cluster (average ranges from 3.5➘2)�

MIMOSA 32ter, 0.18 µm process, 18 µm >1 kΩ.cm epi. �
pitch 20x20 µm2 �

MIMOSA 28, 0.35 µm process, 20 µm <1 kΩ.cm epi. �
pitch 20.7x20.7 µm2, meas. binary+0-supress output �

No irrad. – 30oC 

Emulated binary output � Measurements for binary+0-suppress output �
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Summary�
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Outlooks…ALICE-ITS�
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ADDITIONAL SLIDES�



Basic principle of CPS�
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Sensor with analogue output 



High resistive layer and depletion �
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Standard epitaxial layer� High Resistive layer (400 Ω.cm)�

TCAD simulations for 0.35 µm process�
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Seed pixel SNR distributions �

Optimisation of CPS for high performances vertexing & tracking�19� VCI 2013 �

20×40 µm2 1 diode staggered� 20×20 µm2 with in-pixel amplification �

20×20 µm2          � 20×20 µm2 with in-pixel PMOS transistor�



Number of significant pixels / cluster�
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# pixels ordered by decreasing charge collected 

20x20 µm2 diode bias D 
20x20 µm2 diode bias T 
20x20 µm2 with PMOS 
20x40 µm2 staggered diode 


