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Introduction 

• Advantages of SOI technology for tracking 
– Full CMOS circuit at 0.2um process node 

– High resistive (up to >10kΩcm) substrate, full depletion/ over 
depletion(fast charge collection) 

– Pixel pitch below 10um possible 

– Sensor can be thinned to ~50um 

– Double SOI wafer and process available (for better shielding & 
radiation hardness) 

Picture credit: Marek Idzik 
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Wafer types 

• A variety of n/p-type substrate 
– Double-SOI wafer in continuous optimization 

Layer Single SOI D-1 (SOITEC) D-2 (Shinetsu) D-3 (Shinetsu) 

SOI1 P-type 40nm, 
~18 Ωcm 

p-type 88nm, 
< 10  Ωcm 

p-type 88nm, 
< 10  Ωcm 

p-type 88nm, 
< 10  Ωcm 

BOX1 200nm 145nm 145nm 145nm 

SOI2 n/a p-type 88nm 
< 10  Ωcm 

n-type 150nm 
< 10  Ωcm 

p-type 150nm 
3 ~ 5  Ωcm 

BOX2 n/a 145nm 145nm 145nm 

Substrate n/p-type CZ, FZ  
725um, 
0.7 ~ 25 kΩcm 

n-type CZ 
725um, 
>700 Ωcm 

p-type CZ 
725um, 
> 1.0 kΩcm 

p-type FZ 
725um,  
> 5.0 kΩcm 
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Sensing diode 

• Two ways of implantation 
– P+, highly doped 

– BPW, moderately doped 

• Dedicated contacts to 
access the collection 
electrode. 
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Double SOI 

• Shield the capacitive coupling between sensor and circuit 
– Enable complex function 

– Improve frontend performance 

• Compensate the trapped charge by TID 
– Enhance TID tolerance 

++++++ 
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Irradiation with Gamma-ray 
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3D integration 

• Lower Tier (Sensor + Analog) 

• Upper Tier (Digital) 

• MPW available through SOIPIX 
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Transistors in the upper/lower tier 
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• Fine pitch matrix with in-pixel discriminator 
– 16um pitch to achieve single point resolution < 3um 

– In-pixel discriminator to enable a low power operation in a continuously colliding mode 

• Pixel structure 
– Sensing diode, amplifier, discriminator 

– Half of matrix are analog readout for calibration 

• Thinned down to 75um thick 
– Backside process 

 

 

 

 

CPV chip concept 
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CPV2 pixel layout CPV2 function blocks 
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• S-curve measurement 

• Temporal noise ~6e- 

• Threshold dispersion (FPN) ~114e- 

– Offset cancellation is needed 
 

Noise and threshold 
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• Single point resolution measured at different  laser beam intensity 
– Increase of signal amplitude favors single point resolution 

– 2.3um achieved at the optimum signal/threshold ratio 

Single point resolution 

Signal charge of laser beam (e-) 
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S.P. resolution measured as a function of threshold 
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Summary 

• Applications for the future e+e- colliders are trying to exploit 
following SOI features: 
– HR substrate that can be fully depleted 

– Full CMOS signal processing capability at 0.2um feature size 

– Improved shielding and radiation hardness by Double-SOI 

– SOI wafers that greatly simply 3D integration 

– Regular submissions to foundry accessible via MPW run 

• Synergy can be made among these HEP applications: 
– Thinning 

– 3D integration 

– Radiation hardness 
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• Backup slides 
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• 55Fe radiative source 5.9 keV peak 

• CVF = 123.3uV/e- 

 

 

Analog pixel calibration 
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• Focused infrared laser beam 

– 1064nm wavelength to simulate MIP track 

– Micro-focused beam waist 3.4um 

– Adjustable pulse energy ~pJ 

• Pixel response and position residual measured 

– With a step size 1 um 

– With beam intensity tuned to change the signal charge 

Infrared laser test 

signal charge ~ 1600e-         signal charge ~ 2300e-           signal charge ~3200e-                signal charge ~ 4700 CEPC workshop, Nov 2017, Beijing 34 


