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Outline

Overview of the ongoing R&D (mostly from last Sensor WG meeting)
• Lorentz angle studies
• Latest results on MCZ sensors (SiBT)
• Calibration of testing setups
• Precision capacitance measurements on Pixel sensors
• 3D sensors development

Central European Consortium will present their recent results

Discussion on HPK submission
Marcello (Status)
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Marcello (Status)
Frank (Plans)



Lorentz angle studies 
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Measured real CMS ministrip sensors (instead of ministrips from HERA-B, which had smaller pitch)
CMS sensors allowed to measure to much higher bias voltages, use 500 um for better sensitivity
• Measured RD50 n-in-p sensors to get much better Lorentz angle measurements for electrons
• Measure Lorentz angle in highly irradiation sensors



Capabilities 

The setup allows for 
measurements of 
holes/electrons Lorentz angle.
At different voltages and at 
different temperatures.

Sensors are readout through 
PreMux (=APV w.o. Pipeline) 
on hybrid.

10/29/2009 4G. Bolla, FNAL CMS upgrade workshop

0 to 8T

Down to 193 K



Model
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Model and Data (both e- and h+)
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SiBT and MCZ sensors (Jaakko)
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e- and h+ charge collection

N-type MCZ

Hard to find a Landau 
after 3E15 fluence.
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When Collecting 
electrons there is a 
factor of two in fluence 
(given the same charge 
collected).

Preliminary



Summary and outlook
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Calibration of testing setups
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Results
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Calibration of testing setups (conclusions)
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Pixel capacitances 
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Inter pixel capacitance in bias dependent and 
saturates about 300-350V
• Increasing the gap from 20 to 30 mm results in a 
drop of C(150V) ~100 to 70 fF
• Large fluctuations and some outliers
– more statistics
– check dependence on technology parameters 
(mainly p-spray dose)



3D Sensors

Major accomplishments
1. We have collaborated with groups in 

ATLAS and MEDIPIX and funded a run of 
3D sensors with SINTEF. 

2. The layout of the wafer is shown in Fig 1. 
1. Two sensors matching the PSI46 

ROC with 2 and 4 columns (CMS-2E 
and CMS-4E). 

3. We have performed simulations of CMS-
2E and CMS-4E sensors before and after 
irradiation.

Proposal from Purdue and FNAL

Strong collaboration with industrial 
partner (Sintef)  to produce cutting 
edge devices for the pixel innermost 
layer/s
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irradiation.
4. Successful fabrication of the devices at 

SINTEF
5. Measurements of several devices were 

done at SINTEF (I-V curves).
1. Test metal for electrical measurement 

was deposited on the devices to short 
circuit all n-electrodes. This test metal 
layer was then removed and replaced 
by the final metallization.

6. Two wafers were sent to IZM for bum-
bonding the good devices to PSI46 ROCs. 



3D Sensors: pixel details

10/29/2009 15G. Bolla, FNAL CMS upgrade workshop

1. 2 and 4 column pixels
1. Different distance between n+ and p+ electrode

2. Not possible to implement a bias GRID
1. Need for a temporary metallization to short all the pixel together

1. To be replaced before bumping. 
3. Devices are were simulated with Sentaurus (O. Koybasi, Purdue)



3D Sensors: simulations
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CCE versus radiation damage.



3D Sensors: IV characteristics

200 um 280 um
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1. Leakage current in the order of 1 uA/cm^2 before breakdown (100 nA/cm^2 at Vdep)
1. There is a theory that some of this current might be due to the temporary metal layer

1. To be verified after bumping
2. Depletion voltage around 15-20 V



3D Sensors: bumping

1. Two wafers sent to IZM for bumping
1. PSI46 ROC ready since production of 

FPIX
2. Total of 15 good sensors (out of 22)
3. One wafer was broken during shipping

1. CMS devices not affected but wafer 
alignment marks are now in two different 
pieces

4. 2 more wafers from Sintef are now ready to go 
to IZM
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5. We expect bumped sensors back from IZM 
within the calendar year

6. Plan:
1. Characterize them at Purdue (IV)
2. Mount them on readout boards and get 

them in the FNAL test-beam



HPK Status

• Order finally placed ~ February
– Central European Consortium, CERN, INFN, PSI, US

• Detailed specs agreed
– Wafer procurement Done

• Wafer Layout finalized
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– Later from Marcello

• Testing and irradiation program 
– Later from Frank

• Now a presentation from CEC.


