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The Mu3e Experiment

● Search for the cLFV 𝜇⁺→ e⁺e⁻e⁺ decay

● SM Branching fraction <1 x 10⁻⁵⁴

● Evidence of physics beyond the 
standard model.

● Tracking detector requirements:  

○ Momentum resolution < 0.5 MeV

○ Low material budget

K. Arndt et al.
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The Mu3e Experiment

This will be achieved using 2844  MuPix11 

pixel sensors.
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The MuPix11 Sensor

A pixel sensor with High-Voltage Monolithic Active Pixel 

Sensor (HV-MAPS) technology at 50 µm / 70 µm.

I. Perić
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HV-MAPS  feature:

● A high reverse bias voltage.

● Integration of readout electronics on 

the sensor.
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HV-MAPS  feature:

● A high reverse bias voltage.

● Integration of readout electronics on 

the sensor.

The MuPix11 Sensor

A pixel sensor with High-Voltage Monolithic Active Pixel 

Sensor (HV-MAPS) technology at 50 µm / 70 µm.

I. Perić

The functionality of each sensor must be verified before installation.
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The MuPix 11 Quality Control Strategy

Aim:  To evaluate if a sensor can perform the functions 

necessary for operation in the Mu3e detector.
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The MuPix 11 Quality Control Strategy

● Five individual chip tests to observe key functions.

● Sensors are categorised as passed, passed with limitations 

or failed for each test.

● A sensor which passes all tests passes the quality control. 

Aim:  To evaluate if a sensor can perform the functions 

necessary for operation in the Mu3e detector.
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The Experimental Setup

● Temporary, non-invasive connection 

QC development for MuPix11 | Anna Lelia Fuchs | PI Uni Heidelberg 5The MuPix11 QC  | 



The Experimental Setup

● Temporary, non-invasive connection

● Probe card with a needle mechanism

 

QC development for MuPix11 | Anna Lelia Fuchs | PI Uni Heidelberg 5The MuPix11 QC  | 



The Experimental Setup

Probe card for MuPix11 QC

L. Vigani

● Temporary, non-invasive connection 

● Probe card with a needle mechanism
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The Experimental Setup

● Temporary, non-invasive connection 

● Probe card with a needle mechanism

Probecard: side view
Source: PTSL

Sensor

Needle
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The Experimental Setup

● Temporary, non-invasive connection 

● Probe card with a needle mechanism

● Quick testing of multiple chips

Probecard: side view
Source: PTSL

Sensor

Needle
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Development of the Quality Control

     Optimisation for speed     Developing evaluation strategies Improving for accuracy
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Development of the Quality Control

     Optimisation for speed     Developing evaluation strategies 

● Identify key functions

● Identify functionality 

indicators

● Quantify desired output

Improving for accuracy
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Development of the Quality Control
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● Investigation of failure modes

● Reduction of errors in testing

● Understanding component 

failures
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Development of the Quality Control

     Optimisation for speed 

● Target functionality 

indicators

● Remove excess 

measurements

    Developing evaluation strategies 

● Identify key functions

● Identify functionality 

indicators

● Quantify desired output

Improving for accuracy

● Investigation of failure modes

● Reduction of errors in testing

● Understanding component 

failures
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Developing Evaluation: The IV Scan
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Developing Evaluation: The IV Scan

Tested function: 

Can the sensor deplete pixels to sufficient sensitivity while maintaining a low leakage current?
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Developing Evaluation: The IV Scan

Procedure:

● Increase bias voltage in set intervals and 

measure the leakage current.

● Stop when the current limit is reached.
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Developing Evaluation: The IV Scan

Procedure:

● Increase bias voltage in set intervals and 

measure the leakage current.

● Stop when the current limit is reached.

Tested function: 

Can the sensor deplete pixels to sufficient sensitivity while maintaining a low leakage current?

Evaluation:

● Is a suitable bias voltage reached?

● What is the necessary bias voltage?
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Improving for Accuracy: The Contact Strategy
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Improving for Accuracy: The Contact Strategy

Fixed contact strategy 
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Improving for Accuracy: The Contact Strategy

Fixed contact strategy 

● Same pressure applied to every sensor.

● Contact is a frequent failure mode.
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Preliminary QC Yield
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The improvements to the quality control procedure led to a more effective evaluation.
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● The 70 µm QC yield improved to 66%.
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Preliminary QC Yield

● The 70 µm QC yield improved to 66%.

The improvements to the quality control procedure led to a more effective evaluation.

70 µm 50 µm

Yield artificially reduced by light effects
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Summary and Outlook

B. Weinläder
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Summary and Outlook

The developed quality control procedure accurately evaluates MuPix11 functionality.

● The preliminary quality control yield is 66%.

● Most common failures:

○ Powering, LVDS links, analogue circuitry. 

● The yield can be artificially reduced by light effects.

● The QC yield is relevant for production plans.

● Current stage: 

○ Ladder production

○ Optimisation for speed 

T. Rudzki
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Questions?
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Backup
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The MuPix11 Quality Control Tests
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The MuPix11 QC  |

Each test evaluates a functions required for successful operation.



Improving for accuracy: the VDAC Scans

The VDAC scans investigate key components of the on-chip circuitry. 

The VSS scan shows the current supplied to the amplifier against the VSS setting.
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Developing the quality control procedure |

Expected VDAC scan Initial VDAC scan Improved VDAC scan



Observations:

● Localised component failures.

● Most failures for analogue circuitry components.

● Higher failure rates for 50 µm.

Context: 

● Significant short risk for the analogue domain.

● 50 µm sensors experience more thinning.

● Low sample size.
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The VDAC scan investigates key components of the on-chip circuitry.

The VDAC Scan

Quality Control Results |



Why do the sensors show high 
leakage currents?

Failure profile: 50 µm sensors

The 50 µm yield is limited by the IV scan.
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Results |

● Functionality?

● Systematic error?

The low yield accurately describes the observed 

behaviour of the sensors. 



Light dependency
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Light dependency of the leakage current is inherent 

to silicon semiconductor pixels. 

Light incident on the setup caused functional 

sensors to fail the IV scan.
 The 50 µm yield can be improved

● ~2 mm diameter hole on the probe card lid.

● The 50 µm wafer was tested with the ceiling 

light switched on. 

● The effect of light incident through the lid 

was investigated.



Yield estimate: Comparison with trends

Conservative estimate for 

improved IV yield: 75%

● Lowest yield 70 µm: 82%

● Total yield 70 µm: 66%

Estimate for overall 50 yield: 59%
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Thinning damage 

● Grinding

○ Grooves

○ SSC

○ Warping 

● Plasma- etching 

○ Etching pits

57

Depleted zone

    N - well

HV

P - substrate

E- Field



Contribution to leakage current

● Diffusion of minority charge carriers

● Volume leakage 

○ ~ √(Ubias) 

○ ~T 

○ Saturates at full depletion

● Surface contribution

○ Relevant after full depletion

○ Linear increase
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K-Value analysis of the IV Scan

59QC development for MuPix11 | Anna Lelia Fuchs | PI Uni 
Heidelberg

The MuPix11 QC  |



Evaluation of the IV Scan
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K-Value analysis of the IV Scan
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Depletion simulations

A. Meneses



MuPix11 Detail

Pixel size ~ 80 x 80 microns
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New evaluation strategy: VDAC

● Evaluation using 

current scan

○ VSS

○ BLPix 

● Useful for future 

QCs 

○ Ladder QC
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New evaluation strategy: VDAC



K-Value analysis of the IV Scan
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The MuPix11 QC  |

Aim: to find the limits of the damage 
region to find a point of stable IV 
behaviour



Most common failures: the LV power-on test and the 

VDAC scan .

67

Failure profile: 70 µm sensors
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Results |

The LV power-on yield can be improved slightly:

● Some sensors recover the LV current after voltage 

optimisation.

● This shows functionality.

● A chip recovery strategy is suggested.

● Powering remains a key failure mode.



7-Step Power-On

● Powering of individual 

components unsuccessful 

● Unoptimised supply voltage 

● Can be repeated for evaluation

● Not necessary

● Already evaluated by other tests
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