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Pixel Array Detectors Reducing Mean Counts to Address Pixel Saturation

Timepix4: Event-Driven Detector 

Modulation Transfer Function (MTF)

Detector Quantum Efficiency (DQE)

Implications on Detector Speed

Conclusions

• Pixel array detectors are a key 

technology to enable advanced 

imaging techniques such a 

ptychography 

• Composed of a silicon sensor 

layer bonded to an integrated 

circuit

Back-thinning of the silicon sensor layer reduces the lateral 

spread of the signal, resulting in fewer counts per electron. 

This mitigates pixel saturation by reducing the likelihood of 

overlapping events. 

• Thinning the sensor reduces mean counts per 

electron.

• As threshold increases, the number of counts 

registered per electron decreases. 

• Based on the thickness of the sensor, a different 

threshold achieves the ideal mean activation count 

of 1. 

MTF: quantifies the ability of a detector to preserve image contrast 

as a function of spatial frequency 

Conducted Monte Carlo simulations to model 

electron pathways through the silicon sensor layer. 

For thinned 

sensors, as 

threshold 

increases, 

MTF 

increases.

Decreasing 

sensor 

thickness 

improves the 

MTF.
Fourier Transform

DQE: ratio of the output signal-to-noise ratio 

(SNR) to the input SNR

As the sensor is thinned, DQE(0) worsens 

because of increased variability in the counts 

registered per electron.

As threshold increases, DQE(0) decreases.

• Use Monte Carlo simulations to model 

electron paths through sensor material

• Demonstrate how back-thinned sensors 

could address pixel saturation in event-

driven detectors

• Understand implications of thinned 

sensor layer and thresholding on 

detector characterization parameters
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Both mean counts and DQE(0) indicate the maximum 

speed, or maximum electron dose, which a detector 

can be operated at. 

Ideal value for both mean counts and inverse 

DQE(0) is unity.
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