
9.67 64.66

• After the acquisition from the sensors, the signal have to be processed by an amplification 
stage, then it must be digitized through an Analog-to-Digital Converter (ADC). 

• The explored architecture is a fully differential 
Successive Approximation Register (SAR) 
ADC. The nominal resolution is 12 bits. During 
the conversion process could occur a data loss 
(missing codes) due to the non-linearity of the 
system.

• In order to solve this lack, it is possible to 
implement a calibration circuit on-chip. The 
technique adopted for this work is named 
Offset Double Conversion (ODC). It is based 
on the superposition principle and an offset 
injection. 

A sample is converted twice. The first time is 
added the analog offset, in the second one 
is subtracted the same quantity. Thus, a 
dedicated circuit provides the double 
injection. 
Taking into account the offset, the subtraction of these two quantities gives an exstimation 
of the conversion error. This deviation can be corrected using a suitable array of weights. 

• Moreover, due to their environment applications, 
these devices can suffer from a Single Event 
Upset (SEU). Indeed the interaction of a particle 
could deposit a local charge inside the silicon 
substrate, then a bit-flip can occur in a register. 

• The last stage involves a Digital Signal Processing 
(DSP) block to process the incoming data. 

The DSP stage should basically perform a filter action to reduce the noise on the 
sampled data. Depending on the signal shape, a compression algorithm could also 
required. It is also desirable a real-time spectrum analysis to perform a Fast Fourier 
Transform (FFT). 
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• The yellow boxes highlight 

the digital domain of the test 
chip. The smaller boxes are 
two serializers (one of 
which is configurable), the 
larger one is the calibration 
engine. Inside the correction 
block was accomodate a 
slow-control coupled to 
another dedicated serializer 
to write and read the most 
important registers.

• The main efforts has been done for the implementation of the scripts. The synthesis was 
performed using Design Compiler. IC Compiler II was adopted to complete the Place & 
Route phase. The funcionality were tested with PrimeTime and Questa.

 
 
 
 
 
 
 
 

 
Future work

• Testing and debugging of the chip (available in December 2019).
• Completing the acquisition chain with the DSP block.
• Applying radiation protection to the registers.
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• There are two kind of radiation detectors in High Energy Physics (HEP) experiments. In 
monolithic pixel sensors, the electronic shares the same die of the active pixel, while in 
the hybrid solution the implemented electronic is decoupled from the sensor.

• A standard readout system requires multichannel 
architecture (typically 10–100 channels), 8-12 bits 
of resolution, up to 160 MS/s, low-power 
consumption and radiation harness feature.

• Furthermore, both amplitude and time 
measurements are required to properly identify the 
event source.

• These requirements lead to custom solutions rather than commecial ones. A suitable 
Digital Signal Processing (DSP) block completes the acquisition chain.
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Novel contributions
• A single-channel prototype was submitted in 110 nm CMOS technology with four metal 

layers available. This run will allow to test both the injection system and the calibration 
engine.

• The efforts concerned the physical implementation of the algorithm and its integration with 
the other blocks. The original method was simplify using:
- 32 bit fixed point representation, Q(12.20).
- Programmable learning parameters to adapt the 
algorithm to different ADC-scenarios.
- Auto-detect function to discriminate the double conversion.

 
• Furthermore, a study about the performance of the algorithm was carried out. This 

analysis could be useful in a future upgrade of the test-chip to save more area, power and 
calibration time.
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