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Description
An optical sensor/pixel capable of detecting a very wide range of input signals is generally said to feature a High Dynamic Range (HDR). Sensors with such ability are capable of detecting from the smallest signal up to a very large one, in which other regular sensors would have been saturated, missing input information. HDR operation is widely employed in Imaging Systems, from consumer to industrial applications, providing the ability to sense both dark and bright spots on the same image. Many techniques have been used, and one of the most popular are the logarithmic sensors that compress the signal response range to a rather small, but measurable voltage swing, with a loss in sensitivity as compared to the traditional linear pixels. However, both HDR and high sensitivity are desirable in order to sense the small variations of the input signal, which in some applications would be hidden by the background illumination. Among others, Lab‑on‑Chip (LoC) applications with fluorescence detection, can benefit considerably from HDR operation and high sensitivity.
We have developed a novel pixel in this IC project, that we named the Bouncing Pixel. This pixel prevents signal from saturating when the output voltage reaches VDD. Instead, the signal bounces and re-bounces within a pre-defined voltage range, swinging back and forth until the end of the integration time. The information of the number of bounces and the output voltage is combined to provide HDR operation, and very high sensitivity. This allows that even the smallest signal embedded in a large background be sensed. The project consists of a Mixed‑Signal system, comprising an 1024x1024 pixel array, a comparator block, and an 8-bit counter and shift-register. Although LoC applications may require only linear arrays, we have employed a squared array capable of being tested as an image sensor, allowing the comparison with conventional designs for HDR operation. Also, as a prototype, a squared array offers much more flexibility to be tested for other applications, besides providing more information, for instance, of Fixed‑Pattern Noise due to the mismatch of transistors in each pixel.
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Why Europractice?
Europractice through the mini@sic program offers an excellent opportunity for prospective access to mature technologies, such as the CMOS TSMC 180 nm, with technical know-how to assist the designers throughout the tape-out phase. The program allows low-cost prototyping of innovative ideas, a crucial aspect for promoting microelectronics research in the academic environment.
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