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i. A PWM Nie-Tan Type-Reducer Circuit for an Interval Type-2 Fuzzy
ControllerBased on the Nie-Tan type-reduction method, the circuit operates with current-mode inputs, representing the firing intervals of the rules applied by the inferenceengine, and generates a PWM output. By restricting the number of consequents, it ispossible to create the PWM output directly, without the need for analogmultiplier/divider circuits. This feature makes the circuit very simple, aiding in thedesign process, while the PWM output makes it suitable for the control of DC-DCconverters, maximum power point trackers (MPPT) for energy generators and anyswitching applications. It is also very low power, enabling the use in powerrestrained environments, such as energy harvesting systems. The circuit wasdesigned using the TSMC 0.18µm technology in CADENCE Virtuoso software andsimulated for different combinations of input values, confirming its capabilities. Itwas also simulated as part of a type-2 fuzzy inference system with two inputs, ninerules, and having firing intervals represented by currents within 0 and 10µA. Theproposed architecture requires three independent capacitors to integrate eachcurrent. Current mirrors are used to feed the integrators, and transmission gatescontrol which currents are injected during each part of the cycle. Simple voltagecomparators are used to implement the division corresponding to each half of theperiod, and transmission gates switch between them to create the PWM outputsignal.

ii. A ROIC for Infrared Focal Plane Array



This circuit consists of an analog modular noise rejection in infrared sensorssignal conditioning. The acquisition, integration and sampling processes can beheavily affected by noise with different sources, which can hamper the sensorsoperation, given it can become saturated simply by the spurious signals. Sensorsoperating in the infrared region of the spectrum can have many applications inmilitary, medical, industrial, and scientific research. In every application there is aneed for high performance and high resolution. Its operating principle consists in aphotodetector (sensor) which converts infrared radiation emitted from a target intoan electric current (photocurrent), that in turn is converted to voltage through anintegrator circuit (ROIC – Read Out Integrated Circuit). Among the many possiblenoise sources, the dark current has some peculiarities that separate it from theothers. It is generated by the sensor even when no radiation is entering the detectorand is in the order of picoamperes to nanoamperes and is thus difficult to measure.The proposed circuit has a current mirror module that performs the subtractionbetween the current from one cell in the sensor matrix and a noise reference.Therefore, in ideal conditions, the resulting signal is the photocurrent without thenoise component.
Main results and representative performance data or curves, picture of the IC,
does circuit function as expected, etc.
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Fig. 1 shows the picture of the manufactured IC Prototype. Figs. 2-3 show themain results measured for the Nie-Tan Type-Reducer circuit. Fig. 2 displaysdifferent duty cycles associated with different combinations of input currents, foroutputs with25%,50%, and 75%of duty cycle, while Fig. 3 shows the experimentalresult plot of the output surface of the Type-Reducer circuit in a complete type-2fuzzy inference system with two inputs and nine rules. The measurements validatedthe circuits functionality and the measured average power consumption obtainedwas 53.8µW, confirming its low power characteristic.Figs. 4-6 show the main results measured for the ROIC circuit. The ROIC hasan integration capacitor that converts the current signal into voltage. At the end ofone period, the capacitor has to be discharged, which is done by an NMOS transistorwith the characteristics as measured in Fig.4.The integration voltage is connected toa PMOS transistor gate acting as a voltage follower, with the characteristic asmeasured in Fig.5. For a constant current after the noise subtraction process, theintegration voltage is expected to increase linearly in the first half on the period andto retain its value in the second half, after which the capacitor is discharged and thecycle restarts, as shown in Fig. 6.
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Main challenges and difficulties encountered during design, submission,
import process and measurements of the circuit.The main challenge encountered once again was due to the import process.Although IMEC did not charge anything, the Brazilian Government charged highimport taxes, which hampered the process, as the students and the advisorhad topay with their own money.
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Resulting publications (submitted, accepted or published) and degrees earned
by students.The previous results are currently being analyzed and are going to be part of themaster’s dissertation of Adilson Batista and of Luis Felipe Duarte, and thedoctorate’s Thesis of Gabriel Antonio Fanelli de Souza and of Rodrigo Bispo dosSantos. The results from the Fuzzy Type-2 Nie-Tan Type-Reducer Circuit are goingto be part of a paper currently being written and expected to be submitted shortly.Besides that, and although being part of the updating of the previous report, thefollowing publications are part of the portfolio of this Institution, concerning to FreeMini-ASIC run with IMEC.
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