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A Sensorless and Versatile Temperature-Control System for MEMS Microheaters
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(Byunghoon Bae - Junghoon Yeom - Bruce R. Flachsbart - Mark A. Shannon)

Abstract - In this paper, we present a temperature-controlled system for MEMS electrical resistance heaters without a temperature
sensor. To rapidly control the heater temperature, the microheater system developed consists of a power supply, power amplifier,
digital Proportional-Integral-Differential (PID) controller, and a quarter bridge circuit with the microheater and three resistors are
nominally balanced. The microheaters are calibrated inside a convection oven to obtain the temperature coefficient with a linear or
quadratic fit. A voltage amplifier applies the supply voltage proportional to the control signal from the PID controller. Small
changes in heater resistance generate a finite voltage across the quarter bridge circuit, which is fed back to the PID controller to
compare with the set-point and to generate the. control signal. Two MEMS microheaters are used for evaluating the developed
control system - a NiCr serpentine microheater for a preconcentrator and a Nickel mlcroheater for Polymerase Chain Reaction (PCR)
chip.
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Fig. 2 Teflon package including the microheater.
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Fig. 3 Calibration data of a NiCr microheater (a) resistance
profile as the temperature ramps up from the room
temperature 26°C(To) to 50, 100, 150, and 200°C (b)
Comparison of the calculated resistance (solid) and
real resistance (dots) with respect to the temperature.
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Fig. 4 A schematic of the temperature control system that
consists of a power supply, power amplifier, digital
Proportional-Integral-Differential (PID) controlier, and a
quarter bridge circuit with the microheater and three
resistors are nominally balanced.
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Fig. 5 A photograph of the real experiment setup.
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Fig. 6 A microheater for a MEMS preconcentrator, which is
deposited on thermal oxide on 18x1_6x0.05mm3 silicon
chip. The microheater is heated to 200<C.
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Fig. 7 The transient temperature profle of a NiCr
microheater using the control system that reaches
200C within' O.5secs which ‘is desired for a fast
desorption rate. ' S
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Fig. 8 A nicke! microheater deposited on polymethyl-
methacrylate in a PCR chip.
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Fig. 9 The PCR transient temperature profile tracking the
steps for denaturation at 94C, annealing at 54C, and
extension at 72°C with heating rate of 100C/s.
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