MEIJI UNIVERSITY

MEMS

Osamu NAKABEPPU, Meiji University

2007.3.20, 509



Thermopile ./

Thermmo-

_-a
"‘- E I :



MEMS based Thermal Engineering

Boiling
Mechanism

MEMS

Thin film devices.
Membrane & lever structure.
Function Integration.
Chip- Extending thermal meas. [imit.

Calorimetry

Micro-
channel

Substrate

* Tharmaocougle
Microchannel

Thin Film TC.

Cantilever Sensor

Bio Metabolism Micro-Pump

Monitor Radiation Micro-Heat Pipe

Sensor




Bio Metabolism Monitor

0.1~60pW/cell
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[pWi/cell]
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Thermopile Sensor for Bio Calorimeter

Thermopile Sensor
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CAD design Overall view Center part

Specifications
Substrate Cover Glass (t=0.15mm)
TP metals: Cr & Ni
TC number: 350 couples in both sides.
Sensitivity: 0.71V/W (empty)
0.62V/W (with paraffin)
Calibration: Built-in heater at center



Bio Calorimeter

with MEMS Thermopile sensor
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« Temp. Control: P control with Peltier device
& PID control with heater
« Conduction type: Metabolic heat is conducted through thermopile.

« Batch Operation: Calorimetric cell is closed for avoiding thermal
perturbation with evaporation of culture solution and metabolite.



Thermopile output , uV/
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Thermopile output , uV
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Cell number
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Heat Generation , uW

Growth Thermogram of Yeast
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Yeast ( )
Saccharomyces cerevisiae
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*Culture solution:

M-Green Yeast and Mold Broth: 0.2ml + Sucrose 3wt%aq: 0.2ml
*Temperature: 33.8°C
«Sensitivity: 0.62uV/pW



Heat Generation , pW
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Heat Generation

Growth Experiment from Small Number of Yeast

Orlqmal data
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Conditions
*Yeast: Dry Yeast 1 peace/1000ml sucrose solution
*Culture solution:
M-Green Yeast and Mold Broth: 0.05ml
Sucrose 3wt%aq: 0.1ml
eTemperature: 29.9°C
*Sensitivity: 0.62uV/uW, Amp(40dB)+Amp(40dB)
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Result

eInitial cell number:

Generation time ;

100 cells order
Metabolism detection:

10%

~10%cells
*Detectable level:

RMS noise~80nW <=>4000 cells

~100 min



Bio Metabolism Monitor
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