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Motivation

Conductive Layer

Simple Rectangle 

Improvement Attempts in Comparison

Constraints:  Power Source, jmax < 150 A/m, Tmax < 800°C

Conclusion

Thermoelectrical simulations have identified the most promising 

chip designs from over a hundred configurations, significantly 

reducing the number of variants to be manufactured in the time-

consuming microfabrication process.
The research and development work in the 

project “FIRE” was funded by the German 

Federal Ministry for Economic Affairs and 

Climate Action (49MF220020)

Modell Validation

We constructed a COMSOL 

model using experimental  

data, followed by a comparison 

– with satisfying agreement.

Comsol Confernce 2023, Munich

MEMS-IR emitters uniquely enable miniature gas concentration

measurements in the MIR spectrum (NDIR sensors). Nevertheless,

existing commercial MEMS-IR emitters fall short of achieving the

anticipated operational frequencies (above 20 Hz), necessary for

time-dependent measurements.

With Comsol simulations, we aim to enhance our emitter design

to support operation at frequencies of up to 100 Hz. These design

improvements must align with the constraints of an already

established manufacturing process.
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Stationary Comparison in Air and Vacuum
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𝐹𝑂𝑀 =
Φ𝑟𝑎𝑑

𝜏 ⋅ 𝑗𝑚𝑎𝑥 ⋅ 𝑇𝑚𝑎𝑥

Φrad … radiant flux

τ … thermal time constant

jmax … maximum current density

Tmax … maximum temperature
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Current Chip
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Simulation Heat camera image

Current Density in A/m Radiosity in W/m²x104

140

0

20

40

60

80

100

120

0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

150

140

5

6

Current Density in A/m Radiosity in W/m²x104

1.6 mm

130

120

110

100

90

80

70

60

4

3

2

1

0

0.8 mm

Waist: 0.2mm, Length: 1.1mm

Waist: 0.1mm, Length: 0.7mm

Pel = 800 mW

Pel = 800 mW

Emitter Concept
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Key Quantities compared to Current Chip Design

tau_mean

Φ_rad

j_max

T_max

FOM

One lengthwise

Beam

One crosswise

Beam

Smaller

conductive Layer
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