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SPICE-Compatible Modeling of a Microbolometer Package Including
Thermoelectric Cooler
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Abstract

For a successful commercialization of microbolometer, it is required to develop a robust package including thermal stabilizing

mechanism. In order to regulate the temperature within some operating range, thermoelectric cooler is generally used but it's not easy to
model the whole package due to the coupled physics nature of thermoelectric cooler. In this paper, SPICE-compatible modeling
methodology of a microbolometer package is presented, whose steady-state results matched well with FEM results at the maximum
difference of 5.95%. Although the time constant difference was considerable as 15.7%, it can be offset by the quite short simulation time
compared to FEM simulation. The developed model was also proven to be useful for designing the thermal stabilizer through parametric

and transient analyses under the various working conditions.
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Table 1. SPICE modeling parameters for TEC

Parameters Meaning

1 supp Current supplied from the temperature controller
Alpha Seebeck coefficient

Rm Electric resistance

k TEC Thermal conductivity

kK_TEC

AW
{k_TEC}

0.|
GAIN = {alpha} j

V2 ={l_supp}

12 = {_supp*l_supp*Rm/2

hot

12 = {I_supp*l_supp*Rm} = &
V2 = {I_supp}
-0

)

Fig. 1. SPICE equivalent model for TEC [8].
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Fig. 2. General packaging of a microbolometer.
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Fig. 3. SPICE equivalent modeling work flow.
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Fig. 4. Thermal parameter extraction of FPA.
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Table 2. Model verification: Steady-state results

Steady-state Temp. [K]
FPA TEC TEC
surface  top bottom

FPA  Ambient Modelin
heating Temp. gmethod

FEM  300.61 300.59 299.40

oW 3C SPICE 30064 30062 29934
_ FEM 33561 33558 33440
60C  SpicE 33562 33559 33434
_ FEM 32284 32258 31075
25C SpIcE 32309 32286 310.00
W o FEM 35784 35758 34557

SPICE '357.82 357.59 345.00
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Fig. 6. Model verification: transient response.
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Fig. 5. SPICE equivalent model for the microbolometer package including TEC.
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Fig. 7. Control the package temperature with TEC.
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