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The Performance Modeling of a VGA Bolometer with Self-Aligned Structure
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(Seung-Man Park)

Abstract - The performance modeling of a 25um pitch VGA u-bolometer with the self-aligned thermal resistor structure
is carried out. The self-aligned thermal resistor can be utilized for the maximizing the thermal resistance and the fill
factor of a bolometer, so the performance improvement can be expected. From the results of the performance modeling
of the micro-bolometer with self-align thermal resistor for a 25um pitch 640x480 microbolometer designed with 0.6 m
minimum feature size, the drastic improvements of NETD from 38.7 mK to 19.1 mK, responsivity of 1.9 times are
expected with a self aligned thermal resistor structure. The main reason for the performance improvements with a
self-aligned thermal resistor structure comes from the increasement of the thermal resistance.

Key Words :

.M B

EZHEE do] YAEt] EEHE Y %57} %%?—%}Oﬂ
up} o] A o] wMaletal, o] AW
< ZAste d Ax g g nad %’\P%’_% %21‘3}7]
A8 = ——“S:i‘j]ﬂh R} g og TYFTEE FH ol
YAt o] frEFol HAis)l Hojof dtal, FE g
o ERigtE d47] fsiAE Ei”]ﬂ«] ERE

o vlojaw BeuE wyzt A4 AE7
lg Lfﬁ MEMS (Micro-Electro-Mechanical
Systems) 7|&& &&3to] BRVES FE dHoR 1
&OI A FATgoEN AL

W97k o) A e,
=

342z el vhola

iz

2rHE g4 33t il

S woly] Sjstel RzulEe] ANt 50, 30, 25, 17 m

2 44 Foj=x wgor wddgn gt g4 wxg

Zo7ly] AL FH7E By ohe BEvy Hay
ko1 )

o= s Adslord HAEo] wrh JAT X9 ol wt
EZuEdA A= Fee A FARIAY FHEHA
HE owtd, Ao i wE R i, e
ZH(fill factor)e] #2, 1 % (thermal conductance)
o] Z7lz 93 ErnEe AMiyE #FAsA Hol Adx 4
S o&e-u(signal to noise ratio, SNR)7} A1 ZelAl o] &

H
e
=

T wmaAa, 489 0 eAdetn Sgael)estel Fud - 3

E-mail :
HAedAt - 2010d 119 10¢
HFE 20109 119 18¢

smanpark @hoseo.edu

450

Bolometer Performance Modeling, Self-Aligned Structure, NETD, Responsivity
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Fig. 1 The solid models of two bolometers of 25um pitch.
The above is the model of a bolometer with
self-aligned structure. The below is of a normal
bolometer. The small figure in the middle shows
the upper layers of SiNx etc. those are not shown
in the two large models.
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Fig. 2 The cutting views of two solid models and the
cross—sectional views of each membranes. The
above is the membrane cross—sectional views for
a comparison, the vertical scale is exaggerated for
the visual purpose.
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of the bolometer with self-aligned structure and the
filled circle of the normal bolometer.
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Table 1 The result of the parameter modeling of a bolometer
with self-aligned structure.
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Table 2 The values of parameters using this NETD modeling.

Values of Valus of ;

Parameters symbuois AR bolometer bnﬂrmm‘ Unit
alometer

Sysiem Faramelers
F-number of the infrared optics F/# 1 1 -
Transmission of the infrared optics in the
wavelength interval from & pm to 14 pm Toptes . 1 -
Absorption of thle bolometer membrane in c 0.2 0.2 -
the wavelength interval from & pm to 14 pm
Bolometer membrane temperature T 300 300 K
Bolometer membrane temperature T 300 300 K
image frame rate f; 60 60 Hz
shutter 7 uniformity correction frequency f, 1.66E-02 1.66E-02 Hz
IR modulation frequency t 30 30 Hz
the readout frequency/pixel rate f; 2.9E+04 2.9E+04 Hz
the thermal integration frequency Tosia 1.028+01 2.39E-01 Hz
the effective readout frequency fort 1.02E+01 2.39E+01 Hz
Bolometer Parameters
Total thermal conductance G 1.58571E-08 3.30E-08 WK
Thermal capacity of the bolometer C 3.875E-10 3.46E-10 K
Thermal time constant of the bolometer T 2.44E-02 1.05E-02 s
Bias voltage of the bolometer Vi 2 2 v
Bolometer pixel area {pixel pitch 25 pm) A 6.25E-10 6.25E-10 m*
Bolometer fill factor FF 0.66 0.6 -
# of columns X 640 640 -
# of lines X 480 480 -
Resistance of VOx (bolometer resistance) Roai 2.60E+04 2.60E+04
TCR of VOx thermistor material o 0.02 0.02 /K
Thickness of the vanadium oxide (VvOx) o 8.00E-08 8.00E-08 m
1/f-nolse constant of VOx material K 4.00E-23 4.00E-29 m?
Constants
Eoltzmann constant k 1.38E-23 1.38E-23 K
stefan-Boltzmann constant o 5.67E-08 5.67E-08 ' mis)
Temperature contrast in the wavelength
interval from & pm to 14 ym at a [AMAAT) 2624 2.624 VKM )
temperature of 300 K
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Table 3 The NETD modeling result of a bolometer with self-aligned

structure.
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