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Analyses of temperature change of a u-bolometer
in Focal Plane Array with CTIA bias cancellation circuit

PN *
v 5w

(Seung-Man Park)

Abstract - In this paper, we study the temperature change of a u-bolometer focal plane array with a capacitive
transimpedance amplifier bias cancellation circuit. Thermal analysis is essential to understand the performance of a n
-bolometer focal plane array, and to improve the temperature stability of a focal plane array characteristics. In this study,
the thermal analyses of a p-bolometer and its two reference detectors are carried out as a function of time. The
analyses are done with the 30um pitch 320x240 focal plane array operating of 60 Hz frame rate and having a columnwise
readout. From the results, the temperature increase of a p-bolometer in FPA by an incident IR is estimated as 0.689 T,
while the temperature increase by a pulsed bias as 7.1 C, which is about 10 times larger than by IR. The temperature
increase of a reference detector by a train of bias pulses may be increased much higher than that of an active n
-bolometer. The suppression of temperature increase in a reference bolometer can be done by increasing the thermal
conductivity of the reference bolometer, in which the selection of thermal conductivity also determines the range of CTIA
output voltage.

Key Words : p-bolometer, FPA, Thermal analyses, CTIA bias cancellation circuit, High speed operation
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Fig. 1 The bias cancellation circuit for this study, simplified

for clarity.
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Table 1 The parameters of p-bolometer devices and FPA

used in this study.

Parameter name symbol value unit comments
Active p—-Bolometer device parameters
Pixel pitch 30x30| um
Optical fill factor 60| %
Thermal conductivity K 3x10°°] W/K
Heat capacity H 3x107 K
Membrane absorption coefficient e 1
Bolometer resistance Rao 200f kQ |at 298 K
TCR a -0.02] 1/K
Ref. n—Bolometer device parameters
Thermal conductivity K 30x10°°| W/K |for Trwe=1.0ms

50x10°°] W/K [for Te=0.5ms
Heat capacity H 3x107 UK
Membrane absorption coefficient 0 No IR absorption
Bolometer resistance Rieto 200f kQ |at 298 K
TCR a -0.02] 1/K

8| ea |for Ter~0.5ms
# of ref. bolometers/col. n 16l oa lfor Tue10ms
p-Bolometer FPA parameters
Format 320x240 NXxM format
Bolometer bias Vbias 2| 'V |oonst vt pused bias
Cint 20| pF |Columnwise readout

Readout type T 100 ps |with CTIA
Frame time T 16| ms |60 frame/s
IR window transmission 100 %
Incident IR power Pir 20.7| nW |35CEBB
Ambient temperature Ta 298| K |constant
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Fig. 2 Temperature change(a) and resistance change(b) of
an active bolometer in FPA. Black line represents
temperature change by incident IR, dot red line by
bias heat, and blue line is the sum of the two in (a).
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Fig. 4 Temperature change of the two selected reference
bolometers selected for this study.
(a) Reference bolometer of T = 05 ms and K=

50x107° W/K

(b) Reference bolometer of Ter - 1.0 ms and K=
30x10® W/K.
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Table 2 Temperature and resistance ranges of a active
bolometer and two reference detectors.

AT range (K) | AR range (kQ)

Active bolometer device 2.666710.482 1587189
Ref. device 1 (Tref=0.5ms) 5.913713.605 1467176
Ref. device 2 (Tref=1.0ms) 4.476712.169 1517182
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Table 3 Bias cancellation effect.

ZHTY (V) oS 2 (%) z]jin]
-0.9853 100 | only by IR
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