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Optimal theoretical study of the pixel structure and spatio-temporal random
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FENG Tao', JIN Wei-Qi", SI Jun-Jie’, ZHANG Hai-Jun’

(1. School of Optoelectronics, Beijing Institute of Technology, Key Laboratory of Photoelectronic Imaging Technology
and System, Ministry of Education of China, Beijing 100081, China;
2. China Airborne Missile Academy, Henan Luoyang 471009, China;
3. North Guangwei Technology Inc. , Beijing 100089, China)

Abstract: The development of uncooled IRFPA pixel structure from a single-layer structure to a double-layer
structure reduces noise and improves performance. The pixel structure and its main physical parameters are intro-
duced. It is noted that the main difference between the double-layer structure and the single-layer structure lies in
the difference in the effective area of the pixel and thermal conductivity of the bridge leg. The 3-D noise model is
an effective method to analyze IRFPA noise, in which spatio-temporal random noise is the main noise part of un-
cooled IRFPA. The mechanism of spatio-temporal random noise in uncooled IRFPA is analyzed, and a spatio-
temporal random noise model is established. The relationship between spatio-temporal random noise, the effec-
tive area of the pixel, the thermal conductivity of the leg is obtained. An uncooled IRFPA with a single-layer pix-
el structure is improved by changing it into a double-layer pixel structure, and the noise is measured. The mea-
sured data proved the effectiveness of the uncooled IRFPA spatio-temporal random noise model.
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Introduction

Infrared thermal imaging technology is used to con-
vert infrared radiation into electronic video images that
can be observed by the human eye. The infrared focal
plane array (IRFPA) is the core component of an infra-
red thermal imaging system. Its performance determines
the performance of the system. IRFPA can be divided in-
to two types according to the needs of the cooled device:
cooled IRFPA and uncooled IRFPA. Cooled IRFPA has
high sensitivity and a long detection range, but its struc-
ture is complex and expensive. It is usually used in high-
end military equipment and space remote sensing. Un-
cooled IRFPA can work at room temperature without a
cooled device, however the sensitivity of uncooled IRF-
PA is lower than that of cooled IRFPA. Uncooled IRFPA
has many advantages, such as fast start-up, low power
consumption, small size, light weight, long life, low
cost and so on "', Therefore, it has been widely used in
military and civilian fields.

In recent years, several technologies in uncooled
IRFPA, such as the packaging technology, detector ma-
terials, microbridge structure, optical resonator, and
readout circuit have been improved dramatically ',
which has led to steady improvement in the performance
of uncooled IRFPA. It can meet the requirements of most
thermal imaging products and has been applied on a large
scale by virtue of its cost-performance advantage. The
performance improvement in uncooled IRFPA is
achieved by improving the signal response ability and re-
ducing the noise level but improving the signal response
ability then reduces the signal dynamic range of IRFPA.
Therefore, improvements in uncooled TRFPA perfor-
mance focus on reducing the noise level. In this paper,
the pixel structure and the spatio-temporal random noise
of uncooled IRFPA are studied. A model for uncooled
IRFPA spatio-temporal random noise is established, and
a reduction in the spatio-temporal random noise of un-
cooled IRFPA is realized. This work provides a theoreti-
cal basis for further performance optimization of uncooled

IRFPA.

1 Pixel structure and noise characteris-
tics of uncooled IRFPA

1.1 Pixel structure of uncooled IRFPA

There are several types of uncooled IRFPA, includ-
ing thermoelectric stack / thermocouple, pyroelectric,
optical mechanical, microbolometer and so on. The mi-
crobolometer type has experienced the most rapid devel-
opment, and it is far superior to other kinds of uncooled
IRFPA in its application scope and quantities produced
%! In this paper, the relationship between pixel struc-
ture and the noise characteristics of micrometer uncooled
IRFPA is studied.

Figure 1 is the diagram of the single pixel structure
of microbolometer IRFPA. The pixel is built on a silicon
substrate via MEMS technique. Due to its similarity to a
bridge, it is called a microbridge structure, and it is com-
posed of a membrane, leg, pier, and other parts. The

thermal insulation
interconnection

reflector

readout circuit pad
CMOS substrate

Fig. 1 Structure of the microbolometer
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membrane is composed of a heat absorption layer and a
heat sensitive layer, which acts with a photoelectric sig-
nal conversion function, absorbs infrared radiation ener-
gy, and converts it to a change in pixel resistance. The
leg and pier are composed of supporting material and con-
ductive material. Their functions include supporting the
membrane, electrical connection and thermal isolation
between the membrane and the substrate.

Optimization of the microbolometer is usually done
in two ways: material selection and pixel structure de-
sign. The material of the heat absorption layer is re-
quired to have a high heat absorption capacity. At pres-
ent, silicon nitride (SiNx) material is usually used to
make the heat absorption layer, which is made in a
"sandwich" structure (see Figure 1), and the heat sensi-
tive layer is clamped in the middle of the two heat absorp-
tion layers to achieve heat transfer. The heat sensitive
layer materials need to have a high temperature coeffi-
cient of resistance (TCR) , low noise and short thermal
time constant. The commonly used materials are vanadi-
um oxide (VO,) and polyerystalline silicon (a-Si). The
MEMS structure of the pixel has an important effect on
the performance of the microbolometer. The pixel struc-
ture can be divided into single-layer structures and dou-
ble-layer structures (see Fig. 2). In early uncooled IRF-
PAs, there was only a one-layer structure over the silicon
substrate, and the membrane and leg of the pixel were
both located on the same layer. Because of the simple
structure and the relative ease of the manufacturing pro-
cess, the single-layer structure is still widely used. The
double-layer structure has two layers above the silicon
substrate, the lower layer is the leg layer, and the upper
layer is the membrane layer. The design and manufactur-
ing process of the double-layer structure is more compli-
cated than that of the single-layer structure, but un-
cooled IRFPA products with a double-layer pixel struc-
ture have seen rapid development in recent years. Many
companies, such as DRS Technologies, Raytheon, NEC
Corp. , North Guangwei Technology Inc., and Yantai
IRay Technology Company, Ltd. , have all produced un-
cooled IRFPA products with a double-layer pixel struc-
ture “*. With the increasing scale of uncooled IRFPA
resolution and the decrease in the pixel pitch, the perfor-
mance of the double-layer pixel structure is more appar-
ent than that of a single-layer pixel structure. The dou-
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ble-layer pixel structure has become the development
trend in uncooled IRFPA pixel structure research.

(a)
Fig.2 Pixel MEMS architecture (a) single layer, (b) double
layers
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The difference between the double-layer structure
and single-layer structure is mainly expressed on the
membrane and leg. The effect of the membrane is to ab-
sorb infrared radiation and convert heat into the change in
value of the pixel resistance. The area of the membrane
with infrared absorption ability is called the effective area
of the pixel. The larger the effective area, the stronger
the absorption ability for infrared radiation. For a single-
layer structure, the total area of the pixel is composed of
the membrane and leg. Since the leg has almost no infra-
red absorption ability, the effective area of the pixel is on-
ly the membrane part. The leg and membrane of the dou-
ble-layer structure belong to different layers, and the ef-
fective area is almost the same as that of the whole pixel,
that is, the double-layer structure usually has a larger ef-
fective area than the single-layer structure”. The ratio of
the effective area to the total area of the pixel is also
known as the filling coefficient of IRFPA. For the same
pixel pitch, the double-layer structure has a higher filling
coefficient than the single-layer structure.

It is in the heat exchange process that the membrane
absorbs heat, which results in a change in the resistance
of the heat sensitive layer. Therefore, the membrane
should have enough thermal capacity to achieve high heat
transfer efficiency. The thermal capacity of the mem-
brane is determined by the thermal conductivity between
the membrane and the surrounding environment. The
thermal conductivity of the membrane mainly includes
the contact thermal conductivity between the membrane
and the substrate, the convection thermal conductivity
between the membrane and the surrounding air, the radi-
ative thermal conductivity of the membrane to the envi-
ronment, and so on. The pixel of uncooled IRFPA is in a
vacuum package and works at room temperature, so the
thermal conductivity of the membrane is mainly from the
leg, which plays on a mechanical connection between the
membrane and the substrate . The lower the thermal
conductivity of the leg, the longer the heat holding time
of the membrane. However, the lower thermal conductiv-
ity of the leg will lead to a larger thermal time constant of
the microbolometer, which restricts the frame rate in IR-
FPA imaging. Therefore, design of the leg thermal con-
ductivity involves a tradeoff. Because the leg in the dou-
ble-layer structure occupies a single layer, it has more
space and flexibility in the leg design than the single-lay-

er structure.

In conclusion, the two-layer structure of uncooled
IRFPA pixels is different from the single-layer structure
in the effective area of the pixel and thermal conductivity
of the leg, which affects the performance of uncooled IR-
FPA.

1.2 Noise characteristics of uncooled IRFPA

The United States Army’s Night Vision and Elec-
tronic Sensors Directorate (NVESD) presented a three-
dimensional noise model "' of IRFPA in 1991, which
provided a mathematical model for studying the noise
characteristics of IRFPA. The core idea of the three-di-
mensional noise model was to replace the image data of
the IRFPA with a combination of one signal component S
and seven noise components Ny, which are independent
of each other and subject to a Gaussian distribution with
a mean value of zero '

U(tw,h) = S + Np() + Ny (0) + Ny (h) + +Ny (10) +
Ny (t.h) + Ny (0,h) + Ny (2,0,0) , (D)

in the Eq. 1, U(t,v, h) is the function of the three vari-
ables in time, vertical direction and horizontal direc-
tion'"”". S is the average value of all the data in the three-
dimensional image data, corresponding to the response of
the signal. The mean value of each noise component,
N,y N, N,y Ny Nyyy Nyys Ny, is zero, and their root
mean squares are represented as o, 0, 0, Oy, Oy,
Tyys Opys respectively. The total noise of the system is
expressed as follows :

_ 2 2 2 2 2 2 2
Ogys = \/O-T toytoptoptoy oyt O-TVH'(Z)

Among them, T represents the time or frame se-
quence, and H and V represent spatial dimensions. Sev-
en noise components are described as shown in Table 1
" Each noise component has different sources and
forms, and their proportion in the total noise of the detec-
tor is different, so the influence on the performance of
the detector is not the same.

The more significant noise components of the seven
noise components are the spatio-temporal random noise
Tpys the spatial random noise o, the temporal row
noise o,,, and the spatial column noise o,. The spatial
random noise o, only changes in the direction of row and
column, but does not change with time, which affects the
output value of different coordinate pixels of IRFPA. Tt
also known as fixed pattern noise, which comes from the
difference of signal response between different pixels.
The temporal row noise o, refers to the fluctuation of the
average value of each row with time between frames, also
known as time horizontal stripe noise, which mainly
comes from the low frequency noise on the bias voltage of
detector. The spatial column noise o, refers to the fixed
non-uniformity between columns, also known as spatial
vertical striped noise, which mainly comes from the indi-
vidual differences between the elements (including blind
pixels, integral capacitors, integrators, etc. ) shared by
each column in FPA.

Because uncooled IRFPA is a staring imaging de-
vice, the most important of the seven noise components
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Table 1 Description of seven noise components

x1_THIRE Y21

Noise Component Description Explanation

o Frame—to—frame noise Frame average that fluctuates over time.

Oy Temporal row noise The part of the row average that fluctuates over time.

Ty Temporal column noise The part of the column average that fluctuates over time.
T Spatial-temporal random noise The part of each pixel output that fluctuates randomly over time.

oy Spatial row noise The part of the row average that differs from the spatial distribution.

oy Spatial column noise The part of the column average that differs from the spatial distribution.
T Spatial random noise The part of each pixel output that differs from the spatial distribution.

is the spatio-temporal random noise o, '"*', which is the
random noise of the output signal in three dimensions:
time, horizontal, and vertical "'*. o, represents the
fluctuation of pixel output signals between different rows,
columns, and frames ', o, comes from four kinds of
physical noises; thermal noise, flicker noise, tempera-
ture fluctuation noise and background fluctuation
noise'"*’

Uncooled IRFPA, as a microbolometer, converts
the thermal radiation signal into an electrical signal by
applying a bias voltage pulse on a pixel thermistor, so
the thermal noise and flicker noise are the main parts of
Oy . As shown in Fig. 3 ™, flicker noise is domi-
nant in the low frequency range and thermal noise in the
high frequency range. Relatively speaking, the contribu-
tion of temperature fluctuation noise and background fluc-
tuation noise to 0, is very small, so the two secondary
noise sources are not discussed in the following section.

1E-14 1
E 1E-15 |
Ry total noise
2. 1E-16--------—F - e
2
g lE_l7 ..................... T\ .\..\. O
»% thermal noise Tz ! '
= 1E-18 : | <
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Fig. 3 Noise power density of a semiconductor resistor R=1kQ
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2 Spatio—-temporal random noise model
of uncooled IRFPA

2.1 NETD of spatio—temporal random noise

The noise of the IRFPA directly affects the perfor-
mance of the imaging system. The noise equivalent tem-
perature difference (NETD) is a parameter to evaluate
the performance of the IRFPA, which combines the noise
level and the signal response ability. Because of its clear
definition and ease of testing, it has been widely used.

The NETD formula for uncooled IRFPA is ™':

v,
NETD, = R—“ , (3)
.

where V) is the noise voltage of IRFPA and R, is the re-
sponse rate of the signal voltage.

The NETD model of spatio-temporal random noise
can represent the effect of spatio-temporal random noise
on the performance of the system.

NETD,,, = - 4
R,

where 0, is the spatio-temporal random noise voltage of
IRFPA.

Since spatio-temporal random noise mainly comes
from thermal noise and flicker noise, the following formu-
la is approximate :

U?‘m = 0-3 + 0'?// . (5)

where o, is the square root of the IRFPA's thermal noise
voltage, and o, is the square root of the IRFPA’s flicker
noise voltage.

The thermal noise equivalent temperature difference
of the IRFPA is defined asNETD,, and the flicker noise
equivalent temperature difference of the IRFPA is de-
fined asNETD ,, which is as follows:

g,

NETD, = . (6
=R (6)
T,
NETD,, = R—“’ . (D
,

According to Eqs. 4-7, the following formula is ob-
tained :

NETD,, = \/NETD] + NETD}, . (8)

2.2 Modeling of the relationship between pixel
structure parameters and spatio—temporal random
noise NETD

Figure 4 is a schematic diagram of a typical un-
cooled TRFPA signal conversion circuit. R, is the sensi-
tive pixel resistor of the uncooled IRFPA for imaging.
The external heat radiation energy irradiates up to R, to
change its temperature, which leads to the change in its
resistance value. R, is a blind pixel resistor which is in
direct contact with the chip substrate. Its temperature is
always equal to the chip substrate temperature and does
not change with the external thermal radiation, so its re-
sistance value does not change with the external thermal
radiation. In the design of an uncooled IRFPA two-di-
mensional array, pixels in every column share one R,.

According to Fig. 4, the expression of the output
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signal of IRFPA is:

R, R

a

C (9)

ini

LT Vie Vi \ T
Vo=V - 87 =V - (

int s

here, V,, is the reference voltage of the integrator;
. 1s the integration current; T, is the integration time;
C.. is the integration capacitance; V,, is the bias voltage
applied to R,; and V,_ is the bias voltage applied to R..

For the uncooled IRFPA under certain working con-
ditions, V., T,,, C,, Vi, V,, and R, are independent

of the external thermal radiation and can be considered

I

int

as constants. R is a variable that changes with external
thermal radiation, and causes the change of output signal
V,, soV, is a function of R..

0

SRd ROIC unit of every column
v Mx1

= Mpo

M

pixel - pixelpixe
pixel - pixel| pixe

Z | Sensor array
M i

pixe] Vi g

!

Fig. 4 Signal transfer and readout IC principle diagram of un-
cooled IRFPA
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The voltage response rate of the pixel R, can be ob-
tained by calculating the derivative of the output signal
voltage V, to the target temperature :

0

er:ﬁ )

t

(10)

where T, is the target temperature. The target temperature
T, causes the change of pixel temperature T, through ther-
mal radiation, the change of pixel temperature T causes
the change of pixel resistance value R, and finally the
change of pixel resistance value R, leads to the change in
pixel output voltage V,. Thus, in Eq. 10, the V -to-T, der-
ivation can be converted into a combination of V -to-R,
derivation, R -to-T derivation, and T -to-T, derivation:

0 - 8V, 8V, 8T,
" 8T, ST 8T,
SRX 1 VIJsTim 5T\ VbsTim 8Ts
= — = —q, , (11)
5T5 Rf Cim 5Tt Rscim 6Tr
h is the TCR of the pixel ( —15R’>
ere, o, 1s the of the pixel (a, = R 6T_\, .

The thermal noise of an TRFPA pixel is related to
the pixel temperature, pixel resistance, bandwidth, and
so on. It is expressed as "'

V,=\/4ky - T, - R, - Af , (12)

here, V, is thermal noise, k;, is the Boltzmann constant;
and Afis the bandwidth of the test system.
By Egs. 11-12, the thermal noise NETD), of the IR-

FPA pixel is:

V 4k, - T.-R - A RC, &
NETD,:7’=\/ ‘ / RCu,
R, -a, -V, T,

s int

T

- (13
5T (13)
The flicker noise of the IRFPA pixel is related to the pix-
el volume, the current flowing through the pixel, the
working frequency, and so on. It is expressed as *

v
/Kw‘[z'lnfzz/K.lnfz. "(14)

V”f f 1 v f . R, ’
here, Viis flicker noise; [ is the current flowing through
the pixel; K is the coefficient of flicker noise; v is the
pixel volume; and f; and f, are the lower cut-off frequen-
cy and the upper cut-off frequency of the measurement
frequency band, respectively.

By Eqs 11-14, the flicker noise NETD , of the IRF-
PA pixel can be obtained:

Viy 1 |K Ci oT,
L f.lné. . (15)
R, «; v fi T, o,

It can be noted that both Eq. 13 and Eq. 15 have
the derivation of the pixel temperature T, of the target

temperature T, and the relation between it and the pixel
parameters is "'

ST, 1+ 4F> 8T,

ST " Amn 8L, ’

s

NETD,, =

(16)

here, G, is the thermal conductance of the pixel; A is
the effective area of the pixel; m is the infrared absorp-
tion rate of the pixel; F, is the F number of optics; L, is
the radiance of the target, and the higher the target tem-
perature, the greater the value of L,.

Equation 16 is substituted into Eq. 13 and Eq. 15.
NETD, and NETD,, are obtained as follows:

1 /4, T -R - A RC

NETD, = - LI A
! as V[).\ Tinl "
1+ 4F 6T,
Amm 0L,
Gzh
=X, - 17
T (17)
NETD. . = E | Jg C.. c 1+4F? 6T,
U a0 AT A Bl
Glh
=X, — 18
Wy (18)

In the formulas, X, and X, are used to replace other
parameters independent of A and G,, and the simplified
formula can be obtained. Most of the parameters re-
placed by X, and X, are mainly related to pixel material
and working conditions, but have a weak relationship
with pixel structure (effective area and thermal conduc-
tance of the pixel). Individual parameters, such as pixel
volume v, are usually related to pixel effective area A,
but in order to simplify the analysis, the pixel volume
can be kept unchanged when the pixel effective area is
changed, such as reducing the pixel thickness while in-
creasing the pixel effective area, so that the pixel volume
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v is also independent of the pixel effective area A. is about 85%.
Equation 19 can be obtained by Egs. 8, 17-18: (2)Reduction of the thermal conductivity of the pix-
el leg

Gll
NETD,,, = 7’- JXI+ X7, . (19)

It can be seen that the spatio-temporal random noise
of the pixel NETD,,, is inversely proportional to the effec-
tive area A of the pixel and is proportional to the thermal
conductivity G,. As mentioned earlier, the parameters A
and G, are mainly determined by the MEMS structure of
the pixel, and the relationship between the pixel struc-
ture of uncooled IRFPA and the spatio-temporal random
noise can be studied from the two parameters.

3 Experimental verification of the rela-
tionship between pixel structure and spa-
tio-temporal random noise

According to the pixel structure and spatio-temporal
random noise model of uncooled IRFPA , a typical single-
layer uncooled IRFPA is selected to optimize the pixel
structure design, and a double-layer pixel structure un-
cooled IRFPA is developed. The spatio-temporal random
noise NETD,,;; of the two types of pixel structure are com-
pared to verify the validity of the theoretical model.

3.1 Optimization of uncooled IRFPA pixel struc-
ture

GWIR0202X1A is a single-layer uncooled IRFPA
product produced by Chinese North Guangwei Technolo-
gy Inc. , as shown in Fig. 5. The thermally sensitive ma-
terial of the detector is vanadium oxide, the array resolu-
tion is 384 X 288, and the pixel pitch is 25 pm.

Fig.5 Uncooled IRFPA GWIR0202X1A
K5 E#I¥ IRFPA GWIR0202X 1A

Based on GWIR0202X1A, we changed the pixel
structure to a double-layer structure, and the other de-
signs such as readout circuit, package and so on, re-
mained the same. The new double-layer structure un-
cooled IRFPA is called GWIR0202X1A (D). The im-
provement in performance caused by the change in pixel
structure is mainly as follows :

(1)Increase in the effective area of pixel

As mentioned above, the effective area and fill fac-
tor of the double-layer structure are larger than that of the
single-layer structure. According to the design, the effec-
tive area of GWIR0202X1A is about 450 pm’, and the
fill factor is about 72%. The effective area of
GWIR0202X1A (D) is about 531 pwm’, and the fill factor

The formula for calculating the thermal conductivity
of the pixel leg is as follows:

G,=2-

ARA,

I ,
here, A, is the thermal conductivity of the leg, A, is the
cross-sectional area of the leg, [ is the length of the leg,
and the coefficient 2 is because a pixel membrane is sup-
ported by two legs.

Without changing the material of the leg, a lower
thermal conductivity G, can be obtained by increasing
the leg length [, or decreasing the leg cross-sectional area
A,, but increasing the length or decreasing the cross-sec-
tional area of the leg decreases the mechanical strength of
the leg. Compared with GWIR0202X1A, GWIR0202
X1A (D) not only increases the leg length [ but also in-
creases the leg cross-sectional area A, while reducing
the [ /A, value, thus reducing the thermal conductivity G,
of the leg, and it maintains sufficient mechanical
strength. According to the design, the thermal conductiv-
ity of the double-layer structure leg can be reduced to
about 80% of that in the single-story structure.

(3)Comprehensive improvement

According to the spatio-temporal random noise mod-
el and the relationship between the two pixel structure pa-
rameters, the following results can be obtained :

NETD,,, A G! 450
M _ A S - 80% = 67.8%. (21)

NETD,, A G, 531

(20)

th

That is, the double-layer pixel structure NETDj,,
can be reduced to about 67. 8% of the single-layer pixel
structure NETD ;. This amplitude of the noise reduction
will significantly improve the performance of the IRFPA.
3.2 Experimental verification of the relationship
between pixel structure and spatio—temporal ran-
dom noise

Thirty pieces of single-layer GWIR0202X1A and
thirty pieces of double-layer GWIR0202X1A (D) were se-
lected for experimental verification. According to the
three-dimensional noise model, the NETD of each noise
component and the proportion of the noise components in
the total noise energy were obtained, and then calculate
the mean value of the samples.

The 3D noise components of single-layer and dou-
ble-layer IRFPA are shown in Table 2. The NETD,, of
GWIR0202X1A is 30.9 mK, accounting for 52. 3% of
the total noise energy, so it is the main noise component.
After the pixel structure was optimized to a double-layer
structure, the NETD/,,, of GWIR0202X1A (D) decreased
from 30.9mK to 21. 6 mK, which also decreased from
52.3% to 39. 2% of the total noise energy. According to
the spatio-temporal random noise test result, the ratio of
double-layer structure IRFPA to single-layer structure IR-
FPA is 21. 6/30. 9=69. 9%, which is very close to the
theoretical values of Eq. 21 (67.8%). Due to the inher-
ent deviation between process realization and theoretical
design, and the inherent difference in the growth of pixel



148 AN/ RSO S g o 39 &

Table 2 3D Noise test results of single—layer and two—layer uncooled IRFPA

®2 BRESHMNZELEHIEFC IRFPA K 3D IRE S ENIKER

3D noise component

Iy Ty Ty T vy Ty Ty Ty Tsvs

The mean of the NETD component/mK
Single-layer pixel

Percentage of noise component to total noise/(ﬂi/(r

5.0 15.5 4.9 30.9 3.4 7.2 22.8 42.7
1.3% 13.2% 1.3% 52.3% 0.6% 2.8% 28.5% 100%

The mean of the NETD component/mK
Double-layer pixel

. . 2
Percentage of noise component to total noise/ (o3 /o

3.5 14.6 4.3 21.6 3.2 5.8 20.9 34.5
1.0% 17.9% 1.5% 39.2% 0.9% 2.8% 36.7% 100%

resistors in different wafer lots, the experimental value
(66.9%) is almost consistent with the theoretical calcu-
lation value (67.8%). It is proven that the model in this
paper is reasonable.

Due to the reduction of the largest noise component
4y in uncooled IRFPA noise, the total NETD of IRFPA
decreases from 42.7 mK of the single-layer structure to
34. 5 mK of the double-layer structure, which effectively
improves the performance of the IRFPA. At the same
time, it is noted that with the decrease in the spatio-tem-
poral random noise component o, the proportion of the
spatial random noise component o, has also increased
from 28. 5% to 36. 7% in the double-layer structure IRF-
PA. The next step of the study will focus on the spatial
random noise component g, to explore ways to further
improve the uncooled IRFPA performance.

4 Conclusions

Microbolometer uncooled IRFPA is a widely used in-
frared focal plane detector. The main technical develop-
ment direction to improve the performance of the un-
cooled IRFPA is to reduce the noise of the detector. In
this paper, a single-layer structure and double-layer
structure for uncooled IRFPA pixel are introduced. The
effective area of the pixel, the thermal conductivity of the
leg and the influence of the largest spatio-temporal ran-
dom noise component in the three-dimensional noise
model are analyzed. The mathematical model of spatio-
temporal random noise of uncooled IRFPA is derived. It
is pointed out that the effective area of the pixel and the
thermal conductivity of the leg are two important parame-
ters in the model. The validity of the model is verified by
the experimental testing of single-layer and double-layer
uncooled IRFPA.

The uncooled TRFPA of the double-layer structure
effectively reduces the spatio-temporal random noise com-
ponent, which gradually approaches the level of the spa-
tial random noise component. To continue to reduce the
noise of uncooled IRFPA, it is necessary to explore the
factors of influence given by more noise components, and
carry out research on the theory, design and manufactur-
ing process.
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