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Abstract: The crosstalk of the small detection photosensitive elements test has always been the
difficulty of research on infrared focal plane arrays (IRFPAs). With the decrease in the element size in
the IRFPAs, the crosstalk of small detection photosensitive elements cannot be tested by the existing
small spot method. In this paper, a novel eye hole method to realize the crosstalk of the small element
IRFPAs test is proposed. The novel eye hole method is to make eye holes on the substrate. The
transmittance of the eye holes in the substrate is 100%, while the transmittance of the other component
in the substrate is 0. The substrate with the eye holes is fixed in front of small element IRFPAs to
achieve the crosstalk of the small elements test. The filters selected by 9 elements and 25 elements as
the eye hole unit are designed and prepared. The experimental results show that 25 elements are
selected as the eye hole unit for the IRFPAs with the element size of 25 um x 25 um. The eye holes
are formed tightly and repeatedly arranged. The crosstalk of the InSb IRFPAs with the element size of
25 um x 25 um by the novel eye hole method is 3.86%. The results are of great reference significance
for improving the test level of small element IRFPA.

Keywords: crosstalk; novel eye hole method; small element; IRFPA

1. Introduction

Infrared focal plane arrays (IRFPAs) have the advantages of high sensitivity, good en-
vironmental adaptability, and strong anti-interference. They are widely used by the military
and civilians as defense weapons and for infrared remote sensing and the meteorological
environment [1-9]. The small element IRFPAs have always been a research hotspot at both
home and abroad [10-13]. In order to improve the spatial resolution, large-scale IRFPAs
have been developed, but this brings the issues of the increased power consumption and
cost of the system. In order to reduce the power consumption and overall cost of the system,
the small element IRFPAs have been developed. With the decrease in the element size in
the IRFPAs, the crosstalk of small detection photosensitive elements cannot be tested by the
existing small spot method. The crosstalk of the small detection photosensitive elements
test has always been the difficulty of research on IRFPAs. However, the crosstalk is one
of the important indicators of IRFPAs [14-21]. The crosstalk of small element IRFPAs will
seriously affect the spatial resolution of the IRFPAs, and their spatial resolution directly
affects the imaging quality of the system. Therefore, in the infrared imaging system, the
crosstalk will reduce the clarity of the image, leading to cause the system performance
attenuation. The normally detection photosensitive element of the IRFPAs has a string
disturbance for its adjacent elements, which is called crosstalk. The main component of the
crosstalk is the horizontal diffusion of the photogenerated carrier between the detection
photosensitive element and its adjacent elements of IRFPAs. Therefore, the crosstalk be-
tween the detection photosensitive element and its adjacent elements in the small element
IRFPAs is unavoidable. At present, the crosstalk is tested by the small spot method to
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obtain response data and then determine the crosstalk between the detection photosensitive
element and its adjacent elements. However, there are two problems when the crosstalk of
the small element IRFPAs is tested by the existing small spot method.

One issue is that the size of the detection photosensitive element must be within the
test level to obtain the normal crosstalk. The crosstalk of the small element IRFPAs cannot
be tested by the existing small spot method when the element size has exceeded the test
level. The small spot method for crosstalk testing is mainly to bring the point blackbody
radiation through the small hole and converge into the measured detection photosensitive
element, and then evaluate its crosstalk to the adjacent elements. In the actual test, it is
found that when the diameter of the small hole is below 5 um, the small hole cannot be
imaged on the imaging diagram, and the debugging alignment of the element requires a
reference to the actual measurement image. Therefore, the diameter of the small hole needs
to be selected at 10 um. In this case, the light spot exceeds 25 pm, according to the existing
gathering optical system in the actual test. Therefore, the existing small spot method cannot
test the crosstalk of IRFPAs with the size of an element less than or equal to 25 um.

The other issue is that the small hole and the detection photosensitive element need
to be accurately aimed at during testing. The debugging is difficult and time-consuming.
Although the crosstalk of a small amount of extraction detection photosensitive elements
can replace the crosstalk of the level of the overall device, it is still necessary to test the
extraction detection photosensitive elements one by one, and the workload is also large.
In summary, the crosstalk of the small element IRFPAs cannot be tested by the existing
small spot method. The lack of the crosstalk detection method of the small element IRFPAs
seriously affects the application of infrared systems. In this paper, a novel eye hole method
to realize the crosstalk of the small element IRFPAs test through the response voltage of
the IRFPAs test is proposed. At the same time, the InSb IRFPAs with the element size of
50 um x 50 pm and 25 pm x 25 pm are designed and tested. The feasibility of the novel
eye hole method is verified though the comparison of the crosstalk test data for InSb IRFPAs
with the element size of 50 um x 50 um by the small spot method and the novel eye hole
method. Then, the crosstalk of the InSb IRFPAs with the element size of 25 um x 25 um
is tested by the novel eye hole method. The results are of great reference significance for
improving the test level of small element IRFPAs.

2. Analysis of a Novel Eye Hole Method and Small Element IRFPAs Application
2.1. Analysis of Eye Hole Units Design

The novel eye hole method is to make eye hole units on the substrate. Then, the
substrate with the eye hole units is fixed in front of IRFPAs to achieve the crosstalk of
the small element IRFPAs test. The design, preparation, and application of eye hole units
are analyzed.

(1) Design and analysis of a single eye hole unit

The easiest way to realize the crosstalk detection for small element IRFPAs is to test
the crosstalk of the single detection photosensitive element with a single eye hole unit.
This scheme is easy to implement, and there is no need to consider the crosstalk of the
surrounding detection photosensitive elements. The single eye hole unit is to make an eye
hole on the substrate. The transmittance of the eye hole in the substrate is 100%, while the
transmittance of the other component in the substrate is 0.

But the disadvantage of this method is that it can only test the crosstalk of a single
detection photosensitive element each time. In order to obtain the crosstalk of multiple
detection photosensitive elements, it is necessary to make multiple substrates of the single
eye hole unit and conduct multiple alignment tests. The contrastability of the test data
decreases with multiple clamping treatments of the IRFPAs. The method not only cannot
guarantee the accuracy of the test data, but also needs to make multiple substrates of the
single eye hole unit with different locations, so as to test multiple crosstalk data for analysis
and processing and to exclude the effects of abnormal data.
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The optimized crosstalk detection method for small element IRFPAs is to closely
arrange the graphics of the single eye hole unit or arrange it as needed. This method is also
easy to implement. It is conducive to subsequent data processing analysis, and accurate
crosstalk test results can be obtained because the crosstalk of each eye hole unit is obtained
under the same test condition. However, this method needs to consider the number of
detection photosensitive elements contained in the graphic of the eye hole unit. It needs
to be designed to eliminate the string of the measured eye hole to the adjacent eye hole to
ensure the accuracy and effectiveness of the crosstalk. Therefore, the crosstalk of a single
eye hole unit test is analyzed. The smallest eye hole unit is determined according to the
test results.

The central opening has full transmittance (the transmittance is close to 100%) and the
surrounding full cutoff (the transmittance is 0). Under normal circumstances, the response
voltage of the single eye hole is normal when it is fully penetrated at the central opening,
and 0 when it is fully cut off at the surrounding area. It not only avoids interference from
other eye holes, but also allows for clear and accurate test results. In Figure 1, the black
represents the full cutoff, and the white represents the full transmission.

Figure 1. The eye hole unit with 9 elements.

(2) Design and analysis of eye hole units for experiments

The eye hole units for experiments can be tightly arranged or arranged according to
the need. The crosstalk of the eye hole unit graphic obtained by the novel eye hole method
is obtained under the same test condition. It can not only solve the need to make multiple
substrates with the single eye hole unit to align the test to obtain multiple crosstalk data,
but also acquire multiple crosstalk test results at the same time, increasing the accuracy and
comparability of the data.

There are two options for the eye hole unit. One is to select 9 detection elements in the
box as the eye hole unit, as shown in Figure 1. The other is to select 25 detection elements in
the box as the eye hole unit, as shown in Figure 2. Regardless of which method is selected,
it is necessary to ensure that the crosstalk between the adjacent eye hole units and the
tested eye hole unit is close to zero. It is conducive to obtaining the experimental data of
9 detection elements and 25 detection elements as the eye hole unit at the same time, and
then obtaining the optimal eye hole unit for a lithography pattern through results analysis.

Figure 2. The eye hole unit with 25 elements.

2.2. Eye Hole Units Preparing

In the design scheme, the transmittance full cutoff can be achieved by adopting a
black opaque coating, or by using the growth gold film blocking radiation. Considering the
controllability of the eye hole size and the feasibility of the operation, and the subsequent
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eye hole units’ preparation, the latter’s preparation method is selected here. For the fully
transparent eye hole, it is only necessary to consider choosing substrate materials with
a high infrared transmittance rate, so that the transmittance of the eye hole is close to
100%. The preparation of substrates with eye hole units can be corroded or stripped.
The preparation process includes the following: the selection and pre-processing of the
substrate, the growth of gold film, and the preparation of eye hole units. Quartz glass is
used as the substrate and cleaned using a standard method. In order to ensure the high pass
rate of the quartz glass within the range of (3.7 ym~4.8 pm), the quartz glass is polished to
less than 150 pm. The deadline of the quartz glass is extended to 4.8 um. The gold film on
the surface of the substrate is grown using ultra-vacuum magnetic sputtering equipment,
with a thickness of 0.1 um.

2.3. Method Application

The experimental sample InSb arrays are first processed as follows: an n-type InSb
substrate is used, a P-type layer is obtained through the diffusion Cd, and a surface with
mesa is obtained by photolithography and etching. After the passivation of the mesa, a
chrome gold layer is evaporated and then electrodes are obtained through photolithography
and corrosion processes. The InSb arrays with 50 um x 50 pm and 25 pm X 25 pm are
designed and prepared. After the chips are prepared, the developed InSb arrays and the
readout circuit arrays are photolithographed with indium column windows and evaporated
with indium film at the same time. The indium column arrays are obtained through a
stripping process, and then connected through flip-chip bonding. The flip-chip bonding
devices are assembled and encapsulated after bottom filling, thinning polishing, and the
vapor deposition of anti-reflection film. The InSb IRFPA is shown in Figure 3.

Figure 3. The image of InSb IRFPA.

The small light point method and the novel eye hole method are used to test the
crosstalk of InSb IRFPA with the element size of 50 um x 50 um in the same coordinate
point detection photosensitive element, respectively. Then, the novel eye hole method is
used to test the crosstalk of InSb IRFPAs with the element size of 25 um x 25 pm. According
to the above methods, two substrates with eye hole units are designed and prepared.

The prepared substrates with eye hole units are installed in front of the IRFPAs. Each
eye hole unit is aligned with each photosensitive element of the IRFPAs. The schematic
diagram of the alignment structure is shown in Figure 4. The IRFPAs with the eye hole unit
are subsequently tested by the IRFPAs test system. The obtained test data of the response
voltage are converted into the test data of the crosstalk, and the crosstalk of small element
IRFPAs is analyzed.
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Figure 4. Element alignment configuration.

3. Result and Discussion
3.1. Verification of the Novel Eye Hole Method

In order to verify the feasibility of the novel eye hole method, the crosstalk of InSb
IRFPAs with the size of 50 pm x 50 pm is tested in the small spot method and the novel eye
hole method, respectively. The working temperature of InSb IRFPAs is 77 K. The crosstalk
test conditions for InSb IRFPAs with the size of 50 um x 50 um by the small spot method
are as follows: point blackbody is used. The room temperature is 300 K. The working
temperature of the point blackbody is 1000 K. The working wave band is 3~5 pm. The
diameter of the hole of the diaphragm is 10 pm. The distance between the hole of the
diaphragm and photosensitive detector is 30 um. The crosstalk test conditions for InSb
IRFPAs with the size of 25 um X 25 pm by the novel eye hole method are as follows: surface
blackbody is used. The room temperature is 300 K. The working temperature of the surface
blackbody is 305 K. A comparison of the crosstalk test conditions for InSb IRFPAs with the
size of 50 pm X 50 pm by the small spot method and the novel eye hole method is shown
in Table 1.

Table 1. Comparison of the crosstalk test conditions for InSb IRFPAs with the size of 50 um x 50 pm
by the small spot method and the novel eye hole method.

Test Conditions/Method Small Spot Method Novel Eye Hole Method
Type of blackbody Point blackbody Surface blackbody
Room temperature 300 K 300K
Working temperature 1000 K 305K
Working wave band 3~5 um 3~5 um
Diameter of the hole of the diaphragm 10 mm /

Distance between the hole of the diaphragm and
photosensitive detector

30 cm /

Size of the photosensitive element 50 pm x 50 um 50 pm x 50 um

Under the above test conditions, the crosstalk test of InSb IRFPAs with the size of
50 um x 50 pum is completed and the test results are shown in Table 2. From Table 2, it can
be seen that, according to the conventional small spot method, the crosstalk mainly refers
to the average value of the crosstalk between the measured photosensitive element and its
adjacent elements. The schematic diagram of the crosstalk test is shown in Figure 5. When
the small light dot light source is incident in the center of the photosensitive element in the
i-th line and j-th column, the signal Vs(i, j) of the photosensitive element is measured, and
the signals Vs(i £ 1, j) and Vs(i, j £ 1) of the four adjacent elements which are above, below,
left, and right of the photosensitive element are also measured at the same time. Then, the
crosstalk between the four adjacent elements and the photosensitive element is calculated
by the following formula:

CT(i+1,j) = W x 100% (1)
c1(i,j+1) = EUTED 000, )

Vs (i, )
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The average crosstalk between the four adjacent elements and the photosensitive
element is

CT(i,j) = ICT(+1,j) + CT(i ~1,) + CT(i,j + 1) + CT(i,j ~ 1) )

Infrared incident light

[

(ij-1) v (ij+1)

/Y

Figure 5. The schematic diagram of the crosstalk test.

Table 2. Parameters of the crosstalk of coordinate point (94, 85) in the IRFPA by the small spot method.

Parameter Crosstalk of Coordinate Point (94, 85)/%
0.12 0.09 0.11 0.16 0.08
0.16 0.57 3.11 0.71 0.09
Test data 0.02 3.15 100.00 3.11 0.19
0.12 0.51 3.06 0.56 0.09
0.09 0.11 0.14 0.19 0.11

According to Formula (3), the crosstalk at the coordinate point here is the average
of the sum of the crosstalk among the upper, lower, left, and right detection elements.
According to the calculation of the test data in Table 2, the crosstalk at coordinate point
(94, 85) of a certain photosensitive element is 3.11%. Table 3 shows the experimental data
of the response voltage of the eye hole point (94, 85) tested by the novel eye hole method.
According to the crosstalk Formulas (1) and (2), corresponding to the experimental data of
the response voltage in Table 3, the experimental data in Table 4 are the crosstalk data of
the eye hole unit at the corresponding detection photosensitive element coordinate points
(94, 85).

Table 3. Response voltage of the eye hole point (94, 85) in the IRFPA by the novel eye hole method.

Parameter Response Voltage of the Eye Hole Point (94, 85)/V
0.0019 0.0012 0.0004 0.0006 0.0017
0.0008 0.0094 0.0606 0.0096 0.0004
Test data 0.0006 0.0671 1.9572 0.0501 0.0009
0.0010 0.0080 0.0509 0.0090 0.0004
0.0019 0.0016 0.0002 0.0010 0.0008

From Table 4, it can be seen that after using the novel eye hole method, the crosstalk
of the IRFPAs can be obtained significantly. According to the Formula (3), the crosstalk
of a single eye hole point which can be calculated from the test data in Table 3 is 2.98%.



Photonics 2024, 11, 77

7 of 9

From Tables 2 and 4, it can be seen that, after actual testing, the crosstalk of the InSb IRFPAs
with the element size of 50 pm X 50 pm is basically same under the small light dot method
and the novel eye hole method. It fully verifies the feasibility of using the novel eye hole
method for the crosstalk test of IRFPAs.

Table 4. Crosstalk of the eye hole point (94, 85) in IRFPA by the novel eye hole method.

Parameter Crosstalk of the Eye Hole Point (94, 85)/%
0.10 0.06 0.02 0.03 0.09
0.04 0.48 3.31 0.49 0.02
Test data 0.03 3.43 100.00 2.56 0.05
0.05 0.41 2.60 0.46 0.02
0.10 0.08 0.01 0.05 0.04

3.2. The Novel Eye Hole Method for the Crosstalk Test of Small Element IRFPAs

The crosstalk of InSb IRFPAs with the element size of 25 pm x 25 um is tested by the
IRFPAs test system. Table 5 shows the experimental data of the response voltage of the
eye hole units at the randomly selected eye hole point (313, 249) in the InSb IRFPAs with
the element size of 25 pm x 25 um tested by the eye hole method. Corresponding to the
experimental data of the response voltage in Table 5, the experimental data of the crosstalk
of the eye hole point (313, 249) in the InSb IRFPAs with the element size of 25 um x 25 pm
is shown in Table 6. From Table 6, it can be seen that, after using the novel eye hole method,
the crosstalk of the InSb IRFPAs with 25 um x 25 um can be obtained significantly. The
crosstalk of a single eye hole point in the InSb IRFPAs with 25 pm x 25 pm, which can be
calculated from the test data of the response voltage in Table 6, is 3.86%.

Table 5. Response voltage of eyelet point (313, 249) in the IRFPAs with the size of 25 um x 25 pm by
the novel eye hole point method.

Parameter Response Voltage of Eye Hole Point (313, 249)/V
0.0001 0.0002 0.0003 0.0001 0.0006 0.0006 0.0000
0.0000 0.0011 0.0047 0.0074 0.0075 0.0022 0.0004
0.0004 0.0040 0.0275 0.0486 0.0286 0.0020 0.0001
Test data 0.0007 0.0064 0.0458 1.1849 0.0451 0.0108 0.0008
0.0004 0.0065 0.0276 0.0433 0.0262 0.0022 0.0004
0.0004 0.0029 0.0100 0.0110 0.0093 0.0029 0.0004
0.0001 0.0003 0.0003 0.0003 0.0006 0.0006 0.0003
Table 6. Crosstalk of eye hole point (313, 249) in the IRFPAs with the size of 25 um x 25 um by the
novel eye hole method.
Parameter Crosstalk of Eye Hole Point (313, 249)/%
0.01 0.02 0.02 0.01 0.05 0.05 0.00
0.00 0.11 0.40 0.62 0.63 0.19 0.03
0.04 0.34 2.32 4.10 2.41 0.17 0.01
Test data 0.06 0.54 3.87 100.00 3.81 0.91 0.07
0.04 0.55 2.33 3.66 221 0.19 0.03
0.03 0.25 0.83 0.93 0.78 0.25 0.03
0.01 0.02 0.02 0.02 0.05 0.05 0.02
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From Table 6, it can also be seen that the crosstalk values of the upper, lower, left,
and right elements in the inner frame are basically close, and compared with other values,
they are obviously very large. It shows that the eye hole unit mainly affects the detection
photosensitive elements in the inner frame. The crosstalk of the photosensitive elements
outside of the outer frame is basically 0. It shows that the impact of the eye hole element on
the detection photosensitive elements outside of the outer frame is almost 0. The maximum
test data value of the crosstalk between the inner frame and the outer frame can reach
0.93%, which is about 23% compared to the maximum value of 4.1% in the inner frame. It
shows that the detection photosensitive element has an impact on the detection elements
between the inner frame and outer frame, and it cannot be ignored. Further analysis of the
test results shows that the crosstalk of IRFPAs can be obtained, although the 9 detection
elements in the inner frame serve as the eye hole unit. But the test data are still affected by
the adjacent eye hole unit. The impact of each adjacent eye hole unit is almost 0 when the
25 detection elements in the outer frame, as shown in the figure, are taken as the eye hole
unit. Therefore, it is necessary to select 25 detection elements, as shown in the figure as the
eye hole unit.

4. Conclusions

With the decrease in the element size of IRFPAs, the crosstalk of small elements cannot
be tested by the existing small spot method. In response to the problem, the novel eye hole
method to realize the crosstalk of small element IRFPAs test is proposed. The experimental
results show that the crosstalk of the InSb IRFPAs with the element size of 50 pm x 50 um
is basically the same under the small light dot method and the novel eye hole method.
The 25 detection elements are selected as the eye hole unit when the crosstalk of the InSb
IRFPAs with the element size of 25 um x 25 pum is tested by the novel eye hole method. The
crosstalk, which can be calculated from the test data of the response voltage, is 3.86%. The
crosstalk of the small element IRFPAs can be obtained significantly by the novel eye hole
method. It improves the crosstalk evaluation method for small element IRFPAs, provides a
basis for the improvement of the comprehensive performance of small element IRFPAs,
and promotes the application requirements of infrared systems.
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