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Introduction 
 
Modern medium-wave infrared array 

photodetectors with high resolution and wide 
field of view use photodiode arrays made of InSb 
for detection of thermal objects [1]. Optical 
radiation incident on the antireflective surface of 
the photosensor array generates the photocurrent 
within array photosensors. Some photocarriers 
with long diffusion length can be collected in 
adjacent elements, thus increasing the 
photoelectric interconnection. As the element 
pitch decreases, photoelectric interconnection 
becomes a critical parameter. Additionally, the 
perimeter-to-area ratio grows inevitably, and the 
impact of surface leakage currents on the 
characteristics intensifies. To handle the 
interconnection issue, structures with thin 
photosensitive regions are used, which requires 
stronger array photosensors [2, 3, 4] and finding a 
compromise between interconnection magnitude 
and photodetector's response. The homogeneity 
of photoelectric characteristics of array’s 
elements (particularly of the large-size array) is 

directly determined by the complexity of array 
fabrication process.  

On the other hand, modern megapixel array 
photodetectors are based on a hybrid architecture, 
where the most complex and expensive 
component is the readout large-scale integrated 
(LSI) circuit, which requires lengthy 
development, design, testing, and debugging. 

For this reason, it is proposed to use test 
array structures of array photosensors featuring 
various topologies and hybridized with a large-
scale integrated circuit sized 12801024 with a 
12 µm pitch to derive the most valid data  
on dependence of photoelectric characteristics  
of array photosensors (interconnection, 
detectivity, photoresponse, etc.) on the elements 
pitch, photosensitive structure thickness, topology 
of the photosensitive area (mesa, planar,  
mesa-planar), and shape of the photosensitive 
areas (square, circle). To minimize the impact of 
the wide process spread caused by material 
inhomogeneities across the wafer area, the  
test structures are located within a single array, 
and photoelectric characteristics between 
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geometrically adjacent elements that differ  
in topology and pitch are compared  
(Fig. 1). Comparing photoelectric characteristics 
within a single array enables a more precise 
identification of "subtle" differences between the 
elements. 

Studying the photoelectric characteristics of 
an array photosensor hybridized with a megapixel 
readout LSI circuit also allows identifying 
specific functional features of the integrated 
circuit and, if necessary, adjusting the developed 
readout LSI. 
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Fig. 1. Layout of test structures on the array photosensor wafer made of InSb (mesa-planar version) 
 

Topoogy of test structures 
 
Figure 1 shows eight test array structures 

(Nos. 7, 10, 13, 16, 18, 19, 28, 29) featuring 
square and circular photosensitive area shapes 
with element pitches of 10, 12, 15, and 20 µm 
within a single array. Within the mesa-planar 
process route, it is possible to implement element 
ranges as strips along the array’s longer side 
(Fig. 2) for architectures that allow combining 
such versions and comparing their “subtle” 
features (Fig. 1, 2). Yellow and warm tones show 
planar versions of photosensitive elements, while 
light blue tones (Fig. 2, left) – structural variable-
area photodiode arrays for assessing  

the passivation quality of the photosensor arrays  
[5, 6]. 

The test array structures can be 
implemented along with fabrication of array 
photosensors sized 12801024 and having 12 µm 
pitch on indium antimonide wafers and epitaxial 
structures with diameters of 76.2 mm and 
100 mm. However, corner elements of test arrays 
can also be made using wafers of 50.8 mm in 
diameter, followed by hybridization of these 
corner elements onto a single readout LSI and 
thinning of the assembly. Thus, test structures do 
not limit the maximum production of suitable 
array photosensors within these diameters of 
wafers. 
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Fig. 2. Test structure versions of array photosensors within a single array: 1/2 of the array to the left – mesa (cold 
tones); 1/2 of the array to the right – planar (warm tones) 

 
 
Six main mask works are required for 

fabrication of array photosensors. The table 
contains minimum sizes provided by each mask 
work, considering the photosensor pitch. It is 
recommended to use the mask work for generation 
of windows simultaneously for creating scanning 
masks and chromium-nickel mirrors on the 
periphery of 100 mm diameter silicon wafers 

(Window+Si mask work). Scanning masks can be 
used to study the sensitivity distribution across 
the pixel area of the array photodetector [7, 8], 
while chromium-nickel mirrors can be utilized for 
dark current measurements to determine the 
passivation efficiency of large-size array 
photosensors [5, 6]. These test structures are 
marked in dark red in Figure 1. 

 
Table 

 

Minimum sizes pitch = 20 μm pitch = 15 μm pitch = 12 μm pitch = 10 μm 

1. Mesa mask work 1 μm 1 μm 1 μm 1 μm 

2. Planar mask work 2 μm 2 μm 2 μm 2 μm 

3. Window+Si mask 
work 

4 μm 4 μm 4 μm 3 μm 

4. CrNi mask work 7 μm 7 μm 7 μm 6 μm 

5. In mask work 7 μm 7 μm 7 μm 6 μm 

6. Groove mask work 5 μm 5 μm 5 μm 5 μm 
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The main topological feature of array 
photosensors is square or circular shape of 
elements (Fig. 3). When good sensitivity and 
maximum photoresponse are to be achieved, both 
square and circular photosensitive area shapes 
have their advantages due to the element pitch in 
the array structure. As the pitch decreases, the 
circular shape becomes more optimal due to the 
growing influence of the perimeter, especially in 
the planar version where the lateral part of the p–
n junction leads to the higher dark current 
compared to the mesa version. On the other hand, 
since elements are packed densely in the array, 
the circular shape gives rise to a significant area 
requiring surface passivation to reduce the 
surface recombination rate and increase the 
photoresponse. The selected series of pitches  
(10, 12, 15, and 20 µm) will allow identifying 
major trends in photoelectric parameters of array 
photosensors.  

Figure 3 shows corner fragments of 
combined top-layer topologies of readout LSI 
circuits sized 12801024 and featuring the 12 µm 
pitch, including 4 rows of common contacts and 
at least two unscanned rows serving as "guard 
rings" to suppress edge effects caused by lateral 
diffusion of minority charge carriers and 
topologies of array photosensors  for pitches of 
10 µm (a), 12 µm (b), 15 µm (c), and 20 µm (d) 
with square and circular shapes of photosensitive 
elements. It can be seen that periods consisting of 
6, 5, 4, and 3 array photosensors correspond to 
the pitches of 10, 12, 15, and 20 µm and are equal 
to the period of 5 LSI circuit elements with the 
12 µm pitch. Figure 3a shows the most optimal 
combination for square and circular areas of In 

micro-contacts sized 55 elements, within which 
the primary photoelectric parameters of array 
photodetectors for the 10 µm pitch can be 
obtained. Here, every sixth array photodetector 
shall be fabricated without In micro-contacts and 
be connected via CrNi traces to the common 
contact on the periphery, thus forming a grid of 
closed p–n junctions to prevent edge effects 
caused by lateral diffusion of minority charge 
carriers. To ensure the most optimal contact and 
avoid closing for the 15 µm pitch of array 
photosensors (Fig. 3c), a 1 µm offset from the 
mesa center diagonally towards the center of each 
element in the group of 44 array photosensors 
has been defined. Similarly, for the 20 µm pitch 
of array photosensors (Fig. 3d), a 2 µm offset 
from the mesa center away from the center of 
each edge element in the group of 33 array 
photosensors has been defined. 

The variable topological parameters of 
elements (square, circle, pitch) within a single 
array were implemented as strips along longer 
sides of chips to enable wedge-type thinning 
along these strips after hybridization with the 
readout LSI circuit for measuring the 
dependencies of photoelectric characteristics on 
thickness. These dependencies allow deriving 
such parameters as the volume diffusion length, 
identifying dark current generation mechanisms, 
and gaining the information about recombination 
at the interface of the epitaxial growth/substrate, 
etc. To ensure precise thickness measurement via 
interference in each element, element-based 
measurement of spectral characteristics is 
proposed [9]. 
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Fig. 3. Images of angular fragments of combined top-layer topologies of the readout LSI circuit 
sized 12801024 elements and featuring the 12 µm pitch (CrNi – , In – ) and topologies of 
array photosensors sized 15361228 elements and featuring the 10 µm pitch (a), 12801024 
elements and 12 µm pitch (b), 1024819 elements and 15 µm pitch (c), and 768614 elements 
and 20 µm pitch (d) for square (top) and circular (bottom) topologies 
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Wedge Test 
 
Study of the interconnection between 

photoelectric elements and detector 
photoresponse as a function of photosensitive 
region thickness is of particular significance.  
The photoelectric interconnection between 
elements is known to decrease as the 
photosensitive region thickness is reduced, but 
the reduction in photocarrier numbers leads to 
lower photoresponse and, consequently, reduced 
sensitivity of the photodetector. It is possible 
determine the optimal ration between thickness 
and interconnection of the elements by studying 
distribution of photosensors’ sensitivity across 

arrays thinned in the wedge-like manner using 
silicon scanning masks [7, 8].  The front side of 
the photosensor array featuring variable thickness 
and not provided without antireflection coating 
shall be pre-treated with argon ions to eliminate 
surface recombination [3, 4]. Figure 4 shows 
example images of an output signal of an 
epitaxial pattern with a 4-μm thick absorbing 
layer grown on a heavily doped indium 
antimonide substrate with orientation (100), with 
implanted p–n junctions sized 640512 and 
featuring the 15 μm pitch, before and after left-to-
right thinning in wedge-like manner from 0 to 
14 μm, without antireflection coating and after 
being treated with Ar+ ions. 

 
 

а) b) 

 
 
Fig. 4. Example of magnitude distribution of a 
array photodetector's output signal with a 4-μm 
thick absorbing layer grown on a heavily doped 
indium antimonide substrate with orientation (100), 
with implanted p–n junctions sized 640512 and 
featuring the 15 μm pitch: a) before thinning; 
b) after left-to-right thinning in wedge-like manner 
from 0 to 14 μm, without antireflection coating 
and after being treated with Ar+ ions under 
background illumination, and c) – without 
background illumination. 

c) 
 
 
Figure 4a shows magnitude distribution of 

an output signal of the epitaxial pattern before 
thinning under background illumination.  Bright 
areas correspond to p–n junction leakage, while 
dark areas correspond to recombination in the n-
region. After thinning in the wedge-like manner 
from the substrate side, the epitaxial growth 

interface can be clearly seen in the photoelectric 
image obtained in background mode (Fig. 4b), 
with thickness resolution of 20 nm limited by 
the 15 µm array pitch and the wedge angle.  Four 
interference bands can be distinctly seen in the 
left part of the image, these bands corresponding 
to the wedge-shaped epitaxial layer thickness 
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from 0 to 4 µm after thinning after at the array 
photodetector's absorption wavelength of 
3.65 µm and complete removal of the substrate.  
Dark areas remain in the right part of the image 
and correspond primarily to recombination at the 
substrate/epitaxial layer interface. Thus, we can 
observe a sharp substrate/epitaxial layer interface. 
Interestingly, some recombination areas extend 
through the epitaxial layer growth depth down to 
1 m. At the same time, most recombination 
areas cannot be observed in the grown epitaxial 
layer, that is defective areas occurring at the 
growth interface are “healed”. On the contrary, in 
the dark current image (Fig. 4b), not only the 
growth interface cannot be seen, but also the dark 
current does not depend on the epitaxial layer 
thickness. This indicates the predominance of the 
generation-recombination mechanism of dark 
current formation in the space charge area 
directly within the p–n junction over the diffusion 
mechanism of dark current generation in the 
epitaxial structure [10]. 
 

Conclusions 
 

InSb-based test array structures based have 
been developed for hybridization with readout 
LSI circuit sized 12801024 and featuring the 

12 µm pitch in order to study the topology of 
array photosensors of the array photodetector's 
primary photoelectric characteristics within a 
single large-size array.  

Some versions of test structures for array 
photosensors and topologies for silicon scanning 
masks with a universal pitch exceeding the 
diffusion length of minority charge carriers in 
InSb have been proposed for the purpose of 
measuring the interconnection. 

A structure for a mask work set has been 
developed that features the area distribution of 
array test structures to enable wedge-like thinning 
in order to produce ultra-thin structures with 
controlled thickness across the area for better 
strength and minimum interconnection. The 
feasibility of implementing the proposed test 
structures has been analyzed. 

The change in the output signal distribution 
characteristics was studied in the image after 
wedge-like thinning of an epitaxial sample grown 
on a heavily doped indium antimonide substrate 
(sized 640512, 15 µm pitch):  

–  defective areas (with enhanced 
recombination) formed at the growth interface 
were proved to be “healing” experimentally;  

–  the penetration depth of defective areas 
into the epitaxial layer was approximately 1 µm. 
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