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Abstract: A novel electrode structure for mesa-arrayed infrared detectors is proposed. A relayed electrode at the
bottom of the trench is realized by depositing the electrode twice separately. Comparing with the traditional extend-
ed electrode, the novel electrode structure is not only beneficial to simplify the electrode introducing at the bottom
of the trench out from the bottom to the top of the trench, but also capable of enlarging the top area on the mesa ar-
rays for other processes and enhancing the structural integration correspondingly. The height and morphology of the
relayed electrode were not changed after experiencing 200 W ultrasonic treatment for 5 mins. As shown in the
cross-sectional SEM pictures of the flip-chip bonded devices, the relayed electrode at the bottom of the trench con-
nected into a whole and reached the metallization pads on the other side. These results indicated that this new elec-

trode structure can be applied to the mesa-arrayed infrared detectors.
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HgCdTe-based photovoltaic detectors offer

Introduction

There are two materials for detectors that can sense
light over an unusually broad range of wavelengths from
infrared to microwave radiation. One is graphene''’ and
the other is mercury cadmium telluride ( HgCdTe) semi-
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tunable bandgap'®’ , fast response times, high sensitivity
and operating temperatures ' over other infrared detec-
tors. The second generation of HgCdTe-based infrared
detectors has been mature at the production level since
2001, According to the common understanding, the
third generation of infrared detector is expected to pro-
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vide advanced functionalities like more pixels, multicolor
or multiband capability, high frame rates and good ther-
mal resolution'®’. Besides the ion implantation process,
there are diffusion process and the mesa structure process
to form p-n junction of the HgCdTe-based infrared detec-
tors'”'. For the mesa structure, it is requisite to obtain
trenches with high aspect ratio which can effectively iso-
late the detector pixels'® as well as introduce the signal
at the bottom of the trenches'”’. The signal at the bottom
of the trench was traditionally introduced out from the
bottom of the trench to the top, the so-called extended e-
lectrode (seen in Fig 1). Since the format and perform-
ance requirements for the 3" generation of infrared detec-
tor are almost the same as the formers, the reduction of
the pixel pitch is necessary.

As the pixel pitch reduced dramatically from Xpwm
to X/npm (n >1), the extended electrode on the top of
the trench will be problematic even the pixel size scaled
down in the meantime. The first issue is that the distance
between the adjacent electrodes on the top of the trench
will be small. This is a huge challenge for mass produc-
tion as well as for flip-chip bonding. The aspect ratio of
the trenches needs to be further enhanced as the opening
of the trench might scale down simultaneously leading to
nearly vertical sidewalls of the trench. This makes passi-
vation the second question that should be concerned. The
reliability of the extended electrode, particularly the part
covering the sidewalls of the trench, is the third matter
that deserves investigation. Therefore, we illustrate a no-
vel electrode structure for mesa-arrayed infrared detec-
tors. The electrode at the bottom of the trench is intro-
duced directly from the bottom of the trench in this new
structure. By depositing the electrode at the bottom of the
trench twice, there is a relayed electrode at the bottom of
the trench. It is worth to mention that the height and
morphology of the relayed electrode at the bottom of the
trench barely decreases after 200W ultrasonic treatment
for 5Smins. The current-voltage (I-V) characteristic of
the mesa-arrayed detector using this new electrode struc-
ture proves the electrical function of the relayed electrode
at the bottom of the trench. And the cross-sectional pic-
ture after flip-chip bonding of the mesa-arrayed detector
proves that this new electrode structure can be indeed ap-
plied to the mesa-arrayed infrared detectors.
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Fig.1  Schematic diagram of the extended electrode for the
mesa-arrayed infrared detector
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1 Experiments

The detailed growth procedure of HgCdTe onto GaAs

substrate includes the following operation'"" ;

-chemical etching of GaAs substrate ;

-thermal treatment of GaAs surface in arsenic flux in
vacuum

-growth of CdZnTe buffer layer on an atomic clean
GaAs surface;

-growth of HgCdTe on the buffer layer.

The HgCdTe material is cleaned in the sequence of
chlorylene, ether, acetone and ethyl alcohol before u-
sing. The main fabrication steps include photolithogra-
phy, formation of trenches, metallization, two separately
times of electrode deposition, and flip-chip bonding. The
morphology of the relayed electrode at the bottom of the
trench was characterized by confocal scanning laser mi-
croscope and scanning electron microscopy (SEM). The
ultrasonic treatment was used to evaluate the rigidity of
the relayed electrode at the bottom of the trench. The I-V
measurement was carried out on a cryogenic probe station
to testify the electrical function of the relayed electrode at
the bottom of the trench.

2 Results and discussions

Figure 2 is the schematic flow chart of the new elec-
trode structure proposed in this article. It can be seen
that the top of the relayed electrode at the bottom of the
trench is equal to the opening of the trench in the first
deposition. Then a relayed electrode at the bottom of the
trench is obtained with adjustable height. Comparing
with just one deposition of the electrode at the bottom of
the trench, it requires less conformality of the photoresist
to cover nearly vertical sidewalls of the trench. Also, this
two-step deposition solves the dilemma of getting such a
tall electrode at the bottom of the trench with high aspect
ratio. The most important feature of this new electrode
structure is getting rid of metal deposition on the side-
walls of the trench. Comparing with the traditional ex-
tended electrode, this will make sure a good reliability of
the electrode at the bottom of the trench.
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Fig.2 Schematic flow chart of the new electrode structure for

the mesa-arrayed infrared detectors
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Figure 3 (a) and (b) are the confocal scanning la-
ser profiles of the trenches before and after the deposition
of relayed electrode. It is clear that the bottom of the
trench is filled after the electrode deposition and the re-
layed electrode is located in the middle of the bottom of
the trench. The cross-sectional SEM picture of the new
electrode structure is presented in Fig. 3 (c¢) in which
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t=16.1 um

t=16.7 um

Fig.3 (a) and (b) are the confocal scanning laser profiles of
the trenches before and after electrode deposition; (c¢) and (d)
are the cross-sectional SEM of the new electrode structure be-
fore and after ultrasonic treatment
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the heights of the two relayed electrodes at the bottom of
the trench are 16. 1 wm and 16. 7 pm, respectively.
They are indeed in the middle of the bottom of the
trench. The heights and morphologies of the relayed elec-
trode at the bottom of the trench barely change after
200W ultrasonic treatment for 5 mins, according to the
Fig. 3 (d). It is worth to mention that there is no inter-
face between the two deposition steps regardless of ultra-
sonic treatment, which is quite different from that of
Jiang’ s results'"’. Jiang and his co-workers have fabri-
cated double-stacked electrodes by electroplating, and
there is an obvious interface between the two separated e-
lectroplating steps. They did not give any details on the
successive electroplating steps, especially the information
about the interface. However, the interface could be a
potential problem on reliability. Imaging their double-
stacked electrode is located at the bottom of the trench,
and the protruding of the first-stacked electrode might
risk the trench filling with electrode material after flip-
chip bonding. Furthermore, they didn’ t mention the u-
niformity of the height of the double-stacked electrodes.
What’ s more, their double-stacked electrodes are made
on the “dummy wafer” instead of the infrared detectors.
Therefore, our relayed electrode at the bottom of the
trench is superior to that of Jiang’ s due to easy deposi-
tion, better morphology and uniformity. And our relayed
electrode at the bottom of the trench could be treated su-
perficially as a whole. This new electrode structure can
be sustainable to smaller pixel size as long as the aspect
ratio of the trench keeps.

The typical I-V characteristics of the mesa-arrayed
detector using the relayed electrode are shown in Fig. 4.
It is clear that both of the two I-V curves are smooth
without any abnormal and they are nearly identical.
These results testify the electrical function of the relayed
electrode at the bottom of the trench. The flip-chip bond-
ing was executed on a FC 150 commercialized device
bonder. The pressure was chosen to be two times larger
than the usual one in order to testify whether the relayed
electrode at the bottom of the trench is a unity or not.
The temperature was set to be at room temperature. After
flip-chip bonding, the underfill was carried out for the
sake of improving the contrast of the SEM picture. Later
on, the traditional metallographic specimen preparation is
done as in Ref [ 12 ]. Figure 5 is the cross-sectional
SEM of the flip-chip bonded mesa-arrayed detector using
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Fig.4 The typical I-V characteristics of the mesa-arrayed
detector using this new electrode structure
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Fig.5 The cross-sectional SEM of the flip-chip bonded me-
sa-arrayed detector using the new electrode structure
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the new electrode structure. It is clear that the size of the
relayed electrode decreases from left to right. This is easy
to explain since we cannot make sure that the cross-sec-
tional plane of the cutting is right in the middle of all the
electrodes. The first scenario might be like that the
cross-sectional plane is right in the middle of the first re-
layed electrode if counting from left, but it exceeds the
middle of the rest of the relayed electrodes. And the fur-
ther it is away from the first relayed electrode, the less its
size will be remained. The second scenario could be the
opposite that the cross-sectional plane is right in the mid-
dle of the fourth relayed electrode but the onset of the
first relayed electrode. In this case, most of the elec-
trodes lose during the polishing step of the metallographic
specimen preparation. Eventually, only the first elec-
trode shows right in its middle of the cross-sectional
plane but others less than half. Despite of various sizes of
the remained electrodes, the bonded electrodes are a-
ligned and the trench is not full of the relayed electrodes.
Also there is no transverse movement at the interface of
the two-step deposited relayed electrodes. Hence, we
can conclude that the relayed electrode at the bottom of
the trench is essentially a unit. And this new electrode
structure can be completely applied to the mesa-arrayed
infrared detectors.

3 Conclusion

In order to satisfy the trend of scaling down pixel
pitch of infrared detectors as well as overcome the draw-
backs of the extended electrode, a new electrode struc-
ture for the mesa-arrayed infrared detectors is proposed.
The electrode at the bottom of the trench is deposited
twice so that its height can exceed the top of the trench
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and fulfill the task of introducing the signal. The
heights of the two relayed electrodes at the bottom of
the trench are 16. 1 pm and 16.7 pm, respectively.
And their heights and morphologies barely change after
200W ultrasonic treatment for Smins. The relayed elec-
trode at the bottom of the trench can be regarded as a
unity since there is neither noticeable interface nor
transverse movement of the two relayed electrodes ac-
cording to the cross-sectional SEM picture of the flip-
chip bonded devices. This means the new electrode
structure can be totally applied to the HgCdTe-based
mesa-arrayed infrared detectors.
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