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1. Introduction

High-speed imaging is demanded in the consumer
market as well as in the experimentally observation in var-
ious research fields. Theoretical limitation of 11.1 ps was
suggested for Si photodiode[1]. Toward the goal, some
charge collection structures were proposed such as p-well
that was already realized and used for recording
light-flight[1] and guide-pipe that is reported to be the
highest speed of 49.0 ps in the simulation[2]. However,
pyramid structure is a good candidate that can accomplish a
temporal resolution and light-collection ratio at the same
time. Additionally, germanium (Ge) is suitable material for
achieving higher temporal resolution, for example 10.1 ps
for NIR light[3].

In this paper, we propose fabrication method of the Si
concave pyramid structures with SiO, film on the sidewalls
without SiO, patterning process.

2. Ge in Si concave pyramid structure

Charge collection structure we use is concave pyramid as
shown in Figure 1. The pyramid charge collector is the
most promising method to effectively suppress the hori-
zontal motion of generated electrons, which achieves the
temporal resolution of 100 ps with the 100% aperture ratio.
The penetration depth of light to Ge is 1/50 to 1/90 of that
to Si and the saturation drift velocity in Ge is about 2/3 of
that in Si. Therefore, it is expected that the temporal resolu-
tion limit of the Ge PD is less than 1/30 of the theoretical
limit of the Si PD. Therefore, our target is Ge-filled con-
cave-pyramid structure as a charge collection layer.

3. Fabrication method and results

To fabricate the concave pyramid structure, an oxide film
mask with a square shape of 10 ym was formed on a silicon
wafer and etched with a 20 wt% TMAH solution. The
etching temperature was 80 °C, and etching was performed
from 100 sec to 113 sec to etch 0.5 ym depth.

Then we developed a new method to form the oxide film
on the sidewalls without a second lithography step, which
requires precise alignment. The oxide film is thermally
oxidized followed by RIE etching to achieve the sidewall

A 4

Fig.1 Concave-pyramid Ge-photodiode structure
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Fig.3 SEM image of concave pyramid structure with SiO,
film on inclined (111) wall.

oxide film without a second photolithography.

Using the difference in oxide film thickness between
(100) and (111) due to thermal oxidation as shown Fig. 2(a),
SiO; on (111) plane is thick at appropriate oxidation times.
In addition, etching depth depends on the angle between the
etching source flux and the substrate. Figure 2(b) shows the
etching depth of (100) and (111), which has lower etching
rate due to the crystallographic angle of 54.7°.

Figure 3 shows a cross-sectional SEM image and EDS of
the fabricated structure. EDS mapping shows the distribu-
tion of oxygen on the sidewall It was confirmed that SiO,
film was left on the inclined wall.

5. Conclusions

We successfully fabricated pyramid structure with SiO,
sidewalls with efficient fabrication method. The next step
will be to epitaxially growth Ge inside the structure.
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Organic-inorganic perovskite solar cells (PSCs) have emerged as exciting prospects for renewable energy
technology because of their high performance and low fabrication cost. An essential component of these
highly efficient solar cells is the electron transport layer (ETL), which ensures selective electron contact
and reduces recombination phenomena to improve device performance. Zinc oxide (ZnO) is highly
regarded as a promising ETL in solar cells because of its exceptional transparency, superior electron
mobility, advantageous energy level, and versatile structural properties (Figure 1).22 However, the
application of ZnO is currently restricted due to the adverse reverse decomposition reaction at
ZnO/perovskite interfaces. The presence of surface hydroxyl groups accelerates the decomposition
process.® This reaction greatly diminishes the efficiency of charge collection and stability of PSCs. Here we
introduced a simple yet effective technique for passivating the ZnO surface using a chelating agent
(polydentate ligand). The integration of the chelating agent resulted in the formation of Zinc-Polydentate
ligand complex on the ZnO surface. This metal complex served as a self-assembled monolayer (SAM) and
effectively passivated the ZnO surface. The utilization of chelation-processed to passivated ZnO results in
the fabrication of thermally stable perovskite film with enhanced crystallinity and increased grain size
(Figure 2). Consequently, the performance of the ZnO as ETL based PSC experienced a significant
improvement in power conversion efficiency up to 17%.

Ag  Ag ' Ag

Spiro-OMeTAD
Perovskite

Glass

Figure 2: SEM images of perovskite film on (a) ZnO and
Figure 1: Schematic diagram of PSC (b) ZnO/SAM. The inset images of panels (a) and (b) show the
optical images of perovskite films on ZnO and ZnO/SAM films.
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Low temperature operation of GalnP solar cells for underwater optical wireless power transmission
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Fig.2. Temperature Dependence of GalnP Solar Cell Characteristics
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of CIGS solar cells for OWPT
FREIEKRE!, HAERE? OM)TE &M, B B, £k f§ "', W B,
e BB, M Bk, EA 2, i B DA A AR EBR, AE B!
Chiba Institute of Technology. !, Idemitsu Kosan Co., Ltd. 2, °(M1) Moeka Chiba !, Shuntaro Fujii !,
Kyosuke Sato !, Riku Maeno !, Shunsuke Shibui !, Hironori Komaki 2, Hiroshi Tomita 2,
Hiroaki Nakamura 2, Yusuke Oda 2, Takato Ishiuchi 2, Shiro Uchida !
E-mail: s20A3084MY @s.chibakoudai.jp
1. ER
BB IR ORI, A~ — F T 4 LR EDT A 2D BERGEFERA 2S5 R LT
WL T L =W EZIT A X% W 5Ot HE#R 45 ¥ (Optical Wireless Power Transmission;
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1208 nm : 200 mW CIGS solar cell

% 635nm T 500 mW, 1208 nm TiE 200 mW |Z[E E Z:::E;]rlztrm
L KGEMDO R KR IET] P ZHRIET A2 & T,
%%@?ﬁ%ﬁ npv:Pout/Pin %%t’j L/7LCO

Fig.1. Experimental configuration
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Improvement of power generation by beam scanning of PV panel
in optical wireless power transmission
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Fig. 1 (a) Schematic of PV scanning optics. (b), (c) I-V curves and P-V curves with single cell and scanned
panel (three cells are connected in one series). Blue line: I-V curve, red line: P-V curve.
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