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Abstract: The chemical imaging sensor is capable of visualizing the ion distribution. The spatial
resolution of the chemical image depends on the horizontal diffusion of photocarriers generated by
illumination. In this study; a novel optics is designed to realize a hybrid illumination of a ring of
constant light and a spot of modulated light. Improved spatial resolution of the order of few tens of
microns was successfully demonstrated.
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1. Introduction

The chemical imaging sensor [1] is able to visualize the distribution of chemical species by
utilizing the principle of a light-addressable potentiometric sensor (LAPS) [2]. As shown in Figure 1a,
it has a simple structure consisting of electrolyte—insulator —semiconductor and the amplitude of
the photocurrent is recorded during scanning of the sensor plate by a modulated light. Although the
chemical imaging sensor can be a powerful tool in analytical chemistry, the problem of relatively low
spatial resolution still remains. In the measurement of the chemical imaging sensor, the spatial
resolution depends on the horizontal diffusion of photocarriers (Figure 1b).

To overcome the problem, several approaches using thinner silicon substrate have been reported:
thinning the wafer by chemical etching [3], using thin-film silicon such as silicon-on-insulator, silicon-
on-sapphire [4,5], or amorphous silicon [6]. The improved resolutions of the order of a few microns
have been reported in those studies, however, a thinner substrate becomes either mechanically fragile
or expensive. Another approach to enhance the spatial resolution is to use a semiconductor material
with a shorter diffusion length of minority carriers such as GaAs [7].

In our previous study [8], we demonstrated the enhancement of spatial resolution by a hybrid
illumination of a constant light and a modulated light. The additional constant light surrounding the
modulated light suppresses the diffusion of photocarriers (Figure 1c), and the spatial resolution can
be improved. In the previous study, however, the hybrid illumination was realized by bundled-fibers,
which could not precisely define the area of illumination. In this study, we developed a novel optical
system for hybrid illumination based on a binocular tube head.
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Figure 1. (a) Schematic view of chemical imaging sensor scanned by a modulated light beam. Carrier
diffusion in cases of (b) conventional illumination and (c) hybrid illumination proposed in this study,
respectively.

2. Materials and Methods

Sensor substrates were intrinsically the same as those used in our previous reports [9,10]. The
surface of an n-type silicon wafer (1-10 ohm-cm, t =200 um) was insulated by a thermal oxide (S5iOz)
layer, then a layer of 50 nm silicon nitride (SisN4) was deposited by LP-CVD as a sensing layer.
Backside of the wafer was mechanically polished, then stripe-shaped gold electrodes were deposited
as ohmic contacts.

Figure 2a shows the illumination system newly designed in this study. The optical system is
schematically depicted in Figure 2b. Light beams from two laser diodes (A = 832 nm, DPS-3001,
NEOARK Corp., Japan), one modulated and one constant, go through x10 beam expanders (LBE-10L,
SIGMAKOKI Co. Ltd., Japan). They go through circular and ring-shaped apertures, respectively, and
are mixed in a binocular tube (CH3-B145, Olympus Corp., Japan). The synthesized beam is focused
onto the backside of sensor by an objective lens (ULWD MIRPIlan50, Olympus Corp., Japan). Those
optics were mounted on an X-Y stage (ALD-115-E1P, Chuo Precision Industrial Co. Ltd., Japan). The
scanning of the sensor and the acquisition of the photocurrent were controlled by a homemade
measurement software written in LabVIEW® (National Instruments Corp., USA).
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Figure 2. (a) Implementation of the measurement system in this study, and (b) schematic
configuration of optics.

To optimize the hybrid illumination, the gap between the modulated light and the ring-shaped
constant light needs to be adjusted. In addition, the modulated light must be focused onto the
backside of the sensor. The focal point of the constant light was displaced from that of the modulated
light so that a ring-shaped illumination surrounded the focused modulated light as shown in Figure 3a.
Figure 3b shows an example pattern of hybrid illumination. The beam of the modulated light was
focused at the center, surrounded by the constant light with a certain gap between them.
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Figure 3. (a) Displacement between focal points of modulated light and constant light; and (b) an
example of hybrid illumination.

3. Results

According to the experimental result, the photocurrent decreased as increasing of the intensity
of the constant light was increased (data not shown), which suggested enhanced recombination due
to photocarriers excited by the constant illumination.

The spatial resolution of the measurement was evaluated from photocurrent profiles across the
edge of a photo-resist pattern deposited on the sensor surface. It was found that the spatial resolution
depends on the intensity of the constant light and that of the modulated light. On the other hand,
when the intensity of the constant light became excessive, the S/N ratio of the sensor signal was
decreased. The optimized combination of the intensity of the modulated light and that of the constant
light in this system was 0.002 mW and 0.7 mW, respectively.

In addition, it was also found that the spatial resolution could be enhanced as the inner diameter
of the constant illumination was narrowed. Figure 4 shows the profile of the photocurrent
corresponding to the photo-resist pattern (four striped pattern with a width and space of 100 pum).
Under the conventional illumination, the striped pattern could not be recognized. On the other hand,
after the optimization of the inner diameter of the ring and the intensities of the two beams, the stripe
pattern could be clearly distinguished under the novel hybrid illumination. A spatial resolution of
about 80 um was achieved with the hybrid illumination, which was 40 pm better than that achieved
with the conventional illumination. It was clearly demonstrated that the hybrid illumination
proposed in this study could enhance the spatial resolution of the order of few tens of microns by
effectively restraining the diffusion of photocarriers.
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Figure 4. Photocurrent profile across the striped photo-resist pattern with a width of 100 pm.
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