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Introduction
Over the past several decades, a considerable number of

studies have been made for the identification and the quan-
titative analysis of biomolecules for the diagnosis, and
evaluation of complex diseases, such as cancer [1]. Rapid
and early diagnosis is demanded for the aging society [2] to
providing better quality of life as well as to minimize the
healthcare expenses [3].The sensing mechanism of the (a) (b)

photonic crystal (PhC) is that the effective refractive index  Fig. 1 (a) Schematic of proposed device and (b) scaning
of the sensing area is changed by the activation of target  electron microscopic image. PSA

biomaterials. Proposed biosensors have been used to detect Antibody (IgG2a)
prostate specific antigen (PSA) that is responsible for pros- PhC-hole  Receptor Si-ta } %RrO-G
tate cancer. The schematic of proposed device is shown in \’GV ggg/ ° § Si-tag

Fig. 1(a).

Fabrication process ) @ ) ®) ) ) © o
Silicon on insulator (SOI) wafer was used to fabricated Fig. 2. Role of S_|-taga)(a) without Si-tag (b) with Si-tag and
the proposed sensor device [4].The SOI substrate has a top (c) role of Porgtem G
silicon layer of thic_kness _300 nmon a 1.1 pm buried oxide  SiTagtProG g ng/r}qufglhg/m
layer. A 110 nm thick oxide layer was thermally grown as 04 F 0.3 ngimL \
an intermediate layer of pattern transfer. An electron beam @) g 03 ooz ng/mL 3?3(
(EB) sensitive photoresist, ZEP-520A was spin coated onto 5 L N 0.1ng/mL
the oxide layer. An electron beam lithography system was g 02rf

used to define high resolution patterns on the resist. The o1 L
patterns were then developed by xylene and isopropyl al-
cohol. In order to transfer this pattern into the Si layer we
used reactive-ion etching (RIE) and inductively coupled
plasma (ICP) using CF, and Cl, gas respectively. In a final 0.50
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step, wet etching by diluted hydrofluoric acid (HF) was E, 0.40 k

used to remove SiO, mask. SEM image of the fabricated =

device is shown in Fig. 1(b). b & OF
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The antigen-antibody reaction method is shown in Fig. o Admmax — 046
2. In Fig. 2(a), the receptors are randomly oriented. We g 0.10 K —3x1010

used very special method S-tag that helps to bind protein G 0

onto the sensor surface by aligning the one direction. To 10 10 10 10° 108
detecting a very small of biomarker in human blood are PSA concentration C (g/mL)

very important for early diagnosis of severe diseases. The
experimental results are shown in Fig. 3(a). We succeeded
in sensing the antibody—antigen reaction using photonic
crystal double nanocavity resonator sensor employing PSA
marker as an example target. By optimizing the immobili- ~ References _

zation of the target biomarker, we detected the PSA con-  [1] C- Sander etal., Science 287 (2000) 1977.
centration as low as 0.01 ng/mL. The Langmuir’s fitting [2] G.-J. Zhang et al., Biosens. Bioelec. 28 (2011) 459.
curve is.shown in Fig. 3(b). Thus,_ our PhC _based double [3] T. Taniguchi et al., Opt. Comunn. 365 (2016) 16.
nanocavity resonator may be promising candidate as prac-
tical biomolecules sensor in the medical diagnosis. [4] A. K. Sanaetal., Jpn. J. Appl. Phys., 55, (2016) 04EM11.

Fig. 3. (2) Experimental results of various PSA concentration
and (b) Langmuir’s fitting curve with experimental results.
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