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Abstract—The slow light sensor techniques have been applied to 

bio-related detection in the past decades. However, similar testing-

systems are too large to carry to a remote area for diagnosis or 

point-of-care testing. This study demonstrated a fully automatic 

portable biosensing system based on the microring resonator. An 

optical-fiber array mounted on a controller based micro-

positioning system, which can be interfaced with MATLAB to 

locate a tentative position for light source and waveguide coupling 

alignment. Chip adapter and microfluidic channel could be 

packaged as a product such that it is cheap to be manufactured 

and can be disposed of after every test conducted. Thus, the 

platform can be more easily operated via an ordinary user without 

expertise in photonics. It is designed based on conventional optical 

communication wavelength range. The C-band superluminescent-

light-emitting-diode light source couples in/out the microring 

sensor to obtain quasi-TE mode by grating coupler techniques. For 

keeping a stable chemical binding reaction, the cost-effective 

microfluidic pump was developed to offer a specific flow rate of 20 

μL/min by using a servo-motor, an Arduino board, and a motor 

driver. The subwavelength grating metamaterial ring resonator 

shows highly sensitive sensing performance via surface index 

changes due to biomarker adhered on the sensor. The real-time 

peak-shift monitoring shows 10 μg/mL streptavidin detection of 

limit based on the biotin-streptavidin binding reaction. Through 

the different specific receptors immobilized on the sensor surface, 
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the system can be utilized on the open applications such as heavy 

metal detection, gas sensing, virus examination, and cancer 

marker diagnosis. 
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I. INTRODUCTION 

s human life span gets longer, the healthcare industry has 

faced ever growing pressure in many fronts to 

accommodate the higher needs of a larger aged population. 

Modern technology, especially those of fast screening and early 

diagnosis, has been widely embraced by the care providing 

systems at a time when cost effectiveness and viability become 

one of their major concerns. In clinical encounter, the impacts 

of diseases on the human body vary from case to case. In terms 

of time span, it may take hours or days to incubate for the 

hemorrhagic fever virus, coronavirus or from several months to 

several years for tumors and cancers to develop. Therefore, 

abilities to reliably identify and to quantitatively characterize 

the core issues have become a critical focus in development of 

biosensors. Following Drs. Clark and Lyon's invention of the 
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first biosensor based on the concept of glucose enzyme 

electrode in 1962 [1], Yellow Spring Instrument Company (YSI) 

had been actively engaged in advancing the technology [2]. 

Hence it is proper to say that the first-generation biosensors 

started with the blood glucose enzyme electrode approach [3], 

though, since then, the blood glucose testing techniques have 

been significantly refined, aided both by fast-progressing 

automation and sensing technologies. Now it needs less than 

one minute to complete a whole test for what would take days 

to do the same, making live-tracking and controls of diabetes 

possible. By 1980, biosensors have evolved to include use of 

antibodies or receptor proteins as the detecting elements and 

molecular recognitions have since become a common practice. 

There are many types of signal detection methods in this regard 

and the adoption depends on the nature of the involved targets 

to detect. Currently, the biosensor developments are more 

focused on high performance “lab-on-a-chip” approach that 

offers high sensitivity, high selectivity, and high specificity so 

that rapid real-time tests can be conducted with more user-

friendly human-machine interfaces to deal with complex 

measurements. However, while recent advances in the field 

have been significant, the challenges to promoting the “lab-on-

a-chip” technology remain high in various fronts. 

Silicon photonics continues to enjoy wide acceptance 

because of its compatibility with complementary metal-oxide-

semiconductor (CMOS) fabrication processes for highly 

integrated photonic chips at low cost and light travels faster 

than electrons and thus can provide enhanced communication 

passages at higher speeds. Starting with long-haul 

communication systems, applications range from optical 

routers and signal processors to biosensing. Recently, interests 

in silicon photonics based biosensing has been on the rise, 

owing to, among other things, lower cost, real-time, and label-

free detections of reachable high sensitivity and throughput [4]–

[6]. Many such devices, such as 1-dimensional and 2-

dimensional  photonics crystal micro-cavities for biosensing 

[7]–[10], silicon nanowires [11], surface-plasmon devices [12]–

[14], microring resonators [15]–[17], and microrings based on 

subwavelength grating structure [18], [19] have been 

demonstrated and built into instruments. Pharmacia Biosensor 

AB (now Biacore AB since 1996) produced the first 

commercial surface plasmon resonance (SPR) based system in 

1990 [20], [21]. Since then, Biacore AB has offered many other 

kinds of systems and provided those of highest sensitivities 

reaching the limit of detection at 1 pM, while BioNavis [22], 

Bio-Rad [23], ForteBio [24], and Carterra [25] have also 

developed similar SPR sensing products. In addition to those 

mentioned above, enzyme linked immunosorbent assay 

(ELISA) [26], electrochemical sensor [27], [28], micro-

electrode immunoassay [29], and high performance liquid 

chromatography [30] have been already commercially used 

universally. The portable system reported herein has significant 

advantages over its traditional desktop counterparts due to the 

smaller sizes, faster real-time readouts, higher sensitivities, and 

matches with the optical telecommunication bands. 

One of the issues with planar waveguide sensors and surface 

plasmon resonance sensors is in the difficulty of being made 

compact enough that is suitable for a lab on the chip. In addition, 

photonic crystal microcavity biosensor has lower sensitivity 

than those of microring resonators [31]. Silicon-on-insulator 

(SOI) microring resonators have demonstrated greater potential 

among all other sensors because of their compact size and high 

sensitivity [32]–[38]. The bulk sensitivity of strip silicon 

microring resonator was found to be 57 nm/RIU [38]. By 

decreasing the waveguide thickness to 90 nm, the sensitivity 

were improved to 100 nm/RIU [39] nm due to the increase in 

overlapping of electric field with the analyte. Many kinds of 

innovative waveguide structures, such as slot waveguide [40]–

[42], subwavelength grating metamaterial (SGM) [18], [43]–

[47] and nanoporous materials [48]–[50], have been 

investigated and all showed improved sensitivity for the ring 

resonators. Couplings of light between an optical fiber and a 

planar waveguide based on the SGM waveguide concept have 

been previously proposed [51] and later demonstrated [52] in 

2010. The macroscopic optical properties of SGM can be 

readily tailored by controlling the geometry of the artificial 

structures [53], [54]. As an extension to this, many research 

groups have proposed SGM waveguide for biosensing and 

chemical sensing [18], [46], [53], [55], [56]. Gonzalo 

Wangüemert-Pérez et al. provided the first theoretical analysis 

of SGM waveguide [53]. In this work, a microring resonator 

based on SGM structure [18] has been demonstrated as an 

automated portable bio-sensing system of superior sensitivity. 

By tuning the duty cycles of the SGM structure to adjust the 

equivalent effective index of the microring waveguide, the free 

spectral range (FSR) and bulk sensitivity can be greatly 

increased. According to effective medium theory, it can also be 

considered as a continuous waveguide made of a uniform 

material [19]. Several experimental results demonstrated that 

the bulk sensitivity of SWG microring resonator could be more 

than 400 nm/RIU [18], [44], [45], [56]. By decreasing the 

asymmetric refractive index distribution via undercut pedestal 

SGM design, the bulk sensitivity has been improved to 545 

nm/RIU [19]. Integrated hundreds of microring resonator 

devices on a single chip provides competitive throughput on 

multiple sensing channels approaches [34]. According to the 

above advantages, microring resonator device has a significant 

potential on the biosensing applications. In addition to 

biosensor chip design, another important aspect is to achieve 

continuous flow of analyte on chip surface. Integration of 

microfluidics with photonic sensors results in reduction in 

sample-consumption, shorter analysis time, portability, and 

achieving integrated biosensors [57]. A polydimethylsiloxane 

(PDMS) based microfluidic channel fabricated following laser 

cutting and surface oxygen plasma modification has been used 

to allow biomolecules flow on silicon chips in a controlled 

manner. User-friendly system-computer interface has been 

implemented with MATLAB (MathWork, Natick, 

Massachusetts, USA) to control the coupling position of optical 

fibers, motion of the microfluidic stage, and data collection of 

the optical spectra, all in an automated manner. This would thus 

bypass the lengthy efforts of laboratory tests that require much 

professional expertise on the optical path alignment and spectra 

collection steps. The achieved rapid real-time tests offer 

excellent capacities of a quickly updated database for clinical 

and scientific research needs. 
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II. EXPERIMENTAL SETUP 

 The demonstrated system includes 8 parts composed of (1) 

a cost-efficient microfluidic pump to drive a force for bio-

samples injection, (2) a micro-positioning system to provide the 

fiber array move to the particular sample position for light 

coupling in/out the waveguide, (3) a chip holder/ 

adapter/mounting stage, (4) a broadband superluminescent 

light-emitting diode (SLED) covering 1530-1570 nm as the 

light source, (5) an optical spectrum analyzer to measure the 

transmission spectrum of microring resonator biosensor, (6) a 4 

channel single mode optical-fiber array (7) a power meter to 

obtain the fine alignment of light coupling in/out the waveguide, 

and (8) a Si photonics biosensor chip. The main mechanical 

operation platform is assembled into a square area of 20.32 

cm×20.32 cm (8 inch×8 inch) (Fig. 1 (a)). Also included in the 

total system are the associated system-computer electric circuit, 

cables, fibers, and power supplies, all contained in a 35.36 

cm×35.56 cm×22.86 cm (14 inch×14 inch×9 inch) box (Fig. 1 

(b)) which can be further reduced if the cables and fibers length 

are properly adjusted. 

 
Fig. 1 (a) The main operation platform which includes a microfluidic pump, a 

chip holder/ adapter/ mounting stage, a fiber holder, and bio-sample holder. (b) 
The outward appearance of the system. All devices are assembled in a 35.36 

cm×35.56 cm×22.86 cm box. 

A. Cost-efficient microfluidic pump layout 

Microfluidic operation is an essential part of the lab-on-chip 

sensing system. It can provide a steady reaction cavity of stable 

liquid flow rate to a reduced bio-sample and reagent volumes 

through which enhanced detection efficiency can be achieved 

in miniaturizing traditional bio-testing onto a single chip. 

In this section, the cost-effective microfluidic pumping 

design is described. It consists of a servo motor, an Arduino 

Uno microcontroller, and a motor driver L298D. The flow rate 

of biomolecules falls in the range of Q = 20 μL/min. The 

relationship between microfluidic flow rate and rotating rate of 

the servo motor can be calculated according to the following 

equation: 

N = 4Q/(πd2p),  (1) 

where N is revolutions per minute of servo motor, Q is flow rate 

in L/min, d is diameter of syringe in mm, and p is pitch of lead 

screw of servo motor in mm. For instance, for a syringe 

diameter of 8.66 mm and pitch of lead screw of 1 mm, to reach 

the flow rate of 20 μL/min requires an angular velocity of servo 

motor to be 0.34 rpm. A MATLAB program is developed to 

control the servo motor rotation in accordance with Eq. 1 given 

above. 

As shown in Fig. 2, Syringe 1, which is connected to the servo 

motor and rotary to linear motion converter, acts as the primary 

source of biomolecular flow, while Syringe 2 serves as a 

secondary entity. When the Syringe 1 is filled, Syringe 2 comes 

in as a replacement. Syringe 2 also can be used to provide 

biomolecular flow manually, but in manual operation, it is 

difficult to maintain a steady flow rate. 

 
Fig. 2 The schematic design of microfluidic pump. 

B. Micro-positioning system configuration 

Aligning the optical fiber with a waveguide on silicon chip 

using grating coupler requires significant experience for 

photonics professionals, so it can indeed be a challenge for 

medical laboratory people to operate the silicon-chip system 

with ease for biosensing. To alleviate this situation, the optical 

fiber has been mounted on a microcontroller-based micro-

positioning system (SmarAct GmbH), interfaced with a 

MATLAB program to eliminate dependency on the users to 

align optical fiber with waveguide on the chip. This system has 

a tolerance in a range of 1 μm and 4 degrees of freedom, 

including the x-axis, y-axis, and z-axis for linear motions and 

the rotation-axis (ϕ) for rotary motion. Its mechanism of motion 

is illustrated in Fig. 3. When the user clicks on “Chip” button 

of “Test Bench GUI” page in the system program, it aligns the 

optical fiber with the waveguide on chip. Then, the MATLAB 

program moves the micro-positioning system in pre-defined 

steps in a configurable search window to find the position that 

gives maximum output power. This position is fixed, and the 

optical power values are taken at this point. Furthermore, the 
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fiber and the grating coupler are coupled nicely to obtain a high 

coupling efficiency via the “Fine Align” button. After 

measurement, the user just needs to select the “Home” button 

to return the fiber stage to its original point. The mechanism of 

actions is demonstrated in the supplementary video (00:32-

00:46). 

 
Fig. 3 The schematic design of fiber micro-positioning system. 

C. Microfluidic channel, chip holder, adapter, and mounting 

stage 

1) Microfluidic channel 

A PDMS based microfluidic channel [58] was fabricated on the 

chip using soft lithography [59]. This technique was developed 

in our laboratory to allow for bio-molecular flow on silicon 

chips in a controlled manner. However, conventional soft 

lithography has its challenges to overcome when it comes to the 

microfluidic channel fabrications as the channel size is reduced 

and control of the bio-solution injection into a specific sensing 

area becomes difficult. To circumvent this, 3-dimensional 

microfluidic channels of 4 different layers are created via 

oxygen plasma surface modifications to provide strong 

permanent PDMS-PDMS binding assisted by siloxane bonding. 

The top-right inset of Fig. 4 (a) shows a 3-dimensional PDMS 

microfluidic channel with its layouts on each layer. All slots and 

holes of the four PDMS layers were made by laser cutting. The 

1st layer is developed for specific sensing area which is an 

important part of the chip size reduction, the 2nd layer is 

designed to extend the spacing of two flow-in/out tubing, while 

the 3rd and 4th layers are there to fix the tubing. The parameters 

of oxygen plasma surface treatment, regarding the gas pressure, 

electric power, gas flow rate, and treatment time were 

optimized at ~380 mTorr, 20 W, 15 sccm, and 30 sec, 

respectively, for each of the four bonded layers. On completion 

of the oxygen plasma treatment and activation of the surfaces 

of the PDMS layers, the layers were taken out of the chamber 

and immediately aligned and bound. As shown in Fig. 4 (a), the 

dyed gray water was able to go through the left entry, to flow 

through the microfluidic channels created inside the PDMS 

layers, and to come out of the right exit. It means no leakage of 

liquid anywhere throughout the structure. More details on the 

PDMS microfluidic channel fabrication process are provided in 

the supplementary material: Section 1. 

2) Chip holder 

The chip holder is shown in Fig. 4 (a) yellow part. A slot in chip 

holder with tolerances of ±10 m is used to keep the chip in 

place. On top of the holder it sits an aluminum cap to sandwich 

the PDMS based microfluidic channel. Polyethylene tubing 

(BD IntramedicTM PE Tubing, PE 50) of 0.58 mm inner 

diameter has been used to inject biomolecules into the 

microfluidic channels. Four alignment keys are designed for 

PDMS layers and an aluminum cap is arranged at the holder 

center. 

3) Adapter 

The chip holder is attached to a base plate which has the male 

portion of a snap-fit to connect adapter with the mounting stage, 

as shown in Fig. 4 (a) purple part. 

4) Mounting stage 

Fig. 4 (a) shows the aluminum based mounting stage designed 

to desired length and weight. Alignment rails with tolerances of 

±10 m are used to properly snap fit the chip adapter onto the 

mounting stage. The snap fit mechanism has been chosen for 

ease of assembly and disassembly. The schematic design of 

assembled chip holder, adapter, and mounting stage are is 

shown in Fig. 4 (b). 

 
Fig. 4 (a) The exploded view of the microfluidic channel, the chip holder, the 

adapter, and the mounting stage.  The top-left inset shows four different PDMS 

layers layout with thickness of 250 μm. The dyed water goes through the PDMS 
microfluidic channel structure which demonstrates no leaking of the channel 

and strong bonds of PDMS layers. (b) The top view of schematic design for the 

assembled chip holder, the adapter, and the mounting stage. 

D. C-band light source 

C-band light source (SLED, DenseLight BX9-CS5403A) has 

been used to couple light into the sensor waveguide through the 

grating coupler to obtain quasi-TE mode. 
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E. Optical spectrum analyzer 

Light is coupled into an optical spectrum analyzer (Optoplex, 

OM-1C2MM353) to obtain transmission spectrum that 

measures wavelength shift due to surface refractive index 

change. 

F. Optical fiber array 

A 4-channel optical fiber array (PLC Connections) made to 

the C-band range has been used. 

G. MATLAB GUI program 

The original source code is written by Shon Schmidt, Jonas 

Flueckiger, and WenXuan Wu belong to Maple Leaf Photonics 

company. The micro-positioning system “Home” and “Chip” 

positions are defined via code modification. The control panel 

of the cost-efficient microfluidic pump is added in this research. 

H. Optical power meter 

The optical power meter (Newport 1830-R) and power detector 

(Newport 818-IR/DB) are utilized to check the fiber and 

waveguide fine alignment. 

I. Silicon bio-sensing chip 

The surface sensitivity Ss can be defined as below, 

Ss=
∆λ

Δt
=

λ

ng
(

∂neff

∂t
),  (2) 

where ∆λ is the resonance wavelength shift, ∆t is the change of 

surface layer thickness, neff is the effective refractive index of 

the waveguide mode, and ng is the group index. According to H. 

Yan et al. simulation and experimental results, the large mode 

overlapping factor provides the 4-6 times higher  
∂neff

∂t
 in the 

SGM microring resonator than the regular strip microring 

resonator [18]. That means the SGM microring resonator has 

superior surface sensitivity and better sensing capability over 

regular strip microring resonator. Fig. S3 shows experimental 

surface sensitivity comparison of the SGM microring resonator 

and the regular strip microring resonator. 

The SGM microring resonator biosensors are fabricated on SOI 

chips with 10 nm SiO2 hard mask layer and 220 nm single 

crystal Si device layer. The optimized parameters of device 

structure are simulated by 3-dimensional finite-difference time-

domain (FDTD) method [18]. The SGM microring resonators 

with diameter of the microring R = 10 μm, width of waveguide 

core w = 520 nm, length of silicon pillar l = 200 nm, gap 

between microring and bus waveguide g = 50 nm, thickness of 

waveguide core h = 220 nm, and grating period Λ = 250 nm are 

designed, as shown in Fig. 5. The chip size of 1 cm by 1 cm 

included 8 SGM microring resonator devices. The estimated 

quality factor in deionized water is Q ~ 
𝜆𝑟𝑒𝑠𝑜𝑛𝑎𝑛𝑐𝑒

∆𝜆3𝑑𝐵
 ~  2180 at 

1548.81 nm. More details of the chip fabrication are given as a 

part of the supplementary materials: Section 3. It has 423 

nm/RIU bulk sensitivity shown in Fig. S4. The limit of 

detection also can be estimated ∼4.2×10-4 RIU with 60 pm 

noise level. 

 
Fig. 5 The schematic of SGM waveguide microring resonator, where R is the 
diameter of the microring, Λ is the subwavelength grating period, h is the 

thickness of waveguide core, w is the width of waveguide core, l is the length 

of silicon pillar, and g is the gap between microring and bus waveguide. The 
right-bottom inset shows transmission spectrum of the fabricated SGM 

microring. 

III. DEMONSTRATION OF BIOSENSING 

APTES ((3-Aminopropyl)-triethoxysilane) usually serves as a 

bridge between the semiconductor and biomolecules for which 

it provides an amine groups (-NH2) on the silicon dioxide layer 

for molecular binding of proteins. At first, the SGM microring 

surface was modified by a hydroxyl group (-OH) through the 

piranha treatment for 1 hour (Fig. 6 (a)). Then, the SGM 

microring chip was soaked in a 10% diluted-APTES in pure 

toluene for 1 hour to form strong silanols (Si-O-H) bonding on 

the SGM microring surface via reactions between the methoxyl 

(-CH3) and hydroxyl (-OH) radical groups (Fig. 6 (b)). The 

unbound APTES can be removed by thoroughly rinsing the chip 

with toluene and methanol. To enhance stability of the bounded 

molecules, the chip was baked at 110 °C for 1 hour under 

ambient condition. Afterwards, the 10-2 M EZ-LinkTM Sulfo-

NHS-Biotin (Thermo ScientificTM) receptor of streptavidin 

was flown into the ring resonator device on the chip at a 

pumping speed of 20 μL/min for 1 hour (Fig. 6 (c)). Finally, the 

biotin receptor is expected to catch the streptavidin molecules 

as a consequence of their specific binding relation (Fig. 6 (d)). 
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Fig. 6 The procedure of surface modification and detection of SGM microring 

biosensor: (a) Hydroxylation, (b) Silanization, (c) Biotin immobilization, and 

(d) streptavidin detection. (e) The low concentration detection flowchart and 
the schematic sensing results. (f) The graphical user interface for real-time 

biomolecules detection. (g) The real-time relative resonance peak monitored of 

streptavidin detection. 

A phosphate-buffered saline (PBS) with 1 % bovine serum 

albumin (BSA) was injected into the SGM microring sensing 

area to measure the baseline reference resonance peak position 

before streptavidin detection testing [19]. As BSA can block 

vacancies between the APTES molecules, it is also used as a 

running buffer to rinse the unbound streptavidin for 30 minutes 

before changing concentration of the streptavidin (SA, Sigma-

Aldrich) target molecular sensing. The streptavidin was 

prepared into different concentrations of 0.1 ng/mL, 1 ng/mL, 

10 ng/mL, 100 ng/mL, 1 μg/mL, 10 μg/mL, and 100 μg/mL 

from the running buffer of 1 % BSA in PBS aimed for the 

demonstrations of a portable, highly sensitive, automated real-

time optical-biosensing system. To verify the functional and 

device sensitivities, the streptavidin solutions were introduced 

sequentially over 30 minutes for each concentration. A 

flowchart for such tests is shown in Fig. 6 (e). The top-right 

inset shows a resonant peak shift due to a refractive index 

change induced by surface-attached biomaterials. The original 

peak position λ0 (red line) will red shift to λ1 (blue line) during 

the streptavidin flow. As the unbound streptavidin is removed 

by 1% BSA/PBS running buffer, the resonance peak would 

undergo a blue shift to λ2 (green line) because of the decrease 

of refractive index arising from the materials incurred at surface, 

thus successfully demonstrating a real-time detection system. 

An analysis of such biomolecular detection as a case in point is 

given in Fig. 6 (f) for a real-time monitor based on the relative 

resonance peak shifts of the SWG microring sensor. As shown 

with label in Fig. 6 (g), the clear response to a low concentration 

of 10 μg/mL is remarkable. A dynamic real-time demonstration 

is provided as a supplementary video (00:58-1:32). 

IV. DISCUSSION, IMPROVEMENT AND FURTHER APPLICATIONS 

A. The repeatability of the chip fabrications 

For certifying repeatability of chip performance, two chips are 

fabricated under the same process parameters but not in the 

same batch. To compare bulk refractive index sensitivity of six 

same structure devices on the two chips, different 

concentrations of glycerol solution (0 %, 2.5 %, 5 %, 10 %, 20 

%, and 40 %) were prepared and infused onto the SGM 

microring sensing area through microfluidic channels. The flow 

rate and time of each diluted glycerol solution are 50 μL/min 

and 8 min for 30 data points. Fig. 7 (a) shows the monitored 

resonance peak shift of transmission spectra for each devices on 

the two chips. The defination of bulk sensitivity can be written 

as, 

S=
Δλ

Δn
 ,                                                                                                    (3) 

where S is the bulk sensitivity, Δλ the resonance shift, and Δn 

the refractive index change. Accordance with the real-time 

monitoring of different glycerol concentrations, the relationship 

of resonance peak shifts versus refractive index change is 

shown in Fig. 7 (b). A linear function fits well with a regression 

correlation coefficient r2 = 0.9999 for all devices. The bulk 

sensitivity of Chip 1 for ~310 nm/RIU and Chip 2 for ~350 

nm/RIU with the standard deviation as 1.7 nm/RIU and 1.5 

nm/RIU, respectively. It indicated that the measurement error 

is lower than 1% in the same chip and the uniformity of the 

devices is good. However, the standard deviation of all six 

devices is 22.7 nm/RIU that may come from fabrication issue 

due to on-campus processes facilities instability. 

Fig. 7 (c) shows the real-time relative resonance peak 

monitored of streptavidin detection. Following the procedure of 

surface modification and streptavidin detection of SGM 

microring biosensor steps in section 3, resonance peak positions 

of two chips were stable with the introduction of 1μg/mL 

streptavidin in diluted 1% BSA/PBS running buffer without 

obvious peak shift. A low limit concentration of 10 μg/mL 

(~167 nM) was detected by Chip 1. It was then noticed that the 

resonance peak shift of both chips is around 0.4 nm±0.02 nm 

for 100 μg/mL (~1.67 μM) streptavidin detection. That means 

SGM microring could be applied to the concentration 

estimation by resonance peak shift and the results could be 

repeatable. The streptavidin detection limitation, which 

considered biomolecule interaction is caused by 0.01 nm 

resolution spectra analyzer and the environment or manmade 

factors. 
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Fig. 7 (a) The resonance peak shifts of transmission spectra were monitored 
during the bulk refractive index change. (b) The resonance shift versus 

refractive index change extracted by the linear regression. The bulk sensitivities 

of six devices were calculated from each slope. (c) The real-time relative 
resonance peak monitored of streptavidin detection. (C: Chip; D: Device; *The 

demonstration device in the video.) 

B. The optical alignment processes 

All the components critical to the performance and endurance 

of the system have been machined to the tolerances of ±1 μm 

by lapping. For the fiber position calibration, the micro-

positioning is accomplished by a MATLAB-based GUI to 

move to a tentative position on the chip for the first waveguide 

where a peak power is observed. The x, y, z, and θ coordinates 

of this position are then saved for this first waveguide. This 

process is repeated for all the positions on the chip and their 

corresponding coordinates are saved in a file. It should be noted 

that these coordinates are different from chip to chip, hence the 

coordinates for that chip saved earlier must be called in again 

to work with the positioning. When a user presses the ‘Chip’ 

button, the micro-positioning system moves to the tentative 

position of the first waveguide as read from the storage. After 

moving to that position, it is instructed by the computer 

program to scan a neighboring spatial area of 10 x 10 μm2 

seeking a peak intensity. This automated spatial scanning 

algorithm ensures that the optical fiber guides in a maximal 

amount of light into the waveguide with the system 

performance remain unaffected by any minor environment 

changes, all without human intervention. This process was 

replicated over all the waveguides on the chip. Moreover, the 

fiber positions are calibrated every 10 spectra measured so that 

reliable light coupling can be reassured. For the current 

prototype development, the system testing is placed on the 

optical table to avoid unnecessary environmental effects such 

as mechanical vibrations. Future development of systems will 

be focused on a system more robust against external 

perturbations. 

C. The improvement and further applications 

The demonstration in this study is based on SGM microring 

resonator sensor and its surface detection limit of streptavidin 

is 10 μg/mL (~167 nM). In fact, considering the asymmetric 

index distribution along the vertical direction, the pedestal 

SGM structures were proposed and fabricated in our group 

previously. The bulk sensitivity and surface sensitivity are 

improved by 28.8% and 1000 times by etching the undercut 

SiO2 [19]. Although the demonstration was at a low 

concentration of streptavidin 10 μg/mL (~167 nM) under the 

portable optical spectrum analyzer with 0.15 nm resolution, the 

pedestal SGM could replace the regular SGM microring sensors 

and provide the streptavidin 0.1 ng/mL (~1.67 pM) limit of 

detection. The multiple channels SGM microring sensors could 

be integrated into a larger scale chip with one mask lithography 

process by exploiting CMOS microelectronics fabrication 

capability, which is a very competitive method in sensing area 

applications. 

Based on the successful streptavidin sensing, this portable 

system can be applied to detect a variety of tumor markers in 

developing simple “lab-on-a-chip” that is low-cost and easy to 

use for rapid, high throughput cancer antigen sensing. The 

system weight (~10 kg) is also sensible for carriage that 

improves mobile flexibility. This would thus bypass lengthy 

laboratory tests that require much more professional 

expertise. In view of above mentioned reasons, it has a 

considerable potential to provide a quickly updated database to 

help clinical decisions or scientific research in the future. 

Moreover, it is an open system that can be applied in gas 

sensing, heavy metal identification, air- and water-pollution 

sensing and so on. 

V. CONCLUSION 

A fully automated portable silicon-based optical bio-sensing 

system has been successfully demonstrated. It is essentially 

based on a subwavelength grating metamaterial microring 

resonator structure down to the nanoscale of 50 nm. When 

adequately designed, the subwavelength grating metamaterial 

microring sensor demonstrates unprecedented sensitivity on a 

myriad of biomarkers. The graphic user interface written in 

MATLAB for system manipulation is designed with ease of use. 

The real-time relative resonance peak shifts observed in 

streptavidin detection for regular SWG microring resonators 

show excellent system performance. The machining 

demonstrations in the article and supplementary video prove 

that portable fully automatic silicon-based optical biosensing 

system is a promising platform for the detection of any 

biomarker or chemical molecules by surface refractive index 

perturbations. A low concentration of streptavidin 10 μg/mL 

(~1.67 nM) was detected by regular SWG microring resonators 

under the portable optical spectrum analyzer with 0.15 nm 

resolution. A property of highly movable flexibility is designed 

with a weight of ~10 kg. The next step of this kind of system 

progress is clinic blood testing research and specific gas sensing. 

Researchers hope this would lead eventually to practical rapid 

diagnostic applications not only for early cancer detection but 

also for post-surgery or post-treatment follow-up by providing 

convenience, consistency as well as efficiency. 

APPENDIX 

Supplementary video: The portable automatic system operation 

and streptavidin sensing demonstration. 
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Supplementary material: PDMS processes, SGM microring 

resonators fabrication. 
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