
Label-free highly sensitive detection of (small) molecules by
wavelength interrogation of integrated optical chips

K. Cottiera,*, M. Wikib, G. Voirina, H. Gaoa, R.E. Kunza

aCentre Suisse d’Electronique et de Microtechnique SA (CSEM), Jaquet-Droz 1, CH-2007 Neuchâtel, Switzerland
bUnaxis Optics Ltd., P.O. Box 1000, FL-9496 Balzers, Liechtenstein

Abstract

A bio-chemical sensor system based on wavelength interrogation of integrated optical sensor chips is presented. The combination of a

non-mechanical scanning approach with sensor chips of high quality and stability allows fast and accurate multi-channel measurements.

The emphasis of the present paper lies in presenting detailed design considerations, and in reporting the application of the system to several

high sensitivity sensing tasks.

An excellent performance of the sensor is demonstrated for bulk refractometry and affinity measurements. The bulk refractometric

measurements show a detection limit of <10�6. For detecting small molecules, a standard deviation in terms of mass coverage of 100 fg/mm2

is obtained, corresponding to a detection limit of 0.3 pg/mm2. Furthermore, a very clear signal is observed for biotin (244 Da), indicating a

detection limit for the present wavelength interrogated optical sensor (WIOS) system distinctly below 200 Da. For a direct immunoassay at

low concentrations, a detection limit in the order of 10�11 M is estimated based on the experimental results. The results show that the sensor is

perfectly suited for application areas such as medical, food and environmental.
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Keywords: Label-free sensing; (Bio-)chemical sensors; Evanescent-wave sensors; Integrated optical sensor chip

1. Introduction

Label-free detection of several analyte molecules being

simultaneously present in a liquid or in a gas with high

sensitivity is a major requirement for present and future

applications of (bio-)chemical sensors, especially for areas

such as medical, food and environmental. In this paper, newest

results are reported that have been achieved by reading the

signal of multiple sensing pads on an integrated optical (IO)

chip simultaneously by a tunable laser [1]. Other approaches

for label-free sensing making use of dielectric waveguides

include optical waveguide lightmode spectroscopy (OWLS)

[2,3], chirped grating couplers [4], Mach-Zehnder [5] and

Young interferometers [6,7]. Other well-known methods are

based on surface plasmon resonance (SPR) [8], resonant

mirror [9], reflectometric interference spectroscopy (RifS)

[10], scanning angle reflectometry (SAR) [11], surface acous-

tic waves (SAW) [12], quartz crystal microbalance [13] and

fully electrical devices.

The main advantages of the approach presented in this

paper are high sensitivity, fast response, small size and low

cost. With the use of sensor chips on glass instead of polymer

substrates [14], the stability and reproducibility of the

measurements increased markedly.

In this paper, the theoretical fundamentals are presented,

followed by a description of the sensing principle and the

optical scheme. Then, design considerations as well as a

detailed description of effects distorting the signal shape and

the corresponding calibration possibilities are given. Next,

the practical realization of the readout instrument and the

measurement procedure are presented. After that, the fabri-

cation of the chips is explained. Finally, experimental results

for the application of the system to refractometry, detection of

small molecules and low concentrations are reported.

2. Wavelength interrogation method

2.1. Theoretical fundamentals

2.1.1. Waveguide

A planar dielectric multi-layer waveguide is shown in

Fig. 1. All layers are supposed to be absorption free and
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without scattering. The mode propagates through total inter-

nal reflection inside the layer with the highest index of

refraction, the so-called film. If the index of refraction

decreases to the outer side of the system—such as no

secondary waveguides are created—the guided modes fulfill

the mode equation:

2khf

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
n2

f � N2

q
þ jfc þ jfs ¼ 2pm (1)

where hf is the film height, nf the film refractive index, N the

effective refractive index of the waveguide, k the wave

number, jfc the Fresnel reflection phase shift at top film

interface, jfs the Fresnel reflection phase shift at bottom film

interface and m the mode number.

In the case of a monomode waveguide, the right side of the

equation reduces to zero.

The waveguide’s effective refractive index N is directly

proportional to the propagation constant of the mode. It is

polarization dependent, as the Fresnel reflection phase shifts

jfc and jfs differ for TE and TM waves.

In principle, the model only applies to unstructured

interfaces. It can be used as an approximation to structured

surfaces such as gratings when the grating depth hg is small

compared to the film thickness hf. In this ‘thin grating’

approximation, the film height hf does not correspond to the

physical film thickness and is referred to as equivalent

height. The model can be nevertheless expanded for struc-

tured interfaces by introducing additional layers with an

averaged index of refraction [15].

2.1.2. Grating coupler

Light can be coupled into or out of a waveguide by

means of a grating. A plane wave incident on the

grating is partially diffracted into the guided mode. Max-

imum coupling efficiency is achieved at the resonance

condition

na sin yin ¼ N � mglr

L
(2)

where na is the ambient medium in which y is measured, yin

the angle of incidence of the plane wave, mg the diffraction

order, lr the resonance wavelength in the ambient medium

and L the grating period.

2.1.3. Waveguide and grating of finite length

Both the models for waveguide and grating assume

structures of infinite extent in the direction of propagation

of the mode. A finite structure shows broadened resonances

instead of discrete modes and coupling conditions. While the

point of maximum coupling can be determined by Eqs. (1)

and (2), width and shape of the resonance curve have to be

determined with other models.

The effective index spread DN corresponding to a finite

structure is derived in [16], Eq. (21):

DN ¼ l
Lg

(3)

where Lg is the effective grating length.

The wavelength spread Dl in the case of a wavelength

scan is given by:

Dl ¼ DN
dN

dl

� ��1

¼ l
L

dN

dl

� ��1

(4)

where dN/dl is the effective index dispersion, given in [17].

The shape of the resonance curve Z ¼ f ðlÞ of a finite

grating can be approximated by a Lorentzian of center lr and

halfwidth Dl/2 [18].

2.2. Sensing principle

The wavelength interrogated optical sensor (WIOS)

approach is based on scanning the resonance peak of a

grating coupler by means of a current tunable laser diode.

The sensor chip is based on a monomode waveguide that

is structured with two corrugated grating regions. The first

one acts as incoupling pad for the incident beam, and the

second grating for coupling light out of the waveguide onto a

detector. When a guided mode is excited inside the wave-

guide, its evanescent field penetrates into the layers adjacent

to the film. Changes of the optical properties in this region

affect the phase shift jfc upon Fresnel reflection. The

effective refractive index N of the waveguide mode changes

accordingly (cf. Eq. (1)). The change in effective refractive

index is monitored by observing the resonance peak of the

incoupling grating (Eq. (2)).

In a classical readout scheme for a bio-chemical sensor

based on waveguides and gratings, the resonance angle is

scanned with a laser source of fixed wavelength [3]. In the

wavelength interrogation approach, the resonance is scanned

by observing the resonance wavelength at a fixed angle of

incidence.

The sensing principle applies to two measurement

configurations, namely (a) bulk refractive index sensing

(refractive index of the cover medium nc, Fig. 2a) and (b)

measuring thickness hl and/or refractive index nl changes of

a (bio-chemical) adlayer at the waveguide surface (Fig. 2b).

Knowing the waveguide parameters, the measurand can be

calculated from the relations (1) and (2).

The limited wavelength tuning range of the laser source

results in a limited measurement range, tight fabrication

Fig. 1. Multi-layer waveguide.
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tolerances for the sensor chips, and severe stabilization

criteria. To overcome these limitations, an additional degree

of freedom is introduced by adjusting the angle of incidence.

Using a motorized mirror construction to set the working

point introduces also the advantage of being able to perform

an in situ chip calibration as described in Section 4.4

2.3. Optical scheme

The optical scheme is depicted in Fig. 3. A vertical cavity

surface emitting laser diode (VCSEL) with a saw-tooth

wavelength modulation is used as laser source. The colli-

mated beam of the VCSEL is directed by a mirror towards

the input pad of the chip. The mirror is used to adjust the

incidence angle. At the resonance wavelength, a fraction of

the light is coupled into the waveguide and coupled out

through the output pad. The emitted light is collected by a

multi-mode fiber and detected by a photodiode. The signal

can then be acquired for peak position detection.

3. Design considerations

3.1. Substrate

For highly sensitive sensor applications, the mechanical

and chemical stability of the sensor chips is of great impor-

tance. For this reason, high quality glass substrates are

clearly preferred over polymers. A tradeoff is the augmented

fabrication cost due to the nanostructuring of the grating, as

convenient replication techniques such as hot-embossing

[14] can no longer be used.

3.2. Film thickness and sensitivity

The thickness of the waveguiding film hf is an important

design parameter for adjusting the sensitivity for different

measurands. Depending on the application, a different film

thickness has to be chosen for maximum sensitivity. In the

present case, the sensor chips are optimized for protein

adlayer thickness (hl) variations. Table 1 gives an overview

of the overall sensitivity dl/dM of the chips for different

applications. The parameters used for the calculations were

Fig. 2. (a) Bulk refractive index sensing. (b) Bio-chemical adlayer

sensing.

Fig. 3. WIOS optical scheme.
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nc ¼ 1:33, nl ¼ 1:45, hl ¼ 8:5 nm, nf ¼ 2:13, hf ¼ 150 nm,

ns ¼ 1:52, L ¼ 360 nm, l ¼ 763 nm, TM0. The surface

mass coverage has been calculated as described in [19] with

a surface coverage Gm ¼ 5 ng/mm2 corresponding to a

saturated IgG monolayer of hl ¼ 8:5 nm adsorbed on a

protein A layer.

3.3. Beam separation

If the input and output pads have the same coupling

characteristics, reflections of the incident beam interfere

with the outcoupled signal (Fig. 4). To prevent this, the in-

and outcoupling angles have to be chosen differently.

According to Eqs. (1) and (2), this can be achieved for

instance by two gratings of different periods Lin and Lout (cf.

Fig. 5a) or by two regions of same periods L but different

film thicknesses hf,in hf,out [20] (cf. Fig. 5b). Both layouts

have been fabricated, characterized and tested successfully

in bio-chemical sensing applications.

3.4. On-chip referencing

In bio-chemical assays, a reference channel is used to

separate specific from non-specific effects visible on the

sensor response. These include changes of temperature and

bulk refractive index, wavelength variations due to current

instabilities of the laser diode, or non-specific binding

[21,22]. The reference pad has the same characteristics as

the sensing pad, but does not present the specificity of the

sensing pad. During a measurement, the final signal is

calculated by subtracting the reference peak position from

the signal peak position.

Placing reference pads close to the sensing pads elim-

inates drift to a large extent, leading to much more relaxed

stabilization criteria. Furthermore, it leads to a markedly

increased signal to noise ratio, and therefore to a better

detection limit.

4. Signal shape and calibration

4.1. Influence of parasitic reflections

The resonance curve as sensor output is disturbed in

particular by parasitic reflections at the top and bottom

substrate interfaces. The twice-reflected input beam is

coupled into the waveguide with a phase f2 different from

the phase f1 of the original wave, as can be seen in Fig. 6. As

the phase difference Df ¼ f2 � f1 changes with the wave-

length, this leads to a sinusoidal modulation of the resonance

curve and to a deformation of the resonance peaks (Fig. 7).

The phase shift Df ¼ f2 � f1 is calculated by comparing

the doubly reflected wave with the one incident at the same

spot, having traveled a longer distance in the air:

Df ¼ 4phsns

l
1

cos ys

� sin2ðysÞ
� �

þ jsf þ jsa (7)

where ns is the index of refraction of the substrate, l the

wavelength in air, jsf the Fresnel phase shift at the substrate-

film boundary, jsa the Fresnel phase shift at the substrate-air

boundary.

Table 1

Theoretical sensitivities for the WIOS system

Measurand M dl/dM Unit

Surface mass coverage G 0.207 nm (mm2/ng)

Adlayer thickness hl 0.122 nm/nm

Refractive index of adlayer nl 2.89 nm

Cover refractive index nc 72.8 nm

Fig. 4. Beam separation.

Fig. 5. (a) Cut through dual period sensor chip. (b) Cut through thickness-modulated sensor chip.
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The amplitude a2 of the reflected wave is related to the

amplitude a1 of the original wave as

a2 ¼ a1rsfrsa (8)

where rsf the amplitude of the reflection coefficient at the

substrate-film boundary, rsa the amplitude of the reflection

coefficient at the substrate-air boundary.

The intensity modulation Imod of the signal corresponds to

the interference term of the two waves. The impact on the

signal peak shape is evaluated by expressing the modulation

in terms of wavelength:

Ibmod

I1

¼ 2
a1a2

a2
1

cosðDfÞ ¼ 2rsfrsa cos
@Df
@l

Dl
� �

(9)

where

@Df
@l

¼ � 4phsns

l2

1

cos ys

� sin2ðysÞ
� �

þ @jsf

@l
þ @jsa

@l
(10)

is the modulation frequency.

For a substrate of thickness hs ¼ 0:7 mm and refractive

index ns ¼ 1:52, covered with a film of Ta2O5 (hf ¼ 150 nm,

nf ¼ 2:13), with a grating structure of period L ¼ 360 nm

and illuminated with a laser source of wavelength

l ¼ 763 nm, the resulting modulation has a relative intensity

of 6.8% and a period of 0.29 nm (see Fig. 7).

4.2. Film thickness variations

If the film thickness is not constant over the whole input

pad area, the resonance curve will get distorted. A different

film height results in a different local propagation constant,

and therefore to a different phase pickup between two

adjacent grating lines. The peak broadens and its shape is

altered depending on the film height profile. As the chips are

optimized for maximum sensitivity to layer thickness

changes, they are inevitably very sensitive to small film

thickness variations.

This effect has been investigated in particular for thick-

ness-modulated sensor chip layouts, where the etching step

introduces height variations in the order of 0.5 nm. The

resulting shoulder-like deformations are described in detail

in [20].

4.3. Source characteristics

A current-tunable vertical cavity surface emitting laser

(VCSEL) is chosen as the light source due to its compact

size, low cost and high modulation frequency. The laser

operates around a wavelength of 763 nm, with an accessible

wavelength tuning range of about 2 nm. It has a nearly linear

current–wavelength response, but output power depends

also on the current. Fig. 8 shows the wavelength–power

characteristics of the laser diode measured with a polarizer

to select the mode polarization used for incoupling.

The resonance curve Z ¼ f ðlÞ is deformed by the varia-

tion of the output power with the wavelength.

4.4. Calibration

The signal distortions and modulations mentioned under

Sections 4.1–4.3 reduce the measurement accuracy if not

properly taken into account.

In order to correct for the non-ideal peak shape, an in situ

chip calibration procedure was developed.

As the incidence angle can be changed in the present

set-up, the angle-resonance wavelength characteristic is

recorded before the actual measurement. Therefore, the

complete input angle range is scanned in small steps by

the adjustable mirror (sketched in Fig. 3). For each step yk,

several wavelength scans are averaged and the correspond-

ing peak position lcal(yk) extracted. These data points are

interpolated, resulting in the continuous curve lcal(y) and its

inverse relation ycal(l). A linear fit is then applied to the

measured points, representing the linearized characteristics

llin(y).

Fig. 6. Parasitic substrate reflections.

Fig. 7. Influence of parasitic substrate reflections on resonance peak shape.
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During the actual measurement, the angle remains fixed

and the wavelength scans are recorded over time. After the

measurement, the measured peak positions lmeas are cor-

rected: lresult ¼ llinðycalðlmeasÞÞ.
For the calibration to work properly, it is necessary that

both incoupling angle and effective refractive index follow a

linear relation with the resonance wavelength. This condi-

tion is met inside the small measurement window.

5. Practical realization

5.1. Instrument

A compact WIOS instrument that has been realized is

shown in Fig. 9. It allows the simultaneous readout of the

resonance curves of four channels with a frequency of

300 Hz.

The following main components are visible on the photo-

graph: (1) laser source, (2) beam expanding optics, (3)

deflection mirror, (4) chip support with fluidic cell, and

(5) array of plastic optical fibers.

As the light source, a VCSEL (Laser Components, SPEC-

DILAS V-763-GMP) was used. The laser diode emits

around a center wavelength of l ¼ 763 nm and has an

accessible wavelength tuning range of about 2 nm. Its

temperature is stabilized by a Peltier element, while the

current is controlled by a custom electronic controller

circuit. The deflection mirror has a range of 68 and is

mounted on a motorized mechanical unit around the pivot

axis located at the input grating. The output signal is

detected by an array of photodiodes (OSRAM, SFH

206 K), amplified by a custom electronic circuit and

acquired by a data acquisition board (National Instruments,

PCI-6024E). The data is then treated on a personal computer.

5.2. Measurement procedure

Before starting the measurement, a proper angular work-

ing point is set. A reference cover medium (for example

phosphate buffered saline solution PBS) is applied on the

chip. The angular range is scanned by means of the motor-

ized mirror. At the same time, calibration data (see Section

4.4) is collected. The mirror position then remains fixed in

order to set the detected peak to a wanted starting position

within the measurement range accessible by wavelength

tuning. The actual measurement begins by removing the

reference medium and applying the analyte. The peak

positions of the reference and sensing pads are recorded

over time. At the end of the measurement, the curves are

corrected by applying the calibration and subtracting the

reference from the sensing curve.

6. Sensor chips: fabrication

Two types of sensor chips have been realized as stated in

Section 3.2. One layout consists of a waveguide structured

Fig. 8. VCSEL current–power characteristics.

Fig. 9. Compact WIOS instrument. (1) Laser source, (2) beam expanding

optics, (3) deflection mirror, (4) chip support with fluidic cell, and (5)

array of plastic optical fibers.
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with two gratings of different period, defining the input and

output pads. The other layout consists of a waveguide that is

structured with a grating of uniform period, but presents two

different film heights. The fabrication of the latter chip type

is described in detail in the following.

For these so-called depth-modulated sensor chips, a fab-

rication process requiring only one holographic exposure

has been established.

In Fig. 10, the main steps of the fabrication procedure are

depicted. First, the surface of a 0.7 mm thick 4 in. AF45

glass wafer with a refractive index of nS ¼ 1:52 (at

l ¼ 632:8 nm) was structured with a grating by holographic

exposure (cf. Fig. 10a and b). In a second step, the grating

structure was transferred into the substrate by dry etching as

shown in Fig. 10b. During the etching, an aperture mask was

applied to prevent gratings to be etched outside the input and

output pad regions. The resulting grating had a period of

L ¼ 360 nm and a depth of hg ¼ 13:2 nm.

After removing the photoresist, the whole substrate was

coated with a hf;out ¼ 300 nm thick Ta2O5 dielectric film

using a low temperature DC magnetron sputtering process as

shown in Fig. 10c. This process allows to fabricate thin,

compact and homogeneous films with a high refractive index

of nf ¼ 2:10 (at l ¼ 632:8 nm).

The structured substrate was coated with a second photo-

resist layer and the regions acting as input pads were exposed

using an aperture mask. The film was then dry etched to a

thickness of hf;in ¼ 150 nm as shown in Fig. 10d. While these

regions acted as input pads, the regions remaining at the film

thickness of hf;out ¼ 300 nm were used as output pads.

Finally the wafer was cut into single sensor chips of a size

of 12:25 mm � 12:25 mm. Fig. 11 shows the picture of a

sensor chip with six measuring channels. The dimensions of

both the input and output pad were 0:8 mm � 1:0 mm. The

triangular grating structure at the upper left corner is used as

positioning reference.

A line-profile extracted from an AFM measurement of the

transition region between input and output pad is plotted in

Fig. 12. It shows that the transition width is less than one

grating period. The measured step height was Dhf ¼
hf;out � hf;in ¼ 146:2 nm. It can be seen on the graph that

the grating height and profile is altered at the input pad

region during the second etching step. The initial grating

height of hg ¼ 13:2 nm is slightly reduced to hg ¼ 12:7 nm,

Fig. 10. Fabrication steps of depth-modulated sensor chips.

Fig. 11. Picture of the realized sensor chip with six channels.

Fig. 12. AFM line profile of the transition between input and output

region.
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while the profile is changing from a trapezoidal to a

smoother, more sinus like shape.

7. Applications

7.1. Bulk refractometry

Although the sensor chips were not optimized for refrac-

tometry of the cover medium (or bulk media in general), but

for measuring thin adlayers formed near the waveguide’s

surface, refractometric measurements have been performed

in order to evaluate the system sensitivity. For the series of

measurements reported in Fig. 13, the following mixtures

have been applied as the cover medium: 0.2, 1 and 5%

glycerol in water, increasing the refractive index of the

solutions by 0.00024, 0.0012 and 0.0058, respectively.

The experiment was conducted by applying the solutions

to the chip successively, always supplying water in between.

For this measurement, taking the raw data shown in Fig. 13

and determining the standard deviation of the signal over a

time period of 1 min in a region with constant refractive

index results in a value of 9:6 � 10�7 for the cover refractive

index. This is the standard deviation for a single measuring

pad, including drift and statistical fluctuations. If the signal

of a reference pad is subtracted from the measuring pad

signal (cf. Section 3.4), the standard deviation is reduced to

3:1 � 10�7.

For obtaining a calibration, the measured shifts of the

grating coupler resonance peak were compared with the shifts

calculated using the known waveguide and grating para-

meters. The results confirmed the validity of all the system

and chip parameters and were then used to obtain the relation

between the resonance position and surface mass density of

typical protein layers adsorbed on the waveguide grating.

7.2. Affinity measurements with small molecules

The most relevant applications for this system are in

monitoring adsorption to and binding of molecules near

the surface of the sensor chips. Many types of applications

can be realized whenever a suitable recognition molecule–

analyte couple exists. To demonstrate the performance of the

system, the binding reaction of biotin on previously immo-

bilized neutravidin was chosen. Using a double chamber

fluid container, BSA and neutravidin were first adsorbed on

two different channels of one waveguide chip, then biotin-

5N-FITC with a molecular weight of 831 Da (cf. Fig. 14a) or

pure biotin (cf. Fig. 14b) was supplied to both chambers

simultaneously, the final concentration being 1 mg/ml. As

the binding constant of biotin to neutravidin is high, the

reaction takes place in a very short time (28 s) and drift due

to the instrument or to the adsorbed layer is not significant.

The binding of biotin can be clearly observed on the

neutravidin coated pad whereas nothing occurs on the

reference pad. The binding of biotin with a molecular weight

of only 244 Da, one of the smallest molecules being of

interest for biochemistry, is clearly demonstrated in Fig. 14b.

Examining the raw sensor signal data plotted in Fig. 14b

yields a standard deviation of 0.009 peak position units for

each pad, taken for 3 min in the steady regions, excluding

the drift. The change of 0.613 units produced by adding the

biotin solution is thus 67 times the standard deviation,

corresponding to 22 times the detection limit. This indicates

Fig. 13. Change of the resonance peak position for the three different refractive index solutions (water, S1: solution with Dn ¼ 0:00024, S2 with

Dn ¼ 0:0012, and S3 with Dn ¼ 0:0058).
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that the detection limit of the WIOS system is distinctly

below 200 Da.

By making use of on-chip referencing (cf. Section 3.4),

i.e. by subtracting the data of the reference from the signal

curve (cf. Fig. 14b), the standard deviation is reduced to

0.005 peak position units, corresponding to about 100 fg/

mm2 and a detection limit of about 300 fg/mm2. As in the

case of bulk refractive index, this improvement is due to the

fact that some signal disturbances originating for example

from fluctuations in temperature and laser current, are

affecting the signals from both pads in the same way.

7.3. Detection of large molecules at low concentration

Besides the detection of small molecules, the detection of

larger molecules at low concentration is also an important

feature for a biosensor. In order to show the performance of

the WIOS approach for this type of application, we have

chosen the reaction between anti-mouse antibody and mouse

IgG. First, mouse IgG was immobilized on one grating pad

using OptoDex1 [23,24], i.e. a mixture of OptoDex1 and

mouse IgG (0.25 mg/ml each) were deposited on the pad.

After drying, OptoDex1 was activated with UV-light to

induce the photobonding. The modified surfaces were then

washed with phosphate buffered saline containing detergent

(PBS/0.02% Tween 20) before being used in the system. A

baseline was first established by supplying PBS–BSA buffer

solution to the sensor cell, and then the buffer was replaced

with solutions of anti-mouse IgG with decreasing concen-

trations of 10�10, 10�9, 10�8 M. The result of the measure-

ment is shown in Fig. 15. It was made by pipetting without

flow and without stirring. After 25 min of reaction the signal

obtained with the lowest concentration is 0.26 units of peak

shift, which is about five times the detection limit that can be

Fig. 14. Reaction of biotin-5H-FITC (a) and biotin (b) on adsorbed neutravidin (signal) and BSA (reference).
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obtained taking into account the drift of the instrument over

the measurement time. A detection limit of 2 � 10�11 M can

be expected for the same measurement conditions.

Considering the fact that the assay used was a direct

immunoassay with photocoupled antigen, this is a very good

result, especially if compared to sandwich assays. Further

improvements can be achieved by making use of micro-

fluidics and more sophisticated assays.

8. Conclusions

The WIOS bio-chemical sensor system based on wave-

length interrogation of a waveguide grating has been pre-

sented. The label-free sensor combines fast readout with

high sensitivity and accuracy. Some important design

aspects have been pointed out, and sources of parasitic

effects influencing the resonance peak shape have been

identified and analyzed in detail. It has been shown that

the use of a motorized deflection mirror allows calibrating

the system in order to correct for these effects. The same

mirror is used for setting the high-resolution measurement

window within a large operating range.

The layout of two types of sensor chips has been presented

together with fabrication details. The stability of the sensor

chips has been enhanced by using glass rather than polymer

substrates.

An excellent performance of the sensor has been demon-

strated for bulk refractometry and affinity measurements.

The bulk refractometric measurements show a detection

limit of <10�6. For detecting small molecules, a standard

deviation in terms of mass coverage of 100 fg/mm2 has been

obtained, corresponding to a detection limit of 0.3 pg/mm2.

Furthermore, the very clear signal observed for biotin

(244 Da) indicates a detection limit for the present WIOS

system distinctly below 200 Da. For a direct immunoassay at

low concentrations, a detection limit in the order of 10�11 M

was estimated based on the results reported in this paper.

These results show that the sensor is perfectly suited for

application areas such as medical, food and environmental.
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Rudigier, H. Schütz, Grating couplers in tapered waveguides for

integrated optical sensing, Proc. SPIE 2068 (1994) 313–325.

[19] R.E. Kunz, G. Duveneck, M. Ehrat, Sensing pads for hybrid and

monolithic integrated optical immunosensors, Proc. SPIE 2331

(1994) 2–17.

[20] K. Cottier, R.E. Kunz, G. Voirin, M. Wiki, Thickness-modulated wave-

guides for integrated optical sensing, Proc. SPIE 4616 (2002) 53–63.
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