
intensities. We obtained the highest FL for Q-CdS adsorbed

onto GaAs for each of the three relative sizes of quantum dots.

We suspect that this latter observation may be due to radiative

recombination between electrons confined to the quantum dots

with holes captured at the shallow acceptor level of the GaAs-

quantum dot interface. With an eye toward future HEM device

applications, this higher FL emission would suggest further

study of functionalized Q-CdS adsorbed onto GaAs.

4. CONCLUSIONS

We have examined the FL spectra of AOT (dioctyl sulfoccinate)

capped cadmium sulfide quantum dots (Q-CdS) deposited upon

gold (Au), insulator (mica), and semiconductor (GaAs) sub-

strates for their potential use in hybrid optoelectronic devices.

Relative dot sizes were synthesized to increase from 1 to 5 nm

with a respective increase in heptane concentration from 40 to

80 lL. Excitation and emission spectra are presented for the

200–400 nm and 400–700 nm ranges, respectively. For the

smallest (40 lL heptane) quantum dots, a clear red shift in FL

emission peak wavelength is observed from the Au, to mica, to

GaAs substrate-based samples. For the midrange (70 lL) and

largest (80 lL) Q-CdS samples, the longest emission peak wave-

lengths are observed for the quantum dots physisorbed to Au

substrates with a subsequent decrease and then increase in emis-

sion wavelengths for the mica and GaAs substrate-based sam-

ples, respectively. Of the three types of substrates used, Q-CdS

deposited upon GaAs exhibited the highest FL emission inten-

sity, which bodes well for the possible integration of HEMs into

next-generation device technology.
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ABSTRACT: A simple sensor using half the length of a 3-cm
fiber Bragg grating embedded on a cantilever is proposed for the

simultaneous measurement and discrimination of strain and
temperature. The response of the sensor is linear from 30 to

200�C, and its strain and temperature sensitivities are found to
be 3.38 pm/lm 19.05 pm/�C, respectively. VC 2011 Wiley

Periodicals, Inc. Microwave Opt Technol Lett 53:1021–1024,

2011; View this article online at wileyonlinelibrary.com. DOI

10.1002/mop.25901
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1. INTRODUCTION

The fiber Bragg grating (FBG) sensors have proved to be very

successful as substitutes for the traditional fiber-based sensors.

Their small size and inconspicuous presence are very promising

in applications that require the physical advantages of optical

fibers such as EMI immunity, distributed sensing, light weight,

radiation, and corrosion tolerance. In addition, FBGs have a

unique optical advantage that offers immunity to intensity fluc-

tuations, polarization changes, and connection losses. The sens-

ing information through FBG is wavelength encoded.

The response of FBG is simultaneously sensitive to both

strain and temperatures, and a number of techniques have been

reported to measure and discriminate these parameters on a sin-

gle measurement of Bragg wavelength shift. A number of

schemes have been proposed to overcome this limitation. The

schemes can be classified into two classes: (1) single FBG sen-

sor schemes [1–3] and (2) combination schemes, which utilize

two or more FBGs [4–6]. However, the use of more than one

fiber grating element increases the system complexity, cost and

complicates the fabrication of the sensor head.

This article proposes a new sensor head design making use

of single FBG for simultaneous measurement and discrimination

of strain and temperature.

2. SENSOR DESIGN AND FABRICATION

The schematic of the designed sensor head is shown in Figure

1. It consists of a cantilever with rectangular stainless steel plate

of 25-cm length and 4-cm width with thickness of 3 mm. An

FBG of length 3 cm, fabricated at CSIO, Chandigarh, India [7],

with a center wavelength of 1555.6 nm is taken, and exactly

half of it (FBG1) is glued at the center of the steel plate parallel

to the length from 1 to 2.5 cm from the fixed end using a per-

manent instant high-temperature adhesive, whereas the remain-

ing half (FBG2) is allowed free. The reflection spectrum of

which is shown in Figure 2. Four strain gauges are pasted on

the plate, two on both sides of the glued FBG portion and two

exactly at the bottom of the plate, forming a bridge, for making

strain measurements.

3. THE PRINCIPLE

When one half of a 3-cm FBG is glued to a metal plate and the

other half left free, and the plate is subjected to load, the por-

tion of the FBG that is attached gets strained and there will be

a wavelength shift of Dk, whereas the light reflected from the

free portion does not suffer any shift. When the strain is

increased, the shift also increases accordingly; thereby, the

reflected spectrum from the sensor shows two peaks, one

remains constant, whereas the other shifts according to the

applied strain. The separation between them is proportional to

the strain produced.

When such sensor is subjected to temperature at constant

strain, the glued portion of the FBG responds to both tempera-

ture and strain, whereas the free portion responds only to tem-

perature, and the shift in the wavelength in the reflected spec-

trum varies accordingly. Making these two observations, the

strain and temperature can be discriminated.

The bending of cantilever loaded at the endpoint develops

mechanical strain given by:

ei ¼ 2Dli
l

; (1)

Figure 1 Schematic of proposed sensor head. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com]

Figure 2 Reflected Bragg wavelength spectrum of FBG used in the

sensor head. [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com]

Figure 3 Wavelength response of the sensor to applied strain (at con-

stant temperature 30�C). [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com]
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where Dli is the elongation of the ith grating half and l is the

length of the whole grating.

The average strain of the FBG is given by:

e ¼ Dl1 þ Dl2
l

; (2)

where Dl1 is the elongation of the FBG1 and Dl2 is the elonga-

tion of the FBG2.

The Bragg wavelength shift of each grating half in terms of

the average strain and temperature changes can be expressed as

[8]:

Dk1 ¼ Ke1eþ KT1DT and Dk2 ¼ Ke2eþ KT2DT: (3)

From these equations, it can be seen that the two gratings

halves respond differently to the applied strain and temperature

changes, so that the Bragg reflection from the grating peak will

split into two.

4. RESULTS AND DISCUSSION

The response of the sensor was measured by subjecting it inde-

pendently to strain and temperature. Figure 3 shows the sensor

response to wavelength. Figure 4 shows the results of the

experiment in which the temperature was kept constant at 30�C,
whereas the strain applied to the sensor head is varied. It is seen

that the Bragg reflected peak splits into two, and the wavelength

separation between the peaks is increased with applied strain up

to 62 le. The response of the FBG1, which is glued to the canti-

lever, is linear with applied strain, whereas the strain response

of the FBG2 is found equal to zero. From these experimental

data, strain coefficients of the FBG1 and FBG2 are calculated as

Ke1 ¼ 3.38 pm/le and Ke2 ¼ 0 pm/le, respectively.
Figure 4 shows the experimental results for the discrimina-

tion of the strain and temperature coefficients. In this, the

applied strain is kept constant at 10 le, whereas the temperature

was changed from 30 to 200�C. The slopes of the response

curves of the FBG portions are different, indicating that FBG1 is

responding to both temperature and strain, whereas FBG2 is

responding only to temperature. The spectral response of the

sensor indicating the split in the Bragg wavelength reflected

peaks at various temperatures is shown in Figure 5. The temper-

ature coefficients of FBG1 and FBG2 from the experimental data

are found to be KT1 ¼ 19.05 pm/�C and KT2 ¼ 11.19 pm/�C,
respectively.

The experimental observations on the responses of FBG1 and

FBG2 of the sensor head to strain and temperature permit us to

write a well-conditioned system of two equations for DT and De
given in the form of matrix as [9].

DT
De

� �
¼ 1

B

Ke2 �Ke1
KT2 KT1

� �
Dk1
Dk2

� �
; (4)

where B ¼ Ke2 � KT1 � Ke1 � KT2.

The matrix coefficients are found from the slopes of the ex-

perimental measured data shown in Figures 3 and 4 and take the

form

DT
De

� �
¼ � 1

36:48

0 �3:38
�11:19 19:05

� �
Dk1
Dk2

� �
: (5)

These preliminary results have demonstrated that the pro-

posed sensor head could perform well for the simultaneous mea-

surement and discrimination of strain and temperatures.

Figure 4 Wavelength response of the sensor to applied temperature

(at constant strain of 10 le). [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com]

Figure 5 Spectral response of the Bragg reflected peak at different temperatures: (a) 145�C and (b) 185�C. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com]
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5. CONCLUSION

A FBG sensor head capable of simultaneous measurement and

discrimination of strain and temperature is demonstrated making

use of single FBG. The experimental observations reveal that

the response of the sensor is found to be linear over wide ranges

of applied temperature and strain. The temperature and strain

sensitivities of the sensor are found to be 19.05 pm/�C and 3.38

pm/ls, respectively.
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ABSTRACT: A new silicon-based differential stacked spiral inductor
(DSSI) was implemented using a standard 0.18-lm complimentary

metal-oxide semiconductor technology. Based on the measured two-

port S-parameter using a standard de-embedding procedure, the self-
resonance frequency, f

sr
, and quality factor, Q, of the new DSSI

were compared with a conventional DSSI. The f
sr

of the new DSSI
was nearly twice as high as that of the conventional DSSI, and the
Q value of the new DSSI was also enhanced. VC 2011 Wiley

Periodicals, Inc. Microwave Opt Technol Lett 53:1024–1026, 2011;

View this article online at wileyonlinelibrary.com. DOI 10.1002/

mop.25900

Key words: CMOS inductor; differential stacked spiral inductor;
parasitic capacitance; self-resonance frequency

1. INTRODUCTION

Miniaturization is a desirable aspect of monolithic circuit inte-

gration, particularly for radiofrequency (RF) integrated circuits

Figure 1 Configuration of the conventional DSSI: (a) Overall view

and (b) top and side views
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