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ABSTRACT: In this article, it is proposed an interrogation and multi-

plexing system based on optical time domain reflectometer for fiber loop
mirror coupled intensity sensors. Pulse width of approximately 100 ns

enabled to attain a dynamic range of approximately 18 dB. Good linear-
ity was achieved with a 213.3 dB/mm slope. The resolution of the sens-
ing head was 0.027 mm. The proposed interrogation system showed to

be an alternative technique for multiplexing and remote sensing. VC 2014

Wiley Periodicals, Inc. Microwave Opt Technol Lett 56:2860–2864,

2014; View this article online at wileyonlinelibrary.com. DOI 10.1002/

mop.28720

Key words: optical fiber sensor; fiber loop mirror; interrogation sys-

tem; optical time domain reflectometer

1. INTRODUCTION

Optical Time Domain Reflectometer (OTDR) is the most uti-

lized equipment to measure distributed losses in optical fibers. It

uses Rayleigh scattered light to determine the attenuation of

optical fiber links. OTDR is also useful to localize events,

breaks and to evaluate splices and connectors [1]. Due to these

advantages and since OTDR is a simple, easy, and ready to be

used tool, it has also been the starting point of distribution sens-

ing techniques [1]. As interrogation system, OTDR has been uti-

lized in different configurations. One of the most common is to

use fiber Bragg grating (FBG) and/or long period grating (LPG)

with OTDR [2,3]. Recently, Gong et al [2] proposed a multi-

point strain measurement system based on OTDR and FBG.

Another approach uses OTDR to interrogate Fabry–Perot sensors

[4,5]. Finally, a significant function of the OTDR is to enable

multiplexing [6,7] and remote sensing [7,8] interrogation.

OTDR trace loss [7,9–11] or reflection peak variation [6,8]

are the most attractive techniques for interrogation when this

equipment is used. In the case of the OTDR trace loss and con-

sidering multiplexing and remote sensing, there is a compromise

between the number of sensors to be multiplexed and the dis-

tance between sensors as the loss introduced by the sensors will

be a serious limitation to the system. OTDR reflection peak var-

iation does not present such limitation.

An optical fiber mirror is a device necessary in several appli-

cations. An important application is to use as sensing element.

One of the solutions is to utilize a fiber loop mirror (FLM) which

is straightforward developed using a 3 dB optical coupler. In this

case, the output ports of the coupler are spliced together forming

a loop. All light input to the loop is reflected back to the coupler

input port due to constructive interference which occurs in the

coupler after the counter waves propagate inside the loop [12].

The optical losses are merely a result of the 3 dB coupler

insertion loss and the splice loss. FLM combined with LPG is

an alternative solution to interrogate such gratings in reflection

using an OTDR as the interrogation system [13].

In this article, it is presented an interrogation and multiplex-

ing system based on OTDR to interrogate intensity sensors, in

the case tapered based displacement sensors, coupled to FLMs.

The proposed scheme used the information contained in the

OTDR reflection peak variation to evaluate the sensors still

allowing multiplexing and remote sensing.

2. EXPERIMENTAL SETUP

Figure 1 presents the experimental setup of the proposed inter-

rogation system. A commercial OTDR from YOKOGAWA,

model AQ 1200 OTDR—Multi Field Tester is used to interro-

gate intensity taper sensors. Remote sensing is obtained connect-

ing 5.5 km of Corning SMF-28 fiber to the OTDR port. An

optical coupler is connected at the fiber output. Ten percent of

optical power is used to illuminate the sensor.

The 90% output port of the coupler enables multiplexing

which is achieved connecting 11.3 km of Corning SMF-28 fiber

to that coupler output port. To simulate intensity sensors, optical

fiber tapers were used as displacement sensors.

The mode operation of the sensing head consists in applying

curvature in the taper region with a value that depends on the

displacement to be measured. Therefore, the displacement

induced curvature variation originates a change in the insertion

loss of the taper. A 3 dB optical coupler working as a FLM is

connected to the output of the displacement sensor, generating a

FLM coupled intensity sensor configuration. The inset in Figure

1 is a photo of the OTDR with the output signal presented in

Figure 2(a).

3. RESULTS AND DISCUSSION

3.1. Single Structure
In the single structure case, only one sensor is present and no

multiplexing is performed. Figure 2 exhibits the OTDR trace in

the presence (a) and absence (b) of the FLM after the single

sensor. In Figure 2(a) it is clear the reflection peak due to the

FLM and the Fresnel reflection after 11.3 km of fiber. It will be
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explored the reflection peak due to the FLM to interrogate the

sensor. Note that in Figure 2(b) no reflection is present after the

first coupler but the loss due to it is evidenced and around 2.5

dB. Using the proposed scheme, and despite such loss, it is pos-

sible to attain multiplexing of around 10 sensors (2.5 dB/

sensor).

To optimize the OTDR parameters (optical signal) it was

evaluated the dynamic range of the FLM peak reflection by

varying the input signal and its pulse width. The FLM reflection

peak dynamic range as a function of the input signal attenuation

for a pulse width of 500 ns is shown in Figure 3. It is observed

that input signal attenuation between 10 and 15 dB allows

obtaining a maximum dynamic range of around 15 dB.

Figure 4 illustrates the FLM reflection peak dynamic range

as a function of the OTDR input signal pulse width for an input

signal attenuation of 10 dB since it has given the best dynamic

range result. It is verified that smaller pulse width results in

higher dynamic range. As can be seen, a pulse width of approxi-

mately 100 ns enabled to attain an even better dynamic range of

approximately 18 dB. In both curves, the dots represent the

experimental results and the solid line is the fitting curve.

Figure 5 shows the trace of the OTDR as a function of the

displacement sensor. It is clearly seen the decrease in the

dynamic range of the FLM reflection peak as the displacement

increases. The optical losses in the FLM reflection peak as a

function of the displacement are presented in Figure 6. The

results evidence a linear behavior with a slope of 213.3 dB/

mm.

The sensing head resolution with the proposed interrogation

system was obtained by performing a step of 0.4 mm in the dis-

placement sensor which corresponds to a 3.91 dB signal inten-

sity variation as shown in Figure 7. Considering this value and

Figure 1 Experimental setup of the interrogation system for FLM coupled intensity sensor using OTDR. Inset: Photo of the OTDR. [Color figure can

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

Figure 2 OTDR trace (a) in the presence of the FLM and (b) in the absence of the FLM
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the average rms noise amplitude before and after the step

change, it turns out a displacement resolution of 0.027 mm.

3.2. Multiplexing Sensor
One important feature of this proposed interrogation technique

based on OTDR is also enabling to multiplex several intensity

sensors in parallel along the fiber. This feature is illustrated in

Figure 8, which shows a system with two FLM coupled inten-

sity sensors. Note that at the last sensor, the 90 3 10 optical

coupler is not necessary and the sensor can be connected

directly to the optical fiber. Considering the 2.5 dB loss origi-

nated by the 90 3 10 optical coupler insertion loss, it is possi-

ble to attain multiplexing of around 10 sensors.

Figure 9(a) presents the OTDR trace of the two multiplexed

sensors. Note that the FLM reflection peak of the second sensor

presents a dynamic range of around 21.3 dB which is much

greater than the 10 dB Fresnel reflection presented in Figure

2(b). It is also important to analyze the crosstalk between the

two sensors. Figure 9(b) shows the OTDR trace when the first

sensor (5.5 km) followed by a FLM is absent. The dynamic

Figure 3 Dynamic range of the FLM reflection peak as a function of

the input signal attenuation. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com]

Figure 4 Dynamic range of the FLM reflection peak as a function of

pulse width. [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com]

Figure 5 OTDR trace for different displacements. [Color figure can

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

com]

Figure 6 Optical losses in the FLM reflection peak as a function of

the displacement. [Color figure can be viewed in the online issue, which

is available at wileyonlinelibrary.com]

Figure 7 Step procedure to obtain the resolution of the interrogation

system
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range of the second FLM reflection peak is still around 21.3 dB.

Finally, Figure 9(c) illustrates the OTDR trace when the second

sensor (�17 km) followed by a FLM is not present. The

dynamic range of the first reflection peak is around 18.1 dB

which is the same as shown in Figures 9(a) and 2(a). The signal

observed between 5.5 km and approximately 17 km is main-

tained constant along the fiber. Using this type of OTDR, the

sample interval is 16 m that corresponds to the minimum dis-

tance between the two FLMs.

4. CONCLUSION

In this article, it was proposed an interrogation and multiplexing

system based on OTDR for FLM coupled intensity sensors. The

scheme was characterized to obtain its maximum dynamic

range. It was achieved a maximum value of 15 dB when input

signal attenuation of around 10 dB is used. Pulse width of

approximately 100 ns enabled to attain an even better dynamic

range of approximately 18 dB for the first FLM and approxi-

mately 21 dB for the second. Despite the coupler losses, 2.5 dB,

the proposed scheme permits multiplexing of around 10 sensors.

The technique demonstrated good linearity with a 213.3 dB/

mm slope. A 0.027 mm resolution was achieved. The proposed

interrogation system showed to be a feasible alternative tech-

nique for sensor multiplexing and remote sensing.
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ABSTRACT: This article presents a 60 GHz low insertion loss double-
pole double-throw (DPDT) switch implemented in 65 nm standard

CMOS process. To achieve the low insertion loss, various techniques
are used such as the double-well body-floating, gate-floating, high-per-

formance thin-film microstrip line, resonating the capacitance of the off-
state transistor, and the transmission line based matching network. To
achieve both high performance and small area, EM simulations are

intensely performed to model passive components. The DPDT switch
achieves insertion loss of less than 2.7 dB, and return loss of better than

10 dB over the 52–66 GHz band. The measured IIP3 is 18 dBm (simu-
lated IP1dB is 11.4 dBm). The fabricated DPDT switch has an effective

area of 0.073 mm2. VC 2014 Wiley Periodicals, Inc. Microwave Opt

Technol Lett 56:2864–2867, 2014; View this article online at

wileyonlinelibrary.com. DOI 10.1002/mop.28713

Key words: WiGig; CMOS switch; double-pole double-throw; single-

pole double-throw; mm-wave; RFIC; radio frequency integrated circuit;
beamforming; phased-array

1. INTRODUCTION

Recently, the WiGig standard has gained a great deal of inter-

ests due to the potential for providing much faster wireless net-

work speeds up to 7 Gbps within a short range [1]. To achieve

these speeds, the WiGig system uses the unlicensed frequency

bands over the range of 57–66 GHz ad shown in Figure 1 [2].

The development of CMOS technology gives the opportunity

to realize cost-effective high-data rate transceivers operating at

60 GHz band [1,3]. In the 60 GHz transceivers for WiGig sys-

tems, the RF transmit/receive switch is used to share an antenna

between the transmitter and the receiver in the time-division-

duplexing (TDD)-based scheme. The most challenging task in

the 60 GHz CMOS switch design is to achieve low insertion

loss which is directly related to overall system NF, gain, and

linearity. Thus far, various 60 GHz band CMOS single-pole

double-throw (SPDT) switches for achieving the low insertion

loss have been developed [4–9]. However, 60 GHz-band CMOS

double-pole double-throw (DPDT) switches which are used to

share two antennas between the TX and the RX as shown in

Figure 2 have been rarely introduced up to date. The develop-

ment of the DPDT switch, providing multiple radiation direc-

tions at a time, is required to improve the beam coverage of a

phased-array beamforming system for various user scenarios.

Same as the SPDT switch case, the most challenging task in

developing the DPDT switch is to achieve low insertion loss.

Figure 1 Unlicensed spectrum allocations in the 60 GHz band and the

channel plan

Figure 2 A unit RF front-end chain of a phased-array transceiver with

two antennas
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