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This paper presents the development of a wireless magnetic field sensor consisting of a three-layer

thin-film giant magnetoimpedance sensor and a surface acoustic wave device on one substrate. The

goal of this integration is a passive and remotely interrogated sensor that can be easily mass

fabricated using standard microfabrication tools. The design parameters, fabrication process,

and a model of the integrated sensor are presented together with experimental results of the sensor.
VC 2011 American Institute of Physics. [doi:10.1063/1.3562041]

I. INTRODUCTION

Magnetic field sensors represent one of the most perva-

sive types of sensors today in e.g. automotive applications

and process control, and they are becoming increasingly im-

portant in other fields like biomedical applications and com-

munication electronics. In an attempt to improve the

performance of magnetic sensors, various physical principles

have been exploited.1,2 Within those, the giant magnetoimpe-

dance (GMI) effect is considered to offer great potential for a

new generation of magnetic microsensors due to its high sen-

sitivity to magnetic fields. The GMI effect is most effectively

exploited in Co-based, amorphous wires,3–5 which have pro-

ven to be good candidates for magnetic microparticle detec-

tion.6 GMI thin film sensors have also been reported, but with

less sensitivity than their wire counterparts.7,8

GMI sensors change their impedance as a function of an

external magnetic field due to the skin effect at high frequen-

cies. The operation frequency lies in the MHz range, which pro-

vides both the option to boost sensor signals due to resonance

effects and the option to combine the sensor with an RF trans-

ducer. In this case, passive and remote sensors can be realized

providing more flexibility for magnetic sensing applications in

harsh conditions, on rotating or moving parts, for nondestruc-

tive testing, and in encapsulated environments. Previously, such

a sensor has been developed utilizing a GMI wire and a surface

acoustic wave (SAW) transponder.9 The SAW transponder is a

two-port device that utilizes the dependency of the acoustic

reflection on the electrical load at one of its ports.

This study reports the development of a magnetic field

microsensor consisting of the novel combination of a thin-

film GMI element and a SAW transponder, which are inte-

grated on a lithium niobate (LiNbO3) substrate. This is the

first step toward a wirelessly interrogable, integrated and

passive magnetic sensor, which can be produced by means

of batch fabrication.

II. METHOD

A. Concept

Figure 1 shows the overall design concept of the sensor.

The proposed integrated sensor is interrogated wirelessly

through the dipole antenna that is attached to the source

interdigital transducer (IDT1). IDT1 sends Rayleigh waves

through the piezoelectric substrate, which are reflected off

the reference IDT (IDT2) and the load IDT (IDT3). IDT3 is

connected to a three-layer thin film GMI element, which is

fabricated on the same LiNbO3 substrate as the IDTs. IDT1

sends the signals back to the interrogator to extract the sensor

information from the difference in phase and magnitude of

the reflections of IDT2 and IDT3.

B. GMI sensor

The three-layer sensor was composed of two soft

magnetic Co73Si12B15 layers, each 1 lm in thicknesses, and

FIG. 1. Schematic of the principle of operation of the wireless sensor device.
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a 0.5 lm thick layer of copper. The dimensions of the sensor

were 3000 lm by 200 lm.

C. SAW transponder

The piezoelectric substrate chosen for this application

was lithium niobate (LiNbO3) (128 deg Y-X cut), and the

IDTs were made of copper. The dimensions are inversely

proportional to the center frequency f0, which was chosen to

be 80 MHz:

f0 ¼
v

d
; (1)

where v is the Rayleigh wave velocity, which is 3488 m/s for

LiNbO3, and d is the periodicity of the IDTs. The number of

the finger pairs (N) in the IDT inversely affects the band-

width (BW) of the transducer:

BW ¼ af0

N
; (2)

where a is constant factor. From Eq. (1) and Eq. (2), and a

BW of 20 MHz the dimensions of the IDTs were evaluated

as follows: d¼ 50 lm, N¼ 20, and the finger width was set

at 12.5 lm. The spacing (w) between the three IDTs was

1250 lm to provide a time-shift between the responses of

IDT2 and IDT3 of

Dt ¼ v

w
¼ 0:36 ls: (3)

The thickness of the IDTs was 120 nm. The electrical imped-

ance of the IDT was experimentally found to be 10 Xs. The

finger length should be at least 30 times the periodicity so as

to not cause diffraction10 and was chosen to be 1500 lm.

D. Circuits

The GMI sensor is part of a series resonant circuit (Fig. 2)

in order to maximize the sensitivity. The resonant circuit is

made of the GMI element connected to a capacitor in series.

The value of the capacitor was evaluated based on the calcula-

tion of the resonant frequency (x):

x ¼ 1
ffiffiffiffiffiffiffiffiffi

CRL
p

G

; (4)

where CR is the capacitance and LG is the inductance of the

GMI element. The inductance of the GMI sensor without

external magnetic field was found to be LG¼ 8 nH. There-

fore, a value of CR¼ 500 pF was required for a center fre-

quency of 80 MHz. The design of the capacitance was a

longitudinal (comb drive) capacitor that showed a finger

overlap of 1000 lm, finger length of 1000 lm, spacing of

10 lm, and five fingers. An impedance matching circuit,

implemented by LM and CM (Fig. 2) ensures optimal transfer

of power to the GMI load.

E. Fabrication

The fabrication of the integrated device was accom-

plished in several steps as shown in Fig. 3. First, a 3 lm thick

FIG. 2. (Color online) Matching circuit and series resonance circuit.

FIG. 3. (Color online) Fabrication process of the integrated sensor.
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photoresist (SPR 220) was spin-coated, exposed to UV light

and developed to provide pattern for the IDT structures.

Then, a copper layer of 120 nm in thickness was deposited

by evaporation followed by a lift-off process. For the fabrica-

tion of the GMI sensor AZ 9260 photoresist was used provid-

ing a 6 lm thick layer. The deposition of the magnetic

material was accomplished by dc sputtering (base pressure:

2� 10�6 Torr, Ar flow pressure: 7 mTorr, sputtering power:

250 W). During the deposition, a dc magnetic field of 500

Oe was applied parallel to the desired easy axis of the GMI

sensor. The composition of the CoSiB layer was analyzed by

means of XPS, and found to be 73/12/15 at. %. After the fab-

rication of the first magnetic layer, similar photolithography

steps were applied to fabricate the copper layer and the sec-

ond magnetic layer. Finally, the device was subjected to field

annealing at 300 �C with a constant magnetic field of 1500

Oe in the desired easy direction of the magnetic layers.

III. RESULTS

First, the GMI sensor was tested separately. The imped-

ance magnitude of the GMI element was measured by using

an Agilent 4395A Network/Spectrum/Impedance Analyzer

with an Agilent 43961A RF impedance test kit installed The

calibration was done using the GMI sensor at zero applied

field, hence, the impedance data collected was relative to the

zero field impedance of the sensor. Figure 4 shows the im-

pedance magnitude of the GMI sensor as a function of the

frequency for values of Hext of 0, 20, 100, and 420 Oe. The

magnitude of the impedance increases monotonically along

with the frequency and the magnetic field. Figure 5 shows

the loaded IDT with a GMI sensor element and the series res-

onance capacitor fabricated on the LiNbO3 wafer.

IV. CONCLUSION

A fully integrated magnetic field sensor was designed

consisting of a GMI sensor and a SAW transducer. A fabri-

cation process was developed to integrate a three-layer GMI

sensor on a LiNbO3 substrate together with the interdigital

transducers of the SAW transponder and a comb-finger ca-

pacitor. The response of the fabricated GMI sensor to an

applied external magnetic field was evaluated, showing an

impedance magnitude increase of 0.3 Xs at a frequency of

500 MHz at 420 Oe. Future work will focus on testing the

fully integrated device—including the response of the SAW

and the performance of an RF antenna—and improving the

response of the GMI sensor.
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FIG. 4. (Color online) Impedance magnitude of the GMI sensor as a func-

tion of the frequency of the measurement current under different external
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FIG. 5. (Color online) Optical microscopic picture of the IDT of the SAW

transponder, the GMI sensor element and the comb capacitor.
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