Microwave tunable straight edge resonator on silicon membrane
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Abstract - This work presents the
experimental realization and the
per formances of a magnetostatic microwave
straight edge tunable resonator (SER)
placed on a silicon membrane. The aim of
this approach is to study a miniaturised
device, integrable  in a  planar
micromachined microwave circuit. S;; and
Sy parameters of this device are presented
for different magnetic bias fields, exhibiting
frequency tunability between 4.2 GHz and
725 GHz. The utilization of silicon
membranes to support these devices offers
important openings toward the integration
of magnetostatic wave devices with
micromachined structures.

[. INTRODUCTION

The development of monolithic microwave
integrated circuits imposes the necessity to
assure the compatibility between the yttrium
iron garnet (Y1G) technology and the hybrid
and monolithic configurations. Moreover,
novel solutions for microwave and millimeter
wave signal processing like those related to the
realization of micromachined structures are
suitable of an integration with magnetostatic
wave devices. The configuration presented in
this paper is a SER made by a YIG thin film,
working in pure mode magnetostatic surface
wave regime (MSSW), frequency tuned by
changing the strength of an external bias
magnetic field Hgy. Electrically matched
magnetostatic wave transducers have been
realised by top-coupling the MSSW-SER to a
dedicated micromachined microstrip structure

designed and made in agreement with the
characteristics of the etched silicon substrate.

Il. THEORETICAL BACKGROUND

The resonator consists of a resonant cavity
obtained by cutting a rectangular piece of a
ferrimagnetic YIG film in the dimensions of
few square millimeters from a "1" wafer
YIG/GGG substrate obtained by liquid phase
epitaxy. The edges of the SER are coupled
with two transducers, a launcher and a
detector, made by two grounded microstrip
lines.

A. Transducers on silicon membrane

The microstrip transducers can theoretically
include a number of N conducting strips, each
of them having a width a and carrying a
current lp. They may form a microstrip line
grid with N parallel conducting strips or a
meander microstrip line with N meanders. The
width a of microstrip lines forming the
launcher and detector structures have to be
designed to have a 50 Q characteristic
impedance using relationsin [1] and [2]. In our
experiments N = 1. The 50 um thickness of the
silicon membrane combined with a permitivity
€ = 11.7 alows the design of microstrip lines
50 pm wide (see aso [3]).

B. SER resonator structure
For SER-MSSW, Hgy lies in the plane of

the ferrite thin film, normal on the direction of
propagation. The magnetostatic waves induced
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by the launcher, reflected at the straight edges
of the sample form a standing waves
distribution that fulfils the relation (cf. [4]):

( K-rll-,m "'K;,m )XW:2nn ()

where n =1, 2, 3, (K+) and (K-) are the
wavenumbers  corresponding to the
propagation at the YIG-GGG and at the YIG-
air interfaces respectively, and w is the space
between reflecting edges of the ferrite film.
The subscript m refers to the transversa
resonant modes dependent on the width of the
sample w which may interfere with the main
resonance.

One may demonstrate that at the Y1G-GGG
interface:

Knm® =Km? +(m/lop ) @

and at the YIG-air interface:

Knm? = K2+ (mm/1)? ©)
where
W
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and
W, = y*41Mo (5)

For the design of the SER it is important to
include the effects of both, materia properties
and geometry to properly account for intrinsic
contributions and for boundary conditions
effects. In particular, the material parameters
are: the aturation magnetization (41iMo) that
determines the minimum frequency obtainable
with the resonator, the ferromagnetic
resonance linewidth (AH) and the thickness of
the epitaxia YIG layer d, while the
geometrical parameters are: the length | and
the width w (setting the magnetic wavelength)
of the ferrite film, the distance s between the
microstrip transducers and the ferrite resonator

(important for resonator coupling with
launching and detecting microstrip lines), and
the width of the transducers a (important for
reflection loss levels at the resonator input).

[11. DEVICE CONSTRUCTION AND
EXPERIMENTAL RESULTS

Using the above theoretical background a
SER-MSSW resonator having a silicon
membrane as substrate was designed and
realized. The resonator structure on silicon
membraneis shownin Fig.1.
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Fig.1. The resonator structure on silicon
membrane

To obtain the resonator structure, the
following technological steps (cf. [5]) were
performed:

e a <100> p-slicon wafer with a
resistivity of 4000 Q.cm was oxidised to
obtain 1 um thick SiO,. This layer prevents the

silicon surface damage during the subsequent
technological steps;



 a0.1 um SINC layer was set down, this
layer acting as a mask;

» the silicon was anisotropically etched to
obtain a 50 um thick membrane;

» ametallisation with 50 nm Ti (to ensure
a better adhesion to the substrate) was
followed by 1 um Au deposition (having in
view the penetration depth up to 10 GHz);

e a microstrip transducers pattern was
obtained by a standard photolithographic
Pprocess.

The transducers width/length dimmensions
were 50 um/4 mm; the transition between
transducer lines and feeding microstrip lines
were designed to have a progressive
impedance change to provide a large band
operation for the SER.

The YIG materia parameters were:
41iM = 1750 Gs, AH = 4,1 Oeand d = 20 um
on a 200 um thick GGG substrate. The optimal
resonator dimensions, caculated from the
above considerations in order to minimize the
insertion losses, were: | = 4000 um; w = 700
pm; s= 80 um; a= 50 pm.

This device was characterized by measuring
Si1 and Sy for different Hyy values. Results
are drawn in Fig.2. From these records one
may see a tuning domain between 4.2 GHz and
7.25 GHz. [0Sy;[0 values lie between 8 dB at
Hap = 540 Oe and 16 dB at Hy = 1980 Oe,
which means a VSWR between 2.33 and 1.28.
Losses, described by [0Sxu[, are 12 dB at
Hap =540 Oeand 7 dB at Hay = 1980 Oe.

V. CONCLUSIONS
In this paper it has been demonstrated the

possibility to combine the planar YIG film
technology with micromachining by studying a

configuration made by a MSSW straight edge
resonator excited by means of microstrip
transducers on a silicon membrane. The
measured tunability range of the device was
between 4.2 GHz and 7.25 GHz and, in this
frequency range, values of VSWR and
insertion losses compatible with the data
available in literature have been found. As a
conclusion, a miniaturised magnetostatic wave
device compatible with a micromachined
structure has been obtained.
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Fig. 2. SER S;; and S;; parameters for different applied magnetic field.
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