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Abstract —The purpose of this paper is to review the status of magueto-

static wave (MSW) resonators and to describe, in detail. the theory of

operation of the recently developed straight-edge resonators. These reso-

nators are based on magnetostatic waves propagating in high Q cavities

fabricated in thin ferrimagnetk films. The resonance frequency of these

resonators can be tuned via a bias magnetic field. The theory of propa-

gation of magnetostatic wave devices in periodic arrays will be briefly

described followed by a detailed overview of the different configurations

for MSW resonators. Three distinct classes of resonators will be dis-

cussed 1) resonators based on array reflectors (deposited metafs and

etched grooves) will be described in detai~ 2) guided-wave ring resonators

will be discussed; and 3) the theory of operation and design criteria for the

straight-edge resonators will be deseribed. Each class will be evahrated,

pointing out the advantages and drawbacks, and whenever applicable, the

power handling properties and the phase noise performance will be given.
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NOMENCLATURE

Width of microstrip transducer (pm).

Thickness of YIG film (pm).

Thickness of ungrooved YIG film (pm).

Thickness of grooved YIG film (pm).

Normal separation between YIG film and trans-

ducer (pm).

Bias magnetic field (Oe).

Wavenumber of magnetostatic wave (rad/m).

Wavenumber of ungrooved YIG film (rad/m).

Wavenumber of grooved YIG film (rad\m).

Wavenumber of main resonance (n) on top surface

of YIG film (rad/m).

Wavenumber of main resonance (n) on bottom

surface of YIG film (rad/m).

Wavenumber of width mode (m) inside the YIG

film (rad/m).

Wavenumber of width mode (m) on top surface of

YIG film (rad/m).

Wavenumber of width mode (m) on bottom surface

of YIG film (rad/m).

Length of rectangular YIG film along the propa-

gation direction (pm).

Equivalent length of the resonator cavity (pm).

Length of the microstrip transducer (pm).

Vector normal to the YIG film plane.

Main mode number.

Number of grooves in the reflecting grating.

Width mode number.
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Q associated with circuits connected to microstrip

transducer.

Q associated with YIG film losses (material Q).

Q associated with leakage through imperfect reflecti-

ng gratings.

Reflection coefficient of the reflective grating.

Lateral separation between YIG film and micro-

strip transducer (pm).

Separation between YIG film and second ground

plane (pm).

Separation between YIG film and first ground plane

(pm).

Transmission coefficient of reflective grating.

Width of YIG film normal to propagation direction

(pm).

Wave impedance of ungrooved YIG film (fil).

Wave impedance of grooved YIG film (Q).

Ratio between ZI and Z2.

Loss factor (loss(dB) = – 10 log(a)).

Gyromagnetic ratio (2.8 MHz/Oe).

Ferromagnetic linewidth (Oe).

Spinwave linewidth (Oe).

MSW wavelength (pm).

Electromagnetic wavelength (pm).

Permeability of free space ( = 4T. 10-7 H/m).

Group delay of MSW (ps).

Group delay associated with MSW propagating

around the ring resonator (ps).

27ryH = frequency of MSW (MHz).

2fiy(4TM,), frequency associated with saturation

magnetization (MHz).

Saturation magnetization of YIG film (Gauss, G).

I. INTRODUCTION

M AGNETOSTATIC WAVES propagating in liquid-

phase epitaxially grown yttrium iron garnet films

(LPE-YIG) provide a convenient means for performing

signal processing functions directly at microwave frequ~en-

ties. Among the components that can be built using mag-

netostaltic wave (MSW) propagation in YIG films are

delay lines, filters, resonators, convolves, and correlators.
The interested reader is referred to [1]–[4] for a review of

the subject.

Planar MSW resonators are among the MSW compo-

nents with potential applications in instruments and com-

munication systems. These tunable resonators can be used
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as the frequency selective elements in tunable oscillator

circuits in the 0.5 –26-GHz frequency range. The planar

structure of the resonator makes integration with MMIC

devices easy and attractive. Moreover, because the velocity

of propagation of magnetostatic waves in YIG films is

only two orders of magnitude lower than the velocity of

light, the linewidths involved in fabricating MSW reso-

nators are of the order of 10–100 pm, allowing straightfor-

ward photolithographic processing.

In 1976, Skyes et al. [5] were the first to give the theory

of magnetostatic surface wave (MSSW) propagation in

periodic structures using selectively etched grooves in YIG

films. They showed good agreement between theory and

experiments in the 2–4-GHz frequency range using 9-pm

films and l-~m-deep grooves. Parekh et al. [6] reported on

the reflection of magnetostatic forward volume waves

(MSFVW) by a shallow grooved grating on a YIG film.

Their theoretical treatment employed the field theory in

conjunction with the theory of two-mode coupling. In

1977, Collins et al. [7] reported on the use of etched

grooves in YIG films to build one-port tunable resonators

and in 1978, Owens et al. [8] extended the idea to two-port

resonators. These resonators were fabricated using a flip-

over configuration in which the coupling transducers were

deposited on dielectric substrates and then brought into

contact with a YIG film in which two sets of reflecting

arrays were etched. At S-band, the resonator insertion loss

was about 12 dB and the measured Q was about 850. The

resonators reported in [5]–[8] used MSSW’S in which the

bias magnetic field was applied in the plane of the YIG

film and normal to the direction of wave propagation.

Castera [9] reported on a two-port resonator configuration

using MSFVW’S and obtained an insertion loss of 12 dB

and a loaded Q of 550.

In 1980, Brinlee et al. [10] extended the idea of one-port

and two-port etched groove resonators to resonators using

metal reflective arrays. Their motivation was the difficulty

of etching accurate grooves in YIG. Because of the exces-

sive eddy current loss in these metal arrays, the insertion

loss of the resonators they fabricated was more than 30 dB

and the loaded Q was 600. A novel resonator configura-

tion using MSSW’S in a two-cavity structure was reported

by Castera et al. [11]. The first cavity was long and

supported several modes with high Q and the second

cavity was short and supported only a single mode. The
first cavity set the resonator Q and the second cavity

selectively filtered out a single mode. An insertion loss of

15 dB was obtaiined with a loaded Q of 500 in the

2-4-GHz frequency range. The main disadvantage of this

scheme was the device length, which necessitated a large

magnet to bias the device. A MSFVW multipole resonator

was reported in 1982 by Castera et al. [12] in which two

resonators were coupled together through a grating placed

45° from both resonators. This grating resulted in good

off-resonance rejection of more than 15 dB. The resonator

insertion loss was 22 dB at 3 GHz and the loaded Q was

500.

In 1984, Poston et al. [13] reported on a new microwave

resonator based on guided magnetostatic surface waves.
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Fig. 1. A typical MSW delay hne configuration.
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Fig. 2, Dispersion relatlons for MSFVW’S, MSBVW’S, and MSSWS.

The waves were guided around a closed circular path using

nonuniform in-plane fields. This multiresonant structure

exhibited an insertion loss of about 12 dB and loaded Q‘s

as high as 1100.

In the same year, Huijer et al. [14] reported on a novel

resonator configuration in which a rectangular piece of

YIG film was used to reflect the magnetostatic waves at

the straight edges of the film. The device was tuned in the

3–9-GHz frequency range using MSSW’S and exliibited an

insertion loss of 22 dB with Q‘s from 900 to 4000 [15].

Motivated by the higher Q and the simplicity of the

design, Chang et al. [16] optimized the straight-edge reso-

nators (SERS) and obtained a tunable device in the 2–16-

GHz range with less than 8 dB of insertion loss using
MSSWS. Recently, the idea was extended to volume wave

resonators with a tuning range of 1–22 GHz and with an

insertion loss of less than 10 dB [17].

It is the purpose of this paper to review the different

configurations of MSW resonators and to describe the

advantages and disadvantages of each, with emphasis on

design criteria and practical applications. First, the theory

of MSW propagation in ferromagnetic films will be re-

viewed, followed by a review of grating-based resonators

including one-port and two-port structures. The ring reso-

nator will be described next and finally, the straight-edge

resonator will be described in detail. Whenever applicable,

the temperature performance, power-handling characteris-

tics, and phase noise data will be given.
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II. MSW MODES OF PROPAGATION

The propagation of MSWS in ferrite slabs has been

treated by Damon and Eshbach [18], who considered three

distinct orientations of the bias magnetic field H with

respect to the wave vector k. In terms of a unit vector

normal to the ferrite slab n, the three modes of propa-

gation are: 1) magnetostatic forward volume waves,

MSFVW: H X n = O; 2) magnetostatic surface waves,

MSSW: (H X n)//k; 3) magnetostatic backward volume

waves, MSBVW: H//k.
The dispersion relations for the three MSW modes were

given by Daniel et al. [19] and will be reproduced below

for convenience (see Fig. 1).

A. MSFVW Dispersion Relation

tanh(lclt) + tanh(klS)
tan(qkld)=q. ~ (1)

q – tanh(klt ). tanh(klS)

where

k;=(m/W)2+k2 (2)

~ 4nM,H

q = (@/y)’ ‘1”
(3)

B. MSB VW Dispersion Relation
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Fig. 3. Etched grooves in YIG films (after Skyes et al. [5]).

cascaded transmission lines. Fig. 3 shows a schematic clf a

cross section for a periodic array formed by etching grooves

on the top surface of the YIG film. It can be shown that

[5] the ratio of wave impedances between the ungrooved

(thickness = Sl) and the grooved (thickness= S2) regions

is given by

Z,= Z1/Z2 = k2/kl = S1/S2. (13)

The amplitude reflection and transmission coefficients are

related to the number of groo%es in the grating N by the

where

[ A,-p2k, -B,.tanh(B,S)] .[p,A, +p2k,-B,.tanh(B,t)]
e2AJd _ .~l—

[P14 +P2kz + %“tanh(%s)l“[IJ14-P2L + %“tanh(%t)l
(4)

relations

~;=–q’ (5)

47rM,(cJ\y)

‘2= (ti/y)2-H2
(6)

A:=(k2/’p1)+k: (7)

2Z:
tTt=z’N+~.

r

/. .\
( 14)

(15)

B;=k:+k2 (8) The loaded Q of the resonator is computed as follows

k== T/W. (9) ‘8]’
1111

Q,=~+ti+Qext
(16)

C. MSS W Dispersion Relation

ez,42d_ [l-hA’-P’k -B’tanh(B’S)][ plA’+p2k-B 2tanh(B2t)] ‘-

- [1-qA2 +p2k + B2.tanh(B2S)] o[1.L1A2-w2k + B2tanh(B2t)]
(lo)

where

A,= (7T/’w)2 +k’
.
L

/%

B:= (r/W)2+ k2.

Fig. 2 shows the dispersion relations for

plotted versus the wavenumber k.

where Q,, Q~, and Qe,t are the quality factors associated

with leakage through imperfectly reflective gratings, YIG

(11) film propagation losses, and external loading circuits, re-

spectively. The expressions for Q‘s follow:

(12)

the three modes

2T/
Q,=

AO(l– R4)
(17)

(18)

D. MS W Propagation in Periodic Structures
La

Because magnetostatic waves can be considered as a TE where /, X ~, and T are the effective cavity length, wave-

mode propagating in waveguides, a periodic structure in length, and group delay, respectively. The loss factor ,x is

YIG films can be analyzed using standard theories for related to the propagation loss by: loss(dB) = – 10 log {a),
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Fig. 5. Two-port, etched-groove resonators (after Owens etul. [8]).

where a is a function of thematerial linewidth. Notice that

Q~ indirectly proportional totheresonance frequencyu.

Therefore, MSW resonators should exhibit higher loaded

Q’s at higher tuning frequencies. This has been verified

experimentally [16].

III. GRATING-BASED MSW RESONATORS

A. MSS W Resonators

The first MSW resonator reported [7] was a one-port,

MSSW resonator structure employing a microstrip trans-

ducer in the vicinity of a uniform periodic array of etched

grooves (Fig. 4). The grooves, 38 in number, were 30 pm

wide and 4000 pm long each and were separated by 120

~m. They were etched to a depth of 1 ~m in a 9-pm YIG

film. In their 1978 paper [8], Owens et al. reported on a

two-port MSSW resonator (Fig. 5) as an extension of the

one-port resonator mentioned previously. They gave a

theoretical model to predict the insertion loss of the reso-

nator and the agreement between theory and experiment at

3 GHz was impressive. When the microstrip transducers

were closely coupled to the YIG film, the resonator’s

insertion loss was about 13 dB, the loaded Q was 775, and

the off-resonance rejection was only 8 dB. Adding a decou-

pling layer of 35 pm between the transducers and the YIG

film resulted in a better off-resonance rejection, about 10

—
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Fig. 6. Two-cavity MSSW resonators (after Castera [11]).
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Fig. 7, Tuning characteristics of two-cavity resonators (after
Castera [1]).

dB, and the overall spurious suppression was more than

15 dB.

One-port and two-port resonators using metal arrays as

reflective gratings were fabricated and tested by Brinlee

et al. [10]. These resonators are simple to build since they

do not require etching grooves in the YIG film. A thin

aluminum film was first sputtered on YIG and then the

gratings were defined photolithographically and chemically

etched. Because of the eddy currents induced in the metal

films, the insertion loss of the two-port device was as high

as 32 dB with an off-resonance isolation of only 4 dB. The

authors gave a theoretical model explaining the frequency

response of the device and the agreement between theory

and experiment was good.

To obtain a better off-resonance suppression, Castera

et al. [12] fabricated a two-cavity MSSW resonator as

shown in Fig. 6. The first cavity was a long one with two

high-reflection etched-groove arrays. This cavity supported

several high Q resonance modes. The second cavity was

short and monomode with a lower Q value and was used

to filter one mode from the first cavity. Fig. 7 shows the

tuning characteristics of this resonator in the 2–5-GHz

frequency range. The loaded Q was 500 and the off-reso-

nance rejection was 15 dB. The resonator exhibited a

negative temperature coefficient, common to all MSSW

devices, and was measured to be – 1375 ppm/°C at 3

GHz and – 376 ppm/°C at 13 GHz.

Although MSSW resonators exhibit low insertion loss

and relatively high Q, they suffer from two main draw-

backs.

1) Because the bias magnetic field is applied in the

plane of the film, a large magnet gap is required, resulting

in a large overall magnet as well as a large power dissipa-
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Fig. 8. Two-cavity MSFVW resonators (after Castera et al. [12]).

tion in the magnet coil. This is especially true for the

two-cavity resonator, which typically measures 10X 5 mm.

This resonator would require an electromagnet with a gap

dimension of about 20X 6 mm.

2) The coincidence limiting phenomenon, which is due

to first-order nonlinear effects in ferrite films, occurs at

frequencies up to 4 GHz with MSSW devices. The result is

saturation at – 10 dBm below 4 GHz.

B. MSFVW Resonators

Because MSFVW transducers are bidirectional, any of

the above MSSW resonator structures would give a poor

off-resonance isolation if used in the volume wave config-

uration. To avoid this drawback, Castera et al. [9] came up

with a new configuration involving two magnetically cou-

pled cavities. Each cavity consisted of two etched-groove

gratings and a single microstrip transducer. The two cavi-

ties were placed at a 90° angle and were coupled by a 45°

oblique incidence reflective track changing grating, as

shown in Fig. 8. The authors reported on the relation

between the reflection bandwidth of the attenuation notch

versus the number of grooves in ion-milled gratings with

the relative groove depth (depth/width ratio) as a parame-

ter. They showed that MSFVW’S were reflected more

easily than MSSWS. For example, using 20 grooves, a

notch depth of 30 dB was reached with a relative groove

depth of 21 percent for MSSWS and 4.2 percent for

MSFVW’S, Fig. 9 is a graph taken from [2] to demonstrate

this comparison. The best results were obtained at a wave-

length of 150 ~m using single microstrip transducers 20

pm wide and 3 mm long. The relative groove depth was 1.5

percent. The numbers of grooves used were: 50, 10, and 10

for gratings (Rl, R3), (R2, R4), and R5, respectively. The

resonators exhibited an insertion loss of between 20 and 32

dB and a loaded Q value of 290 to 1570 over a tuning

range of 2–11 GHz. In contrast to the MSSW case, these

MSFVW resonators exhibited temperature coefficients of

+ 3280 ppm/°C at 3 GHz and +740 ppm/°C at 13 GHz.

These positive coefficients can be balanced by the negative

coefficient of commercially available permanent magnet
materials, as demonstrated previously by Adam et al. [20].
While this is an advantage of MSFVW devices, the perma-

nent magnet compensation will be exact at only one

frequency with large deviations occurring at other frequen-

cies within the tuning range. As an illustration, and using

the above-mentioned temperature coefficients, the above

GROOVE NUMBER

60
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n

W, ‘%
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:-

10 h,d-,%

~A
o 50

GROOVE NUMBER

Fig. 9. Effect of nnrnber of grooves on reflection bandwidths for (a)
MSSW resonators and (b) MSFVW resonators (after Castera [1]).

“R’’’’’N’L=W’’”B””U”U
Fig. 10. MSSW ring resonators (after Poston et al. [13]).

resonator requires bias field values of 2831 G at 3 GHz

and 6402 G at 13 GHz for a YIG film with 1760-G

saturation magnetization. The shift in the resonator

frequency will be 9.84 MHz/°C at 3 and 13 GHz. These

shifts correspond to a change of 3.5 Oe in the bias mag-

netic field. The bias magnet should provide an opposite

shift in the magnetic field of 3.5 Oe at both frequencies. In

terms olf ratios of the bias field values, these shifts corre-

spond to – 0.124 percent (3.5/2831) and – 0.055 percent

(3,5/6402) at 3 GHz and 13 GHz, respectively. Therefore,

in order to achieve exact compensation over the entire

tuning :range, a magnet with a variable temperature coeffi-

cient of remanence is required.

Two more effective methods of temperature compensa-

tion can be used.

1) The YIG film can be ovenized and held at an elevated

temperature [21] in the same manner as YIG spheres are

heated. The main disadvantage is the extra power required

for the heater.

2) The YIG temperature can be sensed and feedback

circuitry used to change the current input to the bias

electromagnet to compensate for the temperature change

[22]. This method requires simple circuitry and has the
potential of exact compensation over wide frequency

ranges.

IV. RING RESONATORS

Fig. 10 shows a schematic of a guided-wave ring reso-
nator using MSSWS propagating around a circular path. in

thin Y[G films [13]. The bias field was supplied by a

permanent magnet with concentric north and south poles.

Two diametrically opposite microstrip transducers were

used tcj couple energy in and out of the resonator. The

frequency response of the resonator was tuned between 2
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Fig. 11. Straight-edge resonators (after HuiJer et al, [14]),

and 4 GHz by mechanically adjusting the gap. The reso-

nator frequency response was multiresonant with frequency

separation determined by

where Ak is the change in the wavenumber between reso-

nances. Substituting l/~r for Ug, (19) reduces to

Af = l/T, (20)

where r, is the group delay for propagation around the

ring. Using a 19-pm-thick YIG film, the separation be-

tween resonances was about 10 MHz at a center frequency

of 2 GHz. The loaded Q varied between 1100 and 1900

and the insertion loss was between 12 and 26 dB, which

compared favorably with grating-based resonators. The

main disadvantage of this device is its multiresonant re-

sponse. To overcome this drawback, the authors suggested

the use of k-selective transducers or the use of cascaded

devices with offset resonances.

V. STILAIGHT-EDGE MSW I&SONATORS

A. Theory of Operation

The straight-edge resonator (SER), shown in Fig. 11,

consists of a ferromagnetic resonant cavity placed on a

thin-film transducer structure. The resonant cavity is made

of a piece of GGG/YIG cut into a rectangle by a wafer

saw. Short-circuited microstrip transducers are used to

couple energy in and out of the resonator. Depending on

the orientation of the bias magnetic field with respect to

the wave propagation direction, both MSSW-SERS and

MSFVW-SERS can be constructed [15] -[17].

In the case of the MSSW-SER, in which the bias field is
in the plane of the YIG film and perpendicular to the

propagation direction, these waves propagate along the

surface of the YIG film and are reflected onto the other

surface at the straight edges. A standing wave pattern

results if the following condition is met:

where the wavenumbers inside the YIG film are given by

(n=l,2,3,4,... ),(nz=l,2,3,4) ...) (22)

f
m=o

m=l

~=3

~=5

fmin

/’ (km+ + km. )
1 $ 1 *

2. & &
/ / /

.=, .=2 “=3

Fig. 12. Dispersion characteristics of MSSW width modes

f+
(3,5) ,m.5

I 1 1 #

dt 27r/[’ 37rlp K-
n=l n=2 n=s

n,m

Fig. 13. Dispersion characteristics of MSFVW width modes

and outside the YIG film they are given by

where

(23)

(24)

From the above equations, the frequency response of the

resonator, which is a family of resonant modes corre-

sponding to different values of n and m, can be solved for

a given bias magnetic field. The frequency variation of

(k:,m + k;, ~) is shown in Fig. 12.

In the case of the MSFVW-SER, in which the bias field

is perpendicular to the YIG film, the magnetostatic waves

propagate in the volume of the YIG film and are reflected

by the straight edges of the film. Since the MSFVW’S are

isotropic waves, a standing wave pattern results in the

rectangle cavity if the following condition is met:

k,, wl=nw, n,m=l,2,3, . . . (25)

where km ~ are the width mode wavenumbers of the

MSFVW’~. The frequency variation of k., ~, is shown in

Fig. 13.

B. Two-Port MSS W Straight-Edge Resonators

The frequency response of the MSSW-SER with a given

dimension of 1 and W is a family of resonant modes
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Fig. 14.
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Frequency response of MSSW-SERS showing the width modes

(after Chang et al. [16]).

corresponding to different values of n and m. Depending

on the current distribution on the short-circuited rnicro-

strip transducer, both odd symmetry (m = 3,5,7, ..0 ) and

even symmetry (m = 2,4,6, ”.. ) width mode resonances

can be excited by the input microwave signal. From the

dispersion curves for MSSW width modes (Fig. 12), one

can see that the high-order width mode resonances ((1, 2),

(1,3),(1,4), . . . . and (2,2), (2,3),” “”; (3,2), (3,3),” .”;) OC-

cur at frequencies below the principal resonances ((1, 1);

(2,1); (3,1); . . .). The symbols (n, m) are used for the

classification of these resonances, as shown in Fig. 14. In

this particular experiment, only the odd-order width mode

resonances were strongly excited, because the current dis-

tribution on the short-circuited transducer was almost
uniform ( X,~ /4 >> Ltia, ) over the coupling length L,,a,

that is the same as the width W of the rectangular YIG

film.

Another important characteristic of MSSWS is the re-

duction of the available bandwidth as a function of the

tuning frequency (or external bias field). This causes the

high-order width modes (for example:

(2, 5); (3,7), (3,5) ;(4,9),(4,7); . . #) of the high-order prin-

cipal resonance to cross over and interfere with the main

resonance (1, 1). In the case where this width mode reso-

nance is strongly excited, the interference may result in

splitting of the main resonant peak. On the other hand,

when the width mode resonance is weakly excited, this

crossover of high-order width mode resonance will only

cause a reduction of the loaded Q of the main resonance at

the crossover frequency.

C. Two-Port MSFVW Straight-Edge Resonators

The frequency response of’ the MSFVW-SER with a

given dimension of 1 and W is a family of resonant modes

(n, m) similar to that of the MSSW-SER. However, the

high-order width mode resonances (rn = 2,3,4,00 “ ) for the

MSFVW-SER occur at the high-frequency side of the main

resonances, as shown in Fig. 15 [17]. Because of this

difference and the difference between the tuning character-

istic of MSSWS and MSFVW’S, the high-order width
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Fig. 15. Frequency response of MSFVW-SERS showing width modes
at the high-frequency end (after Chang er al. [17]).

mode resonances for MSFVW-SER do not interfere with

the main (1, 1) as the resonator is tuned. Fig. 15 also shows

that both the odd- and the even-order width mode reso-

nances are excited. However, the odd-order width mode

resonances are stronger than even-order width mode reso-

nances because of the nonuniform (A ,m /4 = Lt,,.,) cwr-

rent distribution over the coupling length of the rnicrostrip

transducers.

D. Design Parameters for Two-Port SER’S

The important design’ parameters and performrmce

criteria of the two-port MSW-SER will be discussed in the

next section. These parameters can be divided into geomet-

rical and material parameters:

Geometrical parameters: H, 1, W, Ltran,, s, and a

Material parameters: 47rM,, AH, and d.

In tble following section, the effect of each of the above

parameters on the frequency response on the SER will be

discussed.

Parameter H: The orientation of the bias magnetic field

determines the mode of MSW propagation. As discussed

earlier, it is advantageous to use MSFVW for ease of

magnet design, high-power operation, and, more im-

portantly, to avoid width mode interference.

Parameter 1: From the resonant conditions of MSSW-

SER’S and MSFVW-SERS, one can see that the parameter

1 determines the magnetostatic wavelength (1= Al,l/2) of

the propagating wave. Moreover, it was shown above tlhat
the separation between the main resonance and the width ‘

modes is inversely proportional to Al, ~. This implies that

to reduce the interference of ,width modes with the main

resonance and, hence, to obtain a better frequency re-

sponse, the parameter 1 should be as small as possible. O-t

the other hand, reducing 1 also reduces the power requi~ed
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TABLE I

LINEWIDTHS OF YIG FILMS

Sample

Airtron
Airtron
Airtron

Hitachi

Hitachi
Hit achl

Crismatec

Crismatec

Allied
Allied
Allled

52

120

20 036

23 0,45

21 0,45

20 I
30

25

28

100 30

AHK(o,)

at 4GHz

O 85

1.10

125

045

0.63

0.54

063

070

110

070

446

AHK(OC)

at 9GHZ

1.8

1,7

25

0.71

0,89

080

085

1,10

140

110

714

to saturate the resonator because of the reduction of the

volume of the YIG film. This suggests that there exists an

optimum value of 1 that results in good off-resonance

suppression and good power handling.

Parameter W: This parameter determines the wave-

length of the width mode resonances. From the width

mode dispersion relation calculations, one can see that

reducing the value of W will increase the frequency sep-

aration between the width mode resonances and result in

better rejection of the (1,2) resonance with respect to the

main resonance (1, 1) at high tuning frequencies, where the

current distribution on the short-circuited microstrip is no

longer constant. It was also found [16] that the ratio W/l

is important in determining the strength of the width mode

interference. Similar remarks apply to W regarding power

saturation. As W decreases, the volume of the device

decreases and hence its power-handling capability de-

creases.

Parameter L,,=.,: This parameter determines the refer-

ence plane of the input and output reflection coefficients.

The current distribution on the transducers, overlapped

with the width W of the SER, determines the excitation of

odd or even width mode resonances of the MSW-SER.

Parameter s: The input and output impedance of the

resonator at the main resonance (1,1) can be adjusted by

adjusting s. Therefore, s determines the mismatch loss

and, accordingly, the total insertion loss of the resonator.

Parameter a: Increasing the value of a will reduce the

coupling efficiency to the high-order principal resonances

and improve the spurious rejection oi these resonances
with respect to the main resonance.

Parameter d: Because the power compression level of

the resonator is proportional to its volume, for a given

dimension of 1 and W, the thicker the film the better the

power-handling ability of the SER.

Parameter A H~: For a given dimension of the MSW-

SER, he smaller the value of AH~, the stronger the

coupling between the microwave current in the microstrip

transducers and the spin system in the YIG film. There-

fore, lower AH~ results in lower resonator losses. On the

other hand, it will be shown later that the phase noise

performance of the device degrades as AHK decreases.

%1 ,., “A. 52 I -b+/2..
=F -, ,., ,B w,. . .—

c

1

i
/l\

/l\ , “lh

ill I I
t

, I , i
111 ,1 ,‘d

Fig. 16. Frequency response (upper trace) and group delay (lower trace)
of MSFVN-SERS using (a) low A H~ and (b) high A H~’ YIG films [17].

Table I shows the values of AHK for a number of YIG

films from different vendors. These values were measured

using one-port reflection experiments with the HP-85 10A

Microwave Network Analyzer.
Parameter 4vM,: One can improve the power handling

of MSSW-SER’S below 4.2 GHz by using doped YIG films

with lower 4 Till,.

E. Power Handling and Phase Noise Characteristics

of SER’S

In addition to the volume of the MSW resonator, two

other major factors affect its power-handling capability.

They are the coincidence-limiting and the ferrite-limiting

effects. The coincidence-limiting effect is related to a sub-

sidiary absorption phenomenon resulting from coupling

between the uniform precession mode and the spin waves

of half the frequency of the uniform mode [1]. At frequen-

cies where this effect occurs, the MSW devices saturate at

a particularly low power level (typically < – 10 dBm). For

MSSW devices, this phenomenon can occur at frequencies

below u~ depending on the bias field value, and will

always occur for frequencies below 2 cJ~/3. In the case of

MSFVW devices, unless the magnetostatic wavelength is

very small ( < few micrometers), coincidence limiting is

not encountered. For pure YIG films, 4 m-M, is about 1760

G, which means that MSSW resonators may suffer from

coincidence-limiting effects for frequencies below 4.9 GHz.
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TABLE II

EFFECT OF YIG LINEWIDTH OF THE RESONATOR PERFORMANCE

-00

-90

-,00

-1!8

-!20

-130

-,40

-Isa

Fig. 17. Phase noise characteristics of SER’susing (a)low AHx and(b)

high A H~ YIG films (after Chang et al. [23]).

The second power-limiting mechanism, the premature

saturation of the main resonance, is common to all ferrite

devices and occurs at all frequencies and is a function of

the ferrite linewidth AH and the spinwave linewidth AH~.

It is this effect that sets the limit on the power-handling

capability of the MSW-SER.

Several MSFVW-SERS were fabricated using YIG films

with different A H~ to examine the power-handling effects.

Fig. 16(a) and (b) shows the insertion loss of two such

devices using two films with AHk of 0.75 Oe and 1.6 Oe,

respectively. The lower trace in each figure is a plot of the

group delay of the resonator from which the loaded Q of
the device can be estimated (QIO.~.~ = OJ~/2). Table II

shows the insertion loss, loaded Q, and the l-dB power

compression levels for the two devices. In spite of the

small difference in the insertion loss (about 2 dB), the

power-handling capabilities of the two devices were quite

different, varying by more than 15 dB.

The phase noise characteristics of MSW-SER’S were

measured using an HP-3047A Spectrum Analyzer System

and the results were published elsewhere [17]. In one

particular experiment, the phase noise characteristics were

measured for the devices mentioned in Table II, using

input power values below the l-dB compression levels to

avoid saturation effects. Fig. 17 shows the data obtained

from such measurement. Both devices exhibited a I/j

noise spectral density behavior at low-frequency offsets.

This was not surprising because similar results were no-

ticed for other physical wave devices such as surface
acoustic wave (SAW) resonators and delay lines. More-

over, the device built using a high A H~ YIG film ex-

hibited a 20-dB lower noise floor than the low AHK device.

In a previous paper, a simple theory was given to explain

such behavior [23]. It was pointed out that low values of

AH result in more spontaneous transitions of spins from
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Fig. 18. (a) Tuning characteristics and (b) insertion loss characteristics
of MSFVW-SERS (after Chang et al. [17]).

high-energy states to low-energy states. During sponta-

neous transitions, the spins emit quanta of energy which

correspond to the resonance, and bear random phase rela-

tion to each other and the total radiation field. Tlhis
process is responsible for the high level of noise flclor

observed in Fig. 17.

F. Tuning Characteristics of Two-Port SER’S

Several SERS were fabricated and tested using MSSW’S

and MSFVW’S with various YIG film thicknesses and

geometries. In the case of MSSW-SERS, the parameter 1

was varied from 200 to 2000 pm and the parameter W was

varied from 2 to 5 mm. It was found that the lowest

insertion loss together with the highest off-resonance rejec-

tion was obtained when 1= 400 pm, s = 100 pm, and

W= 2.5 mm. The resonator was tuned from 2 to 16 GIHz

with coincidence limiting reducing the l-dB power co m-

repression level to below – 20 dBm for frequencies below 4.5

GHz. Above 4.5 GHz, the resonator did not show prema-

ture saturation effects up to a power level of + 5 dBm [16].

The MSFVW-SER was optimized for off-resonance SLIIp-

pression and power handling over the 1–22-GHz frequency

range [17]. Using thick YIG films (t>75 pm) with AHK;> 1

Oe at X-band, the tuning characteristics of the devices

were as shown in Fig. 18(a) and (b). A typical frequency
response (Slz) of such resonator is shown in Fig. 19(a), (b),

and (c) at 5, 15, and 20 GHz, respectively. In each of these

figures, the corresponding reflection response (Sll) is

shown plotted in Smith chart format. The l-dB power

compression level for this resonator was above + 5 dBm

for most of the tuning range. These impressive characteris-
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Fig. 19, Typicaf frequency responses for the MSFVW-SER at (a) 5

GHz, (b) 15 GHz, and (c)20 GHz (after Chartg et al. [17]).

tics compare very favorably with competing technologies

such as YIG sphere resonators with the added advantages

of simplicity of fabrication and integration with MMIC

subsystems.

G. One-Port MS W Straight-Edge Resonators

Kunz et al. [24] designed one-port SER’S ttsing MSSW’S

and MSFWW’S. These devices provide frequency-selective

elements with very high Q for tunable oscillator applica-

tions [25]. Several schemes were used, including side cou-

pling and top coupling between the YIG film and the

microstrip transducer. The side-coupled one-port resonator

was exactly the same as the two-port device without one of

the microstrip transducers. In the top-coupling scheme, a

microstrip transducer was centered on top of the YIG film.

Several microstrip widths, YIG film widths, and spacers

(between the transducer and the YIG film) were used to

achieve a variety of coupling coefficients. The device was

integrated with microwave transistors to make microwave

tunable reflection oscillators in which the negative resis-

tance of the transistor was matched with an equal reso-

nator radiation resistance. A complete description of the

one-port resonators together with oscillator applications

will be included in a later paper [25].

VI. CONCLUSIONS

Magnetostatic wave resonators have been investigated

for applications in the microwave frequency ranges. Grat-

ing-based resonators using MSSW’S and MSFVW’S prom-

ise high Q but require large YIG film dimensions and,

hence, large magnet sizes as well as nontrivial processing

steps. Metal gratings can be used as reflectors, yielding

simple device fabrication. However, the insertion losses of

metal-based gratings are higher than those of etched-groove

gratings. Ring resonators have been demonstrated at S-

band but they require more research to eliminate the

multimode response inherent in the circulating wave

scheme.

Straight-edge resonators using rectangular pieces of YIG

films were reviewed in detail. They are simple structures

which can be easily integrated with MMIC subsystems for

tunable oscillator, preselector, and frequency multiplier

applications. The MSFVW-SER two-port resonators were

tunable from 1 to 22 GHz with insertion losses of about 6

dB over most of the tuning range. Carefully choosing the

resonator physical and material parameters resulted in

better than 10 dB of off-resonance suppression and a

loaded Q of more than 1000. The Q increased to 2000 at

the high-frequency end. The device is small, permits com-

pact magnet designs, and does not require critical

processing steps.
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