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A MAGNETOSTATIC WAVE OSCILLATOR FOR DATA RELAY SATELLITE

Modern Telecommunication Systems are based on devices characterized by broadband tunability, low insertion losses, tight requirements on the transfer function and integrability.

The magnetostatic wave (MSW) devices can be considered as a competitive solution when a reasonable compromise between all the above requirements is searched.

Since the beginning, the MSW technology was considered a powerful solution for realizing filters by means of resonating small spheres of magnetic garnet, a insulating ferrimagnetic material with a gyromagnetic ratio ( = 2.8 MHz/Oe, with resonating frequencies in the microwave range when biased by a DC magnetic field in the order of few kOe . The basic composition of this class of materials is the yttrium iron garnet (YIG), which has been firstly obtained during the fifty’s. A huge number of changesare possible by substituting Yand Fe ions with diamagnetic ones and/or having electrical charge different from +3, thus obtaining garnet compositions with a broad variety of magnetic, magnetooptical and magnetic semiconductor properties . The resonating frequency f0 is proportional to the DC magnetic bias field H0, whose function is to saturate magnetically the medium to get a single magnetic domain situation and to minimize the intrinsic losses at resonance induced by the travel of a spin wave through two antiparallel magnetic domains separated by a domain wall. For this reason, the MSW devices operate with acceptable insertion losses (-20 dB < IL < -10 dB) starting from 1.5 GHz ca.. The upper limit for f0 is theoretically unlimited, because it depends on the strength of the magnetic field, which allows the MSW devices to be frequency tunable. Practically speaking, the frequency cut-off is limited by the possibility to have a high intensity DC magnetic field without increasing too much the device space occupancy. Presently, due to the recent developments on hard magnetic materials with high permeability, such a limit has been increased and it is possible to find in literature MSW delay lines operating up to 40 GHz.

The liquid phase epitaxy (LPE) of magnetic garnet films  has given the MSW technology a new impulse, thanks to the high quality magnetic and structural properties of the material, which decreases the losses and makes easier the technological processes for the signal excitation, towards a full integration of passive configurations. In fact, the commercially available bulk devices are now well established solutions for applications as waveguide filters, or compact but geometrically complicated devices. The use of films allows the decrease of the gap in the DC bias magnetic system, with consequent decrease of the H0 value necessary to saturate the material to get the same operative frequency. It means power saving with respect to small spheres, and also the integration in planar configurations is easier. An attractive application of the integration capability is given by the MSW magnetic film based oscillator, which utilizes a MESFET as an active element and a planar resonator cut in a rectangular shape having the dimensions of few mm2 as the feedback network. By using this configuration it is possible to obtain  compact microwave sources (< 9 cm3 including the electromagnet used to bias the film by means of a tuning DC current) operating over the entire X band .

Motivazioni e obiettivi scientifici (massimo una pagina)
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UN OSCILLATORE AD ONDA MAGNETOSTATICA PER TRASFERIMENTO DATI VIA SATELLITE

I moderni sistemi per telecomunicazioni richiedono dispositivi caratterizzati da accordabilità ad ampia banda, basse perdite per inserzione, stringenti richieste sulla forma della banda ed integrabilita' con geometrie planari.

I dispositivi ad onda magnetostatica (o MSW=Magnetostatic Wave) si propongono come una possibile e competitiva soluzione quando si cerca un ragionevole compromesso tra le suddette richieste.


La tecnologia MSW nasce storicamente coi filtri a risonanza utilizzanti sferette o barre di granato magnetico, materiale ferrimagnetico isolante caratterizzato da un rapporto giromagnetico ( = 2.8 MHz/Oe, con frequenze di risonanza nelle microonde per campi di polarizzazione magnetica in dc di qualche kOe. La composizione fondamentale di questa classe di materiali è il granato di ittrio e ferro (YIG=Yttrium Iron Garnet), sintetizzato per la prima volta in laboratorio negli anni '50. Numerose varianti sono possibili sostituendo Y e Fe con ioni diamagnetici e/o di valenza diversa ottenendo quindi granati con svariate proprieta' magnetiche, magnetoottiche e di semiconduttore magnetico. La frequenza di risonanza f0 è proporzionale al campo di polarizzazione in continua H0, la cui funzione è quella di saturare magneticamente il mezzo in modo che si realizzi una condizione di singolo dominio magnetico e di minimizzazione delle perdite intrinseche a risonanza indotte dal passaggio di un'onda di spin tra due regioni dello stesso materiale aventi la magnetizzazione orientata antiparallelamente. Per questo motivo, i dispositivi MSW operano con perdite di inserzione accettabili (I.L. tra -20 dB e -10 dB) a partire da circa 1.5 GHz. Il limite superiore di f0 e' teoricamente illimitato, poiche' dipende solo dall'intensita' del campo magnetico di polarizzazione, caratteristica che rende i dispositivi MSW facilmente accordabili in frequenza. Nella pratica, tale limite superiore è condizionato alla possibilità di disporre, a parità di condizioni spaziali, di valori di campo sempre più elevati. Attualmente, a seguito dei rapidi e rimarchevoli sviluppi di alcuni specifici materiali magnetici duri ad alta permeabilità, tale limite è in fase di rapida estensione. In tal senso, in letteratura è già possibile reperire caratterizzazioni di linee di ritardo magnetostatiche planari operanti fino a frequenze di 40 GHz.


La crescita mediante epitassia da fase liquida di films di granato magnetico ha dato nuovo impulso alla tecnologia MSW, grazie alla qualità magnetica e strutturale dei materiali ottenibili, che riduce notevolmente le perdite dovute al solo materiale e semplifica il processo tecnologico della trasduzione del segnale, riportando tutto a geometrie planari. Infatti, le geometrie di volume utilizzate negli anni passati, e che hanno dato origine ad una tecnologia matura e largamente impiegata in sistemi e strumentazione richiedono o connessioni in guida d'onda, con evidente dispendio di spazio, o fili percorsi da una corrente a microonde che circondano una sferetta di YIG. L'uso di film planari anziché sferette diminuisce la gap dell'elettromagnete o dei magneti permanenti per la polarizzazione in dc, ottenendo un risparmio sui valori di H0 necessari, e rende questa struttura integrabile con altri dispositivi planari. Un importante esempio delle capacità di integrazione è dato dall'oscillatore planare MSW, utilizzante un MESFET come elemento attivo ed un risuonatore planare rettangolare delle dimensioni di pochi mm2 come rete di feedback. Con questa configurazione è possibile realizzare sorgenti a microonde compatte (< 9 cm3 incluso l'elettromagnete per accordare il campo in continua) operanti sull’intera banda X.

Descrizione tecnica (massimo una pagina)
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Utilizzo di Oscillatori MSW in ponti radio ed applicazioni satellitari. Miniaturizzazione del dispositivo e sua fattibilità. 


In linea di principio, la struttura base di un oscillatore monolitico a larga banda (MMIC) è costituita da un risuonatore MSW accoppiato ad un sistema attivo di amplificazione, generalmente un MESFET su arseniuro di gallio (GaAs); le dimensioni dei materiali usati (chip di YIG=Y3Fe5O12, granato di ittrio e ferro, e di GaAs) sono comparabili e dell'ordine di pochi mm2. Variando le dimensioni planari e lo spessore del film di YIG si possono aggiustare le caratteristiche del risuonatore planare MSW, ovvero la posizione e la spaziatura dei modi di risonanza eccitati quando il campione è saturato in un campo magnetico esterno. Utilizzando buoni materiali magnetici (a basse perdite intrinseche) si ottengono la necessaria purezza spettrale del modo principale di oscillazione nonché la reiezione dei modi successivi comunque generati nel risuonatore.

L’utilizzo di oscillatori ad onda magnetostatica (MSW) porterebbe ad una notevole riduzione dell’ingombro rispetto ad un banco di oscillatori a risuonatore dielettrico (DRO=Dielectric Resonator Oscillator), poiché, come è noto, si tratta di dispositivi accordabili in frequenza, e ne basterebbe uno (o quantomeno pochi) per sostituire un banco di DRO, con accettabili riduzioni del fattore di merito esterno rispetto ad un DRO (8000-10000 contro 3000-4000), e con caratteristiche del rumore di fase nettamente migliori. Inoltre, l’utilizzo di materiali in forma di film consentirebbe una migliore integrazione per applicazioni non solo terrestri; ad esempio per trasmissione dati via satellite, dove é particolarmente importante sviluppare dispositivi caratterizzati da basso consumo di potenza e minimo ingombro.

A questo scopo, la fase di ingegnerizzazione sarebbe mirata all’integrazione del dispositivo, composto di una parte attiva ed una passiva entrambe in forma chip, ed all’ottimizzazione del packaging, allo scopo di renderlo versatile per tutte le applicazioni in cui il minimo ingombro sia una delle richieste fondamentali.

La stabilità termica, ove il materiale non soddisfi le caratteristiche richieste, é ottenuta termostatando la sorgente con un modesto consumo di potenza (< 0.5 watt). Oscillatori MSW utilizzanti sferette di YIG con dimensioni millimetriche sono già presenti sul mercato. L’utilizzo di film epitassiali di YIG a basse perdite introduce un miglioramento delle prestazioni e dei costi di realizzazione dell’oscillatore MSW in virtù delle seguenti principali caratteristiche:

1. aumento del fattore di merito del dispositivo, in funzione delle proprietà intrinseche del materiale (basse perdite a microonde), sensibilmente migliori nei film epitassiali rispetto alle sferette;

2. integrabilità del dispositivo, riducendo quindi la sua progettazione ad un problema bidimensionale ed utilizzando circuiteria in microstriscia (dimensioni dell’ordine delle decine di µm) di collegamento tra la parte attiva a quella di controreazione MSW;

3. riduzione della gap necessaria per la polarizzazione magnetica in continua, e conseguente diminuzione del consumo di potenza nel caso di dispositivi accordabili;

4. maggiore facilità realizzativa di strutture MSW complesse costituite da filtri risonanti accoppiati;

5. miniaturizzazione dell’oscillatore grazie all’ottimizzazione dell’ingombro della struttura di polarizzazione in continua.


La proposta di utilizzare per un oscillatore a microonde una configurazione planare composta da una parte attiva ed una passiva costituita da un film magnetico è da considerarsi un netto miglioramento rispetto alla esistente tecnologia dei filtri ed oscillatori a sferetta di YIG.

Si è già discusso a proposito della necessità di passare alla tecnologia MSW per ottenere prestazioni altrimenti non conseguibili con DRO e VCO. A questo va aggiunto che la planarità della configurazione qualifica l’oscillatore proposto per almeno altri due motivi:

1. flessibilità nella realizzazione di strutture magnetiche integrate sullo stesso wafer

2. ridotta gap nel circuito di polarizzazione magnetica, corrispondente ad un minore assorbimento di potenza per dispositivi accordabili elettronicamente.

Come ulteriore sviluppo della tecnologia planare, misure preliminari indicano la possibilità di ridurre i problemi di termostabilità degli oscillatori ad YIG grazie a rotazioni del piano di polarizzazione in DC rispetto al film magnetico, con lievi peggioramenti del fattore di merito.

La recente commercializzazione di circuiti attivi al Si operanti fino ad alte frequenze (f > 20 GHz), in precedenza appannaggio dei soli circuiti al GaAs, introduce anche la nuova variante della parte attiva per contribuire ad aumentare le già soddisfacenti performance di rumore di fase degli oscillatori a YIG.

Riassumendo i risultati attesi in un elenco che raccoglie i miglioramenti previsti dalla configurazione proposta, ricordiamo:

· Integrabilità

· Possibilità di utilizzare l’angolo di rotazione del film per ottimizzare il drift termico (obiettivo: fino a meno di 20 ppm/°C)

· Utilizzo di componenti attivi al Si per diminuire il rumore di fase (-120 dBc/Hz a 20 kHz dalla portante)

· Controllo degli effetti non-lineari per l’ottimizzazione del rumore di fase

· Fattore di merito esterno Qext > 2000

· Potenze di uscita fino a 10 dBm

Detailed report on previous activities (in lingua inglese)

…

Introduction

The first two years of the activity on the magnetostatic wave oscillator were devoted to the design, realization and preliminary measurements on a frequency tunable prototype working close to 14 GHz and having a tuning bandwidth close to 500 MHz.

As described in the original proposal, the feasibility of the oscillator realization has been released by our Group in cooperation with Alenia SpA on a frequency tunable configuration realized by means of a MMIC device with a just for its basic performances, as summarized in the following table:

Tuning Bandwidth
8 GHz - 11 GHz

Output Power
5 dBm - 10 dBm

External Quality Factor
3000 - 3600

The previously developed prototype configuration, measured at room temperature in laboratory standard conditions, needs a full characterization and a packaging project for its potential space applications. Furthermore, the continuous update in the operative frequencies of microwave devices and subsystems has motivated this proposal for the realization of a device working close to 14 GHz, i.e. at a higher working frequency with respect to the previously studied configuration, and to be implemented from the packaging point of view, thermostability and linearity characteristics

Realization of the MSW oscillator.


The MSW technology, which had an ESA/ESTEC expression of interest for data relay satellite, with the involvement of Alcatel-Bell, has not a European leadership on the filters and oscillators realization. Within the italian framework, the Unit CNR-PSM-M2T is the only one having almost the entire know how on linear and nonlinear properties of the MSW devices, plus a traditional knowledge of the material and its processing. The other Groups involved in the present proposal allow the necessary complementary know how with respect to that of CNR for a full feasibility of the device. Moreover, the cooperation between all the proponent groups will favour a rapid development of the proposed activity towards the engineering of the device, to get in three years not only a prototype but a real device at a pre-industrial level.

It is worthnoting, in the framework of the present proposal, the participation, as an Industrial Contract, of Alenia SpA starting from the second year of the proposed activity. The contribution on project, technology, realization and test of this important industrial partner allows a high level of qualification for devices having characteristics well above those of a simple prototype.

The general characteristics of the oscillator for its possible space applications can be summarized in the following table, which collects specifications suggested by ESA/ESTEC:

Tuning bandwidth:




Frequencies in the X Band or higher (8 to 12 GHz, 14 GHz)

Operating Temperature Range:



-15 to +65 deg. C

Ouput power level:




13 dBm (with use of a buffer amplifier)

Output power stability over frequency:


( 0.5 dB

Output power stability over temperature range:

( 0.5 dB

Harmonics:





- 20 dBc

Non harmonic spurious:




-30 dBc

SSB phase noise (for any frequency in the tuning range):

· 10 KHz:

- 105 dBc/Hz

· 100 kHz:

- 125 dBc/Hz

· 1 MHz:

- 145 dBc/Hz

Frequncy Drift over Temperature (max):


To be minimized (75 MHz as an order of magnitude)

Tuning Port Linearity:




TBD

FM tuning bandwidth:




50 kHz minimum (3 dB).

Short Term Frequency Stability:



TBD

Long Term Frequency Stability:



TBD

Load pulling:






1 MHz frequency shift maximum with an in-Band load

with VSWR = 1.2:1with any phase or an out-of-band

Load with any VSWR, any phase DC bias and control voltages:
TBD

DC Power Consumption:





5 watts maximum.

Dimensions:






To be minimized (better than 32x32x45 mm)

Weight:







Less than 150 gr.

Interface:






RF output: K female 50 ohm

Accounting for the above specifications, work has been done for:

1. the full design and characterization of the magnetostatic wave resonator to be used as a feedback network for the oscillator;

2. the choice and simulation of the active circuit;

3. the design, realization and preliminary test of the entire oscillator

Technology

The technological realization of the passive stage (magnetic film resonator) of the oscillator can be summarized in the following phases (see Fig.1 for the setup and Fig.2 for the straight edge resonators obtained):

· software design of the liquid phase epitaxy (LPE) growth (film composition, thickness, lattice matching, thermal cycles);

· LPE process;

· mechanical polishing of the grown sample;

· optional processes related to coupled resonators (masks, chemical etching)

· cut of resonating structures or single elements

· ferromagnetic resonance (FMR) characterization to get the unloaded quality factor information
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Fig.1. LPE Process utilized for the production of magnetic films at CNR-PSM.
Fig. 2. Magnetostatic Wave Micromachined Resonating Structures for Microwave Tunable Filters and Oscillators. A mask for the realization of series and matrix resonators is also shown.

Design and realization of the dc magnetic bias. Packaging optimization.

A correct solution for this work package has to solve the following problems:

· maximum field within the gap where the magnetic film is biased;

· minimum space occupancy;

· low power consumption in configurations tuned by dc currents.

Up to the second year, a prototype has been used for a dc magnetic biasing which corresponds to a frequency range between about 11 GHz and 18 GHz by means of a mechanical tuning provided by the displacement of the vertical plates in Fig.3.
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Fig.3. Magnetic dc bias for the resonator and oscillator characterization. Rotation can be obtained within a 8 mm gap to get informations about in plane and out of plane magnetized resonators.

The structure in Fig.3 gives high uniformity necessary to validate the theoretical modelin of the resonator, being a magnetic dc field in the order of thousand of Oe controlled within 1 Oe in a 3x3x3 mm3 space, well above the typical resonator dimensions (a factor 2 or three). The space occupancy of the structure has to be optimized for the third year, because of the choice of the operating frequency of the oscillator.

The structure, realized by the SETRI unit, will be optimized and calibrated in cooperation with the Sincrotrone of Trieste, with care for the right materials, their temperature response and space occupancy of the entire structure.

Design, realization and test of the SER.

This work package has been performed by means of commercial and purposely written software packages, to account for both lumped element and electromagnetic modeling of the device. The commercial package at CNR is the HP MDS, which allows simulations including also the introduction of experimental data directly taken from a network analyzer or a spectrum analyzer remotely controlled.

The design has been performed jointly with the Unit of the University of Roma “Tor Vergata”, making use of some computer and software facilities and the well established knowledge on monolithic circuits.
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Fig. 4. Microstrip configuration used for the excitation of the YIG SER resonator within the dc bias shown in Fig.3.

Reflection measurements as those shown in the following Fig.5 have been taken on resonators having different planar dimensions and thickness ranging between 28 (m and 120 (m.

[image: image5.png]135 136 13.7 138 139 14.0




Fig.5. Typical measurement of a SER resonator 0.8x2.0 mm2, 28 (m thick.

The selectivity of the resonator has been improved by using a dielectric spacer between the magnetic film and the microstrip, thus reaching a reasonable compromise between first mode matching and high order modes suppression. A return loss close to -20 dB has been obtained in the chosen frequency range. The measured external quality factor is in the order of 3000 to 4000.

The modeling of the resonating structure has been performed following the picture shown in Fig.6, as will be discussed.



Fig.6. Schematic drawing of the electromagnetic structure including the magnetic film (YIG), the non-magnetic substrate (GGG), the alumina substrate where is the evaporated microstrip. Two ground planes are present, with matching for the microstrip (ground 1) and physical cover of the device (ground 2)

Even and odd modes are allowed in the structure, and the first step was to recognize clearly the excited modes by using a proper dispersion relation. Because of the dishomogeneity of the internal field, an effective demagnetizing factor has been purposely defined by evaluating the shape of it as a function of the planar coordinates and by averaging it along the thickness.



A picture of the internal field is shown in Fig.7. Effective dimensions of the SER, related to the internal field definition, have to be also defined to calculate the mode position by means of the SER dispersion relation.

Fig. 7. Calculated shape of the internal dc field, defined as the external dc bias field minus a coordinates dependent demagnetization. From dependences like this, by averaging within x, y and z it is possible to derive a value to be used in the dispersion relation together with the effective dimensions of the SER:

The results on the spectral response of the resonator before and after the correction due to the proper definition of the demagnetizing factor Nzz is shown in Fig.8, where Nzz=1 is the classical definition not invoking the dishomogeneity of the internal field, while Nzz eff is our definition of this value.

It is worthnoting that a proper definition of Nzz is very important when bandwidths less than 10% are predicted for the oscillator. In fact, the optimization (efficiency and space occupancy) of the dc magnetic bias is tightly related to the design of the resonator itself. Otherwise, errors up to 360 MHz can be due to an uncorrected prediction as shown in the Fig.8.



Fig. 8. Experimental and theoretical results on the spectral response of the SER. The index values of the modes are also shown.

The non-uniformity of the current flowing in the shorted microstrip which is used to excite the resonator was the second problem to be solved. Actually, the full electromagnetic problem has to be considered, and for this purpose an analytical solution was used with the goal to have lumped elements summarizing the behaviour of the resonator in the exploited frequency range.

The Biot-Savart relationships have been used for the reconstruction of the electromagnetic field experienced by the resonator by means of the microstrip (see Fig.9).




Fig. 9 . Schematic drawing to treat the coupling problem between microstrip and resonator.

In particular, a double disuniformity for microstrip circuits is present, due to both, x and y dependence of the current, as depicted in Fig.10





Fig.10. x and y dependence of the current flowing in the microstrip accounted for the modeling of the magnetostatic wave resonator.

The "gyrator model" diagrammed in the following figures, with the theoretical response for the SER, have been succesively used as a lumped equivalent model for the oscillator prediction.








Fig. 11. Gyrator model for the prediction of the electrical performances of the resonator. One only fitting parameter has been used for the modeling, with a value (a very close to unity.





Fig.12. Experimental (up) and theoretical (down) frequency response of the resonator for the (1,3) mode. The theoretical result has been simulated by using the HP MDS commercial software package with input data calculated as from the previous discussion about the modeling of the resonator.

From further inspections on the experimental SER it has been found that the best coupling is obtained when the signal in the microstrip is in phase with the SER dimensions, i.e. for the maximum of the current and for a an almost constant value, which is guaranteed in a well defined frequency range.

The succesive step was to correlate the instability circles of the resonator to those of the active device, in such a way to position the mode as centered as possible with respect to the instability circle, as from Fig.13. The problem solved was to calibrate the length of the microstrip up to the output and some parasitic contributions like the wires length.



Fig.13. Crossing in Smith chart between the instability circle of the active device (an HEMT in the present case, orange curve) and the circle for the resonator (the pink one).

Choice of the active element

A HEMT NEC32400 in chip form has been used as the active element for the oscillator by searching for an ultra-low noise active device. The element has been chosen looking for commercially available components characterized by high level noise performances. Moreover, the common gate configuration has been preferred because of the favourable conditions to minimize the parasitics contribution.

To fulfill the condition already simulated in Fig.13 (proper intersection between instability circles) a via hole with a line whose length is properly calibrated have been designed and realized, as from Fig. 14. In Fig. 15 the common gate configuration is shown, where Lf=1 nH is the inductance realized by means of the solution proposed in Fig.14.



Fig. 14. Calibration inductance for the fulfilment of the oscillation condition.



Fig.15. Common gate configuration chosen for the oscillator.

The computed maximum power available for the oscillator has been derived by means of the derivative with respect to the input power to the feedback stage. In particular, by imposing Vsg=0.3 volt and Vdg=2.3 volt (Idg=15-20 mA, typically), the output power has been evaluated as Pout = 10.8 dBm.

A matching circuit to optimize the output power has been designed for an operating frequency close to 14 GHz.



Fig.16. Schematic of the oscillator circuit for the evaluation of the output power.

In Fig. 17 is proposed the layout of the oscillator circuit, with all the stages previously introduced and discussed, realized by means of the Alenia SpA Microwave Department facilities.



Fig. 17. Layout of the planar oscillator realized. The dashed region is the SER with its real dimensions, which, in operating conditions is placed on the top of the microstrip.

A simulation of this circuit has been also performed to obtain a prediction of its performances by using the Harmonic Balance method implemented in the HP MDS software package, as illustrated in Fig. 18.



Fig. 19. Harmonic balance simulation for the contribution of first, second and third harmonic to the output spectrum of the oscillator.

A further qualification of the active device has been performed by measuring its 1/f contribution as a single element (Palermo Unit). This datum is essential to be included in the oscillator design, and it is presented in Fig. 20.



Fig. 20. Phase noise of the NEC32400 used for the oscillator. The inferred values are: -133 dBm/Hz @ 1 kHz, -143 dBm/Hz @ 10 kHz and -163 dBm/Hz @ 100 kHz.



Contribution to the noise of the SER

Noise measurements have been performed in the Palermo Unit on the resonator alone. Accurate determination was made of possible contributions coming from the SER because of its intrinsic properties. Actually, exception done for the attenuation due to the damping of the signal inside the resonator, negligible (undetectable) noise comes from the SER itself as deduced by the noise measurements here presented in two different frequency spans. The measurement has been performed by means of a stochastic 1/f generator made by a MESFET in a 50 kHz range. Noise measurements on the entire oscillator are also scheduled after the first spectral measurements presented at the end of this report.

Fig. 21. Noise of the resonator as compared to the synthesizer modulated by 1/f source (MESFET with very low noise figure).



Fig. 22. Expanded range of the previous figure..

Thermostability

The thermostability of the resonator has been tested to obtain informations about the possible improvement of its intrinsic characteristics vs heating by rotating thr SER in the magnetic field. Actually, an anlytical condition has been derived and experimentally tested to minimize the contribution of the thermal drift induced by the change of the magnetization as a function of the temperature. From the preliminary study of a normally magnetized resonator, it turns out that a considerable improvement is obtained with respect to usual magnetostatic wave configurations, and theoretical thermostability comparable with a dielectric resonator can be obtained by properly tailoring the dc magnetic bias configuration.



Fig.23. Temperature derivative of the operative frequency of the SER vs the tilting angle (e. The theoretical and experimental points are compared, and a good agreement between them has been obtained. At (e=0 experiment and theory give coincident results. Actually, a disagreement of about 2 MHz/°C can be inferred from the plot, probably due to the sample anisotropy contribution.

Spectral and Power Measurements on the Oscillator

The realized oscillator has been tested to check its performances by means of a spectrum analyzer system. In what follws, Figures are shown about the spectral response and the output power measurements obtained by changing the dc magnetic bias and, consequently, the operative frequency of the oscillator.
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Fig. 24. Spectral response of the measured oscillator at different frequency values. Output power values exceeding 4 dBm can be obtained.

The total power response is shown in Fig.25. From the inspection of that picture it can be deduced that the tunability range is close to 500 MHz, and no ripples are present for the entire bandwidth. Output power levels exceeding 4 dBm can be measured. By accounting for some mismatch in the matching network, which was calibrated to operate more efficiently at 14 GHz ( 0.5 GHz, and also accounting for some contribution from the cable connecting the oscillator to the spectrum analyzer, the measured value is underexstimated with respect to the maximum obtainable performances of 2 dBm ca. at least. Work is in progress to correct some technological contributions to tune the central frequency as close as possible to the predicted value of 14 GHz to increase the tunability bandwidth and the output power response.

[image: image10.png]*ATTEN 30d4dB MKR <4 .00dBm

KL 20 .CdBm 10dB/ 14 .24506H=
<

MKR

14 . B450 GHZH

<4 .00 dBm
D

bl

START 14 .8000GHz STORP 15 .2000GH=z=

RBW 2 .0MH= VBW 3.0MH= SWP 5o0oms




Fig. 25. Measured output power of the oscillator as a function of the tuning frequency by changing the dc bias magnetic field.

Future perspectives

The work on the oscillator performed until now is quite satisfactory in terms of bandwidth, output power and preliminary considerations on phase noise.

· The further steps to be followed, as clearly expressed at the beginning of this proposal, will concern with the optimization and full test of the exploited device, and in particular:

· feedback on the design of oscillator to improve the fulfilment of the measured characteristics with respect to the predicted ones;

· packaging optimization;

· temperature stability and power handling exploitation;

· full phase noise characterization and modeling.
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