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1) L iquid P hase E pitaxy  (L P E ) grow th of single crystal m agnetic garnet films from  high

temperature solutions. F erromagnetic resonance (F M R ) characterization. - T heoretical m odeling

and softw are design of the therm odynam ic properties of high temperature solutions and of the

epitaxial grow th of magnetic films.

Supported by

- N ational T ask Project “M aterials and D evices for Solid State E lectronics” (1986-1 990);

- N ational T ask Project “Special M aterials for Advanced T echnologies” (1990-1993);

- E SA/E ST E C  C ontract N o.101886 (1990-1991);

- Alcatel-Bell T elephone C ontract, E SA/E ST E C  9965/92/N L/N B/(SC ) (1993);

- Italian Space Agency (ASI) C ontract for the developm ent of M SW  resonating filters (1994-

1996).

- Italian Space Agency (ASI) C ontract for the developm ent of an M SW  oscillator (1997-1999).

- Protocol of C ooperation Italy-P.R . C hina (1995-1997).

- Protocol of C ooperation Italy-P.R . C hina (1997-1999).

Typical configuration of a  furnace used for liquid phase epitaxy of m agnetic garnets.
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Furnace for epitaxial growth of garnet films
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Precision dicing saw for microelectronics wafers 
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Epitaxially grown LaGa:YIG film and GGG wafer

Micromachined series and matrix of resonators
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R em otely controlled setup of a  F errom agnetic R esonance E xperim ent perform ed on m icrow ave

m agnetic sam ples.
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2) G row th by  R F  sputtering of crystalline and am orphous garnet film s and m ultilayers.

O ptical absorption characterization and their use as m agnetic sem iconductors.

Supported by

- N ational T ask Project “T elecom m unications” (1989-1990);

- N ational T ask Project “Special M aterials for Advanced T echnologies” (1990-1993);

- C N R  N ational Project on “M agnetic Film s and M ultilayers” (1992).

Schem atic of a  typical setup for sputtering of thin film s. In  this case, the substrate can be glass, G G G ,

silicon or any other dielectric m aterial. The sputtered m aterial is pure or substituted YIG .
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3) C om puter A ided E ngineering , realization and test of m agnetostatic w ave (M SW ) filters for

resonators and delay  lines (distributed constants).

Supported by

- N ational T ask Project “M aterials and D evices for Solid State E lectronics” (1986-1990);

- E SA/E ST E C  C ontract N o.101886  (1990-1991);

- Italian Space Agency (ASI) C ontract for the developm ent of M SW  resonating filters (1994-

1996).

- Italian Space Agency (ASI) C ontract for the developm ent of an M SW  oscillator (1997-1999).

M agnetostatic  w ave delay line. A  YIG  film  is top coupled w ith respect to  conventional m icrostrip

transducers evaporated onto a dielectric grounded substrate. A  dc m agnetic bias is applied to

m agnetically  saturate the sam ple, w hile q  is the excited w avevector.

G eom etry of the problem . W  is the SE R  w idth, l is the length and L is the thickness. H i and H e are the

internal and external dc m agnetic fields,
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MSW Band-Stop Resonator (left) and delay line (right) 

loaded by YIG films. A current controlled bias system 

provides the dc magnetic field for the tuning of the 

operative frequency
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4) E xperim ental techniques for the characterization in  cw  of M SW  m icrow ave filters and

oscillators by  m eans of V ector N etw ork A nalyzer and Spectrum  A nalyzer. D esign, R ealization

and T est of N ondispersive F ilters.

Supported  by

- N ational T ask Project “M ateria ls and D evices for Solid  S tate  E lectronics”  (1986-1990);

- E SA/E ST E C  C ontract N o.101886 (1990-1991);

- C ontract betw een C N R  and M editerranean Q uantum  System s (C hieti, Ita ly) (1993);

- Ita lian  Space Agency (ASI) C ontract for the  developm ent of M SW  resonating filters (1994-

1996).

- C ontract betw een C N R -IE SS and Sincrotron E ngineering (T rieste , Ita ly) (1996).

- Ita lian  Space Agency (ASI) C ontract for the  developm ent of an  M SW  oscilla tor (1997-1999).

E xperim ental setup and schem atic  d iagram  of a  non-dispersive  M SW  filter. Tw o M SW  delay line

(M SF V W  and M SB V W ) having opposite  chirp  frequency response are connected in  cascade and

separated by an am plifier w hich provides an isolation betw een the tw o stages and an insertion loss

decrease.
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5) E xperimental techniques for pulsed regim e measurem ents of M SW  delay  lines for soliton

detection and modulational instability . N onlinear effects modeling and softw are for the

interpretation of nonlinear propagation of short pulses in  M SW  surface delay  lines, soliton

propagation at microw ave frequencies.

Supported by:

- N ational T ask Project “M aterials and D evices for Solid State E lectronics” (1986-1990);

- N AT O  granto N o.HT E C H.930309 (1993-1995).

- Protocol of C ooperation Italy-R om ania (1994-1996).

- Protocol of C ooperation Italy-R om ania (1996-1998).

- Protocol of C ooperation Italy-R om ania (1998-2000).

- Protocol of C ooperation Y taly-R ussia (2000 – 2002)

- C ooperation w ith T am agaw a U niversity, T okyo (2000 - )

Tim e dom ain and pow er m easurem ents on a m agnetostatic w ave device.
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Experimental setup used for the MSSW nonlinear 

interaction. Two microwave pulses have been 

obtained from the same synthesizer by splitting the 

cw signal and by using two pulse generators for the 

amplitude modulation. Pulse 1 is also a trigger for 

an oscilloscope. S1 and S2 are two switches to 

allow power and spectrum measurements. I1 and 

I2 are two isolators used to reduce reflection 

effects induced by the network. DUT is the device 

under test.



13

HP digital oscilloscope for microwave and optical 

devices characterization up to 20 GHz 
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Interacting nonlinear pulses at f=4.230 GHz, for 

in=40 ns and Pin=0 dBm at the synthesizer output
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6) L um ped elem ent m odeling of M SW  resonating filters (band-pass and band-stop). Softw are

interface w ith V ector N etw ork A nalyzer. R ealization and C haracterization.

Supported by:

- C ontract betw een C N R  and M editerranean Q uantum  System s (C hieti, Italy) (1993);

- Italian Space Agency (ASI) C ontract for the developm ent of M SW  resonating filters (1994-

1996).

- C ontract betw een C N R -IE SS and Sincrotron E ngineering (T rieste, Italy) (1996).

- Italian Space Agency (ASI) C ontract for the developm ent of an M SW  oscillator (1997-1999).

- Y O T A Project: Y IG O scillator for T elecom m unications Applications (2000-2002)

Input stage of the tw o coupled SE R s sim ulated band-pass filter. R ser, Lser and C ser are the lum ped

elem ent values in  the case of the F M R  m easured sam ple ( lx= 0.94 m m , ly= 2.9 m m , t= 45 m , H = 1 O e).

k=1/Q L is the coupling factor betw een SE R s, and k1= 2/Q ext the coupling w ith the input port. Lserk1 is

the input iinductive coupling. B ecause of the coupling w ith the input port and the follow ing SE R , L  (1-

k) (1-k1) is the new  inductance. k1 has been evaluated for d=100 m  (distance betw een SE R  and

m icrostrip).

O utput stage of the tw o coupled SE R s. Lser of the second SE R  is changed again by the factor (1-

k1) (1-k), and this second SE R  is coupled to  the first one by an inductance Lser k, and to the output

port by and inductance Lserk1 (as for  the input).
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Excitation of magnetostatic waves (MSWs) in a yttrium iron 

garnet (YIG). GGG is the acronym for gadolinium gallium 

garnet, the diamagnetic substrate for the YIG film growth. H 

is the dc magnetic bias field and k is the excited wavevector. 

F=forwward, B=backward, S=surface.

Typical configuration of a two-port band-stop MSW SER. A 

YIG planar resonator (black in the figure) grown onto a GGG 

substrate (white in the figure) is properly cut and directly 

coupled to a microstrip circuit. The bias is that of a forward 

volume wave, with H normal with respect to the film plane
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Two HP8510C Vector Network Analyzer for S-parameter 

measurements: (i) up to 18 GHz and (ii) up to 50 GHz
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Layout of the oscillator

R F short

stub  /4

w rap around

H EM T

bias

m atch

inductance

D C  block

via hole

Model and 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.

MSW Oscillator (with Alenia-Marconi Systems)
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Measured output power of the oscillator as a function of 

the tuning frequency by changing the dc bias magnetic 

field



20

7) T echnologies for the realization by  m eans of chem ical etching of:

 diffraction gratings for m icrow ave surface m agnetostatic  w aves;

 planar geom etries suitable  of bistability  effects in  periodic  structures;

 on-w afer coupled resonators.

Supported  by:

- N AT O  granto  N o.H T E C H .930309 (1993-1995);

- Ita lian  Space A gency (A SI) C ontract for the  developm ent of M SW  resonating filters (1994-

1996).

- Ita lian  Space A gency (A SI) C ontract for the  developm ent of an  M SW  oscilla tor (1995-1997).

Layout o f the  resonating

structure.

Tw o YIG  film  SE R s, epitaxially

grow n on a  G G G  substrate  are

firm ly g lued onto  a  d ielectric

holder. L  and W  are the length

and w idth   for both  SE R s, w hile

d  is the  d istance betw een them

A  dc bias H0 is applied  norm ally

w ith  respect to  the  sam ples

plane. hRF is the  m icrow ave

fie ld .
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M ask used for the  chem ical e tching of single  and coupled resonators on m agnetic  w afers.



22T echnology for the  realization of an  epitaxial Y IG  ring resonator.
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8. D esign of non-linear transm ission lines based on Schottky  diodes and resonating tunneling

diodes for soliton excitation and harm onic generation in  the m illim eter w ave range by  m eans of

G aA s structures.

Supported  by:

- Protocol of C ooperation Ita ly-R om ania  (1994-1996).

- Protocol of C ooperation Ita ly-R om ania  (1996-1998).

- Protocol of C ooperation Ita ly-R om ania  (1998-2000).

- U niversity of R om a “T or V ergata” (1994-1996).

Coplanar waveguide
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E lem entary cell o f the  N LTL. A  C P W  is

series connected to  the  d iode, in  w hich the

equivalent c ircuit is com posed of a  current

generator ISn, a  non-linear capacitor Cn,

parasitic  inductance Ld and parasitic

resistence Rd. In  a  tapered line , a ll the

quantities depend on their n-th  position

along the N LTL.

Vgen
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C onfiguration of a  tapered single  N LTL. The

tapering is provided by a  tapering param eter

pa w hich m odulates the  lengths l and the

capacitances C .
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9. M icrom achining of G aA s w afers for the realization of microw ave nondispersive filters and

sensors for hostile  environments. D evice design, realization and test.

Supported by:

- Protocol of C ooperation Italy-R om ania (1996-1998).

- Protocol of C ooperation Italy-R om ania (1998-2000).

- IN C O -C O PE R N IC U S Project (1998 -2000).

M icrom achined G aA s w afer. The solution used for the chem ical etching w as H 3P O 4:C H 3O H :H 2O 2 in

the ratio 1:1:3. The obtained m em brane is 10 m  thick, as expected by the calibration of the etching

rate of the solution vs tim e at room  tem perature.
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10. M icrom achining of Si w afers for the realization of micro-w aveguides w orking at

frequencies greater than 100 G H z. D evice design, realization and test.

Supported by:

- Protocol of C ooperation Italy-R om ania (1996-1998).

- IN C O -C O PE R N IC U S Project (1998 - 2000).

- C ooperation C N R -PAT  betw een the N ational R esearch C ouncil of Italy and the Institute for

Scientific  and T echnical R esearch (IR ST ) of the Istituto T rentino di C ultura (IT C ), supported by

the Provincia Autonom a di T rento (PAT ).

- -

Schem atic view  of the three layer m em brane supporting a m icrow ave circuit.

SE M  photo of a  m icrom achined interdigitated capacitor
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A

B

Top view  A  and bottom  view  B  of an S-line  m icrom achined inductor
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Side w alls o f the  S-line  inductor substrate
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Coplanar waveguide (CPW) on membrane. 

WII=80 m, LII=380 m, WIII=200 m, 

LIII=1500, 2000, 3000 e 4000 m, SII=80 m 

e SIII=20 m. 2SII+WII=2SIII+WIII=240 m. 

The photo is for the 1500 m one.
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Next future planning

 Higher frequencies (> 50 GHz)

 Micromachined antennas and 

passive devices in complex 

architectures, like microswitches 

and microshielded CPW filters, 

wafer-bonding

 Integration between passive 

micromachined elements and 

active devices on Si and GaAs.

 Space qualification and possible 

packaging implementation


