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Abstract—We report for the first time on the performance of a

Au/Bag ¢ Sro 4 TiO 3 (BSTO)/MgO two-layered microstrip voltage- [ W —

controlled Lange coupler (VCLC) designed for Ku- and K-band Au 2000 nm
frequencies at room temperature. Tight coupling of 3 dB or higher T BSTO 350 nm
was obtained over a frequency range of 14-19 GHz. At K-band

frequencies, the coupling was voltage-controllable using the non- H MaO 300 wm
linear dc electric field dependence of the relative dielectric con- 9 s
stant of BSTO (e.ssTo)- The coupling level was improved from _L

—11.6 to —3.7 dB at 20 GHz with an applied dc electric field of Au 2000 nm

16 kV/cm. The introduction of the ferroelectric tuning layer en-
hances the bandwidth of the VCLC in comparison with a Lange
coupler with no ferroelectric layer. This work demonstrates an- @)
other advantageous application for ferroelectric thin films in pas-
sive microwave components.

Index Terms—BSTO ferroelectric thin-film, K-band frequen-
cies, microstrip Lange coupler, voltage-controlled couplers.

I. INTRODUCTION

REQUENCY and phase agility in planar microwave com-
ponents can be realized using ferroelectric or ferrite-based
thin films incorporated into conventional microstrip or coplanar
waveguide circuits [1]-[4]. Room temperature tunable ferro-
electric thin films such as BaSr 4+TiO3 (BSTO) are attrac-
tive for microwave components due to the nonlinear dc elec- (b)
tric field dependence of their relative dielectric constant.It hasy. 1. (a) Geometry of the conductor/ferroelectric thin film/dielectric

been demonstrated that the relative dielectric constant of BSQ-layered microstrip structure. (b) Layout of the Lange coupler. Port 1 is the
ut port, port 2 is the coupled port, port 3 is the direct port, and port 4 is the

(erBsTo) could be reduced by more than a factor of 3 under t[:"il‘:tg))lated port. The width of the inter-digitated fingers)(was 22um and the
influence of a dc electric field at or near room temperature agphcing between the fingers) (was 25:m. The input, coupled, direct and the
microwave frequencies [5], [6]. Recently, we have demonstrati§glated ports were designed for 50
large frequency tunability in conductor/ferroelectric/dielectric
two-layered microstrip bandpass filters at Ku- and K-band freoupler is an essential component in balanced mixers, balanced
quencies [7], [8]. In this work, we demonstrate a new applicatighodulators, and antenna feeds in communication systems. Mi-
for ferroelectric thin films for enhancing the performance of 8rostrip Lange coupler is the most preferred planar coupler for
Lange coupler designed for K-band frequencies. A directionggiht coupling levels due to the wider spacing that is possible in
the inter-digitated fingers, and its good isolation between ports
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temperature. For comparison, a Lange coupler on a bare MgO is also shown
dashed line).

Fig. 2. DC bias dependence of coupling at room temperature for one of the
VCLC's tested.

sharply beyond 18.5 GHz. A bias voltage was applied to the
_ . TS ) coupled and isolated ports with the input and direct ports held
MgO substrates< = 9.7) with four inter-digitated fingers, t ground potential. With an applied bias of 100 V, the coupling

using the two-layered microstrip structure shown in Fig. 1( kvel improved above 18.5 GHz. At 400 V dc bias (16 kv/cm)
The VCLC was designed for maximum enhancement ! i ' !

. : . h coupling level at 20 GHz showed an improvement closer to
goupllngcrl]z\:]elezt bKe_tt\:\?;edé, assumlngoihi\;ége(;lazsergiig)izgi gB, from—11.6 dB at zero bias te-3.68 dB at 400 V bias.
rBSTO 9 "BSTO max = - Clearly, the bandwidth for the VCLC was enhanced, and so was
ande,psto min Of 400 (at a maximum bias voltage of 400 V,

corresponding to 16 kV/cm). This assumption is based ‘trr1]e coupling level above 19 GHz. There exists a harrow region

the latest values of,ssro reported in literature for BST etween 18 and 19 GHz where the coupling level had been sup-

thin films at GHz frequencies on lattice matched crystallin%ressed by more than 1 dB. The origin for this is not known at

substates such a5 LaA@nd MO [, 6, The cuplerwas 1 MESerL e, ot VELC st dose 10302 o
designed using Sonnet &nuesign tools. The plan view for ping . P 9 '

the coupler is shown in Fig. 1(b). Samples with 350 nm BSTe{Id the coupling level improved by more than 6 dB at 20 GHz,

thin film on 12 mil thick MgO substrates were obtained fror‘r‘;Jlt a dc bias voltage of 400 V (16 kv/cm). For comparison, the

our collaborators at the University of Maryland, College ParCOUpIIng for a Lange coupler on a bare MgO substrate with no

The 350 nm thick BSTO was denosited on MaO substrate%rroeleCtric is also shown. The coupler on bare MgO exhibited
. i, Pos 9 avery narrow-band coupling behavior which could be improved

using pulsed laser deposition technique. Note that although ™. . )
wire-bonding the alternate fingers. Clearly, for the same cou-

the BSTO covers the entire substrate, in principle, one ma P . .
need BSTO only in specific areas, such as the spacing betwi er, the ferroelectric thin film improves the bandwidth as is ev-
' |(fent from Fig. 3. Also, it is evident that the coupling level can

the inter-digitated fingers where tunability will be effectiveb voltage-controlled. as one miaht be able to bias the coupler
The VCLC circuits were fabricated on BSTO using standary 9 ’ 9 P

e . . P t0 obtain exactly 3 dB coupling, as in Fig. 3, this being possible
Ifli:goef:s ‘;Tgtv?/lil:g-(i)gorr?ggg. azysr']%?’cz ir?llt:?g;nit(i) '?;?rmda'?r:gi?with the introduction of the voltage tunable ferroelectric layer.

them at the same potential, which, in turn, allows for improvgﬂﬂ|e coupler directivity (with input and direct ports left open)

coupling and bandwidth. In our case, the alternate fingevr\éas better than 10 dB between 18 and 20 GHz with applied bias

. Lo - greater than 200 V (8 kV/cm). The isolation was better than 10
were not wire-bonded, for simplicity. Two dc power supplie

. : ) ; B between 14 and 20 GHz.
were used for the full bipolar bias configuration, one for the : . . .
e . Another feasible use for the VCLC is continuous phase shift
positive voltage and the other for the negative voltage. The

samples were tested at room temperature and under vacutim'? the bias dependencefc;.fgsm. With the application of a
. o o . dc bias (for example, a positive voltage at the coupled and iso-

(<50 mtorr) in a cryostat to diminish any possibility of arcin ; : . .

. . : : ated sections, and negative voltage at the input and direct ports),
at high bias voltages. Bias voltages upttd00 V were applied : ) . .

. o : we can vary the effective dielectric constant in the coupled sec-
to the VCLC with minimal power consumptiorc@ mW). The I .
tion, resulting in a phase shift between any two ports. If we use

swept frequency s-parameter measurements were performe

using an HP8510 C automatic network analyzer (ANA) rﬂ}e phase angle versus frequency data for the zero bias as the
g y ' reference, one could obtain the phase shift for a specific bias

condition by subtracting the phase angle at 0 V, at a specific fre-

quency. Fig. 4 shows the relative phase shift versus frequency
The coupling of one of the VCLC's exhibited a bias deperbetween input and coupled ports, showing that we could obtain

dence as shown in Fig. 2. At 0 V, the coupling was very closephase shift anywhere between 0 anél 8019.5 GHz for bias

to 3 dB between 14 and 16 GHz, and the coupling rolled-ofbltages 0 tat400 V. The observed anomaly in the phase shift

I1l. RESULTS AND DISCUSSIONS
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coupling level at K-band was voltage controllable, and could be

improved by several dB using the dc electric field dependence
of e,8sT0. The coupler offers flexibility for fine-tuning using a

dc bias. Another feature of such a coupler is continuous phase
shift with applied dc bias. This work demonstrates a new and

advantageous application for ferroelectric thin films in passive

microwave components.
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