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Design of an ultra compact electronically
tunable microwave impedance transformer

A. Jrad, A.-L. Perrier, R. Bourtoutian, J.-M. Duchamp and
P. Ferrari

A novel ultra compact microwave tuneable impedance transformer
topology is proposed. It consists of a classical 7 CLC network where
an equivalent tuneable inductance is realised with a high impedance
transmission line in series with fixed inductance and a diode’s
varactors. The realised hybrid prototype at 900 MHz operating
frequency is only 0.064-long. Impedance loads from 16.5 to 280 Q
can be matched with a return loss better than —20 dB, and the relative
bandwidth equals =+ 36% for a fixed 50 Q load.

Introduction: Impedance transformers are widely used for microwave
applications such as matching networks, filters, power dividers, etc.
Tunable impedance transformers could offer interesting possibilities
and constitute a great challenge in the field of modern telecommuni-
cation systems. For example, they could be used in microwave
amplifiers matching networks to modify, after realisation, their beha-
viour, so that the optimal characteristics of the amplifier could be
reached, even if its model is not perfectly known a priori. Also, they
could be used to tune amplifier matching networks for wideband
applications without sacrificing the amplifier characteristics, power
gain or noise factor. We could also design tunable power dividers.

Some realisations have been published on microwave tuneable
impedance transformers, but not many. Sinsky and Westgate have
presented a topology based on a m CLC (capacitor — inductor —
capacitor) network [1]. The three elements have to be tunable to achieve
a tunable impedance transformer. Tunable capacitors are realised with
reverse biased Schottky diodes acting as varactors. The tunable induc-
tor, in series between the two shunt capacitors, is realised with a shunt
varactor connected between two quarter wave transmission lines.

The use of quarter wave transmission lines is a problem. They reduce
the device bandwidth, lead to a relatively long device (half wavelength),
increasing losses, and induce a cost due to the used surface for MMIC
devices. In [2], we have published an original topology, not based on a
7 CLC network. Its length is about a third of a wavelength, and complex
loads can be matched, with a wide coverage of the Smith chart.

In this Letter, we propose a topology based on a © CLC network, like
[1], but the tunable inductor is not realised with a varactor inserted
between two quarter wavelength transformers, leading to very small
devices with a length of a few percent of wavelength. The tunable
inductor is achieved by inserting a varactor (C') in series with an inductor
(L), leading to a resonant circuit. Working above the resonant frequency
leads to the realisation of an equivalent tunable inductor. To minimise
insertion losses, the inductor value L is realised in practice with a short
high impedance transmission line in series with a fixed inductance. Our
first concepts, at frequencies from 1 to 10 GHz, have shown that this
approach leads to impedance transformers of very small length, always
lower than 10% of the guided wavelength. Moreover, the bandwidth is
only limited by the varactors and the fixed inductance characteristics:
capacitor tuning range, parasitic elements and quality factors.

Background theory: The electrical equivalent circuit of the tunable
transformer realised is given in Fig. 1. Varactors (C and C’) are
realised with reverse biased Schottky diodes. The varactors’ parasitic
elements have not been represented in Fig. 1. However they have to be
taken into account during the design procedure.
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Fig. 1 Electrical equivalent circuit for the tunable transformer

The equivalent impedance Z of the LC’ circuit can be written as
Z =1~ (0/0,’]/(jC'v) )

where w.=1/+/(LC’) is the circuit resonant frequency.

When the condition o> . is realised, the impedance Z represents an
equivalent inductor L.,

Lo, = [(0/w.)* = 11/(C'e?) )

This equivalent inductor is tunable because it is related to the varactor
capacitance C’' (and also w.). So it can be said that an equivalent
electronically tunable inductor has been realised.

The working equations are given in [1]. Here the inductor is replaced
by the equivalent tunable inductor. If the impedance transformer is
loaded by an impedance Z;, the input impedance Z;, can be written as

L\ 1
w=(2)z ®

and the operating frequency w; is

w; =1/,/L,C )

With relations (3) and (4), the expressions for C and L., can be derived
Ly =vZiZy/wy and C=1/(wpy/2Z;) (5

For the design, the bias point is chosen for Z;=50 €, so that loads
around 50 Q can be matched.

Realisation and results: The design has been achieved with ANSOFT
Designer [3]. A circuit optimisation, based on the minimisation of
|S11], to obtain a good return loss, has been carried out for the calculus
of the high impedance transmission line used to realise the series
inductance L. To validate our approach, a tunable impedance
transformer prototype has been realised in a hybrid technology,
with an operating frequency around 900 MHz. MACOM varactor
diodes MA46HO071 have been used. These varactors exhibit a zero-
biased capacitance Cjo= Cpnax =2.45 pF, a capacitance tuning ratio
Chax/Cmin =7, a series resistance R, = 0.4 Q, a parasitic series induc-
tance Ly =1.3 nH and a case capacitance C.=0.13 pF. The parasitic
series inductance is an important parameter. It is added to the high
impedance transmission line and the fixed inductance L’ to realise the
inductor L. The fixed inductance value is 22 nH, leading to a tunable
inductance from 0 to 17 nH. A coplanar waveguide (CPW) technol-
ogy has been used. So two pairs of diodes are necessary to realise the
shunt capacitors C. The transformer was fabricated on Rodgers
RO4003 substrate, with a relative permittivity ¢.=3.36, high
h=2813 pm and dielectric losses 7gd =0.0015. The high impedance
transmission line characteristics are as follows: characteristic impe-
dance Zc=102 Q, length d=1,/16, where A, is the guided wave-
length, CPW conductor width W=3.27 mm, and gap S=2 mm. The
diode bias is different for C and C, respectively ¥ and V, voltages.
The voltage bias V, has been applied from the top of the CPW high
impedance transmission line. Fig. 2 describes the topology of the
realised impedance transformer. A gap of length 250 um is necessary
for the isolation of the two bias voltages. Then a capacitance C; of
1 nF is added to minimise insertion losses at the operating frequency.

250 um
0/221?‘ S\T/ \LW v Z# cr2
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50 Q feed lines

Fig. 2 Topology of the realised impedance transformer

Two types of measurement have been carried out with a vector
network analyser (ANRITSU Wiltron 360) after a TRL calibration
procedure. First, the tunable bandwidth has been measured for a 50 Q
fixed load. Next the tunable load has been measured at a fixed
frequency of 900 MHz. A series capacitor of 1 nH is always connected
in series with the load to avoid the presence of an important DC current
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through the load. This capacitor is a short circuit at the operating
frequency.

Fig. 3 shows the measurement results for a 50 Q fixed load. Only the
extreme measured frequencies are showed.
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Fig. 3 Measurement results for 50 Q fixed load
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The load can be tuned with |S};| better than —20 dB, from 570 MHz
to 1.23 GHz, ie £36% around 900 MHz. Insertion losses are always
lower than 1 dB. These results are in good agreement with simulations
(see Fig. 4). The shift in the operating frequencies can be due to a bad
estimate of the diode’s parasitics in the manufacturer model.
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Fig. 4 Simulation results for 50 Q fixed load
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Fig. 5 shows the measurement results for a 900 MHz fixed frequency,
and a variable load. The tuning is possible (|S;;|<—20 dB) for load
impedances from 16.5 to 280 Q, i.e. from 33 to 560% of 50 Q. The
minimum and maximum load impedances that can be matched are only
limited by diode parasitics. These values will depend therefore upon the
diode characteristics.
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Fig. 5 Modulus of S;; for extreme loads, 16.5 Q and 280 Q, at 900 MHz

Conclusion: An ultra compact microwave tunable impedance trans-
former has been realised and measured, based on the principle of an
equivalent tunable inductor. The prototype operating frequency is
900 MHz. Its length is about 6% of the guided wavelength. Results
show good agreement between measurements and simulations. A
fixed load can be matched over a wide bandwidth (£36% for a
fixed 50 Q load) and for a large load impedance variation, from 16.5
to 280 Q, at a fixed frequency (900 MHz). These results are very
interesting for microwave monolithic integrated circuit applications.
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