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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates to the tuning of micro-
wave networks, and more specifically to the tuning of
filters and amplifiers using microelectromechanical
(MEM) switches on monolithic microwave integrated cir-
cuits (MMICs), microwave integrated circuits (MICs)
and hybrid circuits.

Description of the Related Art

[0002] A filter typically includes a network of capaci-
tive and inductive circuits in series, parallel or some
combination thereof. When a filter is implemented on a
monolithic microwave integrated circuit (MMIC), net-
works of binary weighted unit capacitors are typically
used as capacitive circuits. Binary weighted capacitors
are described in J.L. McCreary et al., "All-MOS Charge
Redistribution Analog-to-Digital Conversion Tech-
niques--Part |," IEEE J. Solid-State Circuits, vol. SC-10,
1975, pages 371-379. A filter network has a frequency
response that is determined by its configuration, the ca-
pacitance values of its capacitors and the inductance
values of its inductors. Because the capacitors and in-
ductors on a MMIC, a MIC or a hybrid circuit are usually
fixed, and unlike a waveguide filter which can be tuned
by using a tuning screw to change the geometry of at
least one of its cavities, a filter based on a MMIC, aMIC
or a hybrid circuit is generally not tunable.

[0003] Two major types of semiconductor switches,
PIN diode and field effector transistor (FET), are used
to change a MMIC circuit configuration. PIN diode
switches for microwave applications are described in J.
C. Hill et al., "PIN Diode Switches Handle High-Power
Applications," MSN, June 1989, pages 36-40. Micro-
wave FET switches are described in M. Shifrin et al.,
"Monolithic Control Components Handle 27 W of RF
Power," Microwave Journal, December 1989, pages
119-122.

[0004] In general, PIN diode and FET switches have
low isolation when the switch is off and high insertion
loss when the switch is on at frequencies beyond the C-
band. While PIN diode and FET switches are suitable
for microwave operations at relatively low frequencies,
many modern satellites operate at higher microwave
frequencies in the X-band, Ku-band and Ka-band.
These switches have parasitic capacitances and induct-
ances which significantly degrade their performance at
these high frequencies, and are therefore not used to
reconfigure a MMIC filter for the purpose of tuning.
[0005] PIN diode and FET switches are semiconduc-
tor devices with P/N junctions that enable the activation
of on/off switching and exhibit nonlinear characteristics
which generate undesirable intermodulation distortions.
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Moreover, the nonlinearities also generate undesired
output signals at harmonic frequencies, and if the switch
is used in a filter network with a poor impedance match,
substantial variations in the harmonic signals can be
produced, as described in J.C. Hill et al, supra.

[0006] The operation of a PIN diode or FET switch re-
quires a continuous power supply to provide a bias volt-
age, and therefore consumes power even if the switch
is in a steady state, that is, when the switch remains
either on or off. Many of these switches are usually re-
quired for a microwave network on board a satellite, and
the power drain from the satellite's batteries for main-
tainingthese switches can resultin a shorter operational
life span of the satellite.

[0007] Tuningof a microwave network to match its im-
pendance co a desired setting for optimal operation tra-
ditionally has been achieved by manual tuning, that is,
by manually setting the effective electrical length of
transmission lines in the network. One example of man-
ualtuning uses ashunt stub, whichis aterminatedtrans-
mission line segment connected in parallel with the main
transmission line. The shunt stub has either a short-cir-
cuit or an open-circuit termination and its length is ad-
justable, whereas the length of the main transmission
line is usually fixed. Impedance matching using contin-
uously adjustable shunt stubs is well known and is de-
scribed in R.E. Collin, Foundations for Microwave Engi-
neering, McGraw-Hill, Inc. , 1966, pages 207-212.
[0008] Manual tuning is not feasible for impedance
matching appiications in which the microwave network
that is to be tuned is not accessible, such as satellite
operations. Manual tuning must be completed and the
tramsmission line lengths fixed before the satellite is
launched. Thereafter, it is not practical to optimize the
performance of the microwave network by further ad-
justing the transmission line lengths on board the satel-
lite.

[0009] To varythe effective electrical length of atrans-
mission line to achieve proper tuning, semiconductor
PIN diode switches and/or FET switches are placed
along segments of the transmission line and are selec-
tively turned on and off to obtain the desired electrical
line length. Harmonic signals, which are generated by
a power amplifier's nonlinear amplification characteris-
tics, are at integral multiples of the fundamental frequen-
cy, and are usually undesirable in most microwave com-
munication applications and therefore must be reduced.
The harmonic signals can be reduced by tuning the ef-
fective electrical lengths of transmission lines at input
and output ends of the amplifier. A typical semiconduc-
tor microwave power amplifier is described in S. Toyoda,
"High Efficiency Single and Push-Pull Power Amplifi-
ers," IEEE MTT-S Digest, 1993, pages 277-280.
[0010] MEM switches are small switching devices ac-
tivated by an actuation voltage, and are usually manu-
factured on a semiconductor substrate. Suitable sub-
strates include silicon (Si) and gallium arsenide (GaAs),
which are the most common types of semiconductor
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materials used in MMICs. MEM switches can also be
fabricated on substrates of dielectric materials such as
alumina, which is used in hybrid circuits. MEM switches
for GaAs MMICs are described in L.E. Larson et al.,
"Microactuators for GaAs-based Microwave Integrated
Circuits," |IEEE Transducers '91 Conference on Solid
State Sensors and Actuators, 1991, pages 743-746.
The actuation voltage determines whether the switch is
in an "on" or "off" state.

[0011] Onetype of MEM switch is the MEM cantilever
beam deformable switch, which has a deformable can-
tilever beam arm that moves to open or close a circuit
path and is described in L.E. Larson, et al, supra. The
switch is small in size, with typical dimensions on the
order of 17.5 microns x 125 microns, and can be man-
ufactured on substrates of various materials, such as Si
and GaAs. The switch is turned on or off by a voltage
signal applied to a static electric switching electrode,
which is a conductive layer deposited on the semicon-
ductor substrate and is positioned beneath the beam
arm. The switch opens or closes by moving the beam
armin responseto the voltage signal. A typical actuation
voltage to turn the switch on, that is, to close the circuit
path with the movable beam arm, is in the range of about
70-90 volts.

[0012] MEM switches as for example disclosed in EP
0709 911 A2 have not been used in reconfigurable mi-
crowave networks on board a spacecraft because the
contact is mechanical and has been considered unsta-
ble when subjected to high levels of acceleration and/or
vibration.

SUMMARY OF THE INVENTION

[0013] In view of the above problems, the present in-
vention provides microwave tuning networks which use
MEM switches to selectively change the network topol-
ogy on a MMIC, a MIC or a hybrid circuit to achieve a
desired frequency response. In a network comprising a
plurality of inductive lines, MEM switches are connected
between the lines to form a reconfigurable inductive cir-
cuit. MEM switches can also be implemented in a net-
work of binary weighted unit capacitors to form a recon-
figurable capacitive circuit. A filter is formed by combin-
ing these reconfigurable capacitive and inductive cir-
cuits in a desired network configuration. The frequency
response of the filter is tunable by selectively switching
at least some of the capacitive and/or inductive circuits
to change the circuit configurations.

[0014] Numerous other implementations of MEM
switch-based tuning networks are also feasible. In a mi-
crowave amplifier network, the MEM swiiches are used
to adjust the effective electrical lengths of input and out-
put transmission lines to tune the amplifier to a desired
frequency response. The amplifier network can be
tunedfor a desired frequency response that reduces the
harmonics. Connecting a number of shunt stubs of se-
lected lengths at selected locations to the input and out-

10

15

20

25

30

35

40

45

50

55

put transmission lines changes the input and output im-
pedances of the transmission lines, and results in a
change in the frequency response of the amplifier net-
work. Each shunt stub is connected to a transmission
line by a MEM switch. By selectively closing MEM
switches to some of the shunt stubs while opening oth-
ers, a desired frequency response for the amplifier net-
work can be obtained.

[0015] These and other features and advantages of
the invention will be apparent to those skilled in the art
from the following detailed description, taken together
with the accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

FIG. 1 is a simplified plan view of a reconfigurable
inductive line network connected by a plurality of
switches on a substrate;

FIG. 2a is a simplified plan view of a reconfigurable
binary weighted capacitor network connected by a
plurality of switches on a substrate;

FIG. 2b is a sectional view taken along the section
line 2b-2b of FIG. 2a, showing the plates of a binary
weighted capacitor;

FIG. 3ais a simplified plan view of a microwave filter
formed by connecting a plurality of capacitor and
inductor networks of FIGs. 1 and 2a with a plurality
of switches;

FIG. 3b is an equivalent circuit diagram of the filter
in FIG. 3a;

FIG. 4a is a simplified plan view of a transmission
line segment with shunt stubs connected to it via
MEM switches at different locations;

FIG. 4b is a sectional view taken along the section
line 4b-4b of FIG. 4a, showing the connection of an
open-circuit shunt stub with the transmission line
segment via a MEM switch; and

FIG. 5 is a simplified plan view of a microwave am-
plifier tuning network with MEM-switch-connected
shunt stubs.

DETAILED DESCRIPTION OF THE INVENTION

[0017] The present invention provides microwave
tuning networks using MEM switches that selectively
connect different microwave components on the sub-
strate of a MMIC, a MIC or a hybrid circuit to change the
network topology for purposes such as producing a de-
sired frequency response. Impedance matching of a
transmission line is achieved by placing a number of
shunt stubs at desired locations and selectively con-
necting the shunt stubs to the transmission line with
MEM switches. In a microwave amplifier network, the
transmission lines connected to the input and output of
the amplifier are selectively connected to shunt stubs
with MEM switches to tune the amplifier to a desired fre-
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quency response. In a tunable microwave filter network,
the circuit topology is changed by selectively switching
the filter's capacitive and/or inductive circuits with MEM
switches to produce a desired frequency response.
[0018] MEM switches have several advantages over
semiconductor PIN diode or FET switches. The "on" re-
sistance andthe "off" capacitance of a typical MEM can-
tilever beam deformable switch are on the order of 2
ohms and 1.6 femtofarads, respectively. As a result of
the low "on" resistance and low "off* capacitance, the
insertion loss is as low as about 0.05 dB in the "on" state
and the isolation is on the order of 33 dB in the "off" state
at a frequency of about 18 GHz. MEM switches gener-
ally exhibit much lower "on" resistance and lower "off"
capacitance than typical microwave PIN diode or FET
switches. When switches are usedto adjustthe frequen-
cy response of a network, it is highly desirable that the
switches be as nearly perfect as possible, i.e., nearly
zero insertion loss in the "on" state and nearly infinite
isolation in the "off" state. Therefore, MEM switches are
better suited for reconfigurable microwave networks
than semiconductor switches.

[0019] MEM switches exhibit excellent switching
characteristics with low insertion less in the "on" state
and high isolation in the "off" state, from DC up to high
microwave frequencies. A typical MEM switch has less
than 0.5 dB insertion loss in the "on" state and greater
than 25 dB isolation in the "off" state at frequencies up
to about 45 GHz. Therefore, MEM switches are suitable
for operations in the X-, Ku- and Ka-bands. Morse-over,
a MEM switch opens and closes a circuit path by the
mechanical motion of its beam arm. There is no P/N
junction in a MEM switch, and therefore no nonlineari-
ties are produced by the electrical characteristics of
semiconductors. The intermodulation distortions and
harmonicas generaced by a MEM switch are so small
that they are negligible for most applications.

[0020] A MEM switch consumes less power than a
semiconductor PIN diode or FET switch, and does not
need a continuous power supply to maintain a bias volt-
age. Turning on the switch requires an actuation volt-
age, but this voltage only provides a static electric
charge that causes the beam armto move, and the pow-
er required for switching is much less than the continu-
ous power required for a PIN diode or a FET switch.
Therefore, MEM switches are suitable for spacecraft ap-
plications in which power consumption directly affects
the life span of the spacecraft.

[0021] FIG. 1 shows an embodiment of the invention
in which a tunable inductive line network has a plurality
of inductive lines 6a, 6b, 8a, ...8d connected by a plu-
rality of switches 10a, 10b, ... 10k, preferably MEM
switches, on a microwave circuit 11 that has a subscrate
13 of a semiconductor material such as silicon or GaAs,
or a dielectric material such as alumina which is used in
hybrid circuits. Selective switching of at least some of
the MEM switches changes the inductance value of the
overall inductive line network, thereby changing its fre-
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quency response. In this embodiment, the inductive
lines 6a, 6b each have an inductance value L4, and the
inductive lines 8a, ...8d each have an inductance value
L,. If the switches 104, ...10c are closed while the
switches 10d, ...10k are open, only the inductive lines
Ba, 6b are connected to result in an overall inductance
value of 2L4. If the switches 10b, 10f, 10h and 10j are
open while the switches 10a, 10¢, 10d, 10e, 10g, 10i
and 10k are closed, the overall inductance of the net-
work is 2L {+2L,. If the switches 10b, 10f, 10h and 10i
are open while the switches 10a, 10c, 10d, 10e, 10g,
10jand 10k are closed, the overall inductance of the net-
work is 2L4+4L,. Other inductive network configurations
are also feasible, and the individual inductive lines may
have the same or different inductance values. The in-
ductive line network as a whole can be used as a single
adjustable inductor in afilter, with the adjustment made
by selected switching of the MEM switches.

[0022] FIG.2ashows an embodiment of the invention
in which a tunable capacitor network has a plurality of
binary weighted capacitors, the top plates 12a, 12b, ...
12g of which are connected by a plurality of switches
14a, 14b, ...14k, preferably MEM switches, on a micro-
wave circuit 11 that has a substrate 13 of a semiconduc-
tor or a dielectric material. A binary weighted capacitor
has a cross-section as shown in FIG. 2b, with the top
plate 12d positioned on the semiconductor substrate 13,
which is positioned on a common ground plane 16. The
ground plane 16 is usually grounded, and together with
the top plate 12d, functions as parallel plates for the bi-
nary weighted capacitor.

[0023] The capacitor network as a whole is used as a
single adjustable capacitor in a filter on a MMIC, a MIC
or a hybrid circuit. Returning to FIC. 2a, the MEM switch-
es 14a, 14b, ...14k are selectively switchable so that the
topology of the capacitor circuit can be reconfigured to
change the capacitance value of the overall network,
thereby changing its frequency response. In this embod-
iment, the capacitors 12a, 12b, ...12g each have a ca-
pacitance value Cy, and a transmission line segment 18
is connected to the capacitors via the switches 14b, 14¢
and 14d. Different network capacitances are obtained
by connecting some of the capacitors while disconnect-
ing others. For example, to obtain an overall networks
capacitance of 2C,, the switches 14a, 14c and 14 j are
closed while the switches 14b, 14d, 14e, 14f, 14g, 14h,
14i and 14k are open. To obtain a network capacitance
of 4C,, the switches 14a, 14b, 14e, 14h, 14iand 14k are
closed while the switches 14c¢, 14d, 14f, 14gand 14jare
open. FIG. 2a illustrates only one configuration of a
MEM-switch-connected capacitor network; other con-
figurations are also feasible.

[0024] FIG. 3a shows still another embodiment of the
invention in which atunablefilter combines the capacitor
and inductor networks along the lines of FIGs. 1 and 2a.
An input transmission line 20 is connected to a binary
weighted capacitor 22a with a capacitance value C,,
and the capacitor 22a is connected to a capacitor net-



7 EP 0 849 820 B1 8

work 24athat is similarto FIG. 2a and includes a plurality
of MEM switches to adjust the network's capacitance.
The capacitor 22ais connected to an inductor circuit 26a
that is similar to FIG. 1. A filter is formed by repeating
the structure of alternately connected capacitors 22a,
22b, 22c¢, the respective capacitor networks 24a, 24b,
24c¢ and the inductor networks 26a, 26b. The filter's out-
put signal is transmitted from the capacitor 22¢ to an
output transmission line 28. The equivalent circuit of
FIG. 3a is shown in FIG. 3b, in which the capacitances
C, C, and C, are the sums of the capacitance values
of the capacitors 22a, 22b and 22¢ and the tunable ca-
pacitor networks 24a, 24b and 24c, respectively. The in-
ductances L, and L,, are the inductance values of the
tunable inductive line networks 26a and 26b, respective-
ly. Each of the capacitance values C,, C, and C, and
the inductance values L, and L,,, which together deter-
mine the frequency response of the filter, can be
changed by selectively switching at least some of the
MEM switches within the capacitor and inductor net-
works. The filter is tuned to a desired frequency re-
sponse by closing some of the switches while opening
others. FIGs. 3a and 3b illustrate only one filter config-
uration; other configurations are also feasible.

[0025] FIG. 4a shows an impedance matching net-
work with a main transmission line segment 40 having
an input 42 and an output 44. The network is implement-
ed on the -substrate 13 of a microwave circuit 11, which
also includes a ground plane beneath the substrate to
form a complete transmission line circuit. The transmis-
sion line 40 has a characteristic impedance, which is
generally real and is substantially frequency independ-
ent. The impedance of a load atthe output 44 may have
avalue different from that of the transmission line's char-
acteristic impedance, and may even be complex if the
load has a capacitive and/or an inductive component. If
the characteristic impedance of the transmission line is
different from the load impedance and the effective elec-
trical line length is not properly tuned, a mismatch oc-
curs and the input 42 is subjected to a voltage and/or
current reflection from the network. Similarly, if there is
a mismatch between the transmission line's character-
istic impedance and the input impedance at the input
42, the output 44 is subjectedto a reflection. The reflect-
ed waves interfere with desired microwave transmis-
sion, reduce transmission efficiency and cause unde-
sired rescnance along the transmission line.

[0026] The impedance mismaich is frequency-de-
pendent for a fixed effective electrical line length. The
mismatch within a selected frequency range can be re-
duced to produce a desired frequency response by con-
necting one or more shunt stubs of predetermined
lengths at selected locations along the transmission
line. Since conventional tuning by continuously adjust-
ing the length of a shunt stub is infeasible in spacecraft
applications, shunt stubs of fixed lengths must be pro-
vided. To obtain a desired effective electrical length for
the transmission line, a plurality of shunt stubs 50 are
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preferably positioned on the substrate 13 on one or both
sides of the transmission line 40. Each shunt stub has
a termination 52 which can be either open or short
circuited. On a MMIC or a MIC substrate, it is preferred
that the shunt stubs have open-circuit terminations so
that no connections between the stubs and the ground
plane need to be provided. Short-circuit termination on
a MMIC or a MIC requires a conductor that penetrates
through the substrate to electrically connect the shunt
stub to the ground plane, and therefore would be more
difficult to manufacture. However, a short circuit is able
to provide a more stable termination in a wide frequency
range and is therefore desirable in some applications.
[0027] Each shunt stub 50 is connected to the main
trainsmission line 40 via a respective MEM switch 54.
By selectively closing MEM switches to some of the
shunt stubs while opening others, a desired frequency
response for the transmission line can be obtained to
reduce the impedance mismatch within a desired fre-
quency range. The spacing between MEM switches for
adjacent shunt stubs along the transmission line is pref-
erably about one-quarter of a wavelength, or an integral
multiple of one-quarter wavelength. The length of each
shunt stub is preferably about one-half of a wavelength,
or an integral multiple of one-half wavelength. Other
combinations of shunt stub lengths and spacings are al-
so feasible. The shunt stubs need not have the same
length, and the spacings need not be the same.
[0028] FIG.4bshows across-sectional view alongthe
section line 4b-4b, with the transmission line 40, the
MEM switch 54 and the shunt stub 50 on the substrate
13. A common ground plane 56 is positioned beneath
the substrate 13. The MEM switch has a movable can-
tilever beam arm 58, which has a fixed end anchored to
a conductive switch pad 60 and a moving end that is
adapted to connect electrically with a contact pad 64
when the switch is closed. The motion of the beam arm
58 is controlled by an activating voltage supplied to a
switching electrode 66, which is located on the substrate
13 beneath the beam arm 58. The beam arm itself acts
as another electrode that deforms and moves toward
the switching electrode when an activating voltage ap-
pears on the switching electrode 66, so that the moving
end touches the contact pad 64. The activating voltage
is generally in the range of about 70-90 V. The contact
pad 64 is connected to the transmission line 40, and the
switch pad 60 is connected to the shunt stub 50, which
has an open-circuit termination 52.

[0029] FIG. 5 shows an amplifier network on the sub-
strate 13 of a microwave circuit 11. The circuit comprises
a solid-state amplifier 70, which amplifies an input mi-
crowave signal from an input 72 and produces an am-
plified signal at an output 74. Most solid-state micro-
wave amplifiers, especially power amplifiers, have a
nonlinear transfer response characteristic which pro-
duces undesired hamonic output signals. The harmon-
ic signals are generated at frequencies which are inte-
gral multiples of the fundamental frequency, that is, the
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frequency of the input signal. An input transmission line
segment 76 is connected to feed the input signal to the
amplifier input, and an output transmission line segment
78 is connected to the amplifier output to transmit the
output signal. A harmonic tuning transmission line seg-
ment 80 that branches off from the output transmission
line segment 78 is preferably provided for reducing the
harmonics generated by the amplifier.

[0030] A plurality of shunt stubs 50 are connected to
the input transmission line segment 76 via respective
MEM switches 54 in a configuration similar to that shown
in FIG. 4a. The shunt stubs preferably each have an
open-circuit termination 52. The MEM switches are se-
lectively turned on or off to match the input impedance,
sothat an input signal can be transmitted to the amplifier
input 72 without being reflected back to the input line
segment 76.

[0031] Similarly, the output transmission line segment
78 is also provided with a plurality of shunt stubs 50 con-
nected via respective MEM switches S4 similar to FIG.
4a. The output impedance is matched by selective
switching of at least some of the shunt stubs to reduce
the reflection within a desired frequency range. Output
impedance matching is importantin that mest solid-state
microwave amplifiers are very sensitive to power reflect-
ed into the output end of the amplifier, and can be phys-
ically damaged or destroyed if the reflected power is
high enough. Therefore, preventing reflection from the
output line segment 78 into the amplifier output 74 is
imperative to ensure safe amplifier operation. Additional
shunt stubs and their associated MEM switches may be
provided along the output line segment 78 to allow for
finetuning tofurther reduce the reflection to the amplifier
output 74. The shunt stubs may have different lengths
and different spacings to reduce the reflection over a
desired frequency range.

[0032] The harmonic tuning transmission line seg-
ment 80 is connected to a plurality of shunt stubs 50 via
respective MEM switches 54, which are selectively
turned on or off to reduce the amplitudes of harmonic
output signals. An amplifier may produce several har-
monic frequency signals that must be suppressed, and
the shunt stubs 50 with respective terminations 52 are
arranged to prevent these signals from being transmit-
ted to the output line segment 78. A properly tuned har-
monic tuning line segment directs the harmonic signals
to a load 82, which is preferably provided at the end of
the harmonic tuning line segment 80 to absorb the en-
ergy of the harmonic signals, which will not be reflected
back to the output line segment 78. The shunt stubs with
different spacings and/or different lengths may be used
to optimize the absorption of the harmonics of interest.

Claims

1. Atuning network adapted to spacecraft applications
on a monolithic microwave integrated circuit
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(MMIC) including a substrate (13) and comprising
atleast one transmission line (18; 20, 28; 40) having
input and output transmission lines on the surface
of said substrate (13) and a common ground plane
(16; 56) underneath said substrate (13), atleast one
microwave impedance component (6, 8; 12; 50)
connectedto provide a microwave signal path tothe
transmission line (18; 20, 28; 40) and at least one
microelectromechanical (MEM) switch (10; 14; 54)
connected to control the microwave signal path be-
tween the at least one component (6, 8; 12; 50) and
the at least one transmission line (18; 20, 28; 40).

The network of claim 1, characterized in that the
at least one microwave component (6, 8; 12; 50) is
configured as a plurality of capacitors (12a - 12g,
22a-22c;24a - 24c), at least some of the capacitors
(12a - 12g, 22a - 22¢) being controllably connected
by the MEM switches (14a - 14k) to adjust the fre-
quency response of the network.

The network of claim 2, characterized in that the
capacitors (12a - 12g, 22a - 22¢; 24a - 24c¢) com-
prise binary weighted capacitors (22a - 22c¢).

The network of any of claims 1 - 3, characterized
in that the at least one microwave impedance com-
ponent (6, 8; 12; 50) is configured as a plurality of
inductors (6a - 6b, 8a - 8d) at least some of the in-
ductors (6a - 6b, 8a - 8d) being controllably connect-
ed with by the MEM switches (10a - 10k) to adjust
the frequency response of the network.

The network of any of claims 1 - 4, characterized
in that the at least one microwave component (6,
8; 12; 50) comprises a plurality of inductors (6a - 6b,
8a - 8d; L,, L) and a plurality of capacitors (12a -
12g, 22a - 22¢; 24a - 24¢; C,, C,, C,), at least some
of which being controllably connected by the MEM
switches (10a - 10k; 14a - 14k) to adjust the fre-
quency response of the network to form a tunable
filter.

The network of any of claims 1 - 5, characterized
in that the at least one microwave component (6,
8; 12; 50) is configured as a plurality of shunt stubs
(50) at selected locations adjacent the at least one
transmission line (40), and that a plurality of the
MEM switches (54) are connected to adjust the im-
pedance of the at least one transmission line (40).

The network of any of claims 1 - 6, comprising an
amplifier (70) having an input (72) and an output
(74), characterized by:

a) the at least one transmission line (40) com-
prising an input transmission line (76) connect-
ed to convey an input signal to the amplifier in-
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put (72), and an output transmission line (78)
connected to transmit an amplified signal from
the amplifier output (74);

b) the at least one microwave impedance com-
ponent (6, 8; 12; 50) comprising a plurality of
shunt stubs (50) at selected locations adjacent
the input and output transmission lines (76, 78);
and

c¢) the at least one MEM switch (54) comprising
a plurality of MEM switches (54) controllably
connected between the transmission lines (76,
78) and respective shunt stubs (50) to adjust
the impedance of the input transmission line
(76) and/or the impedance of the output trans-
mission line (78).

8. The network of claim 7, wherein the amplifier (70)

generates an output signal including at least one
harmonic, characterized by:

a) a harmonic tuning transmission line (80) con-
nected to provide a harmonic signal path from
the amplifier output (74) to a load (82) connect-
ed to its end;

b) additional shunt stubs (50) at selected loca-
tions adjacent the harmonic tuning transmis-
sion line (80); and

¢) additional MEM switches (54) controllably
connected between the harmonic tuning trans-
mission line (80) and respective additional
shunt stubs (50) to reduce harmonic signal re-
flection from the hamonic tuning transmission
line (80) to the output transmission line (78).

9. The network of any of claims 6 - 8, characterized

in that at least some of the shunt stubs (50) com-
prise open-circuit terminations (52).

10. The network of any of claims 6 - 9, characterized

in that at least some of the shunt stubs (50) com-
prise short-circuit terminations (52).

Patentanspriiche

1.

Ein Abstimm-Netzwerk, das fir Weltraumfahrzeug-
Anwendungen ausgelegt ist, auf einer monolithi-
schen integrierten Mikrowellenschaltung (MMIC),
mit einem Substrat (13) und zumindest einer Uber-
tragungsleitung (18; 20, 28; 40), die Eingangs- und
Ausgangstibertragungsleitungen auf der Oberfla-
che des Substrats (13) und eine gemeinsame Mas-
seebene (16; 56) unterhalb des Substrats (13) ha-
ben, zumindest einer Mikrowellenimpedanzkompo-
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nente (6, 8; 12; 50), die verbunden ist, um einen
Mikrowellensignalpfad zu der Ubertragungsleitung
(18; 20, 28; 40) bereitzustellen, und zumindest ei-
nem mikroelektromechanischer (MEM) Schalter
(10; 14; 54), der verbunden ist, um den Mikrowel-
lensignalpfad zwischen der zumindest einen Kom-
ponente (6, 8; 12; 50) und der zumindest einen
Ubertragungsleitung (18; 20, 28; 40) zu steuern.

Netzwerk nach Anspruch 1, dadurch gekenn-
zeichnet, dass zumindest die eine Mikrowellen-
komponente (6, 8; 12; 50) als eine Vielzahl von Ka-
pazitdten (12a-12g, 22a-22¢; 24a-24c) konfiguriert
ist, wobei zumindest einige der Kapazitaten (12a-
12g, 22a-22c¢) steuerbar verbunden sind Uber die
MEM Schalter (14a-14k), um die Frequenzantwort
des Netzwerks einzustellen.

Netzwerk nach Anspruch 2, dadurch gekenn-
zeichnet, dass die Kapazititen (12a-12g,22a-22¢;
24a-24c) bindr gewichtete Kapazitdten (22a-22c)
aufweisen.

Netzwerk nach einem der Anspriiche 1 bis 3, da-
durch gekennzeichnet, dass die zumindest eine
Mikrowellenimpedanzkomponente (6, 8; 12; 50) als
eine Vielzahl von Induktoren (6a-6b, 8a-8d) konfi-
guriert ist, wobei zumindest einige der Induktoren
(6a-6b, 8a-8d) steuerbar verbunden sind tber die
MEM Schalter (10a-10k), um die Frequenzantwort
des Netzwerks einzustellen.

Netzwerk nach einem der Anspriiche 1 bis 4, da-
durch gekennzeichnet, dass zumindest eine Mi-
krowellenkomponente (6, 8; 12; 50) eine Vielzahl
von Induktoren (6a-6b, 8a-8d; L,, L) und eine Viel-
zahl von Kapazitaten (12a-12g, 22a-22c¢; 24a-24c;
Ca Gy, C.) aufweist, wobei einige davon steuerbar
verbunden sind tiber die MEM Schalter (10a-10k;
14a-14k), um die Frequenzantwort des Netzwerks
einzustellen, um einen abstimmbaren Filter auszu-
bilden.

Netzwerk nach einem der Anspriiche 1 bis 4, da-
durch gekennzeichnet, dass zumindest eine Mi-
krowellenkomponente (6, 8; 12; 50) als eine Viel-
zahl von Shunt-Stichleitungen (50) an ausgewahl-
ten Orten benachbart der zumindest einen Ubertra-
gungsleitung (40) konfiguriert ist, und dass eine
Vielzahl der MEM Schalter (54) verbunden sind, um
die Impedanz der zumindest einen Ubertragungs-
leitung (40) einzustellen.

Netzwerk nach einem der Ansprlche 1 bis 6 mit ei-
nem Verstérker (70) mit einem Eingang (72) und ei-

nem Ausgang (74), gekennzeichnet durch:

a) die zumindest eine Ubertragungsleitung (40)
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umfasst eine Eingangsibertragungsleitung
(76), die verbunden ist, um ein Eingangssignal
zu dem Verstéirkereingang (72) zu fithren, und
eine Ausgangsubertragungsleitung (78), die
verbunden ist, um ein verstarktes Signal von
dem Verstarkerausgang (74) zu Uberiragen;
b) die zumindest eine Mikrowellenimpedanz-
komponente (6, 8; 12;50) umfasst eine Vielzahl
von Shunt-Stichleitungen (50) an ausgewahl-
ten Orten benachbart der Eingangs- und der
Ausgangstibertragungsleitung (76, 78); und
¢) der zumindest eine MEM Schalter (54) um-
fasst eine Vielzahl von MEM Schaltern (54), die
steuerbar verbunden sind zwischen den Uber-
tragungsleitungen (76, 78) und jeweiligen
Shunt-Stichleitungen (50), um die Impedanz
der Eingangsubertragungsleitung (76) und/
oder die Impedanz der Ausgangsiiberira-
gungsleitung (78) einzustellen.

Netzwerk nach Anspruch 7, wobei der Verstarker
(70) ein Ausgangssignal erzeugt, das zumindest ei-
ne Oberwelle enthélt, gekennzeichnet durch:

a) eine Oberwellenabstimmiberiragungslei-
tung (80), die verbunden ist, um einen Ober-
wellensignalpfad von dem Verstirkerausgang
(74) zu einer Last (82) bereitzustellen, die mit
dessen Ende verbunden ist;

b) zusétzliche Shunt-Stichleitung (50) an aus-
gewahlten Orten benachbart der Oberwellen-
abstimmiuibertragungsleitung (80); und

c¢) zusétzliche MEM Schalter (54), die zwischen
der Oberwellenabstimmiuibertragungsleitung
(80) und jeweiligen zuséatzlichen Shunt-Stich-
leitungen (50) steuerbar verbunden sind, um
die  Oberwellensignalreflexion von  der
Oberwellenabstimmubertragungsleitung (80)
zu der Ausgangsuberiragungsleitung (78) zu
reduzieren.

Netzwerk nach einem der Anspriiche 6 bis 8, da-
durch gekennzeichnet, dass zumindest einige
der Shunt-Stichleitungen (50) Abschliisse (52) mit
offenem Stromkreis besitzen.

Netzwerk nach einem der Anspriiche 6 bis 9, da-
durch gekennzeichnet, dass zumindest einige
der Shunt-Stichleitungen (50) Abschliisse (52) mit
geschlossenem Stromkreis besitzen.

Revendications

Réseau de réglage adapté pour les applications aé-
rospatiales sur un circuit intégré a hyperfréquences
monolithique (MMIC) comprenant un substrat (13)
et comprenant au moins une ligne de transmission
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(18 ; 20, 28 ; 40) comprenant des lignes de trans-
mission d'entrée et de sortie sur la surface dudit
substrat (13) et un plan de masse commun (16 ; 56)
au-dessous dudit substrat (13), au moins un com-
posant d'impédance hyperfréquence (6, 8 ; 12 ; 50)
raccordé pour fournir un chemin de signal hyperfré-
quence vers la ligne de transmission (18 ; 20, 28 ;
40) et au moins un commutateur micro-électromé-
canique (MEM) (10 ; 14 ; 54) raccordé pour com-
mander le chemin de signal hyperiréquence entre
le au moins un composant (6, 8; 12 ; 50) et la au
moins une ligne de transmission (18 ; 20, 28 ; 40).

Réseau selon la revendication 1, caractérisé en ce
que le au moins un composant hyperfréquence (6,
8; 12; 50) est configuré comme une pluralité de
condensateurs (12a - 12g, 22a - 22¢ ; 24a - 24c¢),
au moins quelques-uns des condensateurs (12a -
129 ; 22a - 22¢) étant raccordés en commande par
les commutateurs MEM (14a - 14k) pour ajuster la
réponse en fréquence du réseau.

Réseau selon la revendication 2, caractérisé en ce
que les condensateurs (12a - 12g, 22a - 22¢ ; 24a
- 24c) comprennent des condensateurs pondérés
binaires (22a - 22¢).

Réseau selon l'une quelconque des revendications
1 a 3, caractérisé en ce que le au moins un com-
posant & impédance hyperfréquence (6, 8 ;12 ; 50)
est configuré comme une pluralité d'inductances
(6a - 6b, Ba - 8d), au moins quelques-unes des in-
ductances (6a - 6b, 8a - 8d) étant raccordées en
commande avec les commutateurs MEM (10a -
10k) pour ajuster la réponse en fréquence du ré-
seau.

Réseau selon l'une quelconque des revendications
1 a 4, caractérisé en ce que le au moins un com-
posant hyperfréquence (6, 8; 12; 50) comprend
une pluralité d'inductances (6a - 6b, 8a - 8d ; L, L,)
et une pluralité de condensateurs (12a - 12g, 22a -
22c; 24a - 24c; C,, Cy,, C.), au moins une partie
desquels étant raccordés en commande par les
commutateurs MEM (10a - 10k ; 14a - 14k) pour
ajusterlaréponse en fréquence du réseau pour for-
mer un filtre ajustable.

Réseau selon l'une quelconque des revendications
1 a 5, caractérisé en ce que le au moins un com-
posant hyperfréquence (6, 8 ; 12 ; 50) est configuré
comme une pluralité d'embases de dérivation (50)
ades emplacements sélectionnés adjacents a la au
moins une ligne de transmission (40), et en ce
qu'une pluralité des commutateurs MEM (54) est
raccordée pour ajuster l'impédance de la au moins
une ligne de transmission (40).
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Réseau selon l'une quelconque des revendications
1 &6, comprenant un amplificateur (70) comprenant
une entrée (72) et une sortie (74), caractérisé en
ceque:

a) la au moins une ligne de transmission (40)
comprend une ligne de transmission d'entrée
(76) raccordée pour transporter un signal d'en-
trée vers l'entrée d'amplificateur (72) et une li-
gne de transmission de sortie (78) raccordée
pour transmetire un signal amplifié depuis la
sortie d'amplificateur (74) ;

b) le au moins un composant a impédance hy-
perfréquence (6, 8 ; 12 ; 50) comprend une plu-
ralité d'embases de dérivation (50) a des em-
placements sélectionnés adjacents aux lignes
de transmission d'entrée et de sortie (76, 78) ;
et

¢) le au moins un commutateur MEM (54) com-
prend une pluralité de commutateurs MEM (54)
raccordés en commande entre les lignes de
transmission (76, 78) et des embases de déri-
vation respectives (50) pour ajuster I'impédan-
ce de la ligne de transmission d'entrée (76) et/
ou l'impédance de la ligne de transmission de
sortie (78).

Réseau selon la revendication 7, dans lequel I'am-
plificateur (70) génére un signal de sortie compre-
nant au moins une harmonique, caractérisé par :

a) une ligne de transmission de réglage d'har-
monique (80) raccordée pour fournir un trajet
de signal d'harmonique depuis la sottie d'am-
plificateur (74) vers une charge (82) raccordée
a son extrémité ;

b) des embases de dérivation supplémentaires
(50) a des emplacements sélectionnés adja-
cents a la ligne de transmission de réglage
d'harmonique (80) ; et

¢) des commutateurs MEM supplémentaires
(54) raccordés en commande entre la ligne de
transmission de réglage d'harmonique (80) et
des embases de dérivation supplémentaires
respectives (50) pour réduire |a réflexion de si-
gnal harmonique depuis la ligne de transmis-
sion de réglage d'harmonique (80) vers laligne
de transmission de sortie (78).

Réseau selon l'une quelconque des revendications
6 a 8, caractérisé en ce qu'au moins quelques-
unes des embases de dérivation (50) comprennent
des raccordements en circuit ouvert (52).

Réseau selon l'une quelconque des revendications
6 a 9, caractérisé en ce qu'au moins quelques-
unes des embases de dérivation (50) comprennent
des raccordements en court-circuit (52).
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