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ELECTRONICALLY TUNABLE MATCHING CIRCUIT 
FOR CIRCULATORS 

BACKGROUND OF THE INVENTION 

The invention relates to circulators and speci?cally to circu 
lators adapted to be used as isolators. A circulator is an N port 
device, operable at microwave frequencies, where N is greater 
than 2. It has the property that a signal applied to a ?rst port 
emerges at a second port with a minimum of input power at 
tenuation while negligible power emerges from the other 
ports. One type of prior art circulator is the junction or 
lumped element type. Examples of such circulators are dis 
closed in the patents to Konishi, entitled Lumped Element Y 
Circulator, U. S. Pat. No. 3,335,374, and Roberts, entitled 
Ferrite Circulator Having Three Mutually Coupled Coils Cou 
pled to the Ferrite Material, U. S. Pat. No. 3,286,201. Circula 
tors of this type have a ferrite core located at the junction of a 
plurality of conductors. The ferrite core, which acts as a reso 
nant cavity, is magnetized by means of a magnet. Magnetiza 
tion of the ferrite causes a change in its permeability. It is this 
variation in the permeability of the ferrite which causes power 
entering one port to emerge at another with a minimum of at 
tenuation while negligible power emerges from the other 
ports. Depending upon the direction of the magnetic bias ap 
plied to the ferrite core, the power will pass through the core 
in a clockwise or counter clockwise direction. 
When a matching resistor is connected to one or more ports 

of an N port circulator, an isolator may be realized. Taking as 
an example a three port circulator having a clockwise orienta 
tion, the connection of a matching resistor to one port creates 
an isolator having one input and one output port. In the opera 
tion of such a device a signal applied to the input port travels 
in a clockwise direction through the core and emerges from 
the output port with a minimum of attenuation while a signal 
re?ected from the output port is absorbed by the matching re 
sistor connected to the third or next port in a clockwise 
direction and does not appear at the input or subsequent ports 
in a clockwise direction. ‘ 

Depending upon the operating frequencies, the charac 
teristic impedance of the isolator and lengths of transmission 
line connected to each port, tuning of an isolator is accom 
plished by connecting either a capacitive or inductive 
matching circuit at each of the ports. The matching circuits 
may take the form of capacitive networks if the isolator ex 
hibits predominately inductive reactance, tuning being ac 
complished by varying the effective capacitance of each net 
work. An isolator exhibiting capacitive reactance is tuned by 
varying the effective inductance of the matching circuit. 

FIG. 1 of the drawings shows a prior three port isolator. 
Three matching circuits 1, 2, and 3 are used to tune the isola 
tor which is assumed to exhibit an inductive impedance at 
each port. Matching circuits 1 and 2 may comprise purely 
capacitive networks to match the input and output ports to the 
respective input and output transmission lines. Matching cir 
cuit 3 includes a matching resistor R0 to absorb the power 
re?ected from port 2. With reference to matching circuit 3, 
optimum operation of the isolator requires that capacitor C, 
resonate with the isolator’s characteristic inductance and that 
resistor RC be equal to the real part of the characteristic im 
pedance (or, gyration resistance) of the isolator. Both of these 
parameters, the gyration resistance and the characteristic in 
ductance, depend upon the frequency and permeability of the 
core. Mathematically, Cc must be chosen to satisfy the equa 
tion: 

where m = operating frequency 
I0 = characteristic inductance of the circulator looking into 

the isolated port. 
With reference to matching circuits 1 and 2, these must 

match the impedance of the input and output terminals of the 
circulator to their associated transmission lines. This may be 
done by varying the effective capacitance of the matching cir 
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2 
cuits, providing that the range of operating frequencies as well 
as the length of transmission line between the circulator and 
matching network are chosen to make the isolator appear in 
ductive. 

Prior isolators have been found de?cient in two areas. Tun 
ing has been accomplished by using mechanically adjustable 
air variable capacitors in networks coupled between the con 
ductors associated with the ferrite core and ground. Tuning of 
the prior art devices is accomplished by physically moving the 
plates of the tuning capacitors. The second problem area re 
lates to the matching resistor. Fixed resistors used in the prior 
art resulted in an isolator having only one optimum frequency 
of operation dependent on the value of the ?xed resistor. In 
addition, since the exact value of the matching resistor for op 
timum circuit operation can only be determined experimen 
tally, prior art devices require a time consuming trial and error 
method in choosing the proper resistor. 

SUMMARY OF THE INVENTION 

The above limitations on the use of prior isolators have been 
removed by the applicant’s invention. The invention relates to 
means for terminating an isolator so that it may perform over a 
broad range of frequencies while achieving optimum tuning 
and matching. The invention uses electronically variable 
capacitance and resistance means operable at microwave 
frequencies to effect optimum tuning and matching over wide 
range of frequencies. 

Additionally, the value of the matching resistance means for 
optimum circuit operation can be easily determined experi 
mentally by varying this resistance. 
Another feature of this invention is that the optimum 

matching can be accomplished electronically by using, as the 
variable resistance, a diode whose resistance varies as a func 
tion of its forward bias. 

Still another feature is the use of an electronically tunable 
variable capacitor in the form of a varactor diode for optimum 
electronic tuning. As is known in the art, the value of the 
capacitance of the varactor varies as a function of its reverse 
bias. Therefore, the isolator can be tuned over a range of 
frequencies simply by varying the bias to the varactor. 
Another feature is to use as the variable resistance diode, a 

PIN diode. Since the resistance of such a diode varies as a 
function of its forward bias, optimum matching over a range of 
frequencies can be accomplished simply by varying the bias to 
the PIN diode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a circulator and prior art matching circuit 
means as described above. 

FIG. 2 is a partial schematic diagram of a preferred embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention pertains to a novel-method of terminating a 
circulator adapted to be used as an isolator and having an in 
ductive characteristic impedance. Circulators which can be 
used with the invention are known in the art and have been 
previously described. Speci?cally, the preferred embodiment 
of the circulator which is utilized is a three port device consist 
ing of a ferrite core located at the junction of three microwave 
conductors. Electronically tunable matching circuits are cou 
pled to each of the ports. These matching circuits include a 
first diode whose capacitance varies as a function of its bias 
and at least one matching circuit includes a second diode 
whose resistance varies as a function of its bias. Using elec 
tronically tunable elements in the matching circuit allows for 
convenient adjustment of the circuit over a wide range of 
frequencies without mechanically disturbing the device. Addi 
tionally, the matching circuit may be made to track any 
frequencies within the operating range of the isolator, giving 
optimum performance at each frequency. This may be done 
by allowing the value of the diode’s bias to follow the frequen 
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cy of the isolator. Since a means for accomplishing this 
tracking is not part of this invention, a detailed description of 
this means will not be included herein. 
With reference to FIG. 2, matching circuits A, B, and C are 

each coupled respectively to ports a, b, and c. Since each of 
these circuits is identical, only matching circuit C will be 
described in detail. 
Matching circuit C includes a variable resistance means 

which may be a PIN diode 1c, a variable capacitance means, 
which may be a varactor 2c, and means for connecting the 
variable resistance and capacitance to sources of variable bias. 
A variable bias source 10 is connected via a choke coil 12 to 
the anode of PIN diode 1c; the cathode being connected to 
ground. The cathode of the varactor 2c is connected to a vari 
able bias source 14 through a choke coil 16. The anode of 
varactor 2c is also connected to ground. Diode 1c and varac 
tor 2c are connected to port 0 through coupling capacitors l8 
and 20, respectively, which prevents the DC. voltages from 
bias sources 10 and 14 from interfering with the operation of 
the device. 
The resistance R of PIN diode 1c varies as a function of its 

forward bias according to the following relationship: 

where 
l= forward bias current and 
K and M are constants. PlN diodes such as are used in the 

preferred embodiment of the invention are readily available 
on the market. 

To realize maximum absorption of the power re?ected into 
port 0, the resistance of diode 1c is adjusted by varying bias 
means 10 until the effective resistance of the circuit is equal to 
the gyration resistance of the isolator. Since the gyration re 
sistance of an isolator is frequency dependent, the value of re 
sistance selected to achieve maximum isolation is also 
frequency dependent. With the present invention the re 
sistance can simply be varied by varying the bias applied to the 
PIN diode. 
The varactor 2c is a diode whose capacitance varies as a 

function of the reverse bias applied thereto. The effective 
capacitance of the matching circuit C is effectively adjusted 
electronically simply by adjusting the bias 14. By varying the 
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value of varactor 2c the effective capacitance of the circuit is 
easily made to resonate with the characteristic inductance of 
the isolator for any frequency over the range of operation of 
the isolator. 
Matching circuits A and B are adjusted to obtain maximum 

power flow between port a and port b and therefore a variable 
resistance is optimally set at a low or even zero value to 
minimize power losses. On the other hand, matching circuit C 
is adjusted so that port c is matched for maximum power ab 
sorption which normally requires a high resistance. Since the 
forward power loss consists of a dissipative loss due to the 
isolator plus a frequency sensitive mismatch loss, proper tun 
ing of matching circuits A and B will minimize this loss. 
Similarly, since the amount of reflected power absorbed by 
matching circuit C is frequency dependent, proper adjustment 
of the impedance of this circuit will effect maximum power 
absorption . 

The values of the components used will vary depending 
upon the particular circulator, the operating frequencies and 
lengths of transmission line used. However, in each case, they 
can be easily determined by anyone of ordinary skill in the art 
by applying the teachings of this invention. 
While the invention has been particularly shown and 

described with reference to a preferred embodiment thereof, 
it will be understood by those skilled in the art that the forego 
ing and changes in form and details may be made therein 
without departing from the spirit and scope of the invention. 

[claim 
1. An electronically tunable isolator comprising a ferrite cir 

culator having more than two ports, and a first matching cir 
curt connecte to at least one port, said matching circuit com 
prising a varactor diode, a pin diode, ?rst and second choke 
coils, ?rst variable biasing means connected to said varactor 
diode through said ?rst choke coil, second variable biasing 
means connected to said pin diode through said second choke 
coil, and means including coupling capacitors for connecting 
said varactor diode and said PIN diode to said one port, said 
isolator further comprising additional matching circuits each 
including a varactor diode and a PIN diode connected respec 
tively to the remaining ports of said isolator, said additional 
matching circuits being tuned to give maximum power ?ow 
through said ports. 

l0l044 0667 


