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Claim

1. A phase modulator for a microwave band comprising:

a transformer receiving a carrier signal;

two diodes connected to said transformer each receiving a modulation signal;

a bias circuit for applying bias voltages to said two diodes such that the sum of

the bias voltages is kept constant.
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Balanced Phase Modulator Used In Microwave Band

Background of the Invention

This invention relates to a balanced phase modulator
used in the wicrowave band (1 to 100 [GHz]).

Conventionally, a phase modulator for microwave band
of 1 to 100 [GHz ] has a circuit configuration as shown in
Fig. 4, for example. In this figure, a modulation signal
terminal 19 is provided by connecting diodes 20 and 20'
to a branch line 3 [dB] hybrid 21 equipped with an input
terminal 22 and an output terminal 23. In this phase
modulator, a microwave signal entering from the input
terminal 22 enters the branch line 3 [dB) hybrid 2! to be
subjected to modulation provided by the diodes 20 and 20°'.
Ordinarily, Schottky barrier diodes are used for the
diodes 20 and 20'. Such conventional phase modulator
is disclosed in Japanese Laid-open Patent Application
No. 57-155865 (published September 27, 1982).

Figure 5 is a diagram showing the modulation
characteristic of the phase modulator of Fig. 4 in terms
of the relation between the modulation voltage Vm and the
output signal voltage Vout. 1In this phase modulator, if
it is used in the range of small value of the modulation
voltage Vm, then it operates as a linear modulator

according to the modulation characteristic.
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In the conventional phase modulator shown in Fig. 4,
therefore, there is a drawback that a signal loss becomes
significant because it must be used in the range where
the modulation voltage is small. In addition, the maximum
input power for the modulator is a low value of +10 [ dBm])
because of the use of the Schottky barrier diodes for the
diodes in the circuit, and its output power becomes of
the order of -5 [dBm]. Accordingly, it is necessary to
increase the number of stages of amplification in order
to obtain a desired output power. However, such an
increase in the number of amplification stages brings
about a complication of the circuit configuration, and
high cost. Moreover, there is a problem in that the
output pcwer level is too low and it is difficult to
maintain a circuit impedance as a whole at a constant
level. The Japanese Laid-open Patent Application No.
57-155865 also shows another circuit configuration which
includes an input terminal 24, an output terminal 25,

a coplanar converter 26, a slot line 27, DC cutting
capacitors 28, PIN diodes 29 and 29', a modulation signal-
and-fixed bias input terminal 30 and a fixed bias input
terminal 31. In this figure, one PIN diode 29 receives

a modulation signal and a fixed bias voltage and the

other diode 29' receives a fixed bias voltage, as shown
Fig. 6.

According to the circuit configuration of Fig. 6,
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a high output power level can be obtained by applying
the PIN diodes. However, modulation linearity is not
so desirable since respective characteristics of the PIN
diodes are varied while operating. Further, a C/N ratio
of a modulation output is low due tc impedance change of

the PIN diodes.

Summary of the Invention

It is an object of the invention to provide a phase
modulator for microwave band having desirable modulation
linearity.

It is another object of the invention to provide a
phase modulator capable of keeping impecdance at a constant
valve.

According to the invention, there is provided a phase
modulator for a microwave band, comprising a balance-to-
unbalance transformer part, two diodes connected to the
balance-to-unbalance transformer part and a bias circuit
which applies bias voltages to the two diodes in such a
way that the sums of the respective voltages are constant.

In detail, a phase modulator for microwave band of
the invention comprises a balance-to-unbalance transformer
part, two diodes connected to the balance-to-unbalance
transformer part, first superposition application means
which applies a bias voltage and a modulation signal to

one of the two diodes, ind second superposition application
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means which applies the bias voltage and a phase-inverted
modulation signal to the other of the two diodes, wherein
the bias signal is so selected as to give a stable state

to the input or output impedance when the modulation signal

is equal to zero.

Brief Description of the Drawings

Fig. 1 is a circuit diagram illustrating a first
embodiment of the present invention;

Fig. 2(a) shows the relation between an input voltage
and a ratio of output voltage/input voltage prior to the
modulation;

Fig. 2(b) shows the relation between an input voltage
and a ratio of output voltage/input voltage during
modulation according to the present invention;

Fig. 2(c) shows an impedance characteristic prior to
the modulation;

Fig. 2(d) shows an impedance characteristic during
the modulation;

Fig. 3 is a circuit diagram illustrating a second
embodiment of the present invention;

Fig. 4 is a circuit diagram of a conventional phase
modulator for a microwave band;

Fig. 5 shows a modulation characteristic according
to the conventional phase modulator shown in Fig. 4; and

Fig. 6 a circuit diagram of another conventional phlase

modulator.




Description of the Embodiments

Referring to Fig. 1, an embodiment of the phase
modulator for a microwave band according to this invention
comprises & phase modulator circuit 17 including a merchant

balun (passive distributed constant circuit) 1 as a balance-

10

15

2

o
(Ggi

0

to-unbalance transformer part, and a bias circuit 18
connected to the phase modulator circuit 17.

The phase modulator circuit 17 has, in addition to
the merchant balun 1, two PIN diodes 2 and 3 that are
connected to the balun 1 so as to have mutually the same
polarity in this case. These PIN diodes 2 and 3 are
connected to an output terminal O.

The bias circuit 18 has an operational amplifier 4
whose output terminal is connected to the PIN diode 2,
an operational amplifier 9 whose output terminal is
connected to the PIN diode 3, a feedback resistor 5
connected between the output terminal and the inverting
input terminal of the operational amplifier 4, a feedback
resistor 10 connected between the output terminal and the
inverting input terminal of the operational amplifier 9,
a signal input terminal B.B. which is connected to the
inverting input terminal of the operational amplifier 4
via an input resistor 6, and to the noninverting input
terminal of the operational amplifier 9 via an input
resistor 13, a grounding resistor 8 which connects the

noninverting input terminal of the operational amplifier 4
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and the ground, a grounding resistor 11 which connects the
inverting input terminal of the operational amplifier 9
and the ground, and a voltage application circuit 100
which is connected to the noninverting input terminal

of the operational amplifier 4 via an input resistor 7,
and to the noninverting input terminal of the operational
amplifier 9 via an input resistor 1l2.

The voltage application circuit 100 is formed by
connecting in series a resistor 16 connected to a voltage
application terminal Vcc, a PIN diode 14 connected to the
ground, and a variable resistor 15 disposed between them.
Incidentally, the input resistors 7 and 12 are connected
between the PIN diode 14 and the variable resistor 15.
Here, the PIN diodes 2, 3 and 14 have an output voltage
level characteristic which is higher than that of a
Schottky barrier diode.

In this embodiment, the modulation signal input
terminal B.B, the voltage application circuit 100, the
operational amplifier 9 and the input resistors 12 and
13 act as a superposing arrangement which superposes a
bias voltage and a modulation signal to the diode 3,
namely, as the first superposition application means.
Similarly, the signal input terminal B.B, the voltage
application circuit 100, the operational amplifier 4 and
the input resistors 6 and 7 act as another superposing

ar-angement which superposes the bias voltage and the




phase-inverted modulation signal obtained by inverting

the pr-~se of the modulation signal to the diode 2, namely,

as the _econd superposition application means. Here, the

bias voltage applied by the voltage application circuit 100
5 is regulated and fixed so as to give input and output

impedances for the circuit as a whole the most stable

state when the modulation signal is equal to zero.

In Fig..l, a RF (radio frequency) signal'which is

input to the input terminal Lj of the merchant balun 1

ﬁfﬁ. 10 enters the PIN diodes 2 and 3 after its phase is inverted
cossed by the merchant balun 1. A modulation (baseband) signal
i Vgg which enters the system from the signal input terminal

B.B is given from the bias circuit 18 to the phase

Lusses modulation circuit 17. The RF signal which passed the
oty 15 PIN diodes 2 and 3, and the modulation signal Vpp from
ol the bias circuit 18 are multiplied and the result is

et oﬁtput from the output terminal O in the phase modulation

. circuit 17.

.:.g In the voltage application circuit 100, a reference

20 voltage (bias voltage) Vggp is derived through the
resistor \b and the variable resistor 15 from the voltage
applied to the voltage application terminal Vge and
supplied to the operational amplifiers 4 and 9. Thus,
the output power of the operational amplifier 4 becomes

25 - (VRgr - Vpg) + and the output voltage of the operational

amplifier 9 becomes -(VRgF + Vpg), and the sum of the
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output voltages of the bias circuit 18 is constant. This
means that the sum of voltages applied to the diodes 2 and 3
becomes constant and, thus means that product of equivalent
resistance values of the diédes 2 and 3 is constant.
Accordingly, by applying such bias voltages, it is
possible to change the relation between the input voltage
(Vin) and the ratio (Vout)/(Vin) between the output voltage
(Vout) and the input voltage (vin), shown by the curve in
Fig. 2(a) %to the relation of a desired proportionality
line (having a prescribed slope) as shown in Fig. 2 (b).
Further, the impedance Z at the time of modulation can
also be changed from the bell-shaped curve shown in
Fig. 2(c) to a straight line with zero slope (showing
that the signal loss is extremely small) as shown in
Fig. 2(d), making it possible to maintain the impedance 72
at a constant level.
In the embodiment described above, the PIN diodes 2
and 3 are assumed to be connected to the merchant balun 1
so as to have mutually the same polarity. However, effect
similar to the above can also be obtained when these PIN
diodes 2, and 3 are connected to the merchant balun so as
to have mutually opposite polarities, and the polarities
of the operational amplifiers 4 and 9 are designated to
match the polarities of the PIN diodes 2 and 3. Fig. 3
shows a circuit diagram of this embodiment.

As described above, according to the present invention,
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by applying the PIN diodes in the phase modulation circuit
and the bias circuit keeping the voltage sum added to the
two diodes constant, the phase modulator having small

signal loss, constant impedance and the desirable modulation
characteristic of the straight line is obtained with the
simple circuit configuration. Moreover, according to the
present invention, by keeping impedance of the PIN diode
arrangement at an optimal value, it is possible to prevent
harmful influence, i.e., deterioration of the C/N ratio in
the modulation output, derived from load variation of a

local frequency oscillation part.
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The claims defining the invention are as follows:

1. A phase modulator for a microwave band comprising:

a transformer receiving a carrier signal;

two diodes connected to said transformer each receiving a modulation signal;
and

a bias circuit for applying bias voltages to said two diodes such that the sum of
the bias voltages is kept constant.

2. A phase modulator as claimed in claim 1, wherein said transformer is
a balance-to-unbalance type transformer, and said two diodes are connected to said
transformer in a manner to have mutually the same polarities, said phase modulator
further comprising a first means for applying one of said bias voltages and said
modulation signal to one of said two diodes and a second means for applying the other
bias voltage and a phase-inverted modulation signal produced from said modulation
signal to the other diode.

3. A phase modulator as claimed in claim 1, wherein said transformer is
a balance-to-unbalance type transformer and said two diodes are connected to said
transformer in a manner to have opposite polarities, said phase modulator further
comprising a first means for applying one of said bias voltages and said modulation
signal to one of said two diodes and a second means for applying the other bias voltage
and a phase-inverted modulation signal produced from said modulation signal to the
other diode.

4, A phase modulator as claimed in claim 1, wherein said bias circuit
includes a series of a variable resistor and a third diode.

5. A phase modulator as claimed in claim 4, wherein said two diodes and
third diode are PIN diodes.

6. A phase modulator as claimed in claim 2, wherein said first and
second applying means include an operational amplifier receiving said bias voltage and
modulation signal.

7. A phase modulator as claimed in claim 2, wherein said balance-to-
unbalance type transformer is a merchant balun.

8. A phase modulator as claimed in claim 3, wherein said first and
second applying means include an operational amplifier receiving said bias voltage and
modulation signal.

9. A phase modulator as claimed in claim 3, wherein said balance-to-
unbalance type transformer is a merchant balun.

DATED this Seventh Day of December 1995
NEC Corporation
Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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Balanced Phase Modulator Used in Microwave Band
ABSTRACT

A phase modulator for the microwave band, having a desirable
modulation characteristic by maintaining the impedance thereof constant
is disclosed. The phase modulator comprises two PIN diodes (2 and 3)
connected to a merchant balun (1) and a bias circuit (18) which supplies
bias voltages to the PIN diodes (2 and 3) such that the sum of the bias
voltages applied to the diodes (2 and 3) to be constant. The bias
voltages are selected so as to have the input and output impedances to be
in the most stable state when a modulation signal is equal to zero.

Figure 1
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