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(57) ABSTRACT 

Aphase shifter according to this invention includes a circuit 
board having a semi-insulating layer. An active layer is 
formed in a transmission line forrning portion on one surface 
side of the semi-insulating layer, a ?rst ground conductive 
layer is formed on the other surface side, a transmission line 
is formed on the upper side of the active layer, and a second 
ground conductive layer is formed on the transmission line 
forming surface of the semi-insulating layer in close prox 
irnity to one side of the transmission line. If a bias voltage 
of negative polarity is applied to the transmission line, 
reverse bias is applied to the active layer to form a depletion 
layer and capacitance is equivalently connected to the trans 
mission line having inductance. Aphase shift amount can be 
freely controlled by changing the value of the capacitance 
according to the bias voltage. 
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MICROWAVE PHASE SHIFTER AND POWER 
AMPLIFIER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a divisional application of, and claims 
priority to, US. Ser. No. 10/634,887, ?led Aug. 6, 2003, 
Which is a Continuation Application of PCT Application No. 
PCT/JP03/00852, ?led Jan. 29, 2003, Which Was not pub 
lished under PCT Article 21(2) in English. 

[0002] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Application 
No. 2002-023487, ?led Jan. 31, 2002, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] The present invention relates to a microWave phase 
shifter Which gives a desired phase shift amount to a 
high-frequency signal and a poWer ampli?er using the 
microWave phase shifter. 

[0005] 2. Description of the Related Art 

[0006] A microWave phase shifter is a circuit Which gives 
a preset phase shift amount to a high-frequency signal of 
microWave, millimeter Wave or the like and is normally 
con?gured by combining several transmission lines, a 
sWitch circuit and the like. For example, it has a transmission 
line used as a reference and transmission lines having delay 
amounts corresponding to preset phase differences With 
respect to the reference side transmission line, and a phase 
shift amount corresponding to the phase difference With 
respect to the reference is acquired by selecting one of the 
transmission lines by use of the sWitch circuit. 

[0007] The microWave phase shifter With the above con 
?guration is formed in an IC form by forming a plurality of 
transmission lines With different delay amounts and a sWitch 
circuit to sWitch the transmission lines on a substrate and 
thus an attempt is made to make the Whole device small. 
HoWever, since the sWitch circuit simultaneously makes 
selection of and sWitching to a single line from a plurality of 
lines on the input side and output side, a plurality of sWitch 
elements and driving control circuits are required. As a 
result, the circuit con?guration of the microWave phase 
shifter formed on the substrate becomes complicated, the 
substrate becomes larger and the cost rises due to an increase 
in the number of manufacturing steps. 

[0008] In the latest microWave communications devices 
for satellite communications, mobile communications, etc, a 
poWer ampli?er using a semiconductor ampli?er element is 
used, from the vieWpoint of siZe, Weight, reliability, etc. In 
a poWer ampli?er using this semiconductor ampli?er ele 
ment, the output poWer Which can be acquired by use of one 
element is not necessarily sufficient. Therefore, a poWer 
synthesiZing type of poWer ampli?er is proposed Which, 
When a high output poWer is required, distributes an input 
signal into plural paths, ampli?es them by use of semicon 
ductor ampli?er elements While controlling the signal 
phases, and then re-synthesiZes the signals (for eXample, 
Jpn. Pat. Apln. KOKAI Publication No. 2001-196870 (p 5, 
FIG. 
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[0009] In the poWer ampli?er, since a poWer loss occurs if 
the phases of the signals are deviated at the time of poWer 
synthesis, the phase differences betWeen the signals are 
eliminated and the loss at the time of poWer synthesis is 
reduced by inserting phase shifters into paths other than a 
path used as a reference to adjust the phases. Thus, in the 
poWer synthesiZing type of poWer ampli?er, phase shifters 
corresponding in number to (the number of distributions—1) 
are required. Therefore, in order to make the poWer ampli?er 
small and suf?ciently reduce the loss, a phase shifter Which 
is small and inexpensive and can relatively easily and 
precisely adjust the phase shift amount is desired. 

SUMMARY OF THE INVENTION 

[0010] An object of this invention is to provide a micro 
Wave phase shifter in Which the circuit con?guration is 
simple and can be easily made small, and as a result, the 
manufacturing cost can be loWered, and Which can relatively 
easily and precisely adjust a phase shift amount, and a poWer 
synthesiZing type of poWer ampli?er using the microWave 
phase shifter. 

[0011] A microWave phase shifter of this invention com 
prises a semi-insulating substrate having an operating layer 
partly formed thereon, a signal conductor formed on the 
operating layer of the semi-insulating substrate, a grounding 
conductor formed on the same surface as the signal conduc 
tor on the semi-insulating substrate, and a bias poWer supply 
Which applies a bias voltage to the signal conductor. 

[0012] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently preferred embodiments of the invention, and 
together With the general description given above and the 
detailed description of the embodiments given beloW, serve 
to eXplain the principles of the invention. 

[0014] FIG. 1 is a con?guration vieW shoWing the con 
?guration of a microWave phase shifter according to a ?rst 
embodiment of this invention; 

[0015] FIG. 2 is a circuit diagram shoWing the equivalent 
circuit of the ?rst embodiment; 

[0016] FIG. 3 is a con?guration vieW shoWing the con 
?guration of a microWave phase shifter according to a 
second embodiment of this invention; 

[0017] FIG. 4 is a circuit diagram shoWing the equivalent 
circuit of the second embodiment; 

[0018] FIG. 5 is a block circuit diagram shoWing the 
con?guration of a poWer ampli?er according to a third 
embodiment of this invention; and 

[0019] FIG. 6 is a block circuit diagram shoWing a modi 
?cation of the poWer ampli?er according to the third 
embodiment of this invention. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] There Will noW be described embodiments of this 
invention With reference to the accompanying drawings. 

First Embodiment 

[0021] FIG. 1 is a con?guration vieW shoWing the con 
?guration of a microWave phase shifter according to a ?rst 
embodiment of this invention. In FIG. 1, reference label 11 
denotes a circuit board of the microWave phase shifter. The 
circuit board 11 is a semi-insulating substrate having a 
semi-insulating layer 111 formed of a semi-insulating mate 
rial such as GaAs. On one surface side (front surface side of 
the substrate) of the semi-insulating layer 111, an active 
layer 112 is formed in at least a transmission line forming 
portion, and on the other surface side (rear surface side of the 
substrate), a ?rst conductive layer 113 of a metal material is 
formed. The active layer 112 is formed by ion-implanting an 
impurity into the semi-insulating layer 111, for example. 

[0022] On the upper side of the active layer 112, a trans 
mission line 114 of a metal material is formed. Further, on 
the surface of the semi-insulating layer 111 on Which the 
transmission line 114 is formed, a second conductive layer 
115 having an end portion formed to extend along and in 
close proximity to one side (right side in the draWing) of the 
transmission line 114 is formed. 

[0023] In the circuit board 11 With the above con?gura 
tion, the ?rst conductive layer 113 and second conductive 
layer 115 are connected to a ground terminal 116 (the ?rst 
conductive layer and second conductive layer are hereinafter 
referred to as a ?rst grounding conductive layer and second 
grounding conductive layer, respectively), and the transmis 
sion line 114 is connected to a bias voltage input terminal 
117. To the terminal 117, bias voltage Vp of negative 
polarity is applied from a bias poWer supply 12 on the 
external portion of the phase shifter. In this case, reverse bias 
is applied to the active layer 112 Which lies directly under 
the transmission line 114. As a result, a depletion layer is 
formed in the active layer 112 and capacitance is equiva 
lently connected to the transmission line 114. Further, if the 
value of the bias voltage is changed, the extent of the 
depletion layer varies. Therefore, the capacitance value 
caused by forming the depletion layer varies based on the 
function of the bias voltage. 

[0024] FIG. 2 is a circuit diagram shoWing the equivalent 
circuit of the microWave phase shifter With the above 
con?guration for unit length. The transmission line 114 and 
the ?rst and second grounding conductive layers 113, 115 
formed on the front surface and rear surface of the semi 
insulating layer 111 con?gure a micro-coplanar strip line 
utiliZing the proximity effect. As shoWn in FIG. 2, the 
con?guration can be expressed by an equivalent circuit 
con?gured by inductors and capacitors. In FIG. 2, reference 
label 1 indicates inductance of the transmission line 114 per 
unit length, reference label c indicates parasitic capacitance 
caused betWeen the transmission line 114 and the ?rst and 
second grounding conductive layers 113, 115, and reference 
label c1 indicates a capacitance caused by formation of the 
depletion layer. As is clearly seen from FIG. 2, the capaci 
tance c1 caused by the depletion layer is formed in parallel 
With the parasitic capacitance c. 
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[0025] In this case, the characteristic impedance Z0 of the 
micro-coplanar strip line is determined by the equation 

z0=[1/(C+C1)]1/2 (1) 
[0026] Therefore, the phase 0 of a microWave signal 
(angular frequency 00)) Which propagates along the trans 
mission line 114 With line length L is given by the equation 
(2) if [3=u)-Z0. 

[0027] As described before, the value of the capacitance 
c1 varies if the bias voltage Vp applied to the transmission 
line 114 is changed. Therefore, as is clearly seen from the 
equation (2), it becomes possible to change the propagation 
phase 0 of the transmission line 114 by changing the bias 
voltage Vp. 

[0028] For example, if a reference phase (01) is obtained 
When the bias voltage Vp is 0 [V] and a phase is set to 02 
When the bias voltage Vp is v, phase difference A0 indicated 
by the equation (3) can be obtained. 

[0029] In this case, it is operated as a phase shifter With the 
phase shift amount A0. 

[0030] From the above description, according to the con 
?guration of the present embodiment, since a sWitch circuit 
to sWitch transmission lines becomes unnecessary and the 
phase shift amount can be set only by the bias voltage 
applied to the transmission line, the circuit con?guration is 
made simple. Further, since the phase difference A0 is 
determined by the value of the bias voltage Vp, the phase 
shift amount can be controlled in a continuous or stepWise 
fashion by changing the bias voltage in a continuous or 
stepWise fashion. 

Second Embodiment 

[0031] FIG. 3 is a con?guration vieW shoWing the con 
?guration of a microWave phase shifter according to a 
second embodiment of this invention. In FIG. 3, the same 
portions as those of FIG. 1 are denoted by the same 
reference symbols and different portions are taken up and 
explained here. 

[0032] A circuit board 11 shoWn in FIG. 3 includes a 
liquid crystal dielectric layer 118 instead of the semi 
insulating layer of FIG. 1. Like the ?rst embodiment, a 
transmission line 114 and ?rst and second grounding con 
ductive layers 113, 115 formed on the front surface and rear 
surface of the liquid crystal dielectric layer 118 con?gure a 
micro-coplanar strip line utiliZing the proximity effect. 

[0033] HoWever, in the present embodiment, no active 
layer is formed. 

[0034] With the above con?guration, if bias voltage Vp is 
applied to the transmission line 114, voltages are applied to 
the liquid crystal dielectric layer 118 betWeen the transmis 
sion line 114 and the ?rst grounding conductive layer 113 
and betWeen the transmission line 114 and the second 
grounding conductive layer 115. As a result, in the liquid 
crystal dielectric layer 118, the directivity of an anisotropic 
dielectric is changed. The directivity is changed according to 
the value of the bias voltage Vp. Therefore, if the value of 
the bias voltage Vp is changed, values of parasitic capaci 
tances caused betWeen the transmission line 114 and the ?rst 
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grounding conductive layer 113 and between the transmis 
sion line 114 and the second grounding conductive layer 115 
vary. 

[0035] FIG. 4 is a circuit diagram shoWing the equivalent 
circuit of the microWave phase shifter With the above 
con?guration for unit length. In FIG. 4, 1 indicates induc 
tance of the transmission line 114 per unit length and c 
indicates parasitic capacitance caused betWeen the transmis 
sion line 114 and the ?rst and second grounding conductive 
layers 113, 115. As clearly seen from FIG. 4, in the present 
embodiment, the capacitance caused by the depletion layer 
in the ?rst embodiment is not present and the value of the 
parasitic capacitance c itself is changed. 

[0036] In this case, the characteristic impedance Z0 of the 
micro-coplanar strip line is determined by the equation 

[0037] Therefore, the phase 0 of a microWave signal 
(angular frequency 00) Which propagates along the transmis 
sion line 114 With line length L is given by the equation (5) 
if [3=u)-Z0. 

[0038] As described before, if the bias voltage Vp applied 
to the transmission line 114 is changed, the dielectric con 
stant of the liquid crystal dielectric layer 116 varies and the 
value of the capacitance c varies. Therefore, as is clearly 
seen from the equation (5), it becomes possible to change the 
propagation phase 0 of the transmission line 114 by chang 
ing the bias voltage Vp. 

[0039] For eXample, if a reference phase (01) is obtained 
When the bias voltage Vp is 0[V] and a phase is set to 02 
When the bias voltage Vp is v, phase difference A0 indicated 
by the equation (6) can be obtained. 

[0040] In this case, it is operated as a phase shifter With the 
phase shift amount A0. 

[0041] From the above description, also, according to the 
con?guration of the present embodiment, since a sWitch 
circuit to sWitch transmission lines becomes unnecessary 
and the phase shift amount can be set only by the bias 
voltage applied to the transmission line, the circuit con?gu 
ration is made simple. Further, since the phase difference A0 
is determined by the value of the bias voltage Vp, the phase 
shift amount can be controlled in a continuous or stepWise 
fashion by changing the bias voltage in a continuous or 
stepWise fashion. 

Third Embodiment 

[0042] FIG. 5 is a block circuit diagram shoWing the 
con?guration of a poWer ampli?er according to a third 
embodiment of this invention. In FIG. 5, a microWave 
transmission signal is supplied to an input terminal 21. The 
signal is distributed into tWo paths. One of the paths is used 
as a reference path and the distributed signal thereof is 
supplied to an ampli?er 23 and poWer-ampli?ed. The dis 
tributed signal of the other path is phase-adjusted by a phase 
shifter 24 so that the phase thereof Will correspond to the 
signal of the reference path and is then supplied to an 
ampli?er 25 and poWer-ampli?ed. The distributed signals 
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poWer-ampli?ed by the respective ampli?ers 23, 25 are 
synthesiZed in a synthesiZer 26 and output from an output 
terminal 27. 

[0043] The poWer ampli?er of the above con?guration is 
a so-called poWer synthesiZing type, and it evenly matches 
the phases When poWer-amplifying the distributed micro 
Wave signals and adds and synthesiZes the poWer-ampli?ed 
outputs. In the present embodiment, as the phase shifter 24 
to make a phase adjustment, the microWave phase shifter 
With the con?guration of the ?rst or second embodiment is 
used. 

[0044] The poWer value of the synthesis signal supplied to 
the output terminal 26 is monitored by a poWer monitoring 
device 28 and the monitoring result is supplied to a control 
device 29. The control device 29 controls the phase shift 
amount of the phase shifter 24 so that the monitoring poWer 
value is maXimum. The control is to supply the bias voltage 
Vp to a bias voltage input terminal of the phase shifter 24 
and change the bias voltage Vp according to the phase shift 
amount. 

[0045] Since the poWer ampli?er With the above con?gu 
ration uses the microWave phase shifter of the ?rst or second 
embodiment in the phase shifter 24, it can be made small and 
the cost can be loWered. Further, since the phase shift 
amount of the phase shifter 24 can be adjusted continuously 
or in ?ne steps, it can be adjusted With high precision in 
comparison With the conventional line sWitching system. 

[0046] In the poWer ampli?er of the above embodiment, 
the phase shifter 24 is incorporated in the preceding stage of 
the ampli?er 25 in each distribution path, but since the 
con?guration of the phase shifter of this invention is eXcel 
lent in the poWer-resistance characteristic, it can be arranged 
in the succeeding stage of the ampli?er 25 as shoWn in FIG. 
6. In this case, since it becomes unnecessary to take the 
processing delay time of the ampli?er 25 into consideration, 
phase matching With higher precision can be attained. 

[0047] Further, in the above embodiment, the ampli?er 25 
and the phase shifter 24 are explained as different units, but 
the con?guration of the phase shifter 24 can be incorporated 
into the ampli?er 25 itself. With this con?guration, the siZe 
can be further reduced. 

[0048] Further, in the above embodiment, the number of 
distribution paths is tWo, but When the number of distribu 
tion paths is increased, the phases of transmission signals of 
the respective paths can be similarly matched by using one 
path as a reference path and arranging phase shifters in other 
paths. Of course, the same operation can be performed even 
When a phase shifter is arranged in the reference path. 

[0049] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the speci?c 
details and representative embodiments shoWn and 
described herein. Accordingly, various modi?cations may be 
made Without departing from the spirit or scope of the 
general inventive concept as de?ned by the appended claims 
and their equivalents. 

1-3. (canceled) 
4. A microWave phase shifter comprising: 

a circuit board on Which a transmission line to transmit a 

microWave signal is formed on one surface of a liquid 
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crystal dielectric layer, a ?rst conductive layer is 
formed on the other surface, and a second conductive 
layer is formed on a forming surface of the transmis 
sion line With an end portion set in close proximity to 
one side of the transmission line; and 

bias circuit Which applies bias voltage to the transmission 
line. 

5. The rnicroWave phase shifter according to claim 4, 
Wherein the bias circuit grounds the ?rst and second con 
ductive layers and applies a bias voltage Whose polarity is 
periodically inverted to the transmission line. 

6. The rnicroWave phase shifter according to claim 4, 
Wherein the bias circuit variably controls the bias voltage in 
a continuous or stepWise fashion. 

7-11. (canceled) 
12. A poWer arnpli?er cornprising: 

distributor Which distributes a microwave signal to a 
plurality of transmission paths; 

a plurality of arnpli?ers respectively provided in the 
plurality of transmission paths to poWer-arnplify the 
transmission signals; 

phase adjusting circuit Which adjusts signal propagation 
phases betWeen the plurality of transmission paths by 
using any one of the plurality of transmission paths as 
a reference path, providing phase shifters in at least the 
other paths and adjusting phase shift amounts of the 
phase shifters; and 

synthesiZer Which synthesiZes the signals poWer-arnpli 
?ed by the plurality of arnpli?ers at ends of the plurality 
of transmission paths; 

Wherein the phase shifter includes a circuit board on 
Which a transmission line to transmit a microwave 
signal is formed on one surface of a liquid crystal 
dielectric layer, a ?rst conductive layer is formed on the 
other surface, and a second conductive layer is formed 
on a forming surface of the transmission line With an 
end portion set in close proximity to one side of the 
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transmission line, and bias circuit for applying bias 
voltage to the transmission line, and 

the phase adjusting circuit supplies a bias voltage corre 
sponding to the phase shift amount to the phase shifter. 

13. The poWer arnpli?er according to claim 12, Wherein 
the bias circuit grounds the ?rst and second conductive 
layers and applies bias voltage Whose polarity is periodically 
inverted to the transmission line. 

14. The poWer arnpli?er according to claim 12, Wherein 
the bias circuit variably controls the bias voltage in a 
continuous or stepWise fashion. 

15. The poWer arnpli?er according to claim 12, Wherein 
the phase shifter is arranged on the output side of the poWer 
arnpli?er. 

16. The poWer arnpli?er according to claim 12, Wherein 
the phase adjusting circuit includes a monitor Which rnoni 
tors an output signal of the synthesiZer and a control device 
Which controls a voltage value of the bias voltage based on 
the monitoring result of the monitor. 

17. (canceled) 
18. A circuit board of a microwave phase shifter corn 

prising: 
a liquid crystal dielectric layer; 

a transmission line formed on one surface of the liquid 
crystal dielectric layer to transmit a microwave signal; 

a ?rst conductive layer formed on the other surface of the 
liquid crystal dielectric layer; 

a second conductive layer formed on a transmission line 
forming surface of the liquid crystal dielectric layer 
With an end portion set in close proximity to one side 
of the transmission line; 

a ground terminal to Which the ?rst and second conduc 
tive layers are connected; and 

a bias voltage input terminal to Which the transmission 
line is connected. 


