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(57) ABSTRACT 

A variable gain amplifying apparatus has 
an amplifier; 
one or more first Switching elements connected in 

parallel to the amplifier; and 
a phase shifter connected in Series to the first Switching 

element, 
wherein the first Switching element is enabled if the 

level of an input Signal or an output Signal is higher 
than a predetermined level, and the first Switching 
element is disabled if the level of the input signal or 
the output Signal is equal to or lower than the 
predetermined level, 

the amplifier does not operate when the first Switching 
element is enabled, and the amplifier operates when 
the first Switching element is disabled, and 

the amount of phase shift when the input signal is 
passed through the amplifier and phase shifter is 
Substantially equal to the amount of phase shift when 
the input Signal is passed through the first Switching 
element. 
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Fig, 13 
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Fig. 22(a) 
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Fig. 23 (a) 
SIGNALS ARE NOT SYNCHRONIZED 

Fig. 22(b) 
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VARIABLE GAIN AMPLIFYINGAPPARATUS AND 
WIRELESS COMMUNICATION APPARATUS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a variable gain 
amplifying apparatus having a gain control function, and a 
wireleSS communication apparatus. 
0003 2. Related Art of the Invention 
0004. A pre-stage amplifier of a reception device in a 
radio System represented by cellular phones needs to have 
low-noise and high-gain characteristics if receiving very 
weak Signals, and the pre-amplifier needs to have low 
distortion and low-gain characteristics if receiving large 
Signals. 

0005 Particularly, in current mobile communications, 
Since the electric field intensity during reception varies 
Significantly depending on the distance between a base 
Station and a mobile Station, the reception device requires a 
large dynamic range, and consequently the pre-amplifier of 
the reception device needs to have a gain control function. 
0006 FIG. 21 shows the circuit configuration of main 
parts of a cellular phone terminal in which a conventional 
variable gain amplifying apparatus having this gain control 
function is used. The cellular phone terminal of FIG. 21 is 
used in digital radio communications using modulation 
systems such as QPSK. 
0007. In FIG. 21, the cellular phone terminal is com 
prised of an antenna 1, a duplexer 2, a transmission circuit 
portion 3, a variable gain amplifying apparatus 4, a mixer 7, 
a filter 8, mixers 9, 10, a local oscillator 11 and a phase 
shifter 12. The variable gain amplifying apparatus 4, the 
mixer 7, the filter 8, the mixers 9, 10, the local oscillator 11 
and the phase shifter 12 constitute a reception circuit por 
tion. The mixer 9, the mixer 10, the local oscillator 11 and 
the phase shifter 12 constitute an Orthogonal demodulator. 
0008. The antenna 1 sends a send signal as a send wave, 
and receives a receive wave as a receive signal. The duplexer 
2 guides the Send Signal outputted from the transmission 
circuit 3 to the antenna 1, and guides the receive wave 
received at the antenna 1 to the variable gain amplifying 
apparatus 4. The variable gain amplifying apparatus 4 is a 
circuit that amplifies the receive signal as the pre-amplifier 
of the reception circuit portion. The mixer 7 is a circuit that 
combines the Signal inputted form an oscillator (not shown) 
with the receive Signal amplified by the variable gain 
amplifying apparatus 4, thereby converting the amplified 
Signal into an intermediate frequency Signal. The filter 8 is 
a circuit that weakens unnecessary frequency components of 
the Signal converted into the intermediate frequency Signal. 
The mixer 10 is a circuit that combines together the signal 
outputted from the filter 8 and the signal inputted from the 
local oscillator 11, thereby demodulating a base band I 
Signal. The mixer 9 is a circuit that combines together the 
Signal outputted from the filter 8 and the Signal with its phase 
shifted by an angle of 90 degrees by the phase shifter 12, 
thereby demodulating a base band Q Signal. The phase 
shifter 12 is a circuit that shifts the phase of the signal 
oscillated by the local oscillator 11 by an angle of 90 
degrees. 
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0009. The variable gain amplifying apparatus 4 is com 
prised of an amplifier 5 and a Switching element 6. 
0010. The operation of this conventional cellular phone 
terminal will now be described. 

0011. The receive signal received at the antenna 1 is 
amplified by the variable gain amplifying apparatus 4 via the 
duplexer 2. The mixer 7 converts the receive signal ampli 
fied by the variable gain amplifying apparatus 4 into the 
intermediate frequency signal, and the filter 8 weakens 
unnecessary frequency components of the converted inter 
mediate frequency Signal. 
0012. On the other hand, the signal from the local oscil 
lator 11 is outputted to the mixer 10 and the phase shifter 12. 
The mixer 10 combines together the output signal from the 
filter 8 and the signal inputted from the local oscillator 11, 
thereby demodulating the base band I Signal. 
0013 The phase shifter 12 outputs to the mixer 9 the 
Signal with its phase shifted by an angle of 90 degrees 
coming from the local oscillator 11, and the mixer 9 com 
bines together the output signal from the filter 8 and the 
Signal from the phase shifter 12, thereby demodulating the 
base band Q Signal. 
0014. The demodulated base band I signal and base band 
Q Signal are inputted to a base band portion (not shown), 
where they are restored to digital voice data. 
0015 If the cellular phone terminal exists within close 
range of the base Station, and So on, the magnitude of the 
receive signal received at the antenna 1 is large. In this case, 
a large receive signal is inputted to the variable gain ampli 
fying apparatuS 4 as well. In this case, the Supply to the 
variable gain amplifying apparatus 4 of a power Voltage for 
operating the amplifier 5 is Stopped, and the Switching 
element 6 is controlled so that it becomes enabled. There 
fore, the large receive signal inputted from the duplexer 2 is 
outputted to the mixer 7 through the Switching element 6 
without being amplified by the amplifier 5. That is, the 
variable gain amplifying apparatus 4 operates in a low gain 
mode. In this way, the variable gain amplifying apparatuS 4 
operates in a low gain mode when the magnitude of the 
receive Signal is large. 
0016 On the other hand, if the cellular phone terminal 
exists at a great distance from the base Station, and So on, the 
intensity of the receive signal received at the antenna 1 is 
very low. In this case, a very weak signal is inputted to the 
variable gain amplifying apparatus 4 as well. In this case, the 
variable gain amplifying apparatus 4 is Supplied with a 
power Voltage for operating the amplifier 5, and the Switch 
ing element 6 is controlled So that it becomes disabled. 
Therefore, the very weak receive signal inputted from the 
duplexer 2 is amplified by the amplifier 5 and then outputted 
to the mixer 7 without passing through the Switching ele 
ment 6. That is, the variable gain amplifying apparatus 4 
operates in a high gain mode. In this way, the variable gain 
amplifying apparatus 4 operates in a high gain mode when 
the intensity of the receive Signal is very low. 
0017. In this way, the variable gain amplifying apparatus 
4 operates in a low gain mode when the magnitude of the 
receive signal is large, and operates in a high gain mode 
when the intensity of the receive signal is very low, and 
therefore the variable gain amplifying apparatus 4 can have 
a wide dynamic range. 
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0.018. However, the inventor has found that the amount of 
phase shift of the receive signal passed through the variable 
gain amplifying apparatus 4 when the variable gain ampli 
fying apparatus 4 operates in a low gain mode is different 
from the amount of phase shift of the receive signal passed 
through the variable gain amplifying apparatus 4 when the 
variable gain amplifying apparatus 4 operates in a high gain 
mode. 

0019. Therefore, when the variable gain amplifying appa 
ratus 4 is Switched from the low gain mode to the high gain 
mode, or Switched from the high gain mode to the low gain 
mode, the phase of the Signal outputted from the variable 
gain amplifying apparatus 4 is shifted in a discontinuous 
manner, thus making it impossible to provide Synchroniza 
tion in the orthogonal demodulator constituted by the mixer 
9, the mixer 10, the local oscillator 11 and the phase shifter 
12. Therefore, the base band I signal and the base band Q 
Signal cannot be demodulated normally in the orthogonal 
demodulator until Synchronization can be provided. 
0020. The above situation will be described more spe 
cifically. First, the Situation in which the orthogonal 
demodulator demodulates normally the base band I Signal 
and the base band Q signal will be described. 
0021 Assume that the input signal to an orthogonal 
modulator is expressed by the following equation 1. 

0022 wherein I(t) represents a digital signal taking on a 
value of +1 or -1, and Q(t) represents a digital signal taking 
on a value of +1 or -1. 

0023. In this case, the local oscillator 11 can be synchro 
nized with the input signal S(t) to the orthogonal modulator, 
and therefore the local oscillator 11 outputs a signal oscil 
lating at coscot to the mixer 10. Therefore, in the mixer 10, 
the Signal outputted from the local oscillator 11 and the input 
Signal to the orthogonal demodulator are combined together, 
and thus the output signal from the mixer 10 is expressed by 
the following equation 2. 

Equation 1 

S(t)cos (ot=I(t) (1/2)(cos 2cot+1)+Q(t) (1/2) sin 20t Equation 2 
0024. This output signal is passed through a low pass 

filter (not shown in FIG.21), whereby the base band I signal 
expressed by the following equation 3 is demodulated. 

(1/2)-I(t) 
0.025. On the other hand, the output signal coscot from the 
local oscillator 11 is inputted to a phase shifter 12, and the 
phase shifter 12 shifts the phase by an angle of 90 degrees, 
thereby outputting the signal of sincot to the mixer 9. In the 
mixer 9, the signal outputted from the phase shifter 12 and 
the input signal to the Orthogonal demodulator are combined 
together, and thus the output Signal from the mixer 9 is 
expressed by the following equation 4. 

Equation 3 

S(t) sin ot=I(t) (1/2) sin 20t--Q(t) (1/2)-(1-cos 2cot) Equation 4 
0026. This output signal is passed through a low pass 

filter (not shown in FIG. 21), whereby the base band Q 
Signal expressed by the following equation 5 is demodu 
lated. 

0027. In this way, in the case where the input signal S(t) 
from the orthogonal demodulator can be Synchronized with 
the signal oscillated by the local oscillator 11, the base band 

Equation 5 
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I signal and the base band Q Signal can be demodulated 
normally by the orthogonal demodulator. 

0028. Examples of values of the demodulated base band 
I signal and base band Q Signal expressed by the equations 
3 and 5, respectively, are shown in FIG. 22(A). That is, in 
FIG. 22(B), the values of I(t) and Q(t) are identical to each 
other, and change with time from +1 to -1 to +1. . . . FIG. 
22(B) shows a plot with the base band I signal on the 
horizontal axis and the base band Q Signal on the vertical 
axis for given values of I(t) and Q(t). The pair of the base 
band I signal and base band Q signal shown in FIG. 22(A) 
is plotted in the first and third quadrant in FIG.22(B). When 
a Straight line is drawn along the plotted Spots, the line Slants 
at an angle of 45 relative to the horizontal axis. 
0029. Here, assume that magnitude of the receive signal 
received at the antenna 1 is changed, and as a result, the 
variable gain amplifying apparatus 4 is Switched from the 
low gain mode to the high gain mode, or Switched from the 
high gain mode to the low gain mode. In this case, as 
described above, the amount of phase shift of the receive 
Signal passed through the variable gain amplifying apparatus 
4 when the variable gain amplifying apparatus 4 operates in 
the low gain mode is different from the amount of phase shift 
of the receive Signal passed through the variable gain 
amplifying apparatus 4 when the variable gain amplifying 
apparatus 4 operates in the high gain mode. Therefore, the 
phase of the input signal S(t) to the orthogonal demodulator 
is shifted by cp. 
0030 Thus, the input signal S(t) to the orthogonal modu 
lator is expressed by the following equation 6. 

0031 wherein I(t) represents a digital signal taking on a 
value of +1 or -1, and Q(t) represents a digital signal taking 
on a value of +1 or -1. 

0032. In this case, the local oscillator 11 outputs a signal 
oscillating at coscot to the mixer 10. Therefore, in the mixer 
10, the signal outputted from the local oscillator 11 and the 
input signal to the orthogonal demodulator are combined 
together, and thus the output Signal from the mixer 10 is 
expressed by the following equation 7. 

Equation 6 

(p+sin 20t) Equation 7 

0033. This output signal is passed through a low pass 
filter (not shown in FIG.21), whereby the base band I signal 
expressed by the following equation 8 is demodulated. 

0034. On the other hand, the output signal coscot from the 
local oscillator 11 is inputted to a phase shifter 12, and the 
phase shifter 12 shifts the phase by an angle of 90 degrees, 
thereby outputting the signal of sincot to the mixer 9. In the 
mixer 9, the signal outputted from the phase shifter 12 and 
the input signal to the Orthogonal demodulator are combined 
together, and thus the output Signal from the mixer 9 is 
expressed by the following equation 9. 

Equation 8 

S(t) sin ot=I(t) (1/2)(sin (p+sin 20t)+Q(t) (1/2)(cos 
(p-cos 20t) Equation 9 

0035. This output signal is passed through a low pass 
filter (not shown in FIG. 21), whereby the base band Q 
Signal expressed by the following equation 10 is demodu 
lated. 

(1/2)(I(t)sin (p+Q(t)'cos (p) Equation 10 
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0036). In this way, when the mode of the variable gain 
amplifying apparatus 4 is Switched, and as a result, the phase 
of the input signal S(t) to the orthogonal modulator is 
shifted, the demodulated base band I signal and base band Q 
signal are changed to those shown in FIG. 23. Namely, the 
situation shown in FIG. 22(A) is changed to that shown in 
FIG. 23(A), and the associated plot shown in FIG. 22 (B) 
is changed to that shown in FIG.23(B). Specifically, the pair 
of the base band I Signal and base band Q Signal shown in 
FIG. 23(A) is plotted in the first and third quadrants in FIG. 
23(B), but when a straight line is drawn along the plotted 
spots, the line Slants at an angle larger than 45 relative to 
the horizontal axis. 

0037. In this way, provided that the pair of values of the 
demodulated base band I Signal and base band Q Signal is 
expressed by (1,1) in FIG.22(A), the pair of values may be 
shifted to the second quadrant when the mode of the variable 
gain amplifying apparatus 4 is Switched. In Some cases, the 
pair of values may be shifted to the third quadrant. 
0.038. In this way, when the mode of the variable gain 
amplifying apparatus 4 is Switched, the base band I Signal 
and base band Q Signal can be demodulated normally until 
the local oscillator 11 is Synchronized with the input Signal 
to the orthogonal demodulator after the mode of the variable 
gain amplifying apparatus 4 is Switched, and therefore the 
Voice digital Signal can be restored normally, which may 
cause disconnection of received Voices of the cellular phone 
terminal and occurrence of noises. 

0.039 That is, there is a problem such that the phase of the 
Signal outputted from the variable gain amplifying apparatus 
is shifted in a discontinuous manner when the gain of the 
variable gain amplifying apparatus is Switched. 

SUMMARY OF THE INVENTION 

0040. In view of the above problem, the object of the 
present invention is to provide a variable gain amplifying 
apparatus capable of Sufficiently alleviating the Situation in 
which the phase outputted from the variable gain amplifying 
apparatus is shifted in a discontinuous manner even when 
the gain of the variable gain amplifying apparatus is 
Switched, and a wireleSS communication apparatus. 
0041. The 1st invention of the present invention is a 
variable gain amplifying apparatus comprising: 

0042 an amplifier; 

0043 one or more first Switching elements con 
nected in parallel to Said amplifier; and 

0044) a phase shifter connected in series to said first 
Switching element, 

0045 wherein said first Switching element is 
enabled if the level of an input Signal or an output 
Signal is higher than a predetermined level, and Said 
first Switching element is disabled if the level of said 
input Signal or Said output Signal is equal to or lower 
than Said predetermined level, 

0046 said amplifier does not operate when said first 
Switching element is enabled, and Said amplifier 
operates when Said first Switching element is dis 
abled, and 
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0047 the amount of phase shift when said input 
Signal is passed through Said amplifier and phase 
shifter is Substantially equal to the amount of phase 
shift when said input signal is passed through Said 
first Switching element. 

0048. The 2nd invention of the present invention is a 
variable gain amplifying apparatus comprising: 

0049) 
0050 one or more first Switching elements con 
nected in parallel to Said amplifier; 

0051 a phase shifter connected in series to said first 
Switching element; 

an amplifier; 

0052 one or more second Switching elements con 
nected in parallel to Said amplifier; and 

0053 a feedback circuit connected in series to said 
Second Switching element, 

0054 wherein said first Switching element is 
enabled if the level of an input Signal or an output 
Signal is higher than a predetermined level, and Said 
first Switching element is disable if the level of said 
input Signal or Said output Signal is equal to or lower 
than Said predetermined level, 

0055 said amplifier does not operate when said first 
Switching element is enabled, and Said amplifier 
operates when Said first Switching element is dis 
abled, 

0056 said second Switching element is disabled 
when Said first Switching element is enabled, 

0057 said second Switching element is enabled 
when Said first Switching element is disabled, and 

0058 the amount of phase shift when said input 
Signal is passed through Said amplifier is Substan 
tially equal to the amount of phase shift when Said 
input signal is passed through said first Switching 
element and Said phase shifter. 

0059) The 3rd invention of the present invention is the 
variable gain amplifying apparatus according to the 1st 
invention, wherein Said first Switching element is comprised 
of one or more third Switching elements and one or more 
fourth Switching elements, 

0060 one end of said third Switching element is 
connected to the input of Said amplifier, 

0061 the other end of said third switching element 
is connected to one end of Said phase shifter, 

0062 the other end of said phase shifter is connected 
to one end of Said fourth Switching element, and 

0063 the other end of said fourth Switching element 
is connected to the output of Said amplifier. 

0064. The 4th invention of the present invention is the 
variable gain amplifying apparatus according to the 2nd 
invention, wherein Said first Switching element is comprised 
of one or more third Switching elements and one or more 
fourth Switching elements, 

0065 one end of said third Switching element is 
connected to the input of Said amplifier, 
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0066 the other end of said third switching element 
is connected to one end of Said phase shifter, 

0067 the other end of said phase shifter is connected 
to one end of Said fourth Switching element, and 

0068 the other end of said fourth Switching element 
is connected to the output of Said amplifier. 

0069. The 5th invention of the present invention is a 
variable gain amplifying apparatus comprising: 

0070) 
0071 one or more Switching elements connected in 
parallel to Said amplifier; and 

0072 a phase shifter connected in series to said 
amplifier, 

an amplifier; 

0073 wherein said Switching element is enabled if 
the level of an input signal or an output Signal is 
higher than a predetermined level, and Said Switch 
ing element is disable if the level of Said input Signal 
or Said output signal is equal to or lower than Said 
predetermined level, 

0074 said amplifier does not operate when said 
Switching element is enabled, and Said amplifier 
operates when Said Switching element is disabled, 
and 

0075 the amount of phase shift when said input 
Signal is passed through Said amplifier and phase 
shifter is Substantially equal to the amount of phase 
shift when Said input signal is passed through Said 
first Switching element. 

0.076 The 6th invention of the present invention is the 
variable gain amplifying apparatus according to any of the 
1st to 5th inventions, wherein Said phase shifter is comprised 
of one or more Serial-connected capacitors and one or more 
parallel-connected resistors. 
0077. The 7th invention of the present invention is the 
variable gain amplifying apparatus according to any of the 
1st to 5th inventions, wherein Said phase shifter is comprised 
of one or more Serial-connected resistors and one or more 
parallel-connected capacitors. 

0078. The 8th invention of the present invention is the 
variable gain amplifying apparatus according to any of the 
1st to 5th inventions, wherein Said phase shifter is comprised 
of one or more Strip lines, and Said Strip lines are connected 
So that a characteristic impedance monotonously increases 
or monotonously decreases. 
007.9 The 9th invention of the present invention is the 
variable gain amplifying apparatus according to any of the 
1st to 5th inventions, wherein Said phase shifter is comprised 
of one or more parallel twin lines, and Said parallel twin lines 
are connected So that a characteristic impedance monoto 
nously increases or monotonously decreases. 
0080. The 10th invention of the present invention is the 
variable gain amplifying apparatus according to any of the 
1st to 5th inventions, wherein Said phase shifter is comprised 
of one or more Serial-connected capacitors and one or more 
parallel-connected inductors. 
0081. The 11th invention of the present invention is the 
variable gain amplifying apparatus according to any of the 
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1st to 5th inventions, wherein Said phase shifter is comprised 
of one or more Serial-connected inductors and one or more 
parallel-connected capacitors. 

0082 The 12th invention of the present invention is the 
variable gain amplifying apparatus according to any of the 
1st to 5th inventions, wherein one end or both ends of said 
Switching element are connected to the ground through the 
resistor or the inductor. 

0083. The 13th invention of the present invention is a 
wireleSS communication apparatus comprising the variable 
gain amplifying apparatus according to any of the 1st to 5th 
inventions, and using phase modulation signals as Send/ 
receive Signals. 
0084. The 14th invention of the present invention is a 
wireleSS communication apparatus comprising: 

0085 the variable gain amplifying apparatus 
according to any of the 1st to 5th inventions, 

0086 a level detection circuit detecting the level of 
a receive signal in the rear of Said variable gain 
amplifying apparatus, and 

0087 a control circuit switching the gain of said 
variable gain amplifying apparatus, 

0088 wherein said variable gain amplifying appa 
ratus is Switched to a low gain State if the level 
detected by Said level detection circuit is higher than 
a predetermined level; and 

0089 said variable gain amplifying apparatus is 
Switched to a high gain State if the level detected by 
Said level detection circuit is equal to or lower than 
Said predetermined level. 

0090 The 15th invention of the present invention is a 
wireleSS communication apparatus comprising: 

0091 the variable gain amplifying apparatus 
according to any of the 1st to 5th inventions, 

0092) 
0093 a first level detection circuit detecting the 
level of a receive signal in the front Stage of the 
channel Selection filter; 

0094 a second level detection circuit detecting the 
level of a receive signal in the rear Stage of the 
channel Selection filter, and 

0095 a control circuit switching the gain of said 
variable gain amplifying apparatus, 

a channel Selection filter; 

0096 wherein the output of said variable gain 
amplifying apparatus is inputted to Said channel 
Selection filter, 

0097 said variable gain amplifying apparatus is 
Switched to a low gain state if the level detected by 
Said Second level detection circuit is higher than a 
first predetermined level, 

0098 said variable gain amplifying apparatus is 
Switched to a high gain and low current State if the 
level detected by said second level detection circuit 
is equal to or lower than Said first predetermined 



US 2003/0080811 A1 

level, and the level detected by said first level 
detection circuit is equal to or lower than a Second 
predetermined level, and 

0099 said variable gain amplifying apparatus is 
Switched to a high gain and high current State if the 
level detected by said second level detection circuit 
is equal to or lower than Said first predetermined 
level, and the level detected by said first level 
detection circuit is equal to or lower than Said Second 
predetermined level. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0100 FIG. 1 shows the configuration of a variable gain 
amplifying apparatus in the first embodiment of the present 
invention. 

0101 FIG. 2 shows another configuration of the variable 
gain amplifying apparatus in the first embodiment of the 
present invention. 
0102 FIG. 3 shows another configuration of the variable 
gain amplifying apparatus in the first embodiment of the 
present invention. 
0103 FIG. 4 shows the configuration of the variable gain 
amplifying apparatus in the Second embodiment of the 
present invention. 

0104 FIG. 5 shows another configuration of the variable 
gain amplifying apparatus in the Second embodiment of the 
present invention. 
0105 FIG. 6 is a circuit diagram of the variable gain 
amplifying apparatus in the third embodiment of the present 
invention. 

0106 FIG. 7 is a circuit diagram of the variable gain 
amplifying apparatus having balanced circuits in the third 
embodiment of the present invention. 
0107 FIG. 8 is a circuit diagram of the variable gain 
amplifying apparatus with another configuration in the third 
embodiment of the present invention. 
0108 FIG. 9 is a circuit diagram of the variable gain 
amplifying apparatus with another configuration in the third 
embodiment of the present invention. 

0109 FIG. 10 is a circuit diagram of the variable gain 
amplifying apparatus having another configuration in the 
third embodiment of the present invention. 
0110 FIG. 11 is a schematic diagram showing the sec 
tional Structure of a high frequency Switching element for 
use in the variable gain amplifying apparatus in the third 
embodiment of the present invention. 
0111 FIG. 12 is a circuit diagram of the variable gain 
amplifying apparatus using Strip lines in the fourth embodi 
ment of the present invention. 

0112 FIG. 13 is a circuit diagram of the variable gain 
amplifying apparatus with another configuration using Strip 
lines in the fourth embodiment of the present invention. 

0113 FIG. 14 is a circuit diagram of the variable gain 
amplifying apparatus using parallel twin lines in the fifth 
embodiment of the present invention. 
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0114 FIG. 15 is a circuit diagram of the variable gain 
amplifying apparatus with another configuration using par 
allel twin lines in the fifth embodiment of the present 
invention. 

0115 FIG. 16 is a circuit diagram of the variable gain 
amplifying apparatus in the Sixth embodiment of the present 
invention. 

0116 FIG. 17 is a circuit diagram of the variable gain 
amplifying apparatus constituted by balanced circuits in the 
sixth embodiment of the present invention. 
0117 FIG. 18 is a circuit diagram of the variable gain 
amplifying apparatus with another configuration in the Sixth 
embodiment of the present invention. 
0118 FIG. 19 is a circuit diagram of the variable gain 
amplifying apparatus with another configuration in the Sixth 
embodiment of the present invention. 
0119 FIG. 20 is a circuit diagram of the variable gain 
amplifying apparatus with another configuration in the Sixth 
embodiment of the present invention. 
0120 FIG. 21 shows the configuration of a cellular 
phone terminal using the variable gain amplifying apparatus. 

0121 FIG. 22(A) shows plotted pairs of values of base 
band I Signal and base band Q signal demodulated by an 
orthogonal demodulator when the Signals are Synchronized. 

0122 FIG. 22(B) shows the signal waveform of values 
of base band I signal and base band Q signal demodulated 
by the orthogonal demodulator when the Signals are Syn 
chronized. 

0123 FIG. 23(A) shows plotted pairs of values of base 
band I Signal and base band Q signal demodulated by an 
orthogonal demodulator when the Signals are not synchro 
nized. 

0124 FIG. 23(B) shows the signal waveform of values 
of base band I Signal and base band Q Signal demodulated 
by the orthogonal demodulator when the Signals are not 
Synchronized. 

0.125 FIG. 24 is a block diagram of micro strip lines. 
0126 FIG. 25(A) shows the configuration of the variable 
gain amplifying apparatus with another configuration in the 
first embodiment of the present invention. 
0127 FIG.25(B) shows the configuration of the variable 
gain amplifying apparatus with another configuration in the 
first embodiment of the present invention. 
0128 FIG. 26 is a circuit diagram of the variable gain 
amplifying apparatus with another configuration in the 
fourth embodiment of the present invention. 
0.129 FIG. 27 is a block diagram showing the configu 
ration of a wireleSS communication apparatus in the Seventh 
embodiment of the present invention. 
0.130 FIG. 28 is a block diagram showing the configu 
ration of the wireleSS communication apparatus in the Sev 
enth embodiment of the present invention. 
0131 FIG. 29 is a block diagram showing the configu 
ration of the wireleSS communication apparatus in the Sev 
enth embodiment of the present invention. 
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0132 FIG. 30 is a block diagram showing the configu 
ration of the wireleSS communication apparatus in the Sev 
enth embodiment of the present invention. 

Description of Symbols 
13 Amplifier 
14 Switching element 
15 Phase shifter 

0133) 
0134) 
0135) 
0136 
0137) 
0138) 
0139) 
0140 
0141) 
0142) 
0143) 
0144) 
0145) 
0146) 
0147) 
0148 
0149) 
O150 
0151) 
0152) 
0153 
0154) 
O155) 
0156) 
O157) 
0158 
torS 

0159) 
0160 
0161) 

16 Input terminal 
17 Output terminal 
18 Variable gain amplifying apparatus 
19 Variable gain amplifying apparatus 
20 Switching element 
21 Variable gain amplifying apparatus 
22 Feedback circuit 

23 Switching element 
24 Variable gain amplifying apparatus 
25 Variable gain amplifying apparatus 
30 Variable gain amplifying apparatus 
31 Switching element power Supply terminal 
32 Variable gain amplifying apparatus 
33 Variable gain amplifying apparatus 
34 Variable gain amplifying apparatus 
35 Variable gain amplifying apparatus 
36 Variable gain amplifying apparatus 
37 Variable gain amplifying apparatus 
101, 101a, 101b Transistors 

102, 102a, 102b Transistors 
103, 103a, 103b Inductors 

104, 104a, 104b Resistors 
105,105a, 105b Negative feedback side capaci 

106 Bypass capacitor 

107 Bias power circuit 
108 Bias power circuit 

0162 111, 112, 113 Resistors 
0163) 114, 114a, 114b, 115, 115a, 115b, 116, 116a, 
116b Capacitors 

0164. 121, 121a, 121b, 122, 122a, 122b, 123, 123a, 
123b Switching elements 

0165) 124, 124a, 124b Inverters 
0166 131, 131a, 131b Input side capacitors 
0167 132, 132a, 132b Choke coils 
0168 133, 133a, 133b Output side capacitors 
0169) 311, 312,313 Resistors 
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0.170) 
0171 
0172 
0173 
0174) 
0175) 
0176) 
0.177 
0178) 
0179 
0180) 
0181) 
0182 
0183) 
0184 
0185 
0186 
0187. 
0188) 
0189) 
0.190) 
0191) 
0.192 
0.193) 
0.194 
0195 

314, 315, 316 Capacitors 
411, 412,413 Capacitors 
414, 415, 416 Resistors 
511, 512, 513 Capacitors 
514,515, 516 Resistors 
601 Semiconductor Substrate 

602 n-type well 
603 p-type well 
604 gate insulation film 
605 Gate electrode 

606 Drain layer 
607 Source layer 
608 Trench portion 
609 Trench portion 
610, 611, 612 Resistors 
P3 Voltage control terminal 
P10 Input node 
P20 Output node 
711, 712, 713 Strip lines 
811, 812, 813 Strip lines 
911a, 911b Lines 
912a, 911b Lines 

913a, 913b Lines 
1011a, 1011b Lines 
1012a, 1012b Lines 

1013a, 1013b Lines 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

0196. Embodiments of the present invention will be 
described below referring to the drawings. 

First Embodiment 

0197) First, the first embodiment will be described. 
0198 A variable gain amplifying apparatus 18 of this 
embodiment is shown in FIG. 1. The variable gain ampli 
fying apparatus 18 is used as, for example, a variable gain 
amplifying apparatus 4 of a cellular phone terminal of FIG. 
21. 

0199 The variable gain amplifying apparatus 18 is com 
prised of an amplifier 13, a Switching element 14 and a phase 
shifter 15. 

0200. The amplifier 13 has its input connected to an input 
terminal 16 and its output connected to an output terminal 
17. The Switching element 14 is connected at one end to the 
input of the amplifier 13 and connected at the other end to 
one end of the phase shifter 15. The other end of the phase 
shifter 15 is connected to the output of the amplifier 13. The 
input terminal 16 is a terminal to which the receive signal 
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outputted from the front stage of a duplexer 2 of FIG. 21 is 
inputted, and the output terminal 17 is a terminal for 
outputting the Signal amplified in the variable gain ampli 
fying apparatus 18 to the rear stage of a mixer 7 of FIG. 21 
and the like. 

0201 In this way, the variable gain amplifying apparatus 
18 of this embodiment has a configuration such that the 
Switching element 14 is connected in parallel to the amplifier 
13, and the phase shifter 15 is connected in series to the 
Switching element 14. 
0202) The operation of this embodiment will now be 
described. 

0203 The variable gain amplifying apparatus 18 of this 
embodiment is operated by being controlled in accordance 
with a control circuit (not shown). The control circuit 
controls the operation of the variable gain amplifying appa 
ratus 18 depending on the level of the receive signal received 
at the antenna 1. 

0204 That is, control is performed so that the Switching 
element 14 is enabled if the level of the input signal is higher 
than a predetermined level, and the Switching element 14 is 
disabled if the level of the input signal is equal to or lower 
than the predetermined level. 
0205 Also, control is performed so that the amplifier 13 
does not operate when the Switching element 14 is enabled, 
and the amplifier 13 operates when the Switching element 14 
is disabled. This control is performed by, for example, 
Supplying a power voltage for operating the amplifier 13 
when the amplifier 13 is to be operated, and Stopping the 
Supply of a power Voltage for operating the amplifier 13 
when the operation of the amplifier 13 is to be stopped. 
0206. Thus, the variable gain amplifying apparatus 13 
operates in the low gain mode if the level of the receive 
Signal is higher than a predetermined level. That is, Since the 
Switching element is enabled and the amplifier 13 Stops its 
operation, the receive signal is inputted from the input 
terminal 16, passed through the Switching element 14 and 
the phase shifter 15, and outputted from the output terminal 
17. 

0207. On the other hand, the variable gain amplifying 
apparatus 18 operates in the high gain mode if the level of 
the receive Signal is equal to or lower than the predetermined 
level. That is, Since the Switching element is disabled and the 
amplifier 13 operates, the receive Signal is inputted from the 
input terminal 16, amplified by the amplifier 13, and out 
putted from the output terminal 17. 
0208. The phase shifter 15 shifts the phase of the receive 
signal inputted to the phase shifter 15 so that the amount of 
phase shift of the receive Signal when the receive Signal is 
passed through the amplifier is Substantially equal to the 
amount of phase shift of the receive Signal when the receive 
Signal is passed through the Switching element 14 and the 
phase shifter 15. 
0209 Therefore, even if the signal level of the receive 
Signal is changed, and as a result, the variable gain ampli 
fying apparatus 18 is Switched from the high gain mode to 
the low gain mode, or Switched from the low gain mode to 
the high gain mode, the phase of the Signal outputted from 
the output terminal 17 is not shifted in a discontinuous 

C. 
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0210 That is, the phase of the input signal inputted to the 
orthogonal demodulator of FIG. 21 is not shifted in a 
discontinuous manner even if the mode of the variable gain 
amplifying apparatus 18 is Switched, thus making it possible 
to prevent disconnection of received Voices from the cellular 
phone terminal and occurrence of noises associated with the 
Switching of the mode. Thus, by using the variable gain 
amplifying apparatus 18 of this embodiment in the pre 
amplifier of the reception apparatus in the radio System 
represented by cellular phones, cellular phone terminals and 
the like with high quality of received Voice can be provided. 

0211 Furthermore, in this embodiment, the Switching 
element 14 is connected to the input of the amplifier 13, and 
the phase shifter 15 is connected to the output of the 
amplifier 13, but the invention is not limited to this con 
figuration. 

0212. A variable gain amplifying apparatus 19 having a 
configuration different from that of FIG. 1 is shown in FIG. 
2. In the variable gain amplifying apparatuS 19, the Switch 
ing element 14 is connected to the output of the amplifier 13, 
and the phase shifter 15 is connected to the input of the 
amplifier 13. In the variable gain amplifying apparatuS 19, 
the positions of the Switching element 14 and the phase 
shifter 15 in the variable gain amplifying apparatus 18 are 
changed to each other. That is, one end of the phase shifter 
15 is connected to the input of the amplifier 13, the other end 
of the phase shifter 15 is connected to one end of the 
Switching element 14, and the other end of the Switching 
element 14 is connected to the output of the amplifier 13. 
Use of the variable gain amplifying apparatuS 19 makes it 
possible to attain a same degree of effectiveneSS as that 
described above. 

0213) A variable gain amplifying apparatus 21 having a 
configuration different from that of FIG. 1 is shown in FIG. 
3. Unlike the variable gain amplifying apparatus 18 of FIG. 
1, the variable gain amplifying apparatus 21 comprises two 
Switching elements. Specifically, in the variable gain ampli 
fying apparatus 21, one end of the Switching element 14 is 
connected to the input of the amplifier 13, the other end of 
the Switching element 14 is connected to the phase shifter 
15, the other end of the phase shifter 15 is connected to one 
end of a Switching element 20, and the other end of the 
Switching element 20 is connected to the output of the 
amplifier 13. 

0214. The Switching elements 14, 20 are enabled if the 
level of the receive Signal inputted from the input terminal 
16 is higher than a predetermined level, and the Switching 
elements 14, 20 are disabled if the lever of the receive signal 
inputted from the input terminal 16 is equal to or lower than 
the predetermined level. The power Voltage for operating the 
amplifier 13 is controlled as in the case of the above 
embodiment, so that the amplifier 13 does not operate when 
the Switching elements 14 and 20 are enabled, and the 
amplifier 13 operates when the Switching elements 14 and 
20 are disabled. 

0215. The phase shifter 15 shifts the phase of the receive 
signal inputted to the phase shifter 15 so that the amount of 
phase shift of the receive Signal when the receive signal 
inputted from the input terminal 16 is passed through the 
amplifier 13 is Substantially equal to the amount of phase 
shift of the receive Signal when the receive signal inputted 
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from the input terminal 16 is passed through the Switching 
element 14, the phase shifter 15 and the Switching element 
2O. 

0216) In the variable gain amplifying apparatus 18 of 
FIG. 1, if the level of the receive signal inputted to the input 
terminal 16 is equal to or lower than a predetermined level, 
the Switching element 14 is disabled, but the other end of the 
phase shifter 15 is still connected to the output of the 
amplifier 13. Therefore, due to the fact that the phase shifter 
15 is connected to the output of the amplifier 13, the quality 
of the amplifier 13 is more or less compromised. 
0217. Similarly, in the variable gain amplifying apparatus 
19 of FIG. 2, if the level of the receive signal inputted to the 
input terminal 16 is equal to or lower than a predetermined 
level, the Switching element 14 is disabled, but the other end 
of the phase shifter 15 is still connected to the input of the 
amplifier 13. Therefore, due to the fact that the phase shifter 
15 is connected to the input of the amplifier 13, the quality 
of the amplifier 13 is more or less compromised. 
0218. In the amplifier 13 of FIG. 3, on the other hand, if 
the level of the receive Signal inputted to the input terminal 
16 is equal to or lower than a predetermined level, the 
Switching elements 14 and 20 are both disabled, and there 
fore the phase shifter 15 is disconnected from the input and 
output of the amplifier 13. Thus, in the variable gain 
amplifying apparatus 21 of FIG. 3, certain degradation of 
the amplifier 13 caused by the phase shifter 15 can be 
prevented in addition to attaining the effectiveness of this 
embodiment. 

0219) A variable gain amplifying apparatus 61 having a 
configuration different from that of FIG. 1 is shown in FIG. 
25(A). Unlike the variable gain amplifying apparatus 18 of 
FIG. 1, the variable gain amplifying apparatus 61 has a 
phase shifter 15a connected in series to the amplifier 13. 
Specifically, in the variable gain amplifying apparatus 61, 
one end of the Switching element 14 is connected to the input 
of the amplifier 13, the other end of the Switching element 
14 is connected to one end of the phase shifter 15a, and the 
other end of the phase shifter 15a is connected to the output 
of the amplifier 13. The phase shifter 15a is not same as the 
phase shifter 15 of the variable gain amplifying apparatus 18 
of FIG. 1. That is, the phase shifter 15a shifts the phase of 
the receive signal inputted to the phase shifter 15a so that the 
amount of phase shift of the receive Signal when the receive 
Signal is passed through the amplifier 13 and the phase 
shifter 15a is substantially equal to the amount of phase shift 
of the receive signal when the receive signal is passed 
through the Switching element 14. 
0220. The positions of the phase shifter 15a and the 
amplifier 13 of the variable gain amplifying apparatuS 61 
may be changed to each other. A variable gain amplifying 
apparatuS 62 resulting from the change of these positions is 
shown in FIG. 25(B). In the variable gain amplifying 
apparatus 62, one end of the phase shifter 15a is connected 
to the input of the amplifier 13, and the other end of the 
phase shifter 15a is connected to one end of the Switching 
element 14. The output of the amplifier 13 is connected to 
the other end of the Switching element 14. In this way, even 
if the positions of the phase shifter 15a and the amplifier 13 
are changed to each other, a Same degree of effectiveness as 
that of this embodiment can be attained. As shown in FIGS. 
25(A) and 25(B), the amplifier 13 may also be connected in 
series to the phase shifter 15a. 
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Second Embodiment 

0221) The second embodiment will now be described. 
0222. A variable gain amplifying apparatus 24 of this 
embodiment is shown in FIG. 4. The variable gain ampli 
fying apparatus 24 is used as, for example, the variable gain 
amplifying apparatus 4 of the cellular phone terminal of 
FIG. 21. Furthermore, the parts identical to those of the first 
embodiment are given Same Symbols and descriptions 
thereof are not presented here. 
0223) The variable gain amplifying apparatus 24 is com 
prised of the amplifier 13, the Switching element 14, the 
phase shifter 15, the Switching element 20, a feedback 
circuit 22 and a Switching element 23. 
0224. The amplifier 13 has its input connected to the 
input terminal 16 and its output connected to the output 
terminal 17. The Switching element 14 is connected at one 
end to the input of the amplifier 13, and connected at the 
other end to one end of the phase shifter 15. The other end 
of the phase shifter 15 is connected to one end of the 
Switching element 20, and the other end of the Switching 
element 20 is connected to the output of the amplifier 13. 
One end of the Switching element 23 is connected to the 
output of the amplifier 13, the other end of the Switching 
element 23 is connected to one end of the feedback circuit 
22, and the other end of the feedback circuit 22 is connected 
to the input of the amplifier 12. 
0225. The operation of this embodiment will now be 
described. 

0226. The variable gain amplifying apparatus 24 of this 
embodiment is operated by being controlled by being con 
trolled in accordance with a control circuit (not shown) as in 
the case of the first embodiment. This control circuit controls 
the operation of the variable gain amplifying apparatus 18 
depending on the level of the receive Signal received at the 
antenna 1. 

0227. That is, control is performed so that the Switching 
elements 14 and 20 are enabled if the level of the input signal 
is higher than a predetermined level, and the Switching 
elements 14 and 20 are disabled if the level of the input 
Signal is equal to or lower than the predetermined level. 
0228 Control is performed so that the amplifier 13 does 
not operate when the Switching element 14 is enabled, and 
the amplifier 13 operates when the Switching element 14 is 
disabled. This control is performed by, for example, Sup 
plying a power Voltage for operating the amplifier 13 when 
the amplifier 13 is to be operated, and Stopping the Supply 
of a power Voltage for operating the amplifier 13 when the 
operation of the amplifier 13 is to be stopped. In addition, the 
Switching element 23 is disabled when the Switching ele 
ments 14 and 20 are enabled, and the Switching element 23 
is enabled when the Switching elements 14 and 20 are 
disabled. 

0229. Thus, if the level of the receive signal is higher than 
a predetermined level, the variable gain amplifying appara 
tuS 24 operates in the low gain mode. That is, Since the 
Switching elements 14 and 20 are enabled, and the amplifier 
13 Stops operating, and the Switching element 23 is disabled, 
the receive Signal is inputted from the input terminal 16, 
passed through the Switching element 14, the phase shifter 
15 and the Switching element 20, and outputted from the 
output terminal 17. 
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0230. On the other hand, if the level of the receive signal 
is equal to or lower than the predetermined level, the 
variable gain amplifying apparatus 18 operates in the high 
gain mode, That is, Since the Switching elements 14 and 20 
are disabled, and the amplifier 13 operates, and the Switch 
ing element 23 is enabled, the receive signal is inputted from 
the input terminal 16, amplified by the amplifier 13, and 
outputted from the output terminal 17, and for Some output 
Signals from the amplifier 13, a negative feedback is applied 
to the input of the amplifier 13 via the Switching element 23 
and the feedback circuit 22. 

0231. The phase shifter 15 shifts the phase of the receive 
signal inputted to the phase shifter 15 so that the amount of 
phase shift of the receive Signal when the receive Signal is 
passed through the amplifier 13 is Substantially equal to the 
amount of phase shift of the receive Signal when the receive 
Signal is passed through the Switching element 14, the phase 
shifter 15 and the Switching element 20. 
0232 Therefore, even if the signal level of the receive 
Signal is changed, and as a result, the variable gain ampli 
fying apparatus 24 is Switched from the high gain mode to 
the low gain mode, or Switched from the low gain mode to 
the high gain mode, the phase of the Signal outputted from 
the output terminal 17 is not shifted in a discontinuous 

C. 

0233. That is, the phase of the input signal inputted to the 
orthogonal demodulator of FIG. 21 is not shifted in a 
discontinuous manner even if the mode of the variable gain 
amplifying apparatus 24 is Switched, thus making it possible 
to prevent disconnection of received Voices from the cellular 
phone terminal and occurrence of noises associated with the 
Switching of the mode. Thus, by using the variable gain 
amplifying apparatus 24 of this embodiment in the pre 
amplifier of the reception apparatus in the radio System 
represented by cellular phones, cellular phone terminals and 
the like with high quality of received Voice can be provided. 
0234. A variable gain amplifying apparatus 25 in which 
the positions of the Switching element 23 and the feedback 
circuit 22 in the variable gain amplifying apparatus 24 of 
FIG. 4 are changed to each other is shown in FIG. 5. That 
is, in the variable gain amplifying apparatus 25, one end of 
the Switching element 23 is connected to the input of the 
amplifier 13, the other end of the Switching element 23 is 
connected to one end of the feedback circuit 22, and the 
other end of the feedback circuit 22 is connected to the 
output of the amplifier 13. Use of the variable gain ampli 
fying apparatus 25 makes it possible to attain a same degree 
of effectiveness as that of this embodiment. 

Third Embodiment 

0235. The third embodiment will now be described. 
0236 FIG. 6 is a circuit diagram of a variable gain 
amplifying apparatuS 30 of this embodiment. 
0237. In the variable gain amplifying apparatus 30 shown 
in FIG. 6, an input terminal P1 is connected to one end of 
an input Side capacitor 131 for breaking direct currents, and 
the other end of the input Side capacitor 131 is connected to 
one end of a Switching element 121 and the base of a 
transistor 101. A bias power circuit 107 is connected to the 
base of the transistor 101, the emitter of the transistor 101 is 
grounded through an inductor 103 for widening the input 
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dynamic range, and the collector of the transistor 101 is 
connected to the emitter of a transistor 102. The base of the 
transistor 102 is connected to a bias power circuit 108 and 
a bypass capacitor 106 which is grounded. The collector of 
the transistor 102 is connected to one end of an output Side 
capacitor 133 for breaking direct currents and one end of a 
negative feedback side capacitor 105 for breaking direct 
currents, and the collector of the transistor 102 is also 
connected to a power Supply terminal for amplifiers Vcc 
through a choke coil 132 for high-frequency cutoff. The 
other end of the output Side capacitor 133 is connected to an 
output terminal P2. 
0238. The other end of the negative feedback side capaci 
tor 105 is connected to one end of a Switching element 123 
and one end of Switching element 122. The other end of the 
Switching element 123 is connected to one end of a resistor 
104 to apply a negative feedback, and the other end of the 
resistor 104 is connected to the base of the transistor 101. 

0239). The other end of the Switching element 122 is 
connected to one end of a capacitor 116, and the other end 
of the capacitor 116 is connected to a grounded resistor 113 
and one end of a capacitor 115. The other end of the 
capacitor 115 is connected to a grounded resistor 112 and 
one end of a capacitor 114. The other end of the capacitor 
114 is connected to a grounded resistor 111 and the other end 
of the Switching element 121. 
0240 A Switching element power supply terminal 31 is 
connected to a terminal for control of the Switching element 
121 and the Switching element 122. In addition, the Switch 
ing element power Supply terminal 31 is connected to one 
end of an inverter 124, and the other end of the inverter 124 
is connected to a terminal for control of the Switching 
element 123. 

0241 The variable gain amplifying apparatus 30 of this 
embodiment corresponds to the variable gain amplifying 
apparatus 24 of the second embodiment of FIG. 4. 
0242 Specifically, the input terminal P1 corresponds to 
the input terminal 16 of FIG. 4, the terminal P2 corresponds 
to the output terminal 17 of FIG. 4, the resistor 104 
corresponds to the feedback circuit 22 of FIG. 4, the inverter 
124 and the Switching element 123 correspond to the Switch 
ing element 23 of FIG. 4, and the transistors 101 and 102, 
the capacitor 106, the inductor 103, and the bias power 
circuits 107 and 108 correspond to the amplifier 13 of FIG. 
4. The capacitors 114, 115 and 116 and the resistors 111, 112 
and 113 correspond to the phase shifter 15 of FIG. 4, the 
Switching element 121 corresponds to the Switching element 
14 of FIG. 4, and the Switching element 122 corresponds to 
the Switching element 20 of FIG. 4. 
0243 The Switching element power supply terminal 31 is 
a terminal to Supply a power Voltage for changing the States 
of the Switching elements 121,122 and 123 from the enabled 
State to the disabled State and Vice versa. 

0244. The bias power circuit 107 is a circuit to supply a 
bias voltage to the base of the transistor 101, and the bias 
power circuit 108 is a circuit to supply a bias voltage to the 
base of the transistor 102, and is capable of Stopping and 
Starting the Supply of operating Voltage by means of a 
control circuit (not shown). 
0245. The power supply terminal for amplifiers Vcc is a 
terminal to Supply operating Voltage to the transistorS 102 
and 101. 
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0246 The Switching element power supply terminal 21 is 
a terminal to change the States of the Switching elements 
121, 122 and 123 from the enabled state to the disabled State 
and Vice versa by Supplying a control power Voltage or 
Stopping the Supply of the power Voltage to the respective 
control terminals for the Switching elements 121, 122 and 
123. 

0247. Furthermore, the terminals of this embodiment 
such as the input terminal P1 and the output terminal P2 also 
include terminals. Such as pad electrodes and modes as 
junction points of elements in the wiring. 

0248. The resistors 111, 112 and 113 and the like are 
made of polysilicon, and the capacitors 114,115 and 116 and 
the like are composed of MOS capacitors. Furthermore, the 
capacitors 114, 115 and 116 may be composed of MIM 
capacitors. 

0249. The operation of this embodiment will now be 
described. 

0250 In the case where the variable gain amplifying 
apparatuS 30 is used in the high gain mode, the receive signal 
is amplified by elements such as the transistors 101 and 102, 
but these elements, namely the elements corresponding to 
the amplifier 13 of FIG. 4 cause the phase of the receive 
Signal outputted from the output terminal P2 to be advanced 
farther than the phase of the receive Signal inputted to the 
input terminal P1. The input impedance to the base of the 
transistor 101 is smaller than the output impedance of the 
collector of the transistor 102. 

0251 First, the operation of the variable gain amplifying 
apparatuS 30 operating in the high gain mode will be 
described. 

0252) When the level of the receive signal inputted from 
the input terminal P1 is equal to or lower than a predeter 
mined level, the variable gain amplifying apparatuS 30 
operates in the high gain mode. That is, when detecting that 
the level of the receive signal is lower than the predeter 
mined level, the control circuit (not shown) Supplies a 
voltage (e.g. Voltage of OV) allowing the Switching elements 
122 and 121 to become disabled as a control voltage that is 
Supplied to the Switching element power Supply terminal 31. 
The control circuit (not shown) Supplies a voltage allowing 
the transistors 101 and 102 to operate from the bias circuits 
107 and 108. Thus, the transistors 101 and 102 become 
enabled. 

0253) At this time, the receive signal inputted from the 
input terminal P1 is passed through the input Side capacitor 
131 and then inputted to the base of the transistor 101. The 
receive signal is not flown to the capacitor 114 because the 
Switching element 121 is disabled. The base of the transistor 
101 is supplied with a bias voltage by the bias power circuit 
107, and the base of the transistor 102 is supplied with a bias 
voltage by the bias power circuit 108. The receive signal 
inputted to the base of the transistor 101 is amplified by the 
transistors 101 and 102 and then outputted from the collector 
of the transistor 102. 

0254. Some of signals outputted from the collector of the 
transistor 102 are passed through the capacitor 133 and then 
outputted from the output terminal P2 to the rear Stage Such 
as the mixer 7. The other signals outputted from the collector 
of the transistor 102 are passed through the negative feed 
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back side capacitor 105. The signal passed through the 
negative feedback Side capacitor 105 is passed through the 
Switching element 123, adjusted to a predetermined level in 
the resistor 104, and again inputted to the base of the 
transistor 101. The Signal passed through the negative feed 
back side capacitor 105 is not flown to the capacitor 116 
because the Switching element 122 is disabled. 

0255 In this way, in the case of the high-gain mode, the 
receive signal inputted from the input terminal P1 is ampli 
fied in the transistors 101, 102 while receiving a negative 
feedback, and is then outputted from the output terminal P2 
to the rear Stage. 

0256 At this time, the phase of the receive signal out 
putted from the output terminal P2 is advanced farther than 
the phase of the receive Signal inputted from the input Signal 
P1, and the input impedance Zi(high) of the base of the 
transistor 101 is smaller than the output impedance 
Zo(high) of the collector of the transistor 102. However, 
Zi(high) and Zo(high) are both complex numbers. 
0257 The operation of the variable gain amplifying appa 
ratus 30 operating in the low gain mode will now be 
described. 

0258 When the level of the receive signal inputted from 
the input terminal P1 is higher than a predetermined level, 
the variable gain amplifying apparatuS 30 operates in the 
low gain mode. That is, when detecting that the level of the 
receive signal is higher than the predetermined level, the 
control circuit (not shown) turns to the low gain mode in 
order to prevent the situation in which the transistors 101 
and 102 are Saturated. 

0259 That is, when detecting that the level of the receive 
Signal is higher than the predetermined level, the control 
circuit (not shown) Supplies a voltage (e.g. Voltage of 3V) 
allowing the Switching elements 122 and 121 to become 
enabled as a control Voltage that is Supplied to the Switching 
element power Supply terminal 31. The control circuit (not 
shown) stops Supplying a voltage allowing the transistors 
101 and 102 from the power supply terminal for amplifiers 
Vcc. Thus, the transistors 101 and 102 stop their operations. 

0260. At this time, the receive signal inputted from the 
input terminal P1 is passed through the input Side capacitor 
131, the Switching element 121, the capacitors 114, 115 and 
116, and a circuit portion consisting of the capacitors 114, 
115 and 116 and resistors 111, 112 and 113. This circuit 
portion functions as the phase shifter 15 of FIG. 4 as 
described above. An adjustment is made So that the phase of 
the receive signal inputted from the input terminal P1 is 
advanced in this circuit portion. 

0261 Specifically, the ratio between the resistance value 
of the resistor 111 and the resistance value of the resistor 112 
and the resistance value of the resistor 113 is 1:a:a. The 
ratio between the capacitance value of the capacitor 114 and 
the capacitance value of the capacitor 115 and the capaci 
tance value of the capacitor 116 is af:a::1. Here, an adjust 
ment is made So that a represents a predetermined value 
greater than 1. 

0262 The circuit portion functioning as the phase shifter 
15 of FIG. 4 has basic unit circuits each consisting of a 
resistor and a capacitor combined in three Stages. The circuit 
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portion functioning as the phase shifter 15 of FIG. 4 also 
plays a role as an impedance converter. 
0263 Given that the input impedance of a circuit being 
the first-Stage basic unit circuit that consists of the resistor 
111 and the capacitor 114 equals Z1, the output impedance 
of this circuit may be expressed as a Z1 using the above 
described predetermined numeric value a. Here, Z1 is a 
complex number. Thus, the input impedance of a circuit 
being the Second-stage basic unit circuit that consists of the 
resistor 112 and the capacitor 115 equals a Z1, and therefore 
the output impedance of this circuit is expressed as a Z1 
using the above described numeric value a. Thus, the input 
impedance of a circuit being the third-stage basic unit circuit 
that consists of the resistor 113 and the capacitor 116 equals 
a Z11, and therefore the output impedance of this circuit is 
expressed as a Z11. In this way, the value of the output 
impedance of the basic unit circuit in a certain Stage is 
relatively close to the value of the output impedance of the 
basic unit in the following Stage, and thus a loSS between the 
Stages is reduced. In addition, the frequency properties of 
passing phases between Stages are relatively close to each 
other. 

0264. On the other hand, as described above, the input 
impedance of the base of the transistor 101 equals Zi(high), 
and the output impedance of the collector of the transistor 
102 equals Zo(high) in the case of high gain mode, and 
Zi(high) is Smaller than the output impedance Zo(high) of 
the collector of the transistor 102. 

0265 Thus, the value of a is defined as a value Satisfying 
the following equation 11. 

0266. In addition, the impedances Z1 and Zi(high) are 
made to be close to each other, whereby the value of output 
impedance in the high gain mode is relatively close to the 
value of output impedance in the low gain mode. In this 
case, Since the passing phase of the circuit portion function 
ing as the phase shifter 15 of FIG. 4 is uniquely determined, 
the value of passing phase is made to be close to the value 
of passing phase in the high gain mode by increasing/ 
decreasing the number of Stages of basic unit circuits 
consisting of resistors and capacitors. Furthermore, in the 
case where the circuit portion functioning as the phase 
shifter 15 of FIG. 4 is constituted by n basic unit circuits (n 
is an integer number greater than 1), the value of a is defined 
as a value Satisfying the following equation 12. 

Equation 11 

Zo(high)/Zi(high)=a" Equation 12 

0267 Therefore, by passing through this circuit portion, 
a receive signal is outputted from the output terminal P2 as 
a signal of which amount of phase advance is Substantially 
equal to the amount of advance of the passing phase in the 
case of high gain mode. 
0268 That is, the signal passed through this circuit por 
tion is passed through the Switching element 122. Because 
the Switching element 124 is disabled, this signal is not 
flown to the resistor 104. Thus, the signal passed through the 
Switching element 122 is passed through the negative feed 
back side capacitor 105 and then outputted from the output 
terminal P2 through the output side capacitor 133. 
0269. As described above, the phase of a passing signal 
is adjusted in the portion corresponding to the phase shifter 
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15 of FIG. 4, and therefore even if the variable gain 
amplifying apparatus is Switched from the high gain mode to 
the low gain mode, the situation in which the phase of the 
signal outputted from the output terminal P2 is shifted in a 
discontinuous manner can be Sufficiently alleviated. 
0270 Furthermore, the variable gain amplifying appara 
tus 30 of this embodiment may have a configuration in 
which a resistor 2641 is inserted between the Switching 
element 122 and the ground, a resistor 2642 is inserted 
between the Switching element 123 and the ground, and a 
capacitor 2643 is inserted between the base of the transistor 
101 and the resistor 104, as shown in FIG. 26. Thereby, the 
Switching elements 121, 122 and 123 take on 0 potentials at 
least at one ends, and therefore the Switching elements are 
reliably enabled/disabled, and the insertion loss when the 
Switching elements are enabled is improved. 
0271 Inductor quarter wave lines may be used instead of 
the resistors 2641, 2642. 
0272 Furthermore, the variable gain amplifying appara 
tus 30 of this embodiment has been described as an unbal 
anced circuit, but may also be achieved as a balanced circuit. 
0273 That is, a variable gain amplifying apparatus 32 
achieved as a balanced circuit by modifying the variable 
gain amplifying apparatus 30 of this embodiment is shown 
in FIG 7. 

0274) The input terminal P1 of FIG. 6 is replaced by 
input terminals P1a and P1b in FIG. 7, the input side 
capacitor 131 of FIG. 6 is replaced by inputside capacitors 
131a, 131b in FIG. 7, the switching element 121 of FIG. 6 
is replaced by Switching elements 121a, 121b in FIG. 7, the 
transistor 101 of FIG. 6 is replaced by transistors 101a, 101b 
in FIG. 7, the transistor 102 of FIG. 6 is replaced by 
transistors 102a, 102b in FIG. 7, the inductor 103 of FIG. 
6 is replaced by inductors 103a, 103b in FIG. 7, the resistor 
104 of FIG. 6 is replaced by resistors 104a, 104b in FIG.7, 
the outputside capacitor 133 of FIG. 6 is replaced by output 
side capacitors 133a, 133b in FIG. 7, the choke coil 132 of 
FIG. 6 is replaced by choke coils 132a, 132b in FIG. 7, the 
negative feedback side capacitor 105 of FIG. 6 is replaced 
by negative feedback side capacitors 105a, 105b in FIG. 7, 
the inverter 124 and the Switching element 123 of FIG. 6 are 
replaced by inverters 124a and 124b and switching elements 
123a and 123b, respectively in FIG. 7, the Switching ele 
ment 122 of FIG. 6 is replaced by Switching elements 122a, 
122b in FIG. 7, the capacitors 114, 115 and 116 of FIG. 6 
are replaced by capacitors 114a and 114b, capacitors 115a 
and 115b and capacitors 116a and 116b, respectively in FIG. 
7, and the output terminal P2 of FIG. 6 is replaced by output 
terminals P2a, P2b in FIG. 6. Other aspects of the configu 
ration are same as those of the variable gain amplifying 
apparatus 30 of this embodiment, and therefore descriptions 
thereof are not presented here. 
0275. Furthermore, the variable gain amplifying appara 
tuS 32 may also have a configuration in which the Switching 
elements 121, 122, 123a and 123b take on 0 potentials at 
least at one ends as in the case of the variable gain ampli 
fying apparatuS 30. By this configuration, the Switching 
elements are reliably enabled/disabled, and the insertion loSS 
when the Switching elements are enabled is improved. 
0276. In this way, the variable gain amplifying apparatus 
30 of this embodiment may be achieved as a balanced circuit 
like the variable gain amplifying apparatus 32, for example. 
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0277. Furthermore, in the variable gain amplifying appa 
ratus 30 of FIG. 6, when the variable gain amplifying 
apparatus is used in the high gain mode, the receive signal 
is passed through the circuit portion corresponding to the 
amplifier 13 of FIG. 4, whereby the phase of the receive 
Signal outputted from the output terminal P2 is advanced 
farther than the phase of the receive Signal inputted to the 
input terminal P1, and the input impedance to the base of the 
transistor 101 is smaller than the output impedance of the 
collector of the transistor 102, but the circuit portion corre 
sponding to the phase shifter 15 of FIG. 4 should be changed 
if the circuit portion corresponding to the amplifier 13 of 
FIG. 4 has a characteristic other than that described above. 

0278 First, a circuit diagram of a variable gain amplify 
ing apparatuS 33 in which the circuit portion corresponding 
to the phase shifter 15 is changed is shown in FIG.8. For 
the variable gain amplifying apparatus 33, the passing phase 
in the high gain mode is advanced, and the input impedance 
of the portion corresponding to the amplifier 13 is larger than 
the output impedance of the same portion. 

0279 For the portion corresponding to the phase shifter 
15 of FIG. 4 in the variable gain amplifying apparatus 33, 
one end of a capacitor 314 is connected to one end of the 
Switching element 121, and the other end of the capacitor 
314 is connected to a grounded resistor 311 and to one end 
of a capacitor 315. The other end of the capacitor 315 is 
connected to a grounded resistor 312 and to one end of a 
capacitor 316. The other end of the capacitor 316 is con 
nected to a grounded resistor 313 and to one end of the 
Switching element 122. 
0280 The circuit portion functioning as the phase shifter 
15 of FIG. 4 in the variable gain amplifying apparatus 33 
adjusts the phase in the same way as the third embodiment. 
0281 Specifically, the ratio between the resistance value 
of the resistor 311 and the resistance value of the resistor 312 
and the resistance value of the resistor 313 is 1:a:a. The 
ratio between the capacitance value of the capacitor 314 and 
the capacitance value of the capacitor 315 and the capaci 
tance value of the capacitor 316 is af:a::1. Here, an adjust 
ment is made So that the value of a equals a predetermined 
value Smaller than 1. That is, the value of a is previously 
designed So as to provide an amount of phase advance equal 
to the amount of advance of the phase of the receive signal 
outputted from the output terminal P2 relative to the phase 
of the receive signal inputted from the input terminal P1 in 
the case of high gain mode. The value of the value of a can 
be determined in the same way as described above. 
0282. Therefore, by passing through this circuit portion, 
a receive signal of which amount of phase advance is 
Substantially equal to the amount of advance of the passing 
phase in the case of high gain mode is outputted from the 
output terminal P2. 
0283. In this way, even if the passing phase of the receive 
Signal in the case of high gain mode is advanced, and the 
input impedance of the portion corresponding to the ampli 
fier 13 is larger than the output impedance of the same 
portion, it is possible to Sufficiently alleviate the Situation in 
which the phase of the Signal outputted from the output 
terminal P2 is shifted in a discontinuous manner when 
Switching is done from the high gain mode to the low gain 
mode, or from the low gain mode to the high gain mode. 
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0284. Furthermore, the variable gain amplifying appara 
tus 33 of this embodiment may have a configuration in 
which the Switching elements 121, 122, 123 take on 0 
potentials at least at one ends as in the case of the variable 
gain amplifying apparatus 30 of this embodiment. Thereby, 
the Switching elements are reliably enabled/disabled, and the 
insertion loSS when the Switching elements are enabled is 
improved. 
0285) Furthermore, the variable gain amplifying appara 
tus 33 of this embodiment may also be comprised of 
balanced circuits as described in this embodiment. 

0286 A circuit diagram of another variable gain ampli 
fying apparatus 34 in which the circuit portion correspond 
ing to the phase shifter 15 is changed is shown in FIG. 9. For 
the variable gain amplifying apparatus 34 of FIG. 9, the 
passing phase of the receive signal is delayed in the case of 
high gain mode, and the input impedance of the portion 
corresponding to the amplifier 13 is Smaller than the output 
impedance of the same portion. 
0287 Specifically, for the portion corresponding to the 
phase shifter 15 of FIG. 4, one end of a resistor 414 is 
connected to one end of the Switching element 121, a 
grounded capacitor 411 is connected to one end of the 
resistor 414, and the other end of the resistor 414 is 
connected to one end of a resistor 415 and to a grounded 
capacitor 412. A grounded capacitor 413 is connected to the 
other end of the resistor 415, and the other end of the resistor 
415 is connected to one end of a resistor 416. The other end 
of the resistor 416 is connected to one end of the Switching 
element 122. 

0288 The circuit portion functioning as the phase shifter 
15 of FIG. 4 has the phase adjusted in the same way as this 
embodiment. 

0289 Specifically, the ratio between the resistance value 
of the resistor 414 and the resistance value of the resistor 415 
and the resistance value of the resistor 416 is 1:a:a. The 
ratio between the capacitance value of the capacitor 411 and 
the capacitance value of the capacitor 412 and the capaci 
tance value of the capacitor 413 is af:a::1. Here, an adjust 
ment is made So that the value of a equals a predetermined 
value Smaller than 1. That is, the value of a is previously 
designed So as to provide an amount of phase delay equal to 
the amount of delay of the phase of the receive signal 
outputted from the output terminal P2 relative to the phase 
of the receive signal inputted from the input terminal P1 in 
the case of high gain mode. The value of the value of a can 
be determined in the same way as described above. 
0290 Thus, by passing through this circuit portion, a 
receive signal of which amount of phase delay is Substan 
tially equal to the amount of delay of the passing phase in the 
case of high gain mode is outputted from the output terminal 
P2. 

0291. In this way, even if the passing phase of the receive 
Signal in the case of high gain mode is delayed, and the input 
impedance of the portion corresponding to the amplifier 13 
is Smaller than the output impedance of the same portion, it 
is possible to sufficiently alleviate the situation in which the 
phase of the Signal outputted from the output terminal P2 is 
shifted in a discontinuous manner when Switching is done 
from the high gain mode to the low gain mode, or from the 
low gain mode to the high gain mode. 
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0292 Furthermore, the variable gain amplifying appara 
tuS 34 of this embodiment may have a configuration in 
which the Switching elements 121, 122, 123 take on 0 
potentials at least at one ends as in the case of the variable 
gain amplifying apparatuS 30 of this embodiment. Thereby, 
the Switching elements are reliably enabled/disabled, and the 
insertion loSS when the Switching elements are enabled is 
improved. 
0293. Furthermore, the variable gain amplifying appara 
tus 34 of this embodiment may also be comprised of 
balanced circuits as described in this embodiment. 

0294. A circuit diagram of another variable gain ampli 
fying apparatus 35 in which the circuit portion correspond 
ing to the phase shifter 15 is changed is shown in FIG. 10. 
For the variable gain amplifying apparatus 35 of FIG. 10, 
the passing phase of the receive signal is delayed in the case 
of high gain mode, and the input impedance of the portion 
corresponding to the amplifier 13 is larger than the output 
impedance of the same portion. 
0295 For the portion corresponding to the phase shifter 
15 of FIG. 4, one end of a resistor 514 is connected to one 
end of the Switching element 121, and a grounded capacitor 
511 is connected to the other end of the resistor 514, and one 
end of a resistor 515 is connected to the other end of the 
resistor 514. A grounded capacitor 512 is connected to the 
other end of the resistor 515, and the other end of the resistor 
515 is connected to one end of a resistor 516. A grounded 
capacitor 513 is connected to the other end of the resistor 
516, and one end of the Switching element 122 is connected 
to the other end of the resistor 516. 

0296. The circuit portion functioning as the phase shifter 
15 of FIG. 4 has the phase adjusted in the same way as this 
embodiment. 

0297 Specifically, the ratio between the resistance value 
of the resistor 514 and the resistance value of the resistor 515 
and the resistance value of the resistor 516 is 1:a:a. The 
ratio between the capacitance value of the capacitor 511 and 
the capacitance value of the capacitor 512 and the capaci 
tance value of the capacitor 513 is af:a::1. Here, an adjust 
ment is made So that the value of a equals a predetermined 
value Smaller than 1. That is, the value of a is previously 
designed So as to provide an amount of phase delay equal to 
the amount of delay of the phase of the receive signal 
outputted from the output terminal P2 relative to the phase 
of the receive signal inputted from the input terminal P1 in 
the case of high gain mode. The value of the value of a can 
be determined in the same way as described above. 
0298 Therefore, by passing through this circuit portion, 
a receive signal of which amount of phase delay is Substan 
tially equal to the amount of delay of the passing phase in the 
case of high gain mode is outputted from the output terminal 
P2. 

0299. In this way, even if the passing phase of the receive 
Signal in the case of high gain mode is delayed, and the input 
impedance of the portion corresponding to the amplifier 13 
is larger than the output impedance of the same portion, it is 
possible to sufficiently alleviate the situation in which the 
phase of the Signal outputted from the output terminal P2 is 
shifted in a discontinuous manner when Switching is done 
from the high gain mode to the low gain mode, or from the 
low gain mode to the high gain mode. 
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0300 Furthermore, the variable gain amplifying appara 
tus 35 of this embodiment may have a configuration in 
which the Switching elements 121, 122, 123 take on 0 
potentials at least at one ends as in the case of the variable 
gain amplifying apparatus 30 of this embodiment. Thereby, 
the Switching elements are reliably enabled/disabled, and the 
insertion loSS when the Switching elements are enabled is 
improved. 

0301 Furthermore, the variable gain amplifying appara 
tuS 35 may also be comprised of balanced circuits as 
described in this embodiment. 

0302 Furthermore, for the Switching elements 121, 122 
and 123, a FET Switch made of potassium and arsenic, a 
MOSFET switch of triple-well structure and a Switch of 
Silicon-on-insulator Structure, and the like may be used. 
0303 FIG. 11 schematically shows the cross sectional 
Structure of a high frequency Switching element 50 for use 
in the Switching elements 121,122 and 123. That is, the high 
frequency switching element is a MOSFET switch of triple 
well structure. 

0304. As shown in FIG. 11, the high frequency switching 
element 50 is formed on an element formation area parti 
tioned by trench portions 608, 609 selectively provided on 
a semiconductor substrate 601 made of P-type silicon, for 
example. 

0305) A n-type well 602 and a p-type well 603 Sur 
rounded by the n-type well 602 are formed on the element 
formation area in the Semiconductor Substrate 601. 

0306 Adrain layer 606 and a source layer 607 are formed 
on the p-type well 603 with some distance therebetween, and 
a gate electrode 605 made of polysilicon is formed via a gate 
insulation film 604 made of silicon oxide in the area between 
the drain layer 606 and the source layer 607 on the p-type 
well 603. 

0307. In the case where the MOSFET switch 50 is the 
Switching element 121 of FIG. 6, the drain layer 606 is 
connected to an input node P10 receiving the receive signal 
inputted from the input side capacitor 11 of FIG. 6, and the 
Source layer 607 is connected to an output node P20 out 
putting the receive signal to the capacitor 114 and resistor 
111 shown in FIG. 6. 

0308 The gate electrode 605 is connected to a voltage 
control terminal P3 receiving a control Voltage Supplied 
from the Switching element power Supply terminal 31 
through a resistor 611, and a n-type well 602 is connected to 
voltage control terminal P3 through a resistor 610. 

0309 The semiconductor Substrate 601 is grounded, and 
the p-type well 603 is grounded through a resistor 612. 
0310 For the high frequency switching element 50 con 
Structed in this way, a reverse bias Voltage is applied to 
between the n-type well 602 and the p-type well 603, 
resulting in a depletion layer by pn connection composed of 
the interface between the n-type well 602 and the p-type well 
603, and thus the n-type well 602 and the p-type well 603 are 
insulated from each other in the vertical direction relative to 
the Substrate Surface. In addition, a reverse Voltage is applied 
to between the semiconductor Substrate 601 and the n-type 
well 602, resulting in a depletion layer by pn connection 
composed of the interface between the Semiconductor Sub 
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strate 601 and the n-type well 602, and thus the semicon 
ductor Substrate 601 and the n-type well 602 are insulated 
from each other. 

0311. Thus, when the high frequency switching element 
50 is enabled, the level of losses of the receive signal due to 
the situation in which the receive signal inputted to the input 
node P10 leaks into the semiconductor Substrate 601 from 
the drain layer 606, the source layer 607 and the channel area 
formed between the drain layer 606 and the source layer 607 
can be reduced, and as a result, the level of insertion losses 
by the high frequency element 50 during operation in the 
low gain mode can be reduced. 
0312. In addition, by using the triple well structure in this 
way, the level of leakage into the Semiconductor Substrate 
601 of the receive signal inputted to the input node P10 
through the drain layer 606 can be reduced even when the 
high frequency Switching element 50 is disabled. As a result, 
degradation of noise characteristics due to the fact that Some 
of high frequency signals inputted to the input terminal P1 
shown in FIG. 6 bring about insertion losses of the high 
frequency Switching element 50 can be alleviated during 
operation in the high gain mode. 
0313 Furthermore, inductance elements may be used 
instead of resistors 610, 611 and 612. 

Fourth Embodiment 

0314. The fourth embodiment will now be described. 
0315. A circuit diagram of a variable gain amplifying 
apparatus 36 of the fourth embodiment is shown in FIG. 12. 
0316 For the variable gain amplifying apparatus 36 of 
this embodiment, the portion corresponding to the phase 
shifter 15 of FIG. 4 is constituted by strip lines. 
0317 Furthermore, the parts identical to those of the third 
embodiment are given Same Symbols, and descriptions 
thereof are not presented here. 
0318 For the variable gain amplifying apparatus 36 of 
the fourth embodiment, the passing phase of the receive 
Signal in the case of the high gain mode is delayed, and the 
input impedance of the portion corresponding to the ampli 
fier 13 is Smaller than the output impedance of the same 
portion. 

03.19. The variable gain amplifying apparatus 36 is dif 
ferent from the variable gain amplifying apparatuS 33 in the 
portion corresponding to the phase shifter 15 of FIG. 4. 
0320 Specifically, the portion corresponding to the phase 
shifter 15 of FIG. 4 is comprised of strip lines 711, 712,713. 
One of the strip line 711 is connected to one of the Switching 
element 121, the other end of the strip line 711 is connected 
to one end of the strip line 712, and the other end of the strip 
line 712 is connected to one end of the strip line 713. The 
other end of the strip line 713 is connected to the Switching 
element 122. 

0321) Also, the strip lines 711, 712,713 are each made of 
aluminum wire. The strip limes 711, 712, 713 may be made 
of copper wire or gold wire. 
0322 The operation of this embodiment will now be 
described focusing on differences between itself and the 
third embodiment. 
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0323 The circuit portion functioning as the phase shifter 
15 of FIG. 4 adjusts the phase in the same way as the third 
embodiment. 

0324) Specifically, the ratio between the impedance value 
of the strip line 711 and the impedance value of the strip line 
712 and the impedance value of the strip line 713 is 1:a:a. 
Here, an adjustment is made So that the value of a equals a 
predetermined value larger than 1. That is, the value of a is 
previously designed So as to provide an amount of phase 
delay equal to the amount of delay of the phase of the receive 
signal outputted from the output terminal P2 relative to the 
phase of the receive Signal inputted from the input terminal 
P1 in the case of high gain mode. 
0325 The circuit portion functioning as the phase shifter 
15 of FIG. 4 has basic unit circuits, namely strip lines 
combined in three Stages. The circuit portion functioning as 
the phase shifter 15 of FIG. 4 also plays a role as an 
impedance converter. 

0326) Provided that the impedance of the strip line 711 
being a first-stage basic unit circuit equals Z1, and the input 
impedance of the base of the transistor 101 in the case of the 
high gain mode equals Zi(high), the value of Z1 is selected 
So that the values of Z1 and Zi(high) are close to each other. 
0327 Provided that the impedance of the strip line 713 
being a third-stage basic unit circuit equals Z3, and the 
output impedance of the collector of the transistor 102 
equals Zo (high), the value of Z3 is selected So that the 
values of Z3 and Zo(high) are close to each other. 
0328. In this way, the value of Z1 is selected so that the 
input impedance in the case of high gain mode is close to the 
input impedance in the case of low gain mode, and the value 
of Z3 is Selected So that the output impedance in the case of 
high gain mode is close to the output impedance in the case 
of low gain mode. 
0329 Provided that the impedance of the strip line 712 
being a Second-Stage basic unit circuit equals Z2, losses are 
kept at low levels in a relatively broad frequency range when 
Z1, Z2 and Z3 usually represent real numbers and satisfy the 
following equation 13. 

0330 Thus, the value of a is selected so that the following 
equation 14 is Satisfied. 

Equation 13 

Z2aZ1 

Z3=aZ1 Equation 14 

0331 In addition, the number of stages is increased for 
extending the frequency range. In the case where the circuit 
portion functioning as the phase shifter 15 of FIG. 4 has 
basic unit circuits, namely Strip lines combined in four 
Stages, for example, losses are kept at low levels in a broader 
frequency range compared to the circuit portion having basic 
unit circuits combined in three Stages if the value of a is 
Selected So that the following equation 15 is Satisfied, 
provided that Z1, Z2, Z3 and Z4 represent impedances of 
first to fourth-Stage basic unit circuits, respectively. 

Z4=aZ3 Equation 15 C 
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0332 Generally, in the case where the circuit portion has 
basic unit circuits combined in n Stages (n is an integer 
number equal to or greater than 1), the value of a is selected 
So that the following equation 16 is Satisfied. 

Z=a'Z, Equation 16 i+1 

0333 wherein i is any integer number in the range of 
from 1 to n-1. 

0334. In a similar way, the circuit portion functioning as 
the phase shifter 15 of FIG. 4 is constituted by one strip line 
with its line width continuously changed, and the impedance 
of the input side of the strip line is given the value of Z1 
when the circuit portion has basic unit circuits combined in 
three Stages, and the impedance of the output Side of the Strip 
line is given the value of Z3 when the circuit portion has 
basic unit circuits combined in three Stages. 
0335 Phase adjustment can be achieved by changing the 
overall length of the Strip line. 
0336. In the case where the strip lines 711, 712 and 713 
are formed as micro Strip lines, the impedances of Strip lines 
711, 712 and 713 can be determined in the same way as the 
above strip lines 711, 712 and 713 by pursuing the following 
procedure. 

0337 Specifically, a micro strip line 82 constituting a 
basic unit circuit is shown in FIG. 24. The micro strip line 
82 is formed on a dielectric 81, and no dielectric is formed 
on the side opposite to the dielectric 81 in the micro strip line 
82. Assume that the width of the micro strip line 82 is w, the 
height of the dielectric 81 is h, and the permittivity of the 
dielectric 81 is e. In this case, if w/h is equal to or Smaller 
than 1, the impedance Zo of the Strip line 82 can be 
approximated as is found in the following equation 17. 

1207t 8h * Equation 17 
lin - + 0.25) 2it ve. * h 

0338 If w/h is equal to or larger than 1, the impedance Zo 
of the Strip line 82 can be approximated as is found in the 
following equation 18. 

120tt w W -l Equation 18 
Z = + 1.393 +0.667in -- 1444) 27 V8, h h 

0339 wherein e, is given by the following equation 19. 

Equation 19 
& + 1 ( 

0340 Thus, by adjusting the width w of the micro strip 
line 82 and the like, basic unit circuits allowing the equation 
16 to be Satisfied, for example, can be obtained. 
0341 Thus, by passing through this circuit portion, a 
Signal of which amount of phase delay is Substantially equal 
to the amount of delay of the passing phase in the case of 
high gain mode is outputted from the output terminal P2. 
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0342. In this way, even if the passing phase of the receive 
Signal in the case of the high gain mode is delayed, and the 
input impedance of the portion corresponding to the ampli 
fier 13 is Smaller than the output impedance of the same 
portion, it is possible to Sufficiently alleviate the situation in 
which the phase of the Signal outputted from the output 
terminal P2 is shifted in a discontinuous manner when 
Switching is done from the high gain mode to the low gain 
mode, or from the low gain mode to the high gain mode. 
0343 Furthermore, for the variable gain amplifying 
apparatus 36 of FIG. 12, the impedance is changed using the 
strip lines 711, 712 and 713 having different line widths, but 
the impedance may be changed using dielectrics of different 
relative permittivities or different thicknesses. 

0344) Furthermore, instead of the strip lines 711,712 and 
713, a line having a taper in which characteristic impedance 
varies in the range of from Z1 to Z4 may be used. 
0345) Furthermore, the variable gain amplifying appara 
tuS 36 of this embodiment may have a configuration in 
which the Switching elements 121, 122, 123 take on 0 
potentials at least at one ends as in the case of the variable 
gain amplifying apparatuS 30 of the third embodiment. 
Thereby, the Switching elements are reliably enabled/dis 
abled, and the insertion loSS when the Switching elements are 
enabled is improved. 
0346 Furthermore, the variable gain amplifying appara 
tuS 36 may also be comprised of balanced circuits as 
described in the third embodiment. 

0347 If the input impedance of the portion corresponding 
to the amplifier 13 is larger than the output impedance of the 
Same portion, and the passing phase of the receive signal is 
delayed, a Same degree of effectiveness as that of this 
embodiment can be attained by changing the circuit portion 
corresponding to the phase shifter 15 of FIG. 4 as described 
below. 

0348 That is, for the variable gain amplifying apparatus 
37 of FIG. 13, the passing phase of the receive signal in the 
case of high gain mode is delayed, and the input impedance 
of the portion corresponding to the amplifier 13 is larger than 
the output impedance of the same portion. 

0349 The portion corresponding to the phase shifter 15 
of FIG. 4 is comprised of strip lines 811, 812, 813. One end 
of the strip line 811 is connected to one end of the Switching 
element 121, the other end of the strip line 811 is connected 
to one end of the strip line 812, and the other end of the strip 
line 812 is connected to one end of the strip line 813. The 
other end of the strip line 813 is connected to the Switching 
element 122. 

0350. This circuit portion adjusts the phase in the same 
way as the third embodiment. 
0351 Specifically, the ratio between the impedance value 
of the strip line 811 and the impedance value of the strip line 
812 and the impedance value of the strip line 813 is 1:a:a. 
Here, an adjustment is made So that the value of a equals a 
predetermined value Smaller than 1. That is, the value of a 
is previously designed So as to provide an amount of phase 
delay equal to the amount of delay of the phase of the receive 
signal outputted from the output terminal P2 relative to the 
phase of the receive Signal inputted from the input terminal 
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P1 in the case of high gain mode. The value of a can be 
determined in the same way as described above. 
0352. Thus, by passing through this circuit portion, a 
Signal of which amount of phase delay is Substantially equal 
to the amount of delay of the passing phase in the case of 
high gain mode is outputted from the output terminal P2. 
0353. In this way, even if the passing phase of the receive 
Signal in the case of the high gain mode is delayed, and the 
input impedance of the portion corresponding to the ampli 
fier 13 is larger than the output impedance of the same 
portion, it is possible to Sufficiently alleviate the Situation in 
which the phase of the Signal outputted from the output 
terminal P2 is shifted in a discontinuous manner when 
Switching is done from the high gain mode to the low gain 
mode, or from the low gain mode to the high gain mode. 
0354) Furthermore, instead of the strip lines 811,812 and 
813, a line having a taper in which characteristic impedance 
varies in the range of from Z1 to Z4 may be used. 
0355 Furthermore, the variable gain amplifying appara 
tus 37 of this embodiment may have a configuration in 
which the Switching elements 121, 122, 123 take on 0 
potentials at least at one ends as in the case of the variable 
gain amplifying apparatuS 30 of the third embodiment. 
Thereby, the Switching elements are reliably enabled/dis 
abled, and the insertion loSS when the Switching elements are 
enabled is improved. 
0356. Furthermore, the variable gain amplifying appara 
tus 37 may also be comprised of balanced circuits as 
described in the third embodiment. 

Fifth Embodiment 

0357 The fifth embodiment will now be described. 
0358. A circuit diagram of a variable gain amplifying 
apparatus 38 of the fifth embodiment is shown in FIG. 14. 
0359 For the variable gain amplifying apparatus 38 of 
this embodiment, the portion corresponding to the phase 
shifter 15 of FIG. 4 is constituted by parallel twin lines. 
0360 The variable gain amplifying apparatus 38 is a 
variable gain amplifying apparatus in which the portion 
corresponding to the phase shifter 15 of the balanced vari 
able gain amplifying apparatuS 32 of the third embodiment 
is replaced by parallel twin lines. 
0361. In this way, the variable gain amplifying apparatus 
38 of this embodiment has balanced circuits. 

0362. Furthermore, the parts identical to those of the third 
embodiment are given Same Symbols and descriptions 
thereof are not presented here. 
0363 For the variable gain amplifying apparatus 38, the 
passing phase of the receive Signal in the case of high gain 
mode is delayed, and the input impedance of the portion 
corresponding to the amplifier 13 is Smaller than the output 
impedance of the same portion. 
0364. The portion corresponding to the phase shifter 15 
of FIG. 4 in the variable gain amplifying apparatus 38 is 
comprised of parallel twin lines 911a, 911b, parallel twin 
lines 912a, 912b, and parallel twin lines 913a, 913b. One 
ends of the parallel twin lines 911a and 911b are connected 
to the Switching elements 121a and 121b, respectively, and 
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the other ends of the parallel twin lines 911a and 911a are 
connected to one ends of the parallel twin lines 912a and 
912b, respectively. The other ends of the parallel twin lines 
912a and 912b are connected to one ends of the parallel twin 
lines 913a and 913b, respectively. The other ends of the 
parallel twin lines 913a and 913b are connected to the 
Switching elements 122a and 122b, respectively. 
0365. The parallel twin lines 911a, 911b, the parallel twin 
lines 912a, 912b, and the parallel twin lines 913a, 913b are 
each made of aluminum wire. Furthermore, the parallel twin 
lines 911a, 911b, the parallel twin lines 912a, 912b, and the 
parallel twin lines 913a, 913b may be made of copper wire 
or gold wire. 
0366 The operation of this embodiment will now be 
described focusing on differences between itself and the 
third embodiment. 

0367 The circuit portion functioning as the phase shifter 
15 of FIG. 4 adjusts the phase in the same way as the third 
embodiment. 

0368 Specifically, the ratio between the distance between 
the parallel twin lines 911a and 911b and the distance 
between the parallel twin lines 912a and 912b and the 
distance between the parallel twin lines 913a and 913b is 
1:a:a. Here, an adjustment is made so that the value of a 
equals a predetermined value Smaller than 1. That is, the 
value of a is previously designed So as to provide amounts 
of phase delay equal to the amounts of delay of the phases 
of the receive Signals outputted from output terminals P2a 
and P2b relative to the phases of the receive signals inputted 
from input terminals P1a and P1b in the case of high gain 
mode. 

0369 For the parallel twin lines, input/output impedances 
are determined depending on the line width, and therefore 
the value of a can be determined in the same way as the Strip 
line described in the fourth embodiment. 

0370 Thus, by passing through this circuit portion, sig 
nals of which amounts of phase delay are Substantially equal 
to the amount of delay of the passing phase in the case of 
high gain mode are outputted from the output terminals P2a 
and P2b. 

0371. In this way, even if the passing phase of the receive 
Signal in the case of the high gain mode is delayed, and the 
input impedance of the portion corresponding to the ampli 
fier 13 is Smaller than the output impedance of the same 
portion, it is possible to Sufficiently alleviate the situation in 
which the phases of the Signals outputted from the output 
terminals P2a and P2b are shifted in a discontinuous manner 
when Switching is done from the high gain mode to the low 
gain mode, or from the low gain mode to the high gain mode. 
0372 Furthermore, instead of the parallel twin lines, 
911a and 911b, 912a and 912b, and 913a and 913b, two lines 
with the line width gradually changed So that the ratio of 
width lines for input and output is 1:a may be used. 
0373). Furthermore, the variable gain amplifying appara 
tus 38 of this embodiment may have a configuration in 
which the Switching elements 121, 122, 123 take on 0 
potentials at least at one ends as in the case of the variable 
gain amplifying apparatuS 30 of the third embodiment. 
Thereby, the Switching elements are reliably enabled/dis 
abled, and the insertion loSS when the Switching elements are 
enabled is improved. 
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0374. If the input impedance of the portion corresponding 
to the amplifier 13 is larger than the output impedance of the 
Same portion, and the passing phase of the receive signal is 
delayed, a Same degree of effectiveness as that of this 
embodiment can be attained by changing the circuit portion 
corresponding to the phase shifter 15 of FIG. 4 as described 
below. 

0375 That is, for the variable gain amplifying apparatus 
39 of FIG. 15, the passing phase of the receive signal in the 
case of high gain mode is delayed, and the input impedance 
of the portion corresponding to the amplifier 13 of FIG. 4 is 
larger than the output impedance of the same portion. 
0376 The portion corresponding to the phase shifter 15 
of FIG. 4 in the variable gain amplifying apparatus 39 is 
comprised of parallel twin lines 1011a, 1011b, parallel twin 
lines 1012a, 1012b, and parallel twin lines 1013a, 1013b. 
One ends of the parallel twin lines 1011a and 1011b are 
connected to the Switching elements 121a and 121b, respec 
tively, and the other ends of the parallel twin lines 1011a and 
1011a are connected to one ends of the parallel twin lines 
1012a and 1012b, respectively. The other ends of the parallel 
twin lines 1012a and 1012b are connected to one ends of the 
parallel twin lines 1013a and 1013b, respectively. The other 
ends of the parallel twin lines 1013a and 1013b are con 
nected to the Switching elements 122a and 122b, respec 
tively. 
0377 This circuit portion adjusts the phase in the same 
way as the third embodiment. 
0378 Specifically, the ratio between the distance between 
the parallel twin lines 1011a and 1011b and the distance 
between the parallel twin lines 1012a and 1012b and the 
distance between the parallel twin lines 1013a and 1013b is 
1:a:a. Here, an adjustment is made so that the value of a 
equals a predetermined value larger than 1. That is, the value 
of a is previously designed So as to provide amounts of phase 
delay equal to the amounts of delay of the phases of the 
receive signals outputted from output terminals P2a and P2b 
relative to the phases of the receive Signals inputted from 
input terminals P1a and P1b in the case of high gain mode. 
For the parallel twin lines, input/output impedances are 
determined depending on the line width, and therefore the 
value of a can be determined in the same way as the Strip line 
described in the fourth embodiment. 

0379 Thus, by passing through this circuit portion, sig 
nals of which amounts of phase delay are Substantially equal 
to the amount of delay of the passing phase in the case of 
high gain mode are outputted from the output terminals P2a 
and P2b. 

0380. In this way, even if the passing phase of the receive 
Signal in the case of the high gain mode is delayed, and the 
input impedance of the portion corresponding to the ampli 
fier 13 is larger than the output impedance of the same 
portion, it is possible to Sufficiently alleviate the Situation in 
which the phases of the Signals outputted from the output 
terminals P2a and P2b are shifted in a discontinuous manner 
when Switching is done from the high gain mode to the low 
gain mode, or from the low gain mode to the high gain mode. 
0381 Furthermore, instead of the parallel twin lines, 
1011a and 1011b, 1012a and 1012b, and 1013a and 1013b, 
two lines with the line width gradually changed So that the 
ratio of width lines for input and output is 1:a2 may be used. 
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0382 Furthermore, the variable gain amplifying appara 
tus 39 of this embodiment may have a configuration in 
which the Switching elements 121, 122, 123 take on 0 
potentials at least at one ends as in the case of the variable 
gain amplifying apparatuS 30 of the third embodiment. 
Thereby, the Switching elements are reliably enabled/dis 
abled, and the insertion loSS when the Switching elements are 
enabled is improved. 

Sixth Embodiment 

0383) The sixth embodiment will now be described. 
0384. A circuit diagram of a variable gain amplifying 
apparatus 40 of the sixth embodiment is shown in FIG. 16. 
0385 For the variable gain amplifying apparatus 40 of 
this embodiment, the portion corresponding to the phase 
shifter 15 of FIG. 4 is constituted by capacitors and induc 
torS. 

0386 Furthermore, the parts identical to those of the third 
embodiment are given Same Symbols and descriptions 
thereof are not presented here. 
0387 For the variable gain amplifying apparatus 40 of 
this embodiment, the passing phase of the receive signal in 
the case of high mode is advanced, and the input impedance 
of the portion corresponding to the amplifier 13 is Smaller 
than the output impedance of the same portion. 
0388. The variable gain amplifying apparatus 40 is dif 
ferent from the variable gain amplifying apparatus 33 in the 
portion corresponding to the phase shifter 15 of FIG. 4. 
0389 Specifically, the portion corresponding to the phase 
shifter 15 of FIG. 4 is comprised of capacitors 1114, 1115, 
1116 and inductors 1111, 1112, 1113. For the variable gain 
amplifying apparatuS 40, the passing phase of the receive 
Signal in the case of high gain mode is advanced, and the 
input impedance of the portion corresponding to the ampli 
fier 13 is Smaller than the output impedance of the same 
portion. 
0390 For the portion corresponding to the phase shifter 
15 of FIG. 4 in the variable gain amplifying apparatus 40, 
one end of the capacitor 1114 is connected to one end of the 
Switching element 121, and the grounded inductor 1111 is 
connected to one end of the capacitor 1114. The other end of 
the capacitor 1114 is connected to the grounded inductor 
1112 and to one end of the capacitor 1115. The other end of 
the capacitor 1115 is connected to the grounded inductor 
1112 and to one end of the capacitor 1116. One end of the 
Switching element 122 is connected to the other end of the 
capacitor 1116. 
0391) Furthermore, the inductors 1111, 1112, 1113 are 
made of aluminum wire, the capacitors 1114, 1115, 1116 are 
composed of MOS capacitors, and the wiring connecting the 
capacitor to the inductor is made of gold wire. Furthermore, 
the inductors 1111, 1112, 1113 may be made of copper wire, 
and the capacitors 1114, 1115, 1116 may be composed of 
MIM capacitors. 
0392 The operation of this embodiment will now be 
described focusing on differences between itself and the 
third embodiment. 

0393. The circuit portion functioning as the phase shifter 
15 of FIG. 4 in the variable gain amplifying apparatus 40 
adjusts the phase in the same way as the third embodiment. 
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0394 Specifically, the ratio between the inductance value 
of the inductor 1111 and the inductance value of the inductor 
1112 and the inductance value of the inductor 1113 is 1:a:a. 
The ratio between the capacitance value of the capacitor 
1114 and the capacitance value of the capacitor 1115 and the 
capacitance value of the capacitor 1116 is af:a::1. Here, an 
adjustment is made So that the value of a equals a prede 
termined value larger than 1. That is, the value of a is 
previously adjusted So as to provide an amount of phase 
advance equal to the amount of advance of the phase of the 
receive Signal outputted from the output terminal P2 relative 
to the phase of the receive signal inputted from the input 
terminal P1 in the case of high gain mode. The value of a is 
determined in the same way as the method of the determin 
ing the value of a described in the third embodiment except 
that the resistor is replaced by the inductor. Because the 
inductor is used in stead of the resistor of the third embodi 
ment, the level of passing loSS is reduced compared to the 
third embodiment. 

0395 Thus, by passing through this circuit portion, a 
receive signal of which amount of phase delay is Substan 
tially equal to the amount of delay of the passing phase in the 
case of high gain mode is outputted from the output terminal 
P2. 

0396. In this way, even if the passing phase of the receive 
Signal in the case of high gain mode is advanced, and the 
input impedance of the portion corresponding to the ampli 
fier 13 is Smaller than the output impedance of the same 
portion, it is possible to Sufficiently alleviate the Situation in 
which the phase of the signal outputted from the output 
terminal P2 is shifted in a discontinuous manner when 
Switching is done from the high gain mode to the low gain 
mode, or from the low gain mode to the high gain mode. 
0397) Furthermore, the variable gain amplifying appara 
tus 40 of this embodiment may have a configuration in 
which the Switching elements 121, 122, 123 take on 0 
potentials at least at one ends as in the case of the variable 
gain amplifying apparatuS 30 of the third embodiment. 
Thereby, the Switching elements are reliably enabled/dis 
abled, and the insertion loSS when the Switching elements are 
enabled is improved. 
0398. Furthermore, the variable gain amplifying appara 
tus 40 of this embodiment has been described as an unbal 
anced circuit, but may also be achieved as a balanced circuit. 
0399. That is, a variable gain amplifying apparatus 41 
achieved as a balanced circuit by modifying the variable 
gain amplifying apparatus 40 of this embodiment is shown 
in FIG. 17. 

0400 For the variable gain amplifying apparatus 41 of 
FIG. 17, the portion corresponding to the phase shifter 15 of 
the variable gain amplifying apparatus 32 of the third 
embodiment is replaced by capacitors 1114a, 1114b, 1115a, 
1115b, 1116a, 1116b, and inductors 1111, 1112, 1113. As for 
other aspects, the variable gain amplifying apparatus 41 is 
Same as the third embodiment. 

04.01. In this way, use of the variable gain amplifying 
apparatus 41 having balanced circuits makes it possible to 
attain a same degree of effectiveness as that of this embodi 
ment. 

0402 Furthermore, in the variable gain amplifying appa 
ratus 40 of FIG. 17, when the variable gain amplifying 

May 1, 2003 

apparatus is used in the high gain mode, the receive signal 
is passed through the circuit portion corresponding to the 
amplifier 13 of FIG. 4, whereby the phase of the receive 
Signal outputted from the output terminal P2 is advanced 
farther than the phase of the receive Signal inputted to the 
input terminal P1, and the input impedance to the base of the 
transistor 101 is smaller than the output impedance of the 
collector of the transistor 102, but the circuit portion corre 
sponding to the phase shifter 15 of FIG. 4 should be changed 
if the circuit portion corresponding to the amplifier 13 of 
FIG. 4 has a characteristic other than that described above. 

0403 First, a circuit diagram of a variable gain amplify 
ing apparatus 42 in which the circuit portion corresponding 
to the phase shifter 15 is changed is shown in FIG. 18. For 
the variable gain amplifying apparatus 42, the passing phase 
in the high gain mode is advanced, and the input impedance 
of the portion corresponding to the amplifier 13 is larger than 
the output impedance of the same portion. 

04.04 For the portion corresponding to the phase shifter 
15 of FIG. 4 in the variable gain amplifying apparatus 42, 
one end of a capacitor 1314 is connected to one end of the 
Switching element 121, and the other end of the capacitor 
1314 is connected to a grounded inductor 1311 and to one 
end of a capacitor 1315. The other end of the capacitor 1315 
is connected to a grounded inductor 1312 and to one end of 
a capacitor 1316. The other end of the capacitor 1316 is 
connected to a grounded inductor 1313 and to one end of the 
Switching element 122. 
04.05 The circuit portion functioning as the phase shifter 
15 of FIG. 4 in the variable gain amplifying apparatus 42 
adjusts the phase in the same way as the third embodiment. 
0406 Specifically, the ratio between the inductance value 
of the inductor 1311 and the inductance value of the inductor 
1312 and the inductance value of the inductor 1313 is 1:a:a. 
The ratio between the capacitance value of the capacitor 
1314 and the capacitance value of the capacitor 1315 and the 
capacitance value of the capacitor 1316 is af:a::1. Here, an 
adjustment is made So that the value of a equals a prede 
termined value Smaller than 1. That is, the value of a is 
previously designed So as to provide an amount of phase 
advance equal to the amount of advance of the phase of the 
receive Signal outputted from the output terminal P2 relative 
to the phase of the receive signal inputted from the input 
terminal P1 in the case of high gain mode. The value of a is 
determined in the same way as the method of the determin 
ing the value of a described in the third embodiment except 
that the resistor is replaced by the inductor. Because the 
inductor is used in stead of the resistor of the third embodi 
ment, the level of passing loSS is reduced compared to the 
third embodiment. 

04.07 Thus, by passing through this circuit portion, a 
receive signal of which amount of phase advance is Sub 
Stantially equal to the amount of advance of the passing 
phase in the case of high gain mode is outputted from the 
output terminal P2. 
0408. In this way, even if the passing phase of the receive 
Signal in the case of high gain mode is advanced, and the 
input impedance of the portion corresponding to the ampli 
fier 13 is larger than the output impedance of the same 
portion, it is possible to Sufficiently alleviate the situation in 
which the phase of the Signal outputted from the output 
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terminal P2 is shifted in a discontinuous manner when 
Switching is done from the high gain mode to the low gain 
mode, or from the low gain mode to the high gain mode. 
04.09 Furthermore, the variable gain amplifying appara 
tuS 42 of this embodiment may have a configuration in 
which the Switching elements 121, 122, 123 take on 0 
potentials at least at one ends as in the case of the variable 
gain amplifying apparatuS 30 of the third embodiment. 
Thereby, the Switching elements are reliably enabled/dis 
abled, and the insertion loSS when the Switching elements are 
enabled is improved. 

0410. Furthermore, the variable gain amplifying appara 
tus 42 of this embodiment may also be constituted by 
balanced circuits as described in this embodiment. 

0411 A circuit diagram of another variable gain ampli 
fying apparatus 43 in which the circuit portion correspond 
ing to the phase shifter 15 is changed is shown in FIG. 19. 
For the variable gain amplifying apparatus 43 of FIG. 19, 
the passing phase of the receive signal is delayed in the case 
of high gain mode, and the input impedance of the portion 
corresponding to the amplifier 13 is Smaller than the output 
impedance of the same portion. 
0412 Specifically, for the portion corresponding to the 
phase shifter 15 of FIG. 4, one end of an inductor 1414 is 
connected to one end of the Switching element 121, a 
grounded capacitor 1411 is connected to one end of the 
inductor 1414, and the other end of the inductor 1414 is 
connected to one end of an inductor 1415 and to a grounded 
capacitor 1412. A grounded capacitor 1413 is connected to 
the other end of the inductor 1415, and the other end of the 
inductor 1415 is connected to one end of an inductor 1416. 
One end of the Switching element 122 is connected to the 
other end of the inductor 1416. 

0413. The circuit portion functioning as the phase shifter 
15 of FIG. 4 adjusts the phase in the same way as this 
embodiment. 

0414. Specifically, the ratio between the inductance value 
of the inductor 1414 and the inductance value of the inductor 
1415 and the inductance value of the inductor 1416 is 1:a:a. 
The ratio between the capacitance value of the capacitor 
1411 and the capacitance value of the capacitor 1412 and the 
capacitance value of the capacitor 1413 is af:a::1. Here, an 
adjustment is made So that the value of a equals a prede 
termined value larger than 1. That is, the value of a is 
previously designed So as to provide an amount of phase 
delay equal to the amount of delay of the phase of the receive 
signal outputted from the output terminal P2 relative to the 
phase of the receive Signal inputted from the input terminal 
P1 in the case of high gain mode. The value of a is 
determined in the same way as the method of the determin 
ing the value of a described in the third embodiment except 
that the resistor is replaced by the inductor. Because the 
inductor is used instead of the resistor of the third embodi 
ment, the level of passing loSS is reduced compared to the 
third embodiment. 

0415 Thus, by passing through this circuit portion, a 
receive signal of which amount of phase delay is Substan 
tially equal to the amount of delay of the passing phase in the 
case of high gain mode is outputted from the output terminal 
P2. 
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0416) In this way, even if the passing phase of the receive 
Signal in the case of high gain mode is delayed, and the input 
impedance of the portion corresponding to the amplifier 13 
is Smaller than the output impedance of the same portion, it 
is possible to sufficiently alleviate the situation in which the 
phase of the Signal outputted from the output terminal P2 is 
shifted in a discontinuous manner when Switching is done 
from the high gain mode to the low gain mode, or from the 
low gain mode to the high gain mode. 
0417. Furthermore, the variable gain amplifying appara 
tuS 43 of this embodiment may have a configuration in 
which the Switching elements 121, 122, 123 take on 0 
potentials at least at one ends as in the case of the variable 
gain amplifying apparatuS 30 of the third embodiment. 
Thereby, the Switching elements are reliably enabled/dis 
abled, and the insertion loSS when the Switching elements are 
enabled is improved. 
0418 Furthermore, the variable gain amplifying appara 
tus 43 of this embodiment may also be constituted by 
balanced circuits as described in this embodiment. 

0419. A circuit diagram of another variable gain ampli 
fying apparatus 44 in which the circuit portion correspond 
ing to the phase shifter 15 is changed is shown in FIG. 20. 
For the variable gain amplifying apparatus 44 of FIG. 65, 
the passing phase of the receive signal is delayed in the case 
of high gain mode, and the input impedance of the portion 
corresponding to the amplifier 13 is larger than the output 
impedance of the same portion. 
0420 For the portion corresponding to the phase shifter 
15 of FIG. 4, one end of an inductor 1514 is connected to 
one end of the Switching element 121, a grounded capacitor 
1511 is connected to the other end of the inductor 1514, and 
one end of an inductor 1515 is connected to the other end of 
the inductor 1514. A grounded capacitor 1512 is connected 
to the other end of the inductor 1515, and the other end of 
the inductor 1515 is connected to one end of an inductor 
1516. A grounded capacitor 1513 is connected to the other 
end of the inductor 1516, and one end of the Switching 
element 122 is connected to the other end of the inductor 
1516. 

0421. The circuit portion functioning as the phase shifter 
15 of FIG. 4 adjusts the phase in the same way as this 
embodiment. 

0422 Specifically, the ratio between the inductance value 
of the inductor 1514 and the inductance value of the inductor 
1515 and the inductance value of the inductor 1516 is 1:a:a. 
The ratio between the capacitance value of the capacitor 
1511 and the capacitance value of the capacitor 1512 and the 
capacitance value of the capacitor 1513 is af:a::1. Here, an 
adjustment is made So that the value of a equals a prede 
termined value Smaller than 1. That is, the value of a is 
previously designed So as to provide an amount of phase 
delay equal to the amount of delay of the phase of the receive 
signal outputted from the output terminal P2 relative to the 
phase of the receive Signal inputted from the input terminal 
P1 in the case of high gain mode. The value of a is 
determined in the same way as the method of the determin 
ing the value of a described in the third embodiment except 
that the resistor is replaced by the inductor. Because the 
inductor is used instead of the resistor of the third embodi 
ment, the level of passing loSS is reduced compared to the 
third embodiment. 
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0423 Thus, by passing through this circuit portion, a 
receive signal of which amount of phase delay is Substan 
tially equal to the amount of delay of the passing phase in the 
case of high gain mode is outputted from the output terminal 
P2. 

0424. In this way, even if the passing phase of the receive 
Signal in the case of high gain mode is delayed, and the input 
impedance of the portion corresponding to the amplifier 13 
is larger than the output impedance of the same portion, it is 
possible to sufficiently alleviate the situation in which the 
phase of the Signal outputted from the output terminal P2 is 
shifted in a discontinuous manner when Switching is done 
from the high gain mode to the low gain mode, or from the 
low gain mode to the high gain mode. 
0425 Furthermore, the variable gain amplifying appara 
tuS 44 of this embodiment may have a configuration in 
which the Switching elements 121, 122, 123 take on 0 
potentials at least at one ends as in the case of the variable 
gain amplifying apparatuS 30 of the third embodiment. 
Thereby, the Switching elements are reliably enabled/dis 
abled, and the insertion loSS when the Switching elements are 
enabled is improved. 
0426 Furthermore, the variable gain amplifying appara 
tus 44 of this embodiment may also be constituted by 
balanced circuits as described in this embodiment. 

Seventh Embodiment 

0427. The seventh embodiment will now be described. 
0428. A wireless communication apparatus of this 
embodiment is shown in FIG. 27. In this figure, a cellular 
phone terminal is constituted by an antenna 1, a duplexer 2, 
a transmission circuit portion 3, a variable gain amplifying 
apparatus 4, a mixer 7, a filter 8, a demodulator 2711, a base 
band Signal processing circuit 2712, a signal level detection 
circuit 2713 and a control circuit 2714. The variable gain 
amplifying apparatus 4, the mixer 7, the filter 8, the demodu 
lator 2711 and the base band signal processing circuit 2712 
constitute a reception circuit portion. 
0429 The antenna 1, the duplexer 2, the transmission 
circuit portion 3, the variable gain amplifying apparatus 4, 
the mixer 7 and the filter 8 are not described here because 
they are same as those of the prior art. The demodulator 2711 
is a circuit to demodulate a base band Signal from the Signal 
outputted from the filter 8. The base band Signal processing 
circuit 2712 is a circuit to process the demodulated Signal as 
digital data. The signal level detection circuit 2713 is a 
circuit to detect the Signal level of the input or output of the 
mixer 7. The control circuit 2714 is a circuit to Switch the 
variable gain amplifying apparatus 4 to the high gain mode 
or low gain mode depending on the level of the Signal level 
detection circuit 2713. 

0430. The variable gain amplifying apparatus 4 is iden 
tical to the variable gain amplifying apparatuses of the first 
to Sixth embodiments of the present invention. 
0431. The operation of the wireless communication appa 
ratus of this embodiment will now be described. 

0432. The receive signal received at the antenna 1 is 
amplified by the variable gain amplifying apparatus 4 
through the duplexer 2. The mixer 7 converts the receive 
Signal amplified by the variable gain amplifying apparatus 4 
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into an intermediate frequency Signal, and the filter 8 weak 
ens the unnecessary frequency component of the converted 
intermediate frequency signal. The demodulator 2711 con 
verts the intermediate frequency Signal into a base band 
Signal of IQ, and the base band Signal processing circuit 
2712 restores the base band Signal to digital voice data in a 
base band portion. 
0433. The signal level detection circuit 2713 detects the 
signal level of the input or output of the mixer 7. The control 
circuit 2714 receives the level detection signal from the 
signal level detection circuit 2713, and performs control so 
that the Supply of a power Voltage for operating the amplifier 
of the variable gain amplifying apparatus 4 is stopped, and 
the Switching element of the variable gain amplifying appa 
ratus 4 is enabled when it is determined that the level of 
receive Signal is high. Thus, the large receive signal inputted 
from the duplexer 2 is outputted to the mixer 7 through the 
Switching element of the variable gain amplifying apparatus 
4 without being amplified by the amplifier of the variable 
gain amplifying apparatus 4. That is, the variable gain 
amplifying apparatus 4 operates in the low gain mode. 
0434. When it is determined that the level of receive 
Signal is low, on the other hand, control is performed So that 
a power Voltage for operating the amplifier of the variable 
gain amplifying apparatus 4, and the Switching element of 
the variable gain amplifying apparatus 4 is disabled. Thus, 
the very weak Signal inputted from the duplexer 2 is ampli 
fied by the amplifier of the variable gain amplifying appa 
ratus 4 and then outputted to the mixer 7 without being 
passed through the Switching element of the variable gain 
amplifying apparatus 4. That is, the variable gain amplifying 
apparatus 4 operates in the high gain mode. 
0435. In this case, by using any of the variable gain 
amplifying apparatuses of the first to Seventh embodiments 
of the present invention, a wireless communication appara 
tuS can be achieved in which the phase of the Signal 
outputted from the variable gain amplifying apparatus 4 is 
not shifted in a discontinuous manner when the variable gain 
amplifying apparatus 4 is Switched from the low gain mode 
to the high gain mode, or from the high gain mode to the low 
gain mode, thus making it possible to carry out normal 
demodulation of the Signal with its phase modulated. 
0436 Also, there is an advantage that a response to 
change in Signal level is made more quickly compared to the 
case where the Signal level detection circuit is connected to 
Some point behind the IF filter. 
0437. Furthermore, level detection is carried out by the 
input or output of the mixer 7 in FIG. 27, but level detection 
may be carried out by the demodulator 2711 as shown in 
FIG. 28. In the case where the input or output of the mixer 
7 is used for level detection, a desired wave cannot be 
distinguished from a disturbing wave when both the desired 
wave and disturbing wave are received. Therefore, the 
wireless communication apparatus of FIG. 27 raises the 
possibility that although the level of desired wave is low, the 
gain mode is Switched to the low gain mode in response to 
the high level of disturbing wave, and thus the desired wave 
is buried in noise and cannot be received in an appropriate 
manner. For the configuration of FIG. 28, on the other hand, 
since level detection is carried out in the demodulator 2711 
occupying the rear Stage of the IF filter, the gain mode is 
Switched according to the level of desired wave, and thus the 
above problem is solved. 



US 2003/0080811 A1 

0438 Level detection may be carried out digitally in the 
base band processing circuit 2712 as shown in FIG. 29. This 
configuration provides a Same degree of effectiveness as the 
configuration of FIG. 28 and allows digital processing to be 
performed, thus making it possible to carry out level detec 
tion more easily. 
0439. Furthermore, as shown in FIG. 30, level detection 
may be carried out using the input or output of the mixer 7 
and the demodulator 2711 in combination. For the systems 
of FIGS. 28 and 29, the gain mode is not switched to the 
low gain mode when the level of desired wave is low and the 
level of disturbing wave is high, and therefore the desired 
wave can usually be received in an appropriate manner. If a 
much larger disturbing wave comes in, however, the ampli 
fier of the variable gain amplifying apparatus 4 is Saturated 
to cause reduction in gain and deterioration of noise indexes, 
thus raising the possibility that the desired wave cannot be 
received in an appropriate manner. For the configuration of 
FIG. 30, on the other hand, the total level of desired wave 
and disturbing wave is detected by the mixer 7, and the level 
of desired wave is detected by the demodulator 2711. 
Thereby, the level of desired wave and the level of disturb 
ing wave can be known individually. At this time, if the level 
of desired wave is equal to or lower than a certain level, and 
the level of disturbing wave is equal to or higher than a 
certain level, the above problem is resolved by increasing 
the current consumption of the amplifier. 
0440 Furthermore, the level of receive signal is detected 
in the front and rear stages of the IF filter in FIG. 30, but a 
same degree of effectiveness will be attained if the level of 
receive signal is detected in the front and rear Stages of the 
base band filter. 

0441 AS apparent from the above description, the present 
invention can provide a variable gain amplifying apparatus 
capable of Sufficiently alleviating the situation in which the 
phase outputted from the variable gain amplifying apparatus 
is shifted in a discontinuous manner even when the gain of 
the variable gain amplifying apparatus is Switched, and a 
wireleSS communication apparatus. 

What is claimed is: 
1. A variable gain amplifying apparatus comprising: 
an amplifier; 

one or more first Switching elements connected in parallel 
to Said amplifier; and 

a phase shifter connected in Series to Said first Switching 
element, 

wherein said first Switching element is enabled if the level 
of an input Signal or an output signal is higher than a 
predetermined level, and Said first Switching element is 
disabled if the level of Said input signal or Said output 
Signal is equal to or lower than Said predetermined 
level, 

Said amplifier does not operate when Said first Switching 
element is enabled, and Said amplifier operates when 
Said first Switching element is disabled, and 

the amount of phase shift when Said input Signal is passed 
through Said amplifier and phase shifter is Substantially 
equal to the amount of phase shift when Said input 
Signal is passed through Said first Switching element. 
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2. A variable gain amplifying apparatus comprising: 
an amplifier; 

one or more first Switching elements connected in parallel 
to Said amplifier; 

a phase shifter connected in Series to Said first Switching 
element; 

one or more Second Switching elements connected in 
parallel to Said amplifier; and 

a feedback circuit connected in Series to Said Second 
Switching element, 

wherein said first Switching element is enabled if the level 
of an input Signal or an output signal is higher than a 
predetermined level, and Said first Switching element is 
disable if the level of Said input Signal or Said output 
Signal is equal to or lower than Said predetermined 
level, 

Said amplifier does not operate when Said first Switching 
element is enabled, and Said amplifier operates when 
Said first Switching element is disabled, 

Said Second Switching element is disabled when said first 
Switching element is enabled, 

Said Second Switching element is enabled when Said first 
Switching element is disabled, and 

the amount of phase shift when said input signal is passed 
through said amplifier is Substantially equal to the 
amount of phase shift when Said input Signal is passed 
through Said first Switching element and Said phase 
shifter. 

3. The variable gain amplifying apparatus according to 
claim 1, wherein Said first Switching element is comprised of 
one or more third Switching elements and one or more fourth 
Switching elements, 

one end of Said third Switching element is connected to the 
input of Said amplifier, 

the other end of Said third Switching element is connected 
to one end of Said phase shifter, 

the other end of Said phase shifter is connected to one end 
of Said fourth Switching element, and 

the other end of Said fourth Switching element is con 
nected to the output of Said amplifier. 

4. The variable gain amplifying apparatus according to 
claim 2, wherein Said first Switching element is comprised of 
one or more third Switching elements and one or more fourth 
Switching elements, 

one end of Said third Switching element is connected to the 
input of Said amplifier, 

the other end of Said third Switching element is connected 
to one end of Said phase shifter, 

the other end of Said phase shifter is connected to one end 
of Said fourth Switching element, and 

the other end of Said fourth Switching element is con 
nected to the output of Said amplifier. 
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5. A variable gain amplifying apparatus comprising: 
an amplifier; 
one or more Switching elements connected in parallel to 

Said amplifier; and 
a phase shifter connected in Series to Said amplifier, 
wherein said Switching element is enabled if the level of 

an input Signal or an output Signal is higher than a 
predetermined level, and Said Switching element is 
disable if the level of Said input Signal or Said output 
Signal is equal to or lower than Said predetermined 
level, 

Said amplifier does not operate when Said Switching 
element is enabled, and Said amplifier operates when 
Said Switching element is disabled, and 

the amount of phase shift when Said input Signal is passed 
through Said amplifier and phase shifter is Substantially 
equal to the amount of phase shift when Said input 
Signal is passed through Said first Switching element. 

6. The variable gain amplifying apparatus according to 
any of claims 1 to 5, wherein Said phase shifter is comprised 
of one or more Serial-connected capacitors and one or more 
parallel-connected resistors. 

7. The variable gain amplifying apparatus according to 
any of claims 1 to 5, wherein Said phase shifter is comprised 
of one or more Serial-connected resistors and one or more 
parallel-connected capacitors. 

8. The variable gain amplifying apparatus according to 
any of claims 1 to 5, wherein said phase shifter is comprised 
of one or more Strip lines, and Said Strip lines are connected 
So that a characteristic impedance monotonously increases 
or monotonously decreases. 

9. The variable gain amplifying apparatus according to 
any of claims 1 to 5, wherein Said phase shifter is comprised 
of one or more parallel twin lines, and Said parallel twin lines 
are connected So that a characteristic impedance monoto 
nously increases or monotonously decreases. 

10. The variable gain amplifying apparatus according to 
any of claims 1 to 5, wherein Said phase shifter is comprised 
of one or more Serial-connected capacitors and one or more 
parallel-connected inductors. 

11. The variable gain amplifying apparatus according to 
any of claims 1 to 5, wherein Said phase shifter is comprised 
of one or more Serial-connected inductors and one or more 
parallel-connected capacitors. 

12. The variable gain amplifying apparatus according to 
any of claims 1 to 5, wherein one end or both ends of said 
Switching element are connected to the ground through the 
resistor or the inductor. 

13. A wireleSS communication apparatus comprising the 
variable gain amplifying apparatus according to any of 
claims 1 to 5, and using phase modulation signals as 
Send/receive signals. 
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14. A wireleSS communication apparatus comprising: 
the variable gain amplifying apparatus according to any of 

claims 1 to 5; 
a level detection circuit detecting the level of a receive 

Signal in the rear of Said variable gain amplifying 
apparatus, and 

a control circuit Switching the gain of Said variable gain 
amplifying apparatus, 

wherein Said variable gain amplifying apparatus is 
Switched to a low gain state if the level detected by said 
level detection circuit is higher than a predetermined 
level; and 

Said variable gain amplifying apparatus is Switched to a 
high gain State if the level detected by Said level 
detection circuit is equal to or lower than Said prede 
termined level. 

15. A wireleSS communication apparatus comprising: 
the variable gain amplifying apparatus according to any of 

claims 1 to 5; 
a channel Selection filter; 
a first level detection circuit detecting the level of a 

receive Signal in the front Stage of the channel Selection 
filter; 

a Second level detection circuit detecting the level of a 
receive signal in the rear Stage of the channel Selection 
filter; and 

a control circuit Switching the gain of Said variable gain 
amplifying apparatus, 

wherein the output of Said variable gain amplifying appa 
ratus is inputted to Said channel Selection filter, 

Said variable gain amplifying apparatus is Switched to a 
low gain state if the level detected by said second level 
detection circuit is higher than a first predetermined 
level, 

Said variable gain amplifying apparatus is Switched to a 
high gain and low current State if the level detected by 
Said Second level detection circuit is equal to or lower 
than said first predetermined level, and the level 
detected by Said first level detection circuit is equal to 
or lower than a Second predetermined level, and 

Said variable gain amplifying apparatus is Switched to a 
high gain and high current State if the level detected by 
Said Second level detection circuit is equal to or lower 
than said first predetermined level, and the level 
detected by Said first level detection circuit is equal to 
or lower than Said Second predetermined level. 


