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(57) ABSTRACT 
A ?rst analog differential signal Vlp and a ?rst analog 
differential signal Vln are applied to the respectively com 
monly-connected bases of tWo sets of differential pairs 
Which are constructed of transistors Q1 to Q4. Acommonly 
connected collector of Q1 and Q4 is used as an output 
terminal V0p, Whereas a commonly-connected collector of 
Q2 and Q3 is used as another output terminal V0n. Collec 
tors of Q11 and Q12 are connected to the respective com 
monly-connected emitters of these differential pairs. Parallel 
resonant circuits are connected to the respective emitters of 
Q11 and Q12, and the emitter-to-emitter path is connected 
by R15. Input circuits 101 and 102 are connected to the 
respective bases of Q11 and Q12. A second analog differ 
ential signal V2p and a second analog differential signal V2n 
are inputted to these input circuits 101 and 102. The tran 
sistors Q12 and Q14 of the input circuits 101 and 102 
constitute current mirror circuits in connection With Q11 and 
Q13. A total number of longitudinally-stacked stages of the 
transistors can be made of tWo stages, and also the analog 
multiplying circuit can be operated under loW poWer supply 
voltage. 
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ANALOG MULTIPLYING CIRCUIT AND 
VARIABLE GAIN AMPLIFYING CIRCUIT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to an analog 
multiplying circuit and a variable gain amplifying circuit. 
More speci?cally, the present invention is directed to an 
analog multiplying circuit for multiplying tWo analog sig 
nals With each other in a modulating/demodulating circuit of 
a Wireless appliance so as to perform a frequency conversion 
of the multiplied analog signal, and also to a variable gain 
amplifying circuit. 

[0003] 2. Description of the Related Art 

[0004] Very recently, a large number of circuits for pro 
cessing high frequency (radio frequency) signals are used in 
Wireless appliances, in particular, a great number of such 
circuits as ampli?ers and frequency converters are employed 
in these Wireless appliances. On the other hand, poWer 
supply voltages applied in order to operate these circuits are 
gradually loWered. For instance, in general, the poWer 
supply voltage Vcc Was selected to be 4.8 V a several years 
ago. In current Wireless appliances, generally speaking, the 
poWer supply voltage Vcc is selected to be 2.6 V. 

[0005] FIG. 9 is a circuit diagram of the conventional dual 
balanced type analog multiplying circuit (Gilbert cell mixer) 
constituted by bipolar transistors. In this analog multiplying 
circuit, ?rst analog differential signals V1p and V1n are 
applied to both a common base of transistors Q2 and Q3, and 
a common base of transistors Q1 and Q4 of tWo sets of 
differential pairs Q1-Q2 and Q3-Q4 Which employ the 
transistors Q1 through Q4. A collector of the transistor Q1 
is connected to a collector of the transistor Q3 so as to form 
an output terminal Vop, and a collector of the transistor Q2 
is connected to a collector of the transistor Q4 so as to form 
an output terminal Von. Also, these collectors are connected 
via load resistors R1 and R2 to a poWer supply voltage Vcc. 
To an emitter of the differential pair Q1-Q2 and an emitter 
of the differential pair Q3-Q4, collectors of transistors Q5 
and Q6 are connected, respectively. Second analog differ 
ential signals V2p and V2n are applied to bases of the 
transistors Q5 and Q6. An emitter of the transistor Q5 and 
an emitter of the transistor Q6 are connected to a collector 
of a transistor Q7 and a collector of a transistor Q8, Which 
constitute a current source of a current value Ics, respec 
tively. Afeedback resistor Re capable of lineariZing a second 
analog signal input unit is connected betWeen the emitter of 
the transistor Q5 and the emitter of the transistor Q6. Abias 
voltage Vb is applied to both a base of a transistor Q7 and 
a base of a transistor Q8. 

[0006] Assuming noW that a voltage of a base-to-emitter 
of the transistor Q5 is equal to Vbe5, and a voltage of a 
base-to-emitter of the transistor Q6 is equal to Vbe6, both an 
output current I3 of the transistor Q5 and an output current 
I4 of the transistor Q6, Which constitute a ?rst differential 
ampli?er, may be expressed by the folloWing formulae (1) 
and (2): 
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[0007] As a result, an output current 2*AI=I3—I4 is rep 
resented by the folloWing formula(3): 

2*AI=I3—I4=2*(V2p—V2n—Vbe5+Vbe6)/Re= 
2*{V2p—V2n+Vt*ln(I4/I3)}/Re (3) 

[0008] Note that the voltages betWeen the bases and the 
emitters of the transistors Q5 and Q6 are assumed as: 

[0011] Also, assuming noW that a current ?oWing through 
the load resistor R1 is I1, a current ?oWing through the load 
resistor R2 is I2, and symbol Vt is a thermal voltage, a 
differential output I1-I2 may be expressed by the beloW 
mentioned formula (4) if the base current is neglected: 

I1—I2=2*AI*tanh{(V1p—V1n)/2Vt}=2*{V2p—V2n+ 
Vt*1n(I4/I3)}/Re*tanh {(V1p—V1n)/2Vt} (4) 

[0012] Furthermore, When V1p—V1n<<Vt, the beloW 
mentioned formula can be approximatively satis?ed: 

[0013] Then, as expressed in the folloWing formula (5), 
tWo signals are multiplied With each other: 

2W} (5) 
[0014] In the conventional circuit shoWn in FIG. 6, a total 
number of longitudinally-stacked stages of the transistors is 
selected to be 3 stages. As a consequence, a minimum poWer 
supply voltage Vcc(min) required in such a case that silicon 
bipolar transistors are used must be higher than, or equal to 
2.6 V in order that both the voltages betWeen the bases and 
the emitters of the transistors, and also the amplitude volt 
ages of the input/output signals can be secured, as the poWer 
supply voltage Vcc(min). 
[0015] HoWever, since the conventional analog multiply 
ing circuit cannot be operated under such a poWer supply 
voltage loWer than, or equal to 2.6 V, this conventional 
analog multiplying circuit oWns the problem that this analog 
multiplying circuit cannot be used in the presently available 
Wireless appliances having the poWer supply voltage of 2.6 
V. 

SUMMARY OF THE INVENTION 

[0016] The present invention has been made to solve the 
above-explained problem, and therefore, has an object to 
provide such an analog multiplying circuit operable in a 
highly linear mode under loW poWer supply voltage loWer 
than, or equal to 2.6 V. 

[0017] To solve the above-explained problem, an analog 
multiplying circuit, according to the present invention, is 
featured by such an analog multiplying circuit comprising: 
a ?rst differential pair constructed of a ?rst transistor and a 
second transistor, the emitters of Which are commonly 
connected to each other; a second differential pair con 
structed of a third transistor and a fourth transistor, the 
emitters of Which are commonly connected to each other; a 
?rst input terminal connected to a commonly-connected 
base of the second transistor and the third transistor; a 
second input terminal connected to a commonly-connected 
base of the ?rst transistor and the fourth transistor; a ?rst 
output terminal connected to a commonly-connected collec 
tor of the ?rst transistor and the third transistor; a second 
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output terminal connected to a commonly-connected collec 
tor of the second transistor and the fourth transistor; a ?rst 
resistor connected betWeen the ?rst output terminal and a 
poWer supply; a second resistor connected betWeen the 
output terminal and the poWer supply; a ?fth transistor, the 
collector of Which is connected to the commonly-connected 
emitter of the ?rst differential pair; a siXth transistor, the 
collector of Which is connected to the commonly-connected 
emitter of the second differential pair; a third resistor con 
nected betWeen an emitter of the ?fth transistor and the 
ground; a fourth resistor connected betWeen an emitter of the 
siXth transistor and the ground; ?rst input means connected 
to a base of the ?fth transistor; and second input means 
connected to a base of the siXth transistor; Wherein: the ?rst 
input means is arranged by ?rst current generating means, 
?rst current mirror means constituted by both the ?fth 
transistor and a seventh transistor, a ?fth resistor connected 
betWeen an emitter of the seventh transistor and the ground, 
and a third input terminal connected to the emitter of the 
seventh transistor; and the second input means is arranged 
by second current generating means, second current mirror 
means constituted by both the siXth transistor and an eighth 
transistor, a siXth resistor connected betWeen an emitter of 
the eighth transistor and the ground; and a fourth input 
terminal connected to the emitter of the eighth transistor. 
Since such a circuit arrangement is employed, the analog 
multiplying circuit can be operated under loW poWer supply 
voltages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a circuit diagram of an analog multiply 
ing circuit according to a ?rst embodiment mode of the 
present invention. 

[0019] FIG. 2 is a circuit diagram of a variable gain 
amplifying circuit according to the ?rst embodiment mode 
of the present invention. 

[0020] FIG. 3 is a circuit diagram of an analog multiply 
ing circuit according to a second embodiment mode of the 
present invention. 

[0021] FIG. 4 is a circuit diagram of a variable gain 
amplifying circuit according to the second embodiment 
mode of the present invention. 

[0022] FIG. 5 is a circuit diagram of an analog multiply 
ing circuit according to a third embodiment mode of the 
present invention. 

[0023] FIG. 6 is a circuit diagram of a variable gain 
amplifying circuit according to the third embodiment mode 
of the present invention. 

[0024] FIG. 7 is a circuit diagram of an analog multiply 
ing circuit according to a fourth embodiment mode of the 
present invention. 

[0025] FIG. 8 is a circuit diagram of a variable gain 
amplifying circuit according to the fourth embodiment mode 
of the present invention. 

[0026] FIG. 9 is a circuit diagram of the conventional 
analog multiplying circuit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] Referring noW to FIG. 1 to FIG. 8, various 
embodiment modes of the present invention Will be 
described in detail. 
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First Embodiment Mode 

[0028] A ?rst embodiment mode of the present invention 
is an analog multiplying circuit in Which While an input 
circuit arranged by a current mirror circuit is provided in the 
Gilbert cell type multiplying circuit, a total number of 
longitudinally-stacked stages of transistors is selected to be 
2 stages. 

[0029] FIG. 1 is a circuit diagram for representing an 
arrangement of an analog multiplying circuit according to a 
?rst embodiment mode of the present invention. It should be 
noted that the same reference numerals used in the prior art 
Will be employed as those for denoting the same operations/ 
functions of this analog multiplying circuit. In FIG. 1, a ?rst 
analog differential signal V1p and a ?rst analog differential 
signal V1n are applied to bases of tWo sets of differential 
pairs Q1-Q2 and Q3-Q4 arranged by employing transistors 
O1 to Q4. A collector of the transistor O1 is connected to a 
collector of the transistor Q3 so as to form an output terminal 
V0p, and a collector of the transistor O2 is connected to a 
collector of the transistor Q4 so as to form an output terminal 
Von. Also, these collectors are connected via load resistors 
R1 and R2 to a poWer supply voltage Vcc. To an emitter of 
the differential pair Q1-Q2 and an emitter of the differential 
pair Q3-Q4, collectors of transistors Q5 and Q6 are con 
nected, respectively. 

[0030] Emitters of the transistors Q11 and Q12 are con 
nected via a resistor R11 and another resistor R13 to the 
ground, respectively. Bases of the transistors Q11 and Q12 
are connected to an input circuit 101 and another input 
circuit 102, respectively. The input circuit 101 and the input 
circuit 102 are arranged by current sources Ics1 and Ics2; 
transistors Q12 and Q14; and resistors R12 and R14. It is so 
assumed that a current of the current source Ics1, or the 
current source Ics2 is selected to be “Ics.” Both emitters of 
the transistors Q12 and Q14 form an input terminal V1p and 
another input terminal V1n, and are connected via a resistor 
R12 and another resistor R14 to the ground. Also, both the 
transistor Q12 and the transistor Q11 constitute a current 
mirror circuit, and both the transistor Q13 and the transistor 
Q14 constitute a current mirror circuit. These transistors 
Q12/Q11/Q13/Q14 oWn such a function that biases of both 
the transistor Q11 and the transistor Q13 are set so as to 
transfer input signals. 

[0031] Referring noW to FIG. 1, operations of the analog 
multiplying circuit With employment of the above-described 
circuit arrangement, according to the ?rst embodiment mode 
of the present invention, Will be described. A?rst description 
Will noW be made of operations of both the input circuit 101 
and the input circuit 102. The input circuit 101 and the input 
circuit 102 are constituted by the current mirror circuit made 
of both the transistor Q11 and the transistor Q12, and also by 
the current mirror circuit made of both the transistor Q13 
and the transistor Q14. These current mirror circuits sets bias 
currents of the transistors Q11 and Q13. 

[0032] In the case that no input signal is supplied to the 
input terminals V1p and V1n, assuming noW that current 
ampli?cations “hfe” of transistors are very large, a relation 
ship among the current Ics ?oWing through the transistors 
Q11 and Q13, a bias current I13 of the transistor Q11, and 
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a bias current I14 of the transistor Q14 may be expressed by 
the following formulae (6) and (7): 

[0033] Also, When a signal is entered to both the input 
terminal V1p and the input terminal V1n, since collector 
currents ?owing through the transistors Q12 and Q14 are 
determined by the current source Ics, both the transistor Q12 
and the transistor Q14 may function as buffers. At this time, 
an input impedance of the input terminal V2p becomes a 
parallel impedance betWeen a dynamic resistor re12 of the 
transistor Q12 and the resistor R12, and an input impedance 
of the input terminal V2n becomes a parallel impedance 
betWeen a dynamic resistor re14 of the transistor Q14 and 
the resistor R14. As a consequence, the bias currents of the 
transistor Q11 and the transistor Q13 may be set by this input 
circuit. Furthermore, both the input impedance of the input 
terminal V2p and the input impedance of the input terminal 
V2n may be determined by this input circuit. 

[0034] Next, both an output current I13 of the transistor 
Q11 and an output current I14 of the transistor Q13 are 
calculated Which constitute a differential ampli?er con 
nected to both the input circuit 101 and the input circuit 102. 
Assuming noW that a base-to-emitter voltage of the transis 
tor Q11 is Vbe11 and a base-to-emitter voltage of the 
transistor Q13 is Vbe13, both an output current I13 of the 
transistor Q11 and an output current I14 of the transistor 
Q13, Which constitute another differential ampli?er, may be 
expressed by the folloWing formulae (8) and (9): 

[0035] As a consequence, in such a case that the resistance 
values are set to R11=R13, an output current 2*AI=I13-I14 
of the ?rst differential ampli?er may be expressed by the 
folloWing formula (10): 

[0036] Similar to the prior art, this differential current is 
entered into the differential circuits made of the transistors 
Q1-Q2 and of the transistors Q3-Q4. As a consequence, 
While the base currents are neglected, a differential current 
“I11-I12” outputted from the load resistors R1 and R2 may 
be expressed by the beloW-mentioned formula (11): 

Vt*1n(I14/I13)}/R11*tanh{(V1p—V1n)/2Vt§ (11) 
[0037] Furthermore, When V1p—V1n<<Vt, the folloWing 
equation may be satis?ed: 

[0038] Then, a multiplication is carried out betWeen tWo 
signals, as indicated in the folloWing formula (12): 

V1n)/2Vt (12) 

[0039] As previously described, a multiplied output 
betWeen the tWo analog signals may be obtained. Since a 
total number of longitudinally-stacked stages of the transis 
tors are tWo stages, in the case that silicon bipolar transistors 
are used, even When base-to-emitter voltages of the silicon 
bipolar transistors and amplitude voltage portions of input/ 
output signals are secured, this analog multiplying circuit 
can be operated under the poWer supply voltage Vcc=2.0 V. 
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[0040] Also, in order to suppress the adverse in?uence 
caused by the non-linear characteristics of both the transistor 
Q11 and the transistor Q13, even in such a case that the 
collector currents of both the transistors Q11 and Q13 are 
increased, the collector currents may be arbitrarily set based 
upon the current sources Ics1, Ics2 of the input circuits 101, 
102, and the resistors R12 and R14. 

[0041] It should be understood that the current consump 
tion of the analog multiplying circuit according to this 
embodiment mode is merely increased by the currents of 
both the current sources Ics1 and Ics2, as compared With that 
of the prior art. Since the current values of the current 
sources may be freely set by changing the resistors R12 and 
R14, the increases of the current consumption can be sup 
pressed. 

[0042] Also, as shoWn in FIG. 2, While both the collector 
of the transistor Q2 and the collector of the transistor Q3 are 
connected to the poWer supply voltages, since the gain is 
controlled based upon a voltage difference betWeen the input 
signal V1p and the input signal V1n, such a variable gain 
amplifying circuit may be arranged by Which both the input 
signal V2p and the input signal V2n can be ampli?ed by a 
desirable gain. Also, in this case, a similar effect achieved by 
the above-described analog multiplying circuit may be 
achieved by this variable gain amplifying circuit. 

[0043] As previously explained, in accordance With the 
?rst embodiment mode of the present invention, While the 
input circuits constituted by the current mirror circuits are 
employed in the Gilbert cell type analog multiplying circuit, 
the longitudinally-stacked stages of the transistors are real 
iZed by tWo stages. As a consequence, the minimum poWer 
supply voltage can be selected to be 2.0 V. 

Second Embodiment Mode 

[0044] A second embodiment mode of the present inven 
tion corresponds to such an analog multiplying circuit 
featured by that a base current compensating circuit is 
provided in an input circuit made of a current mirror circuit 
arrangement as to a Gilbert cell type analog multiplying 
circuit in Which a longitudinally-stacked stage of transistors 
is selected to be 2 stages. 

[0045] FIG. 3 is a circuit diagram for representing an 
arrangement of an analog multiplying circuit according to a 
second embodiment mode of the present invention. It should 
be noted that the same reference numerals shoWn in the 
conventional analog multiplying circuit Will be employed as 
those for indicating the same operations/functions in the 
second analog multiplying circuit. In FIG. 3, a different 
structural point With respect to the ?rst embodiment mode 
shoWn in FIG. 1 is given as folloWs: Both a transistor Q15 
and a transistor Q16 are additionally employed in order to 
compensate for base currents ?oWing through the current 
mirror circuits of the input circuit 101 and the input circuit 
102. These current mirror circuits are arranged by the 
transistors Q12 and Q11, and the transistors Q13 and Q14. 

[0046] Referring noW to FIG. 3, operations of the analog 
multiplying circuit With employment of the above-explained 
arrangement, according to the second embodiment mode of 
the present invention, Will noW be explained. In the ?rst 
embodiment mode, the distortion characteristic in the mul 
tiplying circuit is largely and adversely in?uenced by the 
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non-linear characteristic of the transistors Q11 and Q13. To 
suppress this adverse in?uence, both the collector current of 
the transistor Q11 and the collector of the transistor Q12 are 
required to be increased. In this case, an adverse in?uence of 
base currents of transistors cannot be neglected in the 
current mirror circuits of the input circuits 101 and 102, 
Which are constituted by the transistors Q11/Q12 and the 
transistors Q13/Q14. 

[0047] In the second embodiment mode of the present 
invention, the transistors Q15 and Q16 used to compensat 
ing for the base currents are inserted in order to reduce the 
adverse in?uence of the base currents of the current mirror 
circuits employed in the input circuits 101 and 102 of the 
?rst embodiment mode. As a consequence, the operations of 
the second embodiment mode are similar to those of the ?rst 
embodiment mode, so that a similar function can be oWned. 

[0048] Similar to the second embodiment mode, as 
explained above, While the minimum poWer supply voltage 
Vcc(min) is selected to be 2.0 V, the multiplied output of the 
tWo analog signals can be obtained. Furthermore, in order to 
suppress the adverse in?uence of the non-linear character 
istics of the transistors Q11 and Q13, even in such a case that 
the collector current of the transistor Q11 and the collector 
current of the transistor Q13 are increased, the adverse 
in?uence caused by the base currents of the current mirror 
circuits can be reduced, and the distortion characteristic of 
the analog multiplying circuit can be improved. 

[0049] Also, as shoWn in FIG. 4, While both the collector 
of the transistor Q2 and the collector of the transistor Q3 are 
connected to the poWer supply voltages, since the gain is 
controlled based upon a voltage difference betWeen the input 
signal V1p and the input signal V1n, such a variable gain 
amplifying circuit may be arranged by Which both the input 
signal V2p and the input signal V2n can be ampli?ed by a 
desirable gain. Also, in this case, a similar effect achieved by 
the above-described analog multiplying circuit may be 
achieved by this variable gain amplifying circuit. 

[0050] As previously described, in accordance With the 
second embodiment mode of the present invention, since the 
analog multiplying circuit is arranged in such a manner that 
the base current compensating circuit is employed in the 
input circuit made of the current mirror circuit arrangement 
With respect to the Gilbert cell type analog multiplying 
circuit in Which the longitudinally-stacked stage of the 
transistors is made by the tWo stages, the distortion charac 
teristic can be improved While suppressing the adverse 
in?uences of the non-linear characteristic. While the mini 
mum poWer supply voltage Vcc(min) is selected to be 2.0 V, 
the multiplied output betWeen the tWo analog signals can be 
obtained. 

Third Embodiment Mode 

[0051] An analog multiplying circuit, according to a third 
embodiment mode of the present invention, is such a Gilbert 
cell type analog multiplying circuit featured by that a 
longitudinally-stacked stage of transistors is selected to be 2 
stages, and an emitter resistor of a differential amplifying 
circuit is constituted by an inductance. 

[0052] FIG. 5 is a circuit diagram for representing an 
arrangement of an analog multiplying circuit according to a 
third embodiment mode of the present invention. It should 
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be noted that the same reference numerals shoWn in the 
conventional analog multiplying circuit Will be employed as 
those for indicating the same operations/functions in the 
second analog multiplying circuit. In FIG. 5, a different 
structural point With respect to the second embodiment 
mode shoWn in FIG. 3 is given as folloWs: That is, the 
resistor R11 and the resistor R13, Which are connected to the 
emitter of the transistor Q11 and the emitter of the transistor 
Q13, are replaced by an inductor L11 and another inductor 
L13, respectively. 

[0053] Referring noW to FIG. 5, operations of the analog 
multiplying circuit With employment of the above-explained 
arrangement, according to the third embodiment mode of the 
present invention, Will noW be explained. Both an input 
circuit 201 and an input circuit 202 are arranged in a similar 
manner to those of the second embodiment mode, and oWn 
similar functions and also similar performance. Output cur 
rents I13 and I14 of the transistors Q11 and Q13 Which 
constitute the differential ampli?ers in a high frequency 
range may be expressed based upon the folloWing formulae 
(13) and (14), assuming and that an impedance of the 
inductor L11 is “Z11”, and an impedance of the inductor L13 
is “Z13.” 

[0054] As a consequence, in such a case that the imped 
ance is selected to be Z11=Z13, an output current 2*AI= 
I13-I14 of the ?rst differential ampli?er may be represented 
by the formula(15): 

[0055] Similar to the prior art, this differential current is 
entered into the differential circuits made of the transistors 
Q1-Q2 and of the transistors Q3-Q4. As a consequence, 
While the base currents are neglected, a differential current 
“I11-I12” outputted from the load resistors R1 and R2 may 
be expressed by the beloW-mentioned formula (16): 

vz*1n(I14/I13)}/Z11*tanh{(v1p-v1n)/2vz} (16) 

[0056] Furthermore, When V1p—V1n<<Vt, the folloWing 
equation may be satis?ed: 

[0057] Then, a multiplication is carried out betWeen tWo 
signals, as indicated in the folloWing formula (17): 

V1n)/2Vt (17) 

[0058] As explained above, While a DC voltage drop by 
the inductor L11 and L13 is eliminated, and the poWer 
supply voltage is further loWered, the multiplied output 
betWeen the tWo analog signals can be obtained. 

[0059] Also, as shoWn in FIG. 6, While both the collector 
of the transistor Q2 and the collector of the transistor Q3 are 
connected to the poWer supply voltages, since the gain is 
controlled based upon a voltage difference betWeen the input 
signal V1p and the input signal V1n, such a variable gain 
amplifying circuit may be arranged by Which both the input 
signal V2p and the input signal V2n can be ampli?ed by a 
desirable gain. Also, in this case, a similar effect achieved by 
the above-described analog multiplying circuit may be 
achieved by this variable gain amplifying circuit. 
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[0060] As previously described, in accordance With the 
third embodiment mode of the present invention, since the 
analog multiplying circuit is arranged in such a manner that 
the emitter resistance of the differential amplifying circuit is 
replaced by the inductance With respect to the Gilbert cell 
type analog multiplying circuit in Which the longitudinally 
stacked stage of the transistors is made by the tWo stages, 
While the minimum poWer supply voltage Vcc(min) is 
loWered rather than 2.0 V, the multiplied output betWeen the 
tWo analog signals can be obtained. 

Fourth Embodiment Mode 

[0061] An analog multiplying circuit, according to a 
fourth embodiment mode of the present invention, is such a 
Gilbert cell type analog multiplying circuit featured by that 
a longitudinally-stacked stage of transistors is selected to be 
2 stages, and a parallel resonant circuit is connected to an 
emitter of a transistor Which constitutes a differential ampli 
fying circuit. 

[0062] FIG. 7 is a circuit diagram for representing an 
arrangement of an analog multiplying circuit according to a 
fourth embodiment mode of the present invention. It should 
be noted that the same reference numerals shoWn in the 
conventional analog multiplying circuit Will be employed as 
those for indicating the same operations/functions in the 
fourth analog multiplying circuit. In FIG. 7, the analog 
multiplying circuit of this fourth embodiment mode oWns a 
different technical point, as compared With that of the third 
embodiment mode shoWn in FIG. 5. That is, both a capacitor 
C11 and another capacitor C12 are connected parallel to 
both an inductor L11 and another inductor L13, Which are 
connected to the respective emitters of transistors Q1 and 
Q13, constituting a differential amplifying circuit. Also, a 
resistor R15 is inserted betWeen the emitter of the transistor 
Q11 and the emitter of the transistor Q13. 

[0063] Referring noW to FIG. 7, operations of the analog 
multiplying circuit With employment of the above-explained 
arrangement, according to the fourth embodiment mode of 
the present invention, Will noW be explained. Both an input 
circuit 201 and an input circuit 202 are arranged in a similar 
manner to those of the third embodiment mode, and oWn 
similar functions and also similar performance. Since a 
parallel resonant circuit constituted by the inductors L11/ 
L13 and the capacitors C11/C12 is employed, an impedance 
may be made of an in?nite value at a desirable frequency, 
Whereas the impedance may become substantially Zero at 
any frequencies other then this desirable frequency. These 
inductors L11/L13 and capacitors C11/C12 are connected to 
the emitters of the transistors Q11 and Q13, Which constitute 
the differential ampli?ers connected to both the input circuit 
201 and the input circuit 202. As a result, bias currents of the 
analog multiplying circuit according to this fourth embodi 
ment mode may be set in a similar manner to that of the third 
embodiment mode. Also, since the impedance may become 
the in?nite value at such a desirable frequency, an output 
current of the differential amplifying circuit may be deter 
mined based upon the resistor R15 connected betWeen the 
emitters of the transistors Q11 and Q13 in a similar manner 
to the prior art. At this time, the output current is represented 
by the beloW-mentioned formula (18): 

[0064] This formula (18) is established by merely replac 
ing the resistor Re by the resistor R15 in the output current 
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of the differential amplifying circuit employed in the con 
ventional analog multiplying circuit. 

[0065] Also, similar to the conventional analog multiply 
ing circuit, assuming noW that a current ?oWing through the 
load resistor R1 is “I11”, a current ?oWing through the load 
resistor R2 is “I12”, and symbol “Vt” indicates a thermal 
voltage, a differential output current “Ill-I12” may be 
expressed by the folloWing formula (19), While the base 
currents are neglected: 

R15*{(v1p-v1n)/2vz} (19) 

[0066] As previously described, the multiplied output 
betWeen the tWo analog signals can be obtained. In accor 
dance With the analog multiplying circuit of the fourth 
embodiment mode, the impedances connected to the emit 
ters of the transistors Q1 and Q13 can be neglected, as 
compared With the third embodiment mode. Also, since the 
differential output circuit of the transistors Q11 and Q13 is 
determined based upon the resistor R15, the linear charac 
teristics linearity) of the transistors Q11 and Q13 can be 
improved. 
[0067] Also, as shoWn in FIG. 8, While both the collector 
of the transistor Q2 and the collector of the transistor Q3 are 
connected to the poWer supply voltages, since the gain is 
controlled based upon a voltage difference betWeen the input 
signal V1p and the input signal V1n, such a variable gain 
amplifying circuit may be arranged by Which both the input 
signal V2p and the input signal V2n can be ampli?ed by a 
desirable gain. Also, in this case, a similar effect achieved by 
the above-described analog multiplying circuit may be 
achieved by this variable gain amplifying circuit. 

[0068] As previously explained, in accordance With the 
fourth embodiment mode of the present invention, in the 
Gilbert cell type analog multiplying circuit in Which the 
longitudinally-stacked stages of the transistors are realiZed 
by tWo stages, the parallel resonant circuits are connected to 
the emitters of the transistors Which constitute the differen 
tial amplifying circuits. As a result, the linearity can be 
improved. 
[0069] Also, it should be noted that the bipolar transistors 
are employed in the embodiment modes of the present 
invention. Alternatively, if elements oWns a similar function 
to that of such a bipolar transistor, then any other electronic 
devices such as PET and MOS transistor may be employed. 
Also, the circuit arrangements of the input circuits 101, 102, 
201, and 202 are merely exempli?ed. If any other circuits 
have a similar function, then these circuits may be equiva 
lently used. Alternatively, While the analog multiplying 
circuits and the variable gain amplifying circuits according 
to the embodiment modes of the present invention are 
employed, a frequency converting apparatus, a communica 
tion terminal apparatus, and a base station apparatus may be 
arranged. Also, such a communication system With employ 
ment of a communication terminal apparatus and a base 
station apparatus may be constituted by employing the 
above-described analog multiplying circuits and variable 
gain amplifying circuit. Furthermore, since the analog mul 
tiplying circuits and the variable gain amplifying circuits can 
be operated under loW poWer supply voltages, the resulting 
poWer consumption can be reduced. 

[0070] As apparent from the foregoing descriptions, the 
analog multiplying circuit of the present invention is 
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arranged by such an analog multiplying circuit comprising: 
a ?rst differential pair constructed of a ?rst transistor and a 
second transistor, the emitters of Which are commonly 
connected to each other; a second differential pair con 
structed of a third transistor and a fourth transistor, the 
emitters of Which are commonly connected to each other; a 
?rst input terminal connected to a commonly-connected 
base of the second transistor and the third transistor; a 
second input terminal connected to a commonly-connected 
base of the ?rst transistor and the fourth transistor; a ?rst 
output terminal connected to a commonly-connected collec 
tor of the ?rst transistor and the third transistor; a second 
output terminal connected to a commonly-connected collec 
tor of the second transistor and the fourth transistor; a ?rst 
resistor connected betWeen the ?rst output terminal and a 
poWer supply; a second resistor connected betWeen the 
output terminal and the poWer supply; a ?fth transistor, the 
collector of Which is connected to the commonly-connected 
emitter of the ?rst differential pair; a siXth transistor, the 
collector of Which is connected to the commonly-connected 
emitter of the second differential pair; a third resistor con 
nected betWeen an emitter of the ?fth transistor and the 
ground; a fourth resistor connected betWeen an emitter of the 
siXth transistor and the ground; ?rst input means connected 
to a base of the ?fth transistor; and second input means 
connected to a base of the siXth transistor; Wherein: the ?rst 
input means is arranged by ?rst current generating means, 
?rst current mirror means constituted by both the ?fth 
transistor and a seventh transistor, a ?fth resistor connected 
betWeen an emitter of the seventh transistor and the ground, 
and a third input terminal connected to the emitter of the 
seventh transistor; and the second input means is arranged 
by second current generating means, second current mirror 
means constituted by both the siXth transistor and an eighth 
transistor, a siXth resistor connected betWeen an emitter of 
the eighth transistor and the ground; and a fourth input 
terminal connected to the emitter of the eighth transistor. 
Since such a circuit arrangement is employed, the analog 
multiplying circuit can be operated under loW poWer supply 
voltages. As a consequence, a total number of longitudi 
nally-stacked stages of the transistors can be made of tWo 
stages. The folloWing effects can be achieved. That is, even 
When both the base-to-emitter voltages of the transistors and 
the amplitude voltage portions of the input/output signals are 
secured, the minimum poWer supply voltage Vcc(min) in the 
case that the silicon bipolar transistors are used can be 
selected to be 2.0 V. Thus, the analog multiplying circuit can 
be operated under loW poWer supply voltage. 
[0071] Since the analog multiplying circuit is arranged by 
that a ninth transistor for compensating a base current is 
employed in the ?rst current mirror means; and a tenth 
transistor for compensating a base current is employed in the 
second current mirror means, the folloWing effects can be 
achieved. That is, even in such a case that the collector 
current of the transistor is increased in order to suppress the 
distortion characteristic of the multiplying circuit, the 
adverse in?uences caused by the base current of the current 
mirror circuit can be reduced. 

[0072] Also, since the analog multiplying circuit is 
arranged by that the third resistor is replaced by a ?rst 
inductor; and the fourth resistor is replaced by a second 
inductor, there is such an effect that the DC voltage drop 
caused by the resistor can be eliminated, and furthermore, 
the poWer supply voltage can be loWered. 
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[0073] Also, since the analog multiplying circuit is 
arranged by further comprised of: a second resistor con 
nected betWeen the emitter of the ?fth transistor and the 
emitter of the siXth transistor; a ?rst capacitor connected 
parallel to the ?rst inductor; and a second capacitor con 
nected parallel to the second inductor, there is such an effect 
that the linearly of this analog multiplying circuit can be 
improved. 

What is claimed is: 
1. An analog multiplying circuit comprising: 

a ?rst differential pair constructed of a ?rst transistor and 
a second transistor, the emitters of Which are commonly 
connected to each other; 

a second differential pair constructed of a third transistor 
and a fourth transistor, the emitters of Which are com 
monly connected to each other; 

a ?rst input terminal connected to a commonly-connected 
base of said second transistor and said third transistor; 

a second input terminal connected to a commonly-con 
nected base of said ?rst transistor and said fourth 
transistor; 

a ?rst output terminal connected to a commonly-con 
nected collector of said ?rst transistor and said third 
transistor; 

a second output terminal connected to a commonly 
connected collector of said second transistor and said 
fourth transistor; 

a ?rst resistor connected betWeen said ?rst output terminal 
and a poWer supply; 

a second resistor connected betWeen said output terminal 
and said poWer supply; 

a ?fth transistor, the collector of Which is connected to the 
commonly-connected emitter of said ?rst differential 
pair; 

a siXth transistor, the collector of Which is connected to 
the commonly-connected emitter of said second differ 
ential pair; 

a third resistor connected betWeen an emitter of said ?fth 
transistor and the ground; 

a fourth resistor connected betWeen an emitter of said 
siXth transistor and the ground; 

?rst input means connected to a base of said ?fth tran 
sistor; and 

second input means connected to a base of said siXth 
transistor; Wherein: 

said ?rst input means is arranged by ?rst current gener 
ating means, ?rst current mirror means constituted by 
both said ?fth transistor and a seventh transistor, a ?fth 
resistor connected betWeen an emitter of said seventh 
transistor and the ground, and a third input terminal 
connected to the emitter of said seventh transistor; and 

said second input means is arranged by second current 
generating means, second current mirror means consti 
tuted by both said siXth transistor and an eighth tran 
sistor, a siXth resistor connected betWeen an emitter of 
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said eighth transistor and the ground; and a fourth input 
terminal connected to the emitter of said eighth tran 
sistor. 

2. An analog multiplying circuit as claimed in claim 1 
Wherein: 

a ninth transistor for compensating a base current is 
employed in said ?rst current mirror means; and 

a tenth transistor for compensating a base current is 
employed in said second current mirror means. 

3. An analog multiplying circuit as claimed in claim 2 
Wherein: 

said third resistor is replaced by a ?rst inductor; and 

said fourth resistor is replaced by a second inductor. 
4. An analog multiplying circuit as claimed in claim 3 

Wherein: 

said analog multiplying circuit is further comprised of; 

a seventh resistor connected betWeen the emitter of said 
?fth transistor and the emitter of said siXth transistor; 

a ?rst capacitor connected parallel to said ?rst inductor; 
and 

a second capacitor connected parallel to said second 
inductor. 

5. A variable gain amplifying circuit comprising: 

a ?rst differential pair constructed of a ?rst transistor and 
a second transistor, the emitters of Which are commonly 
connected to each other; 

a second differential pair constructed of a third transistor 
and a fourth transistor, the emitters of Which are com 
monly connected to each other; 

a ?rst input terminal connected to a commonly-connected 
base of said second transistor and said third transistor; 

a second input terminal connected to a commonly-con 
nected base of said ?rst transistor and said fourth 
transistor; 

a ?rst output terminal connected to a collector of said ?rst 

transistor; 
a second output terminal connected to a collector of said 

fourth transistor; 

a ?rst resistor connected betWeen said ?rst output terminal 
and a poWer supply; 

a second resistor connected betWeen said output terminal 
and said poWer supply; 

variable gain control means constituted by said second 
transistor, and means for connecting the collector of 
said third transistor to the poWer supply; 

a ?fth transistor, the collector of Which is connected to the 
commonly connected emitter of said ?rst differential 
pair; 

a siXth transistor, the collector of Which is connected to 
the commonly-connected emitter of said second differ 
ential pair; 

a third resistor connected betWeen an emitter of said ?fth 
transistor and the ground; 
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a fourth resistor connected betWeen an emitter of said 
siXth transistor and the ground; 

?rst input means connected to a base of said ?fth tran 
sistor; and 

second input means connected to a base of said siXth 
transistor; Wherein: 

said ?rst input means is arranged by ?rst current gener 
ating means, ?rst current mirror means constituted by 
both said ?fth transistor and a seventh transistor, a ?fth 
resistor connected betWeen an emitter of said seventh 
transistor and the ground, and a third input terminal 
connected to the emitter of said seventh transistor; and 

said second input means is arranged by second current 
generating means, second current mirror means consti 
tuted by both said siXth transistor and an eighth tran 
sistor, a siXth resistor connected betWeen an emitter of 
said eighth transistor and the ground; and a fourth input 
terminal connected to the emitter of said eighth tran 
sistor. 

6. Avariable gain amplifying circuit as claimed in claim 
5 Wherein: 

a ninth transistor for compensating a base current is 
employed in said ?rst current mirror means; and 

a tenth transistor for compensating a base current is 
employed in said second current mirror means. 

7. Avariable gain amplifying circuit as claimed in claim 
6 Wherein: 

said third resistor is replaced by a ?rst inductor; and 

said fourth resistor is replaced by a second inductor. 
8. Avariable gain amplifying circuit as claimed in claim 

7 Wherein: 

said variable gain amplifying circuit is further comprised 
of: 

a seventh resistor connected betWeen the emitter of said 
?fth transistor and the emitter of said siXth transistor; 

a ?rst capacitor connected parallel to said ?rst inductor; 
and 

a second capacitor connected parallel to said second 
inductor. 

9. A frequency converting apparatus comprising: the 
analog multiplying circuit as recited in any one of claims 1 
to 4. 

10. A communication terminal apparatus comprising: the 
frequency converting apparatus as recited in claim 9. 

11. A communication terminal apparatus comprising: the 
variable gain amplifying circuit as recited in any one of 
claims 5 to 8. 

12. A base station apparatus comprising: 

the frequency converting apparatus as recited in claim 9. 
[claim 13] 

A base station apparatus comprising: 

the variable gain amplifying circuit as recited in any one 
of claims 5 to 8. 


