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VARIABLE-GAIN AMPLIFIER CIRCUIT AND ATTENUATOR CIRCUIT 

FIELD OF THE INVENTION 

The present invention relates to a variable-gain amplifier 

circuit and a variable-gain attenuator circuit. 

BACKGROUND OF THE INVENTION 

·A variable-gain amplifi~r or attenuator circuit as shown in 

Fig. 81 has been heretofore adopted as a volume-adjusting 

device in audio equipment, TV receivers, communications 

equipment, etc. to control the volume of an analog audio signal. 

This circuit comprises resistors Rl-Rn+l, an operational 

amplifier 101, and transistor switches Swl-Swn controlled by a 

control circuit 102. 

In brief, when a transistor Swi is conducting, no current is 

fed into the inverting input terminal of the operational 

amplifier 101 and so a terminal i is placed ·at the same 

potential as the inverting input terminal, forming a circuit 

equivalent to a circuit shown in Fig. 82. At this time, the ON 

resistance of the switch Swi is independent of the gain. 

In Fig. 82, resistances ri and rf are respectively given by 

r i = Rl + R2 + + Ri 

rf = Ri+l + +Rn+ Rn+l 

At this time, the gain Gi (dB), i.e., .. the ratio of the output 

voltage Vout to the input voltage Vin, is given by 
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G. = 20 •Lou (V -J = 20 *Lou (r') = 20 *Lou (R., ... i + · · · + R11 + R,,.,J 
, 010 J.j. 010 r, 010 Ri +~ +···+R., ( 1) 

It can be seen from Eq. ( 1) ·above that Rl-Rn+l are determined by 

the desired gain providing either amplification or attenuation 

that is obtained by- selectively closing. the s.witches. This 

circuit is fabricated often using semiconductor devices to 

miniaturize the circuit. 

If large amplification or large attenuation should be 

obtained by the gain of the circuit described above, or if the 

steps of gain are reduced, the ratio of the total resistance to 

the minimum resistance becomes exorbitantly large. Especially, 

where the circuit described above is fabricated using 

semiconductor devices, limitations are frequently imposed on 

the minimum size of the minimum resistor due to the limited 

ability to miniaturize resistive elements fabricated and due 

to limited accuracy achieved. Therefore, as the minimum 

resistance increases, the area of the whole resistance 

increases, thus increasing the dimensions of the circuit. 

Furthermore, when it is attempted to make the amplification 

or attenuation as large as possible by the gain of the circuit, 

the area of the resistor increases. Thus, the limitations 

placed on the circuit scale have made it impossible to produce 

large degrees of amplification or attenuation. 

The relation of the total resistance to the minimum 

resistance of the prior art circuit shown in Fig. 81 is next 
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described about the case where the circuit is used for 

amplification and about the case where the circuit is used for 

attenuation. 

It is first assumed that the circuit shown in Fig. 81 is used 

as an amplifier circuit having a variable gain. A desired gain 

providing amplification is derived by selectively closing the 

switches. Which of the resistors Rl -Rn+l gives the minimum 

resistance varies, depending on the number of the switches and 

on the desired gain. For example, where the gain is changed in 

negative equal steps a (dB) as is often used, Rl or R2 often 

becomes the minimum resistance. Under this condition, the 

above-described relation is expressed as described below. 

It is now assumed that when the switches Sl and S2 are closed, 

voltage gains of Gl and G2 are respectively produced (G2 = Gl + 

a). Thus; these gains can be respectively expressed as follows. 

Note that Gl is the maximum gain of this circuit. When Rl is 

the minimum resistance, if the total resistance Rall is 

expressed in terms of the minimum resistance Rl, we have 

R = ( 1 + l 0 ~) • R oll I (4) 
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Notice that Rl is the minimum resistance where the following 

relation holds: 

!?J. 
G > 20 *Lou {2 *10 20 + 1) • l OJO (5) 

When R2 is the minimum resistance, if the total resistance Rall 

is expressed in terms of the minimum resistance R2, the total 

resistance is given by 

If the relationship 

s. 5. 
1020 -1020 

s. 
G, < 20*Log,0 (2•10 20 + 1) 

holds, R2 gives the minimum resistance. 

(6) 

( 7 ) 

For example, where Gl = 50 dB and G2 = 40 dB (gain step= 

-10 dB), Eq. {5) holds and, therefore, Rl becomes the minimum 

resistance. Eg. ( 4) leads to Rall = 317. 2 x Rl. Consequently, 

the total resistance must be 317.2 times as large as the minimum 

resistance. 

Where Gl = 60 dB and G2 = 59 dB (gain step= -1 dB), Eq. (7) 
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holds and, therefore, R2 becomes the minimum resistance. Eq. 

(6) leads to Rall = 8212.9 x R2. Consequently, the total 

resistance must be 8212. 9 times as large as the minimum 

resistance. In this way, the ratio of the total resistance to 

the minimum resistance is very large. 

Generally, however, when an 'amplifier circuit is 

designed, allowances are given to the ideal gain providing 

amplification. Therefore, the values of Rall derived from Eqs. 

( 4) and ( 6 ) involve errors • 

An example that the circuit shown in Fig. 81 is used as a 

variable-gain c~rcuit providing attenuation is next described. 

Again, which of the resistors Rl-Rn+l gives the minimum 

resistance varies, depending on the number of the switches and 

on the desired attenuation· produced by selectively closing the 

switches. For example, where the gain is varied in negative 

equal steps a (dB) as is often used, Rn or Rn+l often becomes 

the minimum resistance. This situation is next described. 

It is now assumed that when the switches swn:.1 and swn are· 

closed, voltage gains of Gn-1 and Gn are respectively produced 

(Gn = Gn-1 +a). Thus, these gains can be respectively expressed 

as follows. 

G,._1 = 20 .. Log,o ( R,, + R .... 1 ) = 20 • Log10( R,. + R,, .. 1 ) ( 8) 
R1 +JS +···+R,._, R.r, -(R,, + R,. .. 1) 

G,, = 20* Log10( R,, .. 1 ) = 20 * Log10( R,..., ) c 9) 
R, +R2 +···+R.. R.u -R,, .. 1 
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where Gn is the maximum attenuation provided by the gain of this 

circuit. When Rn+l is the minimum resistance·, expressing the 

total resistance Rall in terms of the minimum resistance Rn+l 

gives rise to 

R.i1 = (1 + lE..J * R,,,.1 
1020 

(10) 

Note that Rn+l gives the minimum resistance provided that the 

following relation holds: 

[ ~ J }0 lO 

G,. <20* Log,0 ~ 
2 + }Q lO 

(11) 

When Rn gives the minimum.resistance, expressing the total 

resistance Rall in terms of Rn results in 

(1+10 °;}(1+10~J 
.R.a= c;.,..1 ( a..) ( a-1) a.. 10 20 * 1+1020 - 1+10 lO *10 10. 

*R 
" 

( 12)' 

If the relationship 

( 
!kl. J 10 20 

G,. > 20 * LoglO E::.t. 
2+10 20 

(13) 

holds, Rn gives the minimum resistance. 

For example, where Gn-1 = -40 dB and Gn = -SOdB (gain step = 

-10 dB), Eq. ( 11} holds and, therefore, Rn+l gives the minimum 

resistance. Eq. (10) leads to Rall= 317.2 x Rn+l. 
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consequently, the total resistance must be 317. 2 times as large 

as the minimum resistance. 

Where Gn-1 = -59 dB and Gn = -60dB (gain step = -1 dB), Eq. 

( 13) holds and, therefore, Rn gives the minimum resistance. Eq. 

(12) leads to Rall = 8212.9 x Rn. consequently, the total 

resistance must be 8212. 9 times as large as the minimum 

resistance. In this manner, the ratio of the total resistance 

to the minimum resistance is increased greatly. 

Generally, however, when an amplifier circuit is 

designed, allowances are given to the ideal gain providing 

amplification. Therefore, the values of Rall derived from Eqs. 

( 10) and ( 12) involve errors. 

In the examples given above, the gain is variable and 

changes in equal steps. Even where the gain step is not uniform, 

the ratio of the total resistance to the minimum resistance is 

very large in the configuration described above. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 

variable-gain amplifier circuit free of the foregoing problems. 

It is another object of the invention to provide a 

variable-gain attenuator circuit free of the foregoing 

probl~ms. 

The present invention provides a variable-gain amplifier 

circuit comprising: an operational amplifier having a gain and 

equipped with an inverting input terminal and an output 
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terminal; a first set of resistors fabricated on a 

semiconductor substrate, the resistors being connected in 

series; a second set of resistors fabricated on the 

semiconductor substrate; and a control means. A respective one 

end.of the resistors of the first set is connected with the 

output terminal of the operational amplifier. The other end 

forms a signal-input terminal of the variable-gain amplifier 

circuit •. All or some of the junctions of the resistors of the 

first set can be connected with the inverting input terminal of 

the operational amplifier and are ref erred to as the first 

connectable junctions. A respective one end of the resistors of 

the second set is connected with the signal-input terminal, 

while the other end is connected with a respective one of the 

junctions of the resistors of the first set. The contrc;>l means 

controls connection of the first connectable junctions with 

the inverting input terminal, thus controlling the gain of the 

operational amplifier. Where the variable-gain amplifier 

circuit is set at a large gain, or where the gain step should be 

reduced, the ratio of the total resistance to the minimum 

resistance can be made small. Hence, the circuit area can be 

reduced greatly. 

The present invention also provides a variable-gain 

attenuator circuit comprising: an operational amplifier 

having a gain and equipped with an inverting input terminal and 

an output terminal; a first set of resistors fabricated on a 

semiconductor substrate, the resistors being connected in 
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series; a second set of resistors fabricated on the 

semiconductor substrate; and a control means. A respective one 

end of the resistors of the first set is connected with the 

output terminal of the operational amplifier. The other end 

forms a signal-input terminal of the variable-gain attenuator 

circuit. All ~r some of the junctions of the resistors of the 

first set can be connected with the inverting input terminal of 

the operational amplifier and are referred to as the first 

connectable junctions. A respective one end of the resistors of 

the second set is connected with the output terminal of the 

operational amplifier, while the other end is connected with a 

respective one of the junctions of the resistors of the first 

set. The control means controls connection of the first 

connectable junctions with the inverting input terminal, thus 

controlling the gain of the operational amplifier. Where the 

variable-gain attenuator circuit is set at a large gain, or 

where the gain step should be reduced, the ratio of the total 

resistance to the minimum resistance can be made small. Hence, 

the circuit area can be reduced greatly. 

Other objects and features of the invention will appear in 

the course of the description thereof, which follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a circuit diagram of a variable-gain amplifier 

circuit in accordance with the present invention; 

Fig. 2 is a circuit diagram of another variable-gain 
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amplifier circuit in accor~ance with the invention; 

Fig. 3 is a circuit diagram of a specific example of the 

variable-gain amplifier circuit shown in Fig. 1; 

Figs. 4(a) and 4(b) are tables showing the resistance ratios 

of resistors included in the circuit shown in Fig. 3; 

Fig. 5 is a diagram of a circuit that is equivalent to the 

circuit shown in Fig. 3 but fabricated by the prior art 

technique; 

Fig. 6 is a table showing the resistance ratios of resistors 

included in the circuit shown in Fig. 5; 

Figs. 7(a) and 7(b) are tables showing the resistance ratios 

of resistors included in the circuit shown in Fig. 3; 

Fig. 8 is a table showing the resistance ratios of resistors 

included in the circuit shown in Fig. 5; 

Fig. 9 is a diagram of another circuit in accordance with the 

invention; 

Fig. 10 is a diagram of a further circuit in accordance with 

the invention; 

Figs. ll(a) and ll(b) are tables showing the resistance 

ratios of resistors included in the circuits shown in Figs. 9 

and 10, respectively; 

Fig. 12 is a diagram of a circuit that is equivalent to the 

circuits shown in Figs. 9 and 10 but fabricated by the prior art 

technique; 

Fig. 13 is a table showing the resistance ratios of 

resistors included in the circuit shown in Fig. 12; 
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Figs. 14(a) and 14(b) are tables showing the resistance 

ratios of resistors included in the circuits shown in Figs. 9 

and 10, respectively; 

Fig. 15 is a table showing the resistance ratios of 

resistors included in the circuit shown in Fig. 12; 

Fig. 16 is a diagram of a yet other circuit in accordance 

with the invention; 

Fig. 17 is a diagram of a circuit equivalent to the circuit 

shown in Fig. 16; 
.. 

Fig. 18 is a diagram of another circuit equivalent to the 

circuit shown in Fig. 16; 

Fig. 19 is a diagram of a further circuit equivalent to the 

circuit shown in Fig. 16; 

Fig. 20 is a table showing the res.istance ratios of 

resistors included in the circuit shown in Fig. 16; 

Fig. 21 is a diagram of a circuit that is equivalent to the 

circuit shown in Fig. 16 but fabricated by the prior art 

technique; 

Fig. 22 is a table showing the resistance ratios of 

resistors included in the circuit shown in Fig. 21; 

Fig. 23 is a diagram of a still further circuit in accordance 

with the invention; 

Fig. 24 is a table showing the resistance ratios of 

resistors included in the circuit shown in Fig. 23; 

Fig. 25 is a diagram of a circuit that is equivalent to the 

circuit shown in Fig. 23 but fabricated by the prior art 
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technique; 

Fig. 26 is a table showing the resistance ratios of 

resistors included in the circuit shown in Fig. 25; 

Fig. 27 is a diagram of an additional circuit in accordance 

with the invention; 

Fig. 28 is a diagram of a yet further circuit in accordance 

with the invention; 

Figs. 29(a) and 29(b) are tables showing the resistance 

ratios of resistors included in the circuits shown in Figs. 27 

and 28, respectively; 

Fig. 3.0 is a diagram of a circuit that is equivalent to the 

circuits shown in Figs. 27 and 28 but fabricated by the prior 

art technique; 

Fig. 31 is a table showing the resistance ratios of 

resistors included in the circuit shown in Fig. 30; 

Fig. 32 is a diagram of another circuit in accordance with 

the invention; 
. 

Fig. 33 is a diagram of another circuit in accordance with 

the invention; 

Figs. 34(a) and 34(b). are tables showing the resistance 

ratios of resistors included in the circuits shown in Figs. 32 

and 33, respectively; 

Fig. 35 is a diagram of a circuit that is equivalent to the 

circuits shown in Figs. 32 and 33 but fabricated by the prior 

art technique; 

Fig. 36 is a table showing the resistance ratios of 
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resistors included in the ci_rcuit shown in Fig. 35; 

Fig. 37 is a diagram of another circuit in accordance with 

the invention; 

Fig. 38 is a table showing the resistance ratios of 

resistors included in the circuit shown in Fig. 37; 

Fig. 39 is a diagram of a circuit that is equivalent to the 

cirCl:~it shown in Fig. 38 but fabricated by the prior art 

technique; 

Fig. 40 is a table showing the resistance ratios of 

resistors included the circuit shown in Fig. 39; 

Fig. 41 is a diagram of another circuit in accordance with 

the invention; 

Fig. 42 is a diagram of another circuit in accordance with 

the invention; 

Fig. 43 is a diagram of one example of the circuit shown iri 

Fig. 1; 

Figs. 44(a) and 44(b) are tables showing the resistance 

ratios of resistors included in the circuit shown in Fig. 43; 

Fig. 45 is a diagram of a circuit that is equivalent to the 

circuit shown in Fig. 43 but fabricated by the prior art 

technique; 

Fig. 46 is a table showing the resistance ratios of 

resistors included in the circuit shown in Fig. 45; 

Figs. 47(a) and 47(b) are tables showing the resistance 

ratios of resistors included in the circuit shown in Fig. 43; 

Fig. 48 is a table showing the resistance ratios of 
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resistors included in the circuit shown in Fig. 45; 

Fig. 49 is a diagram of another circuit in accordance with 

the invention; 

Fig. 50 is a diagram of another circuit in accordance with 

the invention; 

Figs. 5l(a) and Sl{b) are tables showing the resistance 

ratios of resistors included in the circuits shown in Figs. 49 

and 50, respectively; 

Fig. 52 is a diagram of a circuit that is equivalent to the 

circuits shown in Figs. 49 and 50 but fabricated by the prior 

art technique; 

Fig. 53 is a table showing the resistance ratios of 

resistors included in the circuit shown in Fig. 52; 

Figs. 54(a) and 54(b) are tables showing the resistance 

ratios of resistors included in the circuits shown in Figs. 49 

and 50, respectively; 

Fig. 55 is a table showing the resistance ratios of 

resistors included in the circuit shown in Fig. 52; 

Fig. 56 is a diagram of another circuit in accordance with 

the invention; 

Fig. 57 is a diagram of a circuit equivalent to the circuit 

shown in Fig. 56; 

Fig. 58 is a diagram of another circuit equivalent to the 

circuit shown in Fig. 56; 

Fig. 59 is a diagram of a further circuit equivalent to the 

circuit shown in Fig. 56; 
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Fig. 60 is a table showing the resistance ratios of 

resistors included in the circuit shown in Fig. 56; 

Fig. 61 is a diagram of a circuit that is equivalent to the 

circuit shown in Fig. 56 but fabricated by the prior art 

technique; 

Fig. 62 is a table showing the resistance ratios of 

resistors included in the circuit shown in Fig. 61; 

Fig. 63 is a diagram of another circuit in accordance with 

the invention; 

Fig. 64 is a table showing the resistance ratios of 

resistors included in the circuit shown in Fig. 63; 

Fig. 65 is a diagram of a circuit that is equivalent to the 

circuit shown in Fig. 63 but fabricated by the prior art 

technique; 

Fig. 66 is a table showing the resistance ratios of 

resistors included in the circuit shown in Fig. 65; 

Fig. 67 is a diagram of another circuit in accordance with 

the invention; 

Fig. 68 is a diagram of another circuit in accordance with 

the invention; 

Figs. 69(a) and 69(b) are tables showing the resistance 

ratios of resistors included in the circuits shown in Figs. 67 

and 68, respectively; 

Fig. 70 is a diagram of a circuit that is equivalent to the 

circuits shown in Figs. 67 and 68 but fabricated by the prior 

art technique; 
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Fig. 71 is a table showing the resistance ratios of 

resistors included in the circuit shown in Fig. 70; 

Fig. 72 is a diagram of another circuit in accordance with 

the invention; 

Fig. 73 is a diagram of another circuit in accordance with 

the invention; 

Figs. 74(a) and 74(b) are tables showing the resistance 

ratios of resistors included in the circuits shown in Figs. 72 

and 73, respectively; 

Fig. 75 is a diagram of a circuit that is equivalent to the 

circuits shown in Figs. 72 and 73 but fabricated by the prior 

art technique; 

Fig. 76 is a table showing the resistance ratios of 

resistors included in the circuit shown· in Fig. 75; 

Fig. 77 is a diagram of another circuit in accordance with 

the invention; 

Fig. 78 is a table showing the resistance ratios of 

resistors included in the circuit shown in Fig. 77; 

Fig. 79 is a diagram of a circuit that is equivalent to the 

circuit shown in Fig. 78 but fabricated by the prior art 

technique; 

Fig. .80 is a table showing the resistance ratios of 

resistors included in the circuit shown in Fig. 79; 

Fig. 81 is a diagram of a known circuit; and 

Fig. 82 is a diagram of a circuit equivalent to the circuit 

shown in Fig. 81. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A variable-gain amplifier circuit in accordance with the 

present invention is first described. A general example of this 

variable-gain amplifier circuit is shown in Fig. 1. This 

circuit comprises an operational amplifier 1, a first set of 

resistors Rl-Rn+l, a second set of resistors Rxl-Rxm, switches 

SWl-SWn, a control circuit 2 that forms a control means and 

controls the switches SWl-SWn and other elements. The control 

circuit 2 closes only one of the switches SWl-SWn. The 

resistors Rxl-Rxm are fabricated on a semiconductor substrate, 

and generally consist of poly silicon, thin-film resistors, 

diffused resistors, <?r other resistive elements. In this 

embodiment, all the junctions of the resistors Rl-Rn+l can be 

connected with the inverting input terminal of the operational 

amplifier 1 by the switches SWl-SWn. 

Another general example of the variable-gain amplifier 
. 

circuit is shown in Fig. 2. This circuit comprises an 

operational amplifier 1, a first set of resistors Rl-Rn+l, a 

second set of resistors Rxl-Rxm, switches SWl-SWi, a control 

circuit 2 forming a control means and controlling the switches 

SWl-SWi and other components. Also, in this case, the control 

circuit 2 closes only one of the switches SWl-SWi at all times. 

In this embodiment, some of the resistors of the second set are 

connected with the junctions of the resistors to which no 

switches are connected. Specific examples of the circuits 
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shown in Figs. 1 and 2 are given below. 

First, a specific example of the circuit shown in Fig. 1 is 

described. For simplicity, it is assumed that the first set of 

resistors consists of three resistors and that two switches are 

mounted. This is described in detail by referring to Fig. 3. 

In this example, the first set of resistors consists of 

resistors Rl, R2 and R3 connected in series. One end of the 

resistor R3 is connected with the output of the operational 

amplifier 1. One end of the resistor Rl is connected with a 

signal-input terminal Vin. The second set of resistors 

consists of a resistor Rxl. One end of this resistor Rxl is 

connected with the signal-input terminal Vin, while the other 

end is connected with the junction of the resistors R2 and R3. A 

switch SWl is inserted between the junction of the resistors Rl 

and R2 and the inverting input terminal of the amplifier 1. 

Another switch SW2 is inserted between the junction of the 

resistors R2 and R3 and the inverting input terminal of the 

amplifier 1. It is to be noted that the same components are 

indicated by the same reference numerals in various figures. 

In this configuration, where ideal gains of 25 dB and 20 dB 

should be obtained by closing the switches SWl and SW2, 

respectively, the resistance ratios of the resistors Rl, R2, R3 

and Rxl should be set as listed in the tables of Figs. 4 (a) and 

4 (b), respectively. These various resistance ratios are 

obtained where the minimum resistance is set to 1. Generally, 

however, the ideal gains derived from the determined 
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resistance ratios and providing amplification should be given 

allowances. In this and the following examples, the gains 

determined for the ideal gains permit allowances of ± O. 2 dB. 

A comparative example is given in Fig. 5, and comprises a 

circuit that has the same gain as the circuit shown in Fig. 3 

but fabricated by the prior art technique. In this case, Eq. (5) 

above holds. The resistor R2 becomes the minimum resistance. 

The resistance values of the resistors are given in the table of 

Fig. 6. The resistance ratios of the various resistors are 

found, assuming that the minimum resistance is 1, in the same 

way as in Figs. 4(a) and 4(b). 

As can be seen by comparison of the total resistances given 

in Tables of Figs. 4 (a) , 4 ( b) and 6, the required total 

resistance in the present embodiment can be set about 11.9 or 

10.8 times as large as the minimum resistance, while the total 

resistance required for the prior art configuration is about 

26.5 times as large as the minimum resistance. Therefore, the 

area of the circuit occupied by the resistors can be reduced 

greatly. Where the same area is used for the resistors as in the 

prior art technique, greater gains providing amplification can 

be obtained. 

In the configuration shown in Fig. 3, if ideal gains of 60 dB 

and 40 dB should be obtained by closing the switch SWl and SW2, 

respectively, the resistance ratios of the resistors Rl, R2, R3 

and Rxl should be set as listed in the tables of Figs. 7 (a} and 

7(b}, respectively. These various resistance ratios are 
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obtained where the minimum resistance is set to 1. 

Where the same gains providing amplification as the 

foregoing should be obtained using the circuit shown in Fig. 5, 

Eq. ( 7) above holds. The res is tor Rl becomes the minimum 

resistance. The resistance values of the various resistors are 

listed in the table of Fig. a. The resistance ratios of the 

various res·istors are found, assuming that the minimum 

resistance is 1, in the same way as in Fig. 4. 

As can be seen by comparison of the total resistances given 

in Tables of Figs. 7 (a) , 7 ( b) and 8, the required total 

resistance in the present embodiment can be set about 131. 3 or 

14 7 .6 times as large as the minimum resistance, while the total 

resistance required for the prior art-configuration is 1001 

times as large as the minimum resistance. Therefore, the area 

of the circuit occupied by the resistors can be reduced greatly. 

Where the same area is used for the resistors as in the prior 

art technique, greater gains providing ainplif ication can be 

obtained. 

Examples in which four resistors are used as the first set of 

resistors and three switches are mounted are next described in 

detail by referring to Figs. 9 and 10. 

In Figs. 9 and 10, the first set of resistors consists of 

resistors Rl, R2, R3 and R4 connected in series. one end of the 

resistor R4 is connected with the output of an operational 

amplifier 1. One end of the resistor Rl is connected with a 

signal-input terminal Vin. 
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In Fig. 9, the second set of resistors consists of a resistor 

Rxl whose one end is connected with a signal-input terminal Vin, 

the other end being connected with the junction of· the 

resistors R3 and R4. A switch SWl is inserted between the 

junction of the resistors Rl and R2 and the inverting input 

terminal of the oper~tional amplifier 1. Another switch SW2 is 

connected between the junction of the resistors R2 and R3 and 

the inverting input terminal of the amplifier 1. A further 

switch SW3 is placed between the junction of the resistors R3 

and R4 and the inverting input terminal of the amplifier 1. · 

In Fig. 10, the second set of resistors consists of a 

resistor Rxl whose one end is tied to a signal-input terminal 

Vin, the other being connected with the junction of the 

resistors R2 and R3. A switch SWl is connected between the 

junctions of the resistors Rl and R2 and the inverting input 

terminal of the operational amplifier 1. Another switch SW2 is 

inserted between the junction of the resistors R2 and R3 and the 
. 

inverting input terminal of the amplifier 1. A further switch 

SW3 is placed between the junction of the resistors R3 and R4 

and the inverting input terminal of the amplifier 1. 

In this configuration, where ideal gains of 40 dB, 35 dB and 

30 dB should be obtained by closing the switch SWl, SW2 and SW3, 

respectively, the resistance ratios of the resistors Rl, R2, R3, 

R4 and Rxl should be set, for example, as listed in the tables 

of Figs. ll{a) and ll{b). The table of Fig. ll(a) shows an 

example of adopting the structure of Fig. 9. The table of Fig. 
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ll(b) shows an example of adopting the structure of Fig. 10. In 

either case, the various resistance ratios are obtained under 

the condition that the minimum resistance is set to 1. 

Where the prior art technique is used, the circuit is 

designed as shown in F.ig. 12. Where the same ideal gains should 

be obtained as the foregoing, Eq. ( 5) above holds. The res is tor 

R2 becomes the minimum resistance. The resistance values of the 

various resistors are listed in the table of Fig. 13. The 

resistance ratios are found, assuming that the minimum 

resistance is 1, in the same way as in Fig. 4. 

In the configurations s·hown in Figs. 9 and 1 O, where ideal 

gains of 40 dB, 20 dB and·O dB should be obtained by closing the 

switch SWl, SW2 and SW3, respectively, the resistance ratios of 

the resistors Rl, R2, R3, R4 and Rxl should be set as listed in 

the tables of Figs. 14(a) and 14(b). Also, in this case, the 

various resistance ratios are obtained under the condition 

that the minimum resistance is f?et to 1. 

Where the same ideal gains as the foregoing should be 

obtained, using the circuit shown in Fig. 12, to provide 

ampl·if ication, Eq. ( 7) holds, and the res is tor Rl becomes the 

minimum resistance. The various resistors assume resistance 

values as listed in the table of Fig. 15. Again, the various 

resistance values are found, assuming that the minimum 

resistance is 1. 

An example in which seven resistors are used as the first set 

of resistors and six switches are mounted is next described in 
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detail by referring to Fig. 16. Especially, the manner in which 

various resistance ratios are determined is described in· 

detail. 

In Fig. 16, the first set of resistors consists of resistors 

Rl-R7 connected in series. One end of the resistor R7 is 

connected with the output of an operational amplifier 1. One 

end of the resistor Rl is connected with a signal-input 

terminal Vin. The second set of resistors consists of resistors 

Rxl and Rx2. one end of the resistor Rxl is connected with the 

signal-input terminal Vin, while the other end is connected 

with the junction of the resistors R4 and RS. One end of the 

resistor RX2 is connected with the input terminal Vin, whereas 

the other end is connected with the junction of the resistors R2 

and R3. A switch SWl is connected between the junction of the 

resistors Rl and R2 and the inverting input terminal of the 

operational amplifier 1. Similarly, other switches SW2-SW6 are 

connected between their respective junctions of the resistors 
. 

R2-R7 and the inverting input terminal of the amplifier 1. 

In this configuration, the switches SW1-SW6 are closed in 

turn to produce ideal gains of 50 dB, 40 dB, 30 dB, 20 dB, 10 dB 

and O dB, respectively. 

When the switch SW4, SWS, or SW6 is closed, the circuit of 

Fig. 16 is equivalent to the circuit shown in Fig. 17. Similarly, 

when the switch SW2 or SW3 is closed, the circuit of Fig. 16 is 

equivalent to a circuit shown in Fig. 18. When the switch SWl is 

closed, the circuit of Fig. 16 is equivalent to a circuit shown 



24 

in Fig. 19. 

For example, when the switch SW6 is closed, the resistor R2 

of Fig. 17 is equivalent to the resistor R7 of Fig. 16, and the 

resistor rl of Fig. 17 ~s equivalent to the composite resistor 

of the resistors Rl-R6, Rxl and Rx2 of Fig. 16. Similarly, 

when the switch SW3 is closed, the resistor r3 of Fig. 18 is 

equivalent to {RS+ R6 + R7), the resistor r2 is equivalent to 

R4, the resistor rxl is equivalent to Rxl, and the resistor rl 

is equivalent to the composite resistance of Rl, R2, R3 and Rx2. 

The gain of the amplifier circuit shown in Fig. 17 is given by 

{14) 

The gain of the amplifier circuit shown in Fig. 18 is given by 

[ ]

-1 

v . 
..:...R!L = 20. Log 1j 
v" 10 r, • <'l + 'll 

. r.d +1j+12 
{15) 

The gain of the amplifier circuit shown in Fig. 19 is given by 

Eqs. (14)-(16), the ideal gain obtained by selectively 
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closing the switches, and the allowance given to the ideal gain 

that provides amplification determine the resistance rati<?s of 

the resistors Rl-R7, Rxl and Rx2 and which of the resistors 

gives the minimum resistance. However, it is necessary that 

some of these resistors Rl-R7, Rxl and Rx2 be previously set to 

arbitrary values. For example, if the values of the resistors 

R7, (Rl+R2) and (R3+R4) are previously set, the resistance 

ratios of the resistors Rl-R7, Rxl and Rx2 are determined. This, 

in turn, determines the gain having some tolerance t() the ideal 

gain. One example of a set of resistance ratios is shown in the 

table of Fig. 20. In this table, the various resistance ratios 

are determined, assuming that the minimum resistance is 1. 

Fig. 21 shows a configuration fabricated by the prior art 

technique. Where the same ideal gains as the foregoing should 

be obtained, Eq. (5) above holds, and the resistor Rl becomes 

the minimum resistance. The resistance values of the various 

resistors are listed in the table of Fig. 22. Also, in this case, 

the various resistance values are determined, assuming that 

the minimum resistance is 1. 

In this way, the total resistance required by the prior 

method is about 313 times as large as the minimum resistance. In 

contrast, in the present invention, the required total 

resistance is only about 31 times as large as the minimum 

resistance. 

Fig. 23 shows an example in which the first set of resistors 

consists of eight resistors Rl-R8, the second set of resistors 
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consists of two resistors Rxl and Rx2 and seven switches 

SW1-SW7 are mounted. 

It is assumed that closing the switches SW1-SW7 of this 

configuration in turn produces ideal gains of 30 dB, 25 dB, 20 

dB, 15 dB, 10 dB, 5 dB and O dB, respectively. The resistance 

ratios of the resistors Rl-R8, Rxl and Rx2 may be set as listed 

in the table of Fig. 24, for example. 

Where the prior art technique is utilized, a configuration 

as shown in Fig. 25 is obtained. Where the same ideal gains. as 

the foregoing should be obtained, Eq. (7) above holds, and the 

resistor R2 becomes the minimum resistance. The various 

resistors assume resistance values as listed in the table of 

Fig. 26. Also, in this case, the resistance ratios of the 

various resistors are determined, assuming that the minimum 

resistance is 1. 

Figs. 27 and 28 show examples in which the first set of 

resistors consists of five resistors Rl-R5, the second set of 

resistors consists of one resistor Rxl, and four switches 

SW1-SW4 are mounted. 

It is assumed that closing the switches SW1-SW4 of this 

configuration in turn produces ideal gains of 40 dB, 25 dB, 20 

dB and O dB, respectively. The resistance ratios of the 

resistors Rl-R5 and Rxl may be set as listed in the tables of 

Figs. 29{a), and 29(b), which correspond to Figs. 27 and 28, 

respectively. 

Where the prior art technique is utilized, a configuration 
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as shown in Fig. 30 is obtained. Where the same ideal gains as 

the foregoing should be obtained, the resistance values of the 

various resistors are set as listed in the table of Fig. 31~ 

Also,· in this case, the ~esistance ratios. of the various 

resistors are determined, assuming that the minimum resistance 

is 1. 

It is assumed that closing the switches SW1-SW4 of the 

configurations of Figs. 32 and 33 in turn produces ideal gains 

of 32 dB, 26 dB, 22 dB and 20 dB, respectively. The resistance 

ratios of the various resistors may be set as listed in the 

tables of Figs. 34(a) and 34(b), which correspond to Figs. 32 

and 33, respectively. Fig. 33 shows a specific example of the 

circuit shown in Fig. 2, and in which one end of each of 

resistors of the second set is connected to junctions of the 

resistors between the resistors that are connected with no 

switch. 

Where the prior art technique is utilized, a 

configuration as shown in Fig. 35 is obtained. Where the same 

ideal gains as the foregoing should be obtained, the resistance 

values of the various resistors are set as listed in the table 

of Fig. 36. Also, in this case, the resistance ratios of the 

various resistors are determined, assuming that the minimum 

resistance is 1. 

It is assumed that closing the switches SW1-SW8 of the 

configuration shown in Fig. 37 in turn produces ideal gains of 

70 dB, 60 dB, so dB, 40 dB, 30 dB, 20 dB, 10 dB and 0 dB, 
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respectively. The resistance ratios of the resistors may be set 

as listed in the table of Fig. 38, for example. 

Where the prior art technique is utilized, a 

configuration as shown in Fig. 39 is obtained. Where the same 

ideal gains as the foregoing should be obtained, the resistance 

values of the various resistors are set as listed in the table 

of· Fig. 40. Also, in this case, the resistance ratios of the 

various resistors are determined, assuming that the minimum 

resistance is 1. 

In this way, the ratio of the total resistance to the minimum 

resistance can be made smaller than heretofore. Therefore, 

where a resistor is fabricated from a semiconductor resistive 

element whose minimum resistor size is limited, the area of the 

resistor portion can be made small. Where the same area as used 

conventionally is used, greater gain providing amplification 

is obtained. 

In the above examples, the first set of resistors consists 

of .3 to 9 resistors, and the second set of resisto·rs consists of 

1 to 3 resistors. Some combinations of them are used in the 

descriptions of the above examples. 

It is to be noted that the foregoing examples merely 

constitutes exemplary embodiments of the present invention. In. 

Fig. 1, the number of resistors of the first set (n+l) and the 

number of switches n are determined according to the required 

number of steps. The number of resistors of the second set m can 

be increased up to n-2. The positions of their junctions can be 
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set at will between the junc.tion of the resistors R2 and R3 and 

the junction of the resistors Rn and Rn+l. 

The obtained- gain of the circuit shown in Fig. 1 can be 

expressed in terms of the above equations using the values of 

the various resistors, irrespective of the design of the 

circuit. The resistors can be set to appropriate values 

according to these equations. 

we have derived a general formula (using n and m) exJ,_:>ressing 

the relation of each resistance value to the gain of the 

configuration shown in Fig. 1. Since this general formula has 

an exorbitant number of items and can never be presented in this 

specification, this formula is omitted herein. 

In the circuit shown in Fig. 2, the number of resistors, the 

junctions, and the various resistance values can be 

appropriately set. Examples of the variable-gain amplifier 

circuit have been presented thus far. Examples of a 

variable-gain attenuator circuit are given below. 

Figs. 41 and 42 show examples of a variable-gain attenuator· 

circuit in accordance with the invention. In the variable-gain 

amplifier circuit described above, one end of eac~ of the 

resistors Rxl-Rxm of the second set is connected with the 

signal-input terminal Vin. In contrast, in the variable-gain 

attenuator circuits shown in Figs. 41 and-42, one end of each of 

the resistors is connected with the output of the operational 

amplifier 1. These attenuator circuits shown in Figs. 41 and 42 

are similar to the above-described variable-gain amplifier 
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circuit in other respects. 

First, a specific example of the circuit shown in Fig. 41 is 

described. It is assumed that ideal gains of 20 dB and 25 dB 

are obtained by closing switches SWl and SW2 of an amplifier 

circuit shown in Fig. 43. The resistance ratios of these 

resistors may be set, for example, as listed in the.tables of 

Figs. 44(a) and 44(b) for these gains, respectively. 

where the prior art technique is utilized, a 

configuration as shown in Fig. 45 is obtained. where the same· 

ideal gains as the foregoing should be obtained, the resistance 

values of the various resistors are set as listed in the table 

of Fig. 46. Also, in this case, the resistance ratios of the 

various resistors are determined, assuming that the minim.um 

resistance is 1 • 

It is assumed that closing the switches swl and SW2 of the 

configuration shown in Fig. 43 in turn produces ideal gains of 

-40 dB and -60 dB, respectively. The resistance ratios of the 

resistors may be set as listed in the tables of Figs. 4 7 (a) and 

4 7 ( b) for these gains, respectively. 

Where the same ideal gains as the foregoing should be 

obtained with the conventional structure shown in Fig. 45, the 

various resistors assumed resistance values as listed in the 

table of Fig. 4 8. Also, in this case, the resistance ratios of 

the various resistors are determined, assuming that the 

minimum resistance is 1. 

It is assumed that closing the switches SW1-SW3 of the 
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configurations shown in Figs •. 49 and 50 in turn pi;-oduces ideal 

gains of -30 dB, -35 dB and -40 dB, respectively. The resistance 

ratios of the resistors may be set as listed in the tables of 

Figs. 5l(a) and 5l(b)_ for these gains, respectively. Figs. 

51 (a) and 51 ( b) correspond to Figs. 4 9 and 5 O, respectively. 

Where the prior art technique is utilized, a 

configuration as shown in Fig. 52 is obtained. Where the same 

ideal gains as the foregoing should be obtained, the resistance 

values of the various resistors are set as listed in the table 

of Fig. 53. Also, in this case, the resistance ratios of the 

various resistors are determined, assuming that the minimum 

resistance is 1. 

It is assumed that closing the switches SW1-SW3 of the 

configurations shown in Figs. 49 and 50 in turn produces ideal 

gains of: O dB, -20 dB and -40 dB, respectively. The resistance 

ratios of the resistors may be set as listed in the tables of 

Figs. ·54(a} and 54(b) for these gains, respectively. Figs. 

54(a) and 54(b) correspond to Figs. 49 and 50, respectively. 

Where the prior art technique is utilized, a 

configuration as shown in Fig. 52 is obtained. Where the same 

ideal gains as the foregoing should be obtained, the resistance 

values of the various resistors are set as listed in the table 

of Fig. 55. Also, in this case, the resistance ratios of the 

various resistors are determined, assuming that the minimum 

resistance is 1. 

An example of using seven resistors as the first set of 
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re.sistor and mounting six switches is described in further 

·detail by referring to Fig. 56. Especially, the manner in which 

the various resistance ratios are determined is described in 

greater detall. 

In Fig. 56, the first set of resistors consists of 

resistors Rl-R7 connected in series. One end of the resistor R7 

is connected with the output of an operational amplifier 1. One 

end of the resistor Rl is connected with a signal-input 

terminal Vin. The second .set of resistors consists of Rxl and 

Rx2. One end of the resistor Rxl is connected with the output of 

the amplifier 1, while the other end is connected with the 

junction of the resistors R3 and R4. one end of the resistor Rx2 

is connected with the output of the amplifier 1, whereas the 

other end is c;::onnected with the junction of the resistors RS and 

R6. A switch SWl is connected between the junction of the 

resistors Rl and R2 and the inverting input terminal of the 

operational amplifier 1. Similarly, other switches SW2-SW6 are 

connected between their respective junctions of ·the resistors · 

R2-R7 and the inverting input terminal of the amplifier 1. 

It is assumed that closing the switches SW1-SW6 of this 

configuration in turn produces ideal gains of 0 dB, -10 dB, -20 

dB, -30 dB, -40 dB and -50 dB, respectively. 

When the switch SWl, SW2, or SW3 is closed, the circuit of 

Fig. 56 is equivalent to a circuit shown in Fig. 57. Similarly, 

when the switch SW4 or SW5 is closed, the circuit of Fig. 56 is 

equivalent to a circuit shown in Fig. 58. When the switch SW6 is 
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closed, the circuit of Fig. 56 is equivalent to a circuit shown 

in Fig. 59 .. 

For example, when the switch SWl is closed, the resistor Rl 

of Fig. 57 is equivalent to the resistor Rl of Fig. 56, and the 

resistor r2 of Fig. 57 is ~quivalent to the composite resistor 

of the resistors R2-R7; Rxl and Rx2 of Fig. 56. Similarly, when 

the switch SW4 is closed, the resistor rl of Fig. 58 is 

equivalent to (Rl + R2 + R3), the resistor r2 is equivalent to 
. . 

R4, the resistor rxl is equivalent to Rxl, and the r'esistor r3 

is equivalent to the composite resistor of RS, R6, R7 and Rx2. 

The gain of the circuit shown in Fig. 57 is given by 

(17) 

The gain of the circuit shown in Fig. 58 is given by 

(18) 

The gain of the amplifier circuit shown. in Fig. 59 is given by 
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Eqs. ( 17)-(19), the ideal gain obtained by selectively 

closing the switches, and the allowance given to the ideal gain 

that provides attenuation determine the resistance ratios of· 

the resistors Rl-R7, Rxl and Rx2 and which of res·istors becomes 

the.minimum resistance. However, it is necessary that some of 

these resistors Rl-R7, Rxl and Rx2 be previously set to any 

values. For example, if the values of the resistors Rl, (R4+R5) 

and (R6+R7) are previously set, the resistance ratios of the 

resistors Rl-R7, Rxl and Rx2 are determined. This, in turn, 

determines the ideal gain to some tolerance. One example of a 

set of resistance ratios is shown in the table of Fig. 60. In 

this table, the various resistance ratios are determined, 

assuming that the minimum resistance is 1 ~ 

· Where the prior art technique i·s utilized, a 

configuration as shown in Fig. 61 is obtained. Where the same 

ideal gains as the foregoing should be obtained, the resistance 

values of the various resistors are set as listed in the table 

of Fig. 62. Also, in this case, the resistance ratios of .the· 

various resistors are determined, assuming that the mini.mum 

resistance is 1 • 

Iri this embodiment, the total resistance required by the 

prior method is about only ~1 times as large as the minimum 

resistance. In contrast, in the prior art method, tpe required 

total resistance is about 313 times as large as the minimum 

resistance. 

It is assumed that closing the switches SW1-SW7 of the 
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configuration show in Fig. 63 in turn produces ideal gains of o 
dB, -5 dB, -10 dB, - 15 dB, -20 dB, - 25 dB and -30 dB, 

respectively. The resistance ratios of the resistors Rl-R8, 

Rxl and Rx2 m:ay be set as given in the table of Fig. 64. 

Where the prior art technique is utilized, a 

configuration as shown in Fig. 65 is obtained. Where the same 

ideal gains as the foregoing should be obtained, the various 

resistors assume resistance values as listed in the table of 

Fig. 66. Also, in this case, the resistance ratios of the 

various resistors are determined, assuming that the minimum 

resistance is 1. 

It is assumed that closing the switches SW1-SW4 of the 

configurations shown in Figs. 67 and 68 in turn produces ideal 

gains of 0 dB, -20 dB, - 25 dB and -40 dB, respectively. The 

resistance ratios of the resistors Rl-RS and Rxl may be set as 

listed in the tables of Figs. 69(a) and 69(b) for these gains, 

respectively. Figs. 69(a) and 69(b) correspond to Figs •. 67 and 

68, respectively. 

Where the prior art technique is utilized, a 

configuration as shown in Fig. 70 is obtained. Where the same 

ideal gains as the foregoing should be obtained, the various 

resistors assume resistance values as listed in the table of 

Fig. 71. Also, in this case, the resistance ratios of the 

various resistors are determined, assuming that the minimum 

resistance is 1. 

It is assumed that closing the switches SW1-SW4 of the 
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configurations shown in Figs. 72 and 73 in turn produces ideal 

gains of -20 dB, - 22 dB, - 26 dB and -32 dB, respectively. -The 

resistance ratios of the resistors may be set as listed in the 

tables of Figs. 74(a) and 74(b) for these gains, respectively. 

Figs. 74(a) and 74(b) correspond to Figs. 72 and 73, 

respectively. Fig. 73 shows a. specific example of the c"ircuit 

shown in Fig. 42. 

Where the prior art technique is utilized~ a 

configuration as shown in Fig. 75 is obtained. Where the same 

ideal gains as the foreg~ing should be obtained, the various 

resistors assume resistance values as listed in the table of 

Fig. 76. Also, in -this case, the res·istance ratios of the 

various resistors are determined, assuming that the minimum 

resistance is 1. 

It is assumed that closing the switches SW1-SW8 of the 

configuration shown in Fig. 77 in turn produces ideal gains of O 

dB, -10 dB, -20 dB, -30 dB, -40 dB, -50 dB, -60 dB and 70 dB, 

respectively. The resistance ratios of the resistors may be set, 

for example, as listed in the table of Fig. 78. 

Where the prior art technique is utilized, a 

configuration as shown in Fig. 79 is obtained. Where the same 

ideal gains as the foregoing shoul.d be obtained, the various 

resistors assume resistance values as listed in the table of 

Fig. 80. Also, in this case, the resistance ratios of the 

various resistors are determined, assuming that the minimum 

resistance is 1 . 
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In this way, the ratio of the total resistance to the minimum 

resistance can be made smaller than heretofore. Therefore, 

where a resistor is fabricated from a semiconductor resistive 

element whose minimum resistance size is limited, the area of 

the resistive portion can be made small. Where the same area as 

used conventionally is used, greater gain providing 

attenuation is obtained. 

In the above examples of the variable-gain attenuator 

circuit, the first set of resistors.consists of 3 to 9 resistors, 

and the second set of resistors consists of 1 to 3 resistors, in 

the same way as in the aforementioned examples of the 

variable-gain amplifier circuit. Some combinations of them are 

given in the descriptions of the above examples. 

It is to be noted that the foregoing merely constitutes 

exemplary embodiments of the invention. In Fig. 41, the number 

of resistors of the first set (n+l) and the number of switches n 

are determined according to the required number of steps. The 

number of resistors of the second step m can be increased up to 

n-2. The positions of their junctions can be set at will between 

the junction of the resistors R2 and R3 and the junction of the 

resistors Rn and Rn+l. 

The obtained gain ot the circuit shown in Fig. 41 can be 

expressed in terms of the above equations, using the values of 

the various resistors, irrespective of the design of the 

circuit. The resistors can be set to appropriate values 

according to these equations. 
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we have derived a general formula (using n and m) expressing 

the relation of each resistance value to the gain of the 

configuration shown in Fig. 41. Since this general formula has 

an exorbitant number of items and can never be given in this 

specification, this formula is omitted herein. 

In the circuit shown in Fig. 42, the number of resistors, the 

positions of the junctions, and the various· resistance values 

can be appropriately set. 

For the same gain, the present invention can make smaller 

the ratio of the total resistance to the minimum resistance 

than heretofore. Therefore, where a resistor is fabricated 

from a semiconductor resistive element whose minimum 

resistance size is limited,· the area of the resistive portion 

can be made smaller. For the same area used, greater gain 

providing amplification or attenuation is obtained. 
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WHAT IS CLAIMED IS: 

1. A variable-gain amplifier circuit comprising: 

an operational amplifier having a gain and containing an 

inverting input terminal and an output terminal; 

a first set of resistors fabricated on a semiconductor 

substrate, said resistors being connected in series, each of 

said resistors qf said first set having a first end connected 

with the output terminal of said operational amplifier, each of 

said resistors of said first set having a second end forming a 

signal-input terminal of said variable-gain amplifier circuit, 

said resistors of said first set being connected to each other 

at junctions, all or some of said junctions forming first 

connectable junctions capable of being connected with said 

inverting input terminal of said operational amplifier; 

a second set of resistors fabricated on said 

semiconductor substrate, each of said resistors of said second 

set· having a first end connected with said signal-input 

terminal and a second end connected with a respective one of 

said junctions of said resistors of said first set; 

and 

a control means for controlling connection of said first 

connectable junctions with said inverting input terminal of 

said operational amplifier to control the gain of the 

operational amplifier. 

2. A variable-gain attenuator circuit comprising: 

an operational amplifier having a gain and containing an 
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inverting input terminal and an output terminal; 

a first set of resistors fabricated on a semiconductor 

substrate, said resistors being connected in series, each of 

said resistors of said first set having a first end connected 

with the output terminal of said operational amplifier, each of 

said resistors of said first set having a second end forming a 

signal-input terminal of said variable-gain attenuator 

circuit, said resistors of said first set being connected to 

each other at junctions, all or some of said junctions forming 

first connectable junctions capable of being connected with 

said inverting input terminal of said operational amplifier; 

a second set of resistors fabricated on said 

semiconductor substrate, each of said resistors of said second 

set having a first end connected with the output terminal of 

said operational amplifier and a second end connected with a 

respective one of said first connectable junctions; and 

a control means for controlling connection of said first 

connectable junctions with said inverting input terminal to 

control the gain of the operational amplifier. 
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