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(54) Output signal converter for tube amplifiers

(57) Output signals given from a tube amplifier (5)
are amplified by a small number of vacuum tubes with
maintaining the output property of the output signals. A
second circuit (C2) is arranged in parallel to a first circuit
(C1) wherein the output signals given from a vacuum
tube (VA1) is flowing, and a node of the first circuit (C1)
and the second circuit (C2) is connected to an input ter-
minal of an output transformer (TR(1)). Since electric
current proportioned to current level flowing in the first
circuit (C1) flows into the second circuit (C2), current
which amplified the output signals given from the vacu-
um tube (VA1) flows into the primary side of the output
transformer (TR(1)).
Consequently, by using the tube amplifier containing the
small number of vacuum tubes, it is possible to obtain
high output power as if it is obtainable by using a large
number of vacuum tubes.
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Description

[0001] The present invention is related to an amplifier used for electronic musical instruments and audio systems,
and more particularly to an output signal converter for tube amplifiers which preferably is installed on the rear side of
a tube amplifier and is capable of amplifying and attenuating output signals to convert them to a range of from high
output to low output while maintaining advantages in output properties of tube amplifiers.
[0002] In recent time, due to progress in the field of semiconductor technology, vacuum tube amplifiers for electronic
musical instruments and audio systems being used as major in the past have been replaced by other type of amplifiers
wherein semiconductor devices, such as transistors, are used. However, tube amplifiers have particular output prop-
erties which cannot be provided by amplifiers using semiconductor devices and are still acquiring persistent popularity
so that a small number of tube amplifiers have been produced, sold and used yet.
[0003] As it is well-known by the majority of peoples, because of such disadvantages of a vacuum tube, when com-
paring with semiconductor devices, as that it has shorter life longevity, is broken more easily and less reliable, bigger
and inconvenient to install, heavier, produces greater heating value, is requiring high voltage power supply, and it costs
higher, it is not practically possible to use vacuum tubes for amplifiers even though there are many requests which
want to use vacuum tubes for amplifiers, and therefore, it is obliged in many cases to use the amplifiers constituted
with semiconductor devices.
For aiming at solving the problem as described above, many types of amplifiers which can mimetically articulate the
output property of tube amplifiers by using semiconductor devices amplifier and counter electromotive force generated
in a speaker affect the performance of a tube amplifier. Therefore, it will be understood that there is a limit in producing
the output property obtainable in virtue of interactive relation by using an amplifier constituted with semiconductor
devices. In fact, no amplifiers which can accurately imitate the output property of tube amplifiers have existed yet.
[0004] According to the present invention there is provided an output signal converter for tube amplifiers as specified
in claim 1.
[0005] The preferred embodiments can provide an output signal converter for tube amplifiers in which output signals
of predetermined power level can be obtained from those of the tube amplifiers containing a minimum number of
vacuum tubes by converting the output signals by means of using semiconductor devices while maintaining output
properties including transformer property and speaker property obtainable when using tube amplifiers.
[0006] Now, a preferable embodiment of the present invention will be described with reference to FIG.1. In the output
signal converter according to the present invention, signals output from a vacuum tube VA1 flow through a first circuit
C1. Besides, electric current proportioned to the current level flowing through the first circuit C1 flows into a second
circuit C2 which is connected in parallel to the first circuit C1. The ratio of current value flown through the first circuit
C1 versus current value flown through the second circuit C2 is determined depending upon the ratio of a first resistance
R1 and a second resistance R2. For example, if R1 and R2 are equal in resistance value, current equivalent to the
current flown through the first circuit C1 is supposed to flow through the second circuit C2. Consequently, electric
current having amplified output signal from the vacuum tube VA1 to double level flows into the primary side of an output
transformer TR, and the output property from the vacuum tube VA1 is maintained in the output signal. Therefore, by
using one vacuum tube, it is allowed to obtain output signals which might be obtainable when using two vacuum tubes.
Based on the embodiment as described above, particular output properties produced by using a vacuum tube can be
obtained in large scale by means of using a minimum number of vacuum tubes, which have such disadvantages as
that it has shorter longevity, broken easily, and inconvenient to install, and by using semiconductor devices for all other
circuits.
[0007] An embodiment of the present invention is described below, by way of example only, with reference to the
accompanying drawings, in which:

Fig. 1 is a circuit diagram showing the constitution of an output signal converter for tube amplifiers according to a
first embodiment of the present invention.
Fig. 2 is a circuit diagram showing the constitution of the output signal converter for tube amplifiers according to
a second embodiment of the present invention.
FIG.3 is a circuit diagram showing the constitution of the output signal converter for tube amplifiers according to
a third embodiment of the present invention.
FIG.4 is a explanatory diagram showing output properties obtained when using the preferred output signal con-
verters wherein FIG.4A shows a sine wave to be Input, FIG.4B shows a wave form of an output signal when input
the sine wave into an amplifier constituted by using semiconductor devices only, FIG.4C shows a wave form of an
output signal when input the sine wave into a tube amplifier, and FIG.4D shows a wave form of an output signal
when input the sine wave into the circuit shown in FIG.2.
FIG.5 is a circuit diagram showing the constitution of the output signal converter for tube amplifiers according to
a forth embodiment of the present invention, and it is an example of an application for a push-pull amplifier.
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FIG.6 is an explanatory diagram showing output properties when using the circuit shown in FIG.5, wherein FIG.
6A shows a sine wave to be input, FIG.6B shows a wave form of an output signal when input the sine wave into
a push-pull amplifier containing four vacuum tubes, and FIG.6C shows a wave form of an output signal when input
the sine wave into the circuit shown in FIG.5.
FIG.7 is a circuit diagram showing the constitution of the output signal converter for tube amplifiers according to
a fifth embodiment of the present invention.
FIG.8 is a circuit diagram showing the concrete constitution of a current amplifier.
FIG.9 is a circuit diagram showing the concrete constitution of a voltage amplifier.
FIG.10 is a circuit diagram showing a modified example of the output signal converter for tube amplifiers shown
in FIG.7.
FIG.11 is a circuit diagram showing the constitution of the output signal converter for tube amplifiers according to
a sixth embodiment of the present invention.

[0008] FIG.1 is a circuit diagram showing an output signal converter for tube amplifiers according to a first embodi-
ment of the present invention. With this output signal converter, it is possible to amplify output signals obtained from
one vacuum tube VA1 maintaining its output property to thereby obtain output signals as if they are the ones having
been obtained by using a plurality of vacuum tubes.
[0009] As shown in FIG.1, the output signal converter is provided on a site between a plate terminal of a vacuum
tube VA1 and one of input terminals TRa of an output transformer TR and is constituted with a first circuit C1 which is
formed by connecting a first resistance R1 and a first transistor Q1 in series and a second circuit C2 which is formed
by connecting a second resistance R2 and a second transistor Q2 in series.
[0010] Namely, the terminal TRa is branched into two systems, and one of the systems (the first circuit C1) is con-
nected to an emitter of the first transistor Q1 via the first resistance R1, and a collector of the transistor Q1 is connected
to the plate terminal of the vacuum tube VA1. Whereas, the other system (the second circuit C2) is connected to an
emitter of the second transistor Q2 via the second resistance R2, and a collector of the second transistor Q2 is con-
nected to the ground. Further, a base of the first transistor Q1 is connected to the emitter of the second transistor Q2,
and a base of the second transistor Q2 is connected to the plate terminal of the vacuum tube VA1.
[0011] Now, detailed performance of the output signal converter as constituted above is explained below. Here,
current flowing into the primary side of the transformer TR is defined as Iout, current flowing into the first circuit C1 is
defined as Iin, voltage between the plate terminal of the vacuum tube VA1 and the input terminal TRa of the transformer
TR is defined as V1, an impedance of the load side viewed from the transformer TR is defined as Zout, and an imped-
ance of the load side viewed from the vacuum tube VA1 is defined as Zin. Here, the following equations (1) to (3) can
be given:

[0012] Provided that R1/ /R2 represents parallel resistance of the resistance R1 and the resistance R2 (R1 * R2 /
R1 + R2).

[0013] And, an equation (4) is obtained based on equations (2) and (3):

[0014] Further, an equation, Iin = Vin/Zin, is applied into an equation (4), and an equation (1) is also applied into the
equation (4), thereby the following equation (5) can be given:

[0015] By modifying the equation (5) and developing R1//R2, the following equation (6) can be given:

Iout = Vin / (Zout + R1/ /R2) (1)

V1 = R1/ /R2 * Iout (2)

Iin = V1/R1 (3)

Iin = [ (R1/ /R2)/R1] * Iout (4)

Vin/Zin = [ (R1/ /R2) /R1] * Vin/ [Zout + (R1/ /R2) ] (5)
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[0016] In the equation (6), when applying such condition as R1«Zout and R2<<Zout, the following equation (7) can
be given:

[0017] From the equation (7), it will be understood that Zin and Zout are determined according to a ratio of the first
resistance R1 and the second resistance R2. For example, when R1 = R2 is given, an equation, Zout = (1/2)Zin is
lead, and the impedance comes to 1/2. Therefore, current output of the transformer TR becomes to a double value,
which shows that output signals produced by the vacuum tube VA1 be amplified to a double level of the current output.
In addition, current flowing into the second circuit C2, which is a circuit formed with the second resistance R2 and the
second transistor Q2, comes to an equivalent value as the current flowing into the first circuit C1 so that Iout comes
to a double value of Iin which apparently maintain the output property given by the vacuum tube VA1. As a result, it is
allowed to obtain output signals, of which properties are the ones as if produced by two vacuum tubes, by using only
one vacuum tube.
[0018] Also, by appropriately changing a ratio of the first resistance R1 and the second resistance R2, it is possible
to change current amplification rate. For example, if R2 = 2 * R1 is given, it is possible to triple the value of Iout relative
to the value of Iin, and if R2 = (1/2) * R1 is given, it is possible to make a value of Iout to a 1.5 times value of Iin.
[0019] As described above, according to the output signal converter shown in FIG.1, it is allowed to obtain output
signals, of which property is similar to the one obtainable by using more than 1 vacuum tube, by using just one vacuum
tube VA1, and therefore, it becomes feasible to reduce the number of vacuum tubes to be provided, which have such
disadvantages as that it produces greater heating value, requires high voltage power supply, costs more, and has
shorter longevity, to a minimum number. It is very advantageous to use the output signal converter according to the
present invention for amplifiers in use for guitars and audio systems.
[0020] Whereas, although a resistance R2 of which value being fixed is used in FIG. 1, when a variable resistance
R2 is given, it is allowable to adjust the current value of Iout by controlling resistance value of the variable resistance
to thereby allow to optionally control increase and reduction of output sound volume. Although sound volume control
is normally operated at the input side, namely at the prior stage to the vacuum tube VA1 in FIG.1, it is possible to adjust
the sound volume with keeping the current Iin flowing into the vacuum tube VA1 at a substantially-fixed level by adopting
a method to control resistance value of the second resistance R2, which allows to control the sound volume with
keeping the output property produced by vacuum tubes.
[0021] FIG.2 is a circuit diagram showing the constitution of the output signal converter for tube amplifiers according
to a second embodiment of the present invention. As shown in FIG.2, the output signal converter is constituted of an
output transformer TR, resistances R11, R12 and R3, and transistors Q11, Q12 and Q13. A connecting cable being
connected to one of input terminals of the output transformer TR is branched into two systems, and one of the branches
(a first circuit C1) is connected to a plate terminal of a vacuum tube VA1 via the first resistance R11 and, an emitter
and a collector of the first transistor Q11, while the other branch (a second circuit C2) is connected to the ground via
the second resistance R12, an emitter and a collector of the third transistor Q13, and further an emitter and a collector
of the second transistor Q12. Further, a base of the first transistor Q11 and a base of the third transistor Q13 are
connected, and this node is further connected to a collector of the second transistor Q12. Therefore, a current mirror
circuit is formed with the first transistor Q11 and the third transistor Q13. Whereas, a base of the second transistor Q12
is connected to the plate terminal of the vacuum tube VA1 via the resistance R3, and a speaker SP is connected to
the output side of the output transformer TR.
[0022] In the embodiment shown in FIG.2, because of formation of the current mirror circuit formed with the first
transistor Q11 and the third transistor Q13, current directly imitating the property of the first transistor Q11, such as
temperature characteristic, flow into the second circuit, and therefore, it is allowed to obtain output signals having
fidelity to the output property produced by the vacuum tube VA1.
[0023] FIG.3 is a circuit diagram showing the output signal converter according to a third embodiment of the present
invention. As shown in FIG.3, a diode D1 is used as the substitute for the third transistor Q13 in the output signal circuit
shown in FIG.2. According to this type of constitution, although performance stability gets worse in comparison with
that in the output signal converting circuit as shown in FIG.2, simplification of a circuit is allowable up to an extent that
is obtainable by using a diode as a substitute of a transistor.
[0024] FIG.4 is an explanatory diagram showing different wave forms, wherein FIG.4A shows a wave form of a sine

Zin = [ (R1+R2)/R2] * [Zout +

{ (R1*R2) / (R1+R2) } (6)

Zin = [ (R1+R2) /R2] * Zout (7)
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wave as an input signal, FIG.4B shows an output wave form when amplified the sine wave signal shown in FIG.4A by
using an amplifier constituted with semiconductor devices, FIG.4C shows an output wave form when amplified the sine
wave shown in FIG.4A by using a conventional tube amplifier (an amplifier constituted with a plurality of vacuum tubes),
and FIG.4D shows an output wave form when amplified the sine wave signal shown in FIG.4A by using the output
signal converting circuit shown in FIG.2. As easily understood from FIG.4B, contrary to that the output wave form which
substantially-truly presents the sine wave to be input is obtainable by using the amplifier containing semiconductor
devices, the output wave form specifically produced by the tube amplifier is obtainable when using the conventional
tube amplifier as shown in FIG.4C.
[0025] When amplifying the sine wave shown in FIG.4A by using the output signal converter shown in FIG.2, it is
possible to obtain output signals which are substantially equivalent to the output wave form obtainable by using a
conventional tube amplifier as shown in FIG.4D, thus it will be understood that the output signal converter of the present
invention is truly reproducing the output property given by a vacuum tube.
[0026] FIG.5 is a circuit diagram showing the constitution of the output signal converter according to a forth embod-
iment. As shown in FIG.5, a push-pull amplifier is constituted with two vacuum tubes VA11 and VA12 in the output
signal converter. In brief, two circuits each using a current mirror shown in FIG.2 are provided symmetrically at both
upper and lower sites, each cathodes of the two vacuum tubes VA11 and VA12 are connected and a node thereof is
connected to the ground via resistance R24.
[0027] As it is well known, push-pull type power amplification is an output system which separates sound signals
produced by a preamplifier into positive and negative signals by using a phase inverter PI, amplifying the positive side
signals at an upper circuit (i.e. a circuit containing Q21, Q22, Q23, etc.) provided with the vacuum tube VA11, amplifying
the negative side signals at a lower circuit (i.e. a circuit containing Q24, Q25, Q26, etc.) provided with vacuum tube
VA12, and composing such signals at the output transformer TR and outputting them through the speaker SP. With
the constitution as described above, as two vacuum tubes VA11 and VA12 are used therein, it is possible to obtain
output property equivalent to the one obtainable by a push-pull type tube amplifier containing many vacuum tubes.
[0028] FIG.6 shows a wave form showing the output property of the push-pull type amplifier shown in FIG.5, wherein
FIG.6A shows a sine wave as an input signal, FIG.6B shows an output wave form when applying the sine wave shown
in FIG.6A into an amplifier constituted with four vacuum tubes, namely a conventional push-pull type tube amplifier,
and FIG.6C shows an output wave form when applying the sine wave shown in FIG.6A into the amplifier shown in FIG.
5. As easily understood from FIGs.6B and 6C, it is confirmable that the output signal converter shown in FIG.5 can
truly reproduce the output property produced by a vacuum tube, because it is demonstrated that substantially-equiv-
alent wave forms are obtainable from the comparison of the wave forms obtainable by using a conventional push-pull
type amplifier containing many vacuum tubes with the ones obtainable by using an amplifier containing a minimum
number of vacuum tubes.
[0029] FIG.7 is a circuit diagram showing the constitution of the output signal converter according to a fifth embod-
iment. As shown in FIG.7, an output signal converter 7 is installed at the output side of a tube amplifier 5 containing
just one vacuum tube and amplify and/or attenuate output signals with keeping the output property of the tube amplifier
5.
[0030] The output signal converter 7 is constituted with a transformer 1 provided at the output side of the tube amplifier
5, a current amplifier 2 connected to a positive terminal at secondary side of the transformer 1, and a voltage amplifier
3 connected to the output side of the current amplifier 2 and of which output terminal being connected to a negative
terminal at secondary side of the transformer 1. Further, a power circuit 6 is provided as an electric power supply for
driving the tube amplifier 5 and the output signal converter 7. A speaker 4 connected to the rear side of the output
signal converter 7, one of which terminals is connected to a node of the current amplifier 2 and the voltage amplifier
3, while the other terminal is connected to the ground.
[0031] And, in the output signal converter shown in FIG.7, there is a correlation provided for current amplification
rate Ac of the current amplifier 2 and voltage amplification rate Av of the voltage amplifier 3 represented by an equation,
Ac * Av = -1. Therefore, an impedance of the load side viewed from the tube amplifier 5 becomes equivalent to an
impedance of the load side (i.e. the side of the speaker 4) viewed from the output signal converter 7, as if the tube
amplifier 5 is directly connected to the speaker 4.
[0032] Consequently, the output signal converter 7 can amplify or attenuate the level of the output signals to a desired
level with maintaining the output property of the tube amplifier 5. Namely, as output power value is proportional to a
squared value of current amplification rate Ac at the current amplifier 2, if conditions, Ac = -3.16 and Av = 0.316 are
given, the output power value comes to a squared value of - 3.16, that is 10, and therefore, ten times power can be
given in this case. Or, contrary to this, when taking the value of current amplification rate closer to zero, it is possible
to attenuate the maximum output with maintaining the output property of the tube amplifier 5. A purpose to attenuate
the maximum output will be explained later in this specification.
[0033] Although the equation, Ac * Av = -1, is given in the explanation described above because the number of the
speaker 4 provided is just one, it is also possible to provide an equation, Ac * Av = -1 when two speakers 4 are connected
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in series, or an equation, Ac * Av = -1/2, when two speakers 4 are connected in parallel. Therefore, when describing
in general, an equation, Ac * Av = - k (k is a constant) can be given.
[0034] FIG.8 is a circuit diagram showing a concrete constitution of the current amplifier 2 shown in FIG.7. As shown
in FIG.8, the current amplifier 2 is constituted with four transistors Q31 - Q34, a diode, a resistance, etc. and is arranged
on a site between a power source +Vcc and a power source -Vee.
[0035] At the current input side, an emitter of the transistor Q31 (NPN-type) and an emitter of the transistor Q32
(PNP-type) are connected via resistances R39 and R40, and a collector of the transistor Q31 is connected to the power
source +Vcc via a diode D31 and a resistance R31. Also, a collector of the transistor Q32 is connected to the power
source -Vee via a diode D32 and a resistance R32. Whereas, between the power source +Vcc and the power source
-Vee, a connecting circuit which connects resistances R33, R35, R36 and R34 in series is connected, and a node of
the resistances R33 and R35 is connected to a base of the transistor Q31, while a node of the resistances R36 and
R34 is connected to a base of the transistor Q32. Further, a collector of the transistor Q31 is connected to a base of
the transistor Q33 (PNP-type), and similarly, a collector of the transistor Q32 is connected to a base of the transistor
Q34 (NPN-type). And, a collector of the transistor Q33 and a collector of the transistor Q34 are connected, and an
emitter of the transistor Q33 is connected to the power source +Vcc via a resistance R37, while an emitter of the
transistor Q34 is connected to the power source -Vee via a resistance R38.
[0036] And, it is designed to supply input current Iin to a node of resistances R39 and R40 which is arranged on sites
between each emitters of the transistors Q31 and Q32. Whereas, a node of the resistance R35 and R36 is connected
to the ground, and a node of a collector of the transistor Q33 and a collector of the transistor Q34 is designed as an
output point of output current Iout.
[0037] FIG.9 is a circuit diagram showing a concrete constitution of the voltage amplifier 3. As shown in FIG.9, the
voltage amplifier 3 is constituted with four transistors Q41 - Q44 and a plurality of resistances and is connected to a
site between the power sources +Vcc and -Vee to be actuated. Between the power sources +Vcc and -Vee, a connecting
circuit connecting resistances R41, R42, R43 and R44 in series is arranged, wherein a node of the resistance R41 and
the resistance R42 is branched to two systems, one of the branches is connected to a base of the transistor Q41 (NPN-
type), while the other branch is connected to the power source -Vee via a resistance R45. Similarly, a node of the
resistance R43 and the resistance R44 is branched into two systems, and one of the branches is connected to a base
of the transistor Q42 (PNP-type), while the other is connected to the power source +Vcc via a resistance R46.
[0038] Further, a collector of the transistor Q41 is connected to the power source +Vcc, and an emitter is connected
to a base of the transistor Q43 (NPN-type). Similarly, a collector of the transistor Q42 is connected to the power source
-Vee, and an emitter is connected to a base of the transistor Q44 (PNP-type). In addition, a collector of the transistor
Q43 is connected to the power source +Vcc, a collector of the transistor Q44 is connected to the power source -Vee,
and each emitters of the transistors Q43 and Q44 are connected via microresistances R47 and R48. Further, a node
of the resistance R42 and the resistance R43 is provided as an input point for voltage, that is a terminal voltage Vsp
of the speaker 4 shown in FIG.7, and a node of the resistance R47 and the resistance R48 is provided as an output
point for voltage, that is -Vin.
[0039] Now, performance of the output signal converting circuits shown in FIGs. 7-9 are described in detail. In the
current amplifier 2 shown in FIG.8, the two resistances R34 and R36 are arranged on sites between the power source
-Vee and GND, and therefore, a voltage impressed to the base of the transistor Q32 comes to a value of [R34 / (R34
+ R36)] * (-Vee). Due to impression of this voltage into the base of the transistor Q32, bias current Ib is flown to a site
between the collector and the emitter of the transistor Q32, and input electric potential becomes to almost 0 V and this
voltage is maintained irrespective of the start of input current flow. When voltage drop in the diode D31 and voltage
drop between the base and the emitter of the transistor Q34 is same, voltage impressed to the resistances R32 and
R38 are same too, so that a current Ir32 flowing into the resistance R32 and a current Ir38 flowing into the resistance
R38 can be calculated according to the following equation:

[0040] Similarly, if Ir37 = -Ir31 * R31 / R37, R31 = R32, R37 = R38, and k = R32 / R38 are given, Ir38 = -Ir32 * k, and
Ir37 = -Ir31 * k are obtained. If input current I in is replaced by il-iu, wherein iu is current flowing in a direction to the
resistance R39 and il is current flowing in a direction to the resistance R40, the following correlations are given:

Ir38 = -Ir32 * R32 / R38.

Ir32 = il + Ib, Ir31 = iu + Ib

Iout = Ir37 - Ir38 = -k * Iin = -(R32 / R38) * Iin
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is obtained, and from which it will be understood that input current has been amplified.
[0041] Here, as examples for the constitutions of the circuits shown in FIG.8, the following assumptions can be made:

R31, R32 = 5Ω
R33, R34 = 150Ω
R35, R36 = 5Ω
R37, R38 = 2.5Ω
R39, R40 = 0.5Ω
+Vcc = +20 V
- Vee = -20 V

[0042] According to the condition described above, R32/R38=2 is given, so it will be understandable that current
amplification rate is a double value. The resistances R39 and R40 and the two diodes D31 and D32 are factors to be
used for stabilising the performance of the circuits.
[0043] Now, explanation is made with regard to the performance of the voltage amplifier 3 shown in FIG.9. In this
figure, an input voltage in the voltage amplifier 3 is a voltage Vsp to be impressed into the speaker 4 (see FIG. 7), and
an output voltage is Vin. As shown in FIG.9, a series connecting circuit containing the resistances R41 and R45 is
arranged on a site between the positive power source +Vcc and negative power source -Vee so that a voltage at the
node of the resistance R41 and R45 comes to a value being separated based on the value of such resistances. Now,
as concrete resistance values, the followings are provided:

R41, R44 = 189Ω
R42, R43 = 100Ω
R45, R46 = 213Ω
+Vcc = +20 V
- Vee = -20 V

[0044] Then, a voltage at the node of the resistances R41 and R45 comes +1.2 V, and this voltage is to be impressed
into the base of the transistor Q41. Further, taking into consideration a fact that parallel resistance of the resistances
R41 and R45 comes approximately 100Ω and the resistance R42 is 100Ω, a signal of which input voltage Vsp being
attenuated to a 1/2 value is given to the node of the resistances R41 and R45, that is the base of the transistor Q41.
Since the transistors Q41 and Q43 each independently perform as an emitter follower, a signal given to the base of
transistor Q41 is to be output as an output voltage Vin. Namely, output voltage Vin becomes 1/2 value of input voltage
VSP, and it will be understood that voltage amplification rate is 1/2. With regard to the circuit shown on the lower part
of the drawing which is constituted with the transistors Q42, Q44, etc., since there is difference in the circuit from the
one shown on the upper part only in their polarity, and since it performs in the same manner as described above, no
explanation on the circuit shall be made.
[0045] As described above, it is allowable to constitute the current amplifier 2 having a current amplification rate Ac
of 2 and the voltage amplifier 3 having a voltage amplification rate of 1/2, and since output voltage power supply
produced by an output signal converting circuit equipped with such current amplifier 2 and such voltage amplifier 3
can be either amplified or attenuated proportionally to a squared value of the current amplification rate Ac, the output
power can be four times increased. Whereas, output power can be attenuated if setting the current amplification rate
Ac to a value less than 1, and it gets the value closer to zero. And, if the current amplifier 2 and the voltage amplifier
3 are connected with each other as shown in FIG.7, a correlation of Ac * Av = -1 can be obtained so that the impedance
of the load side viewed from the tube amplifier 5 gets equal to the impedance in case of directly connecting the speaker
4 to the tube amplifier 5, while the impedance of the power side viewed from the speaker 4 gets equal to the impedance
in case of directly installing the tube amplifier 5 to the speaker 4. Consequently, output property obtained from the tube
amplifier 5 is directly amplified by the output signal converter 7 and then supplied to the speaker 4, and therefore, it
becomes possible to obtain the output property which is substantially same to the one obtainable by using either high
power or low power vacuum tubes.
[0046] As described above, in the output signal converter shown in FIG.7, the output of the tube amplifier 5 constituted
by containing less number of vacuum tubes can be amplified by means of using semiconductor devices therein, such
as a transistor, with maintaining the output property as obtainable by using tube amplifiers, and it is possible to obtain

Then, an equation,

Iout = -(R32 / R38) * Iin (8)
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the output property which is substantially same as the one obtainable by using high power tube amplifiers. In this way,
it becomes possible to constitute a high power tube amplifier by using a minimum number of vacuum tubes which have
such disadvantages as that it has shorter longevity, produces greater heating value, requires higher voltage power
supply, and is more costly, and this type of amplifiers will be extremely advantageous for producing amplifiers in use
for electronic guitar and audio system. In addition, there is further advantage in the output signal converter according
to the present invention that it can reproduce the output property truly similar to the one obtainable by using the tube
amplifiers, contrary to the output property obtainable by using the conventional amplifiers constituted by using semi-
conductor devices only, which is just imitating the output property of the tube amplifiers.
[0047] In the output signal converter according to this embodiment, it is also possible to attenuate the power of the
tube amplifier 5. Now, an object to attenuate output signals as described above is explained. Taking an example for
an electronic guitar, it is often intentionally done to distort output sound of the electronic guitar in order to create a
feeling of presence and dynamism during a live concert. Therefore, even at the time of practising prior to the live
concert, it is preferable to distort output sound as well as doing so at the live concert. However, it is required to output
guitar sound at high sound volume in order to distort the output sound, but it is difficult to do so in a studio for practice
due to causing noise that is so troublesome to the neighbourhoods. In such a case, since the output signal converter
shown in FIG.7 can attenuate the output produced by the tube amplifier 5 and can output the distorted-sound at low
volume, it is very useful to use the output signal converter under such situation.
[0048] Further, in the circuit shown in FIG.7, an example wherein a power supply for driving the tube amplifier 5 and
a power supply for driving the current amplifier 2 and the voltage amplifier 3 are used in the same power circuit 6 is
explained, however, it is also possible to constitute a circuit by arranging such power supplies each independently. In
this case, the property of the tube amplifier can be either amplified or attenuated without causing the change in the
property including an effect in power voltage fluctuation accompanying to load fluctuation of a tube amplifier.
[0049] FIG.10 is an explanatory diagram showing a modified example for the output signal converter shown in FIG.
7, wherein the speaker 4 is connected in series in between an output terminal of the voltage amplifier 3 and an input
terminal of the current amplifier 2, and a node of an output terminal of the current amplifier 2 and an input terminal of
the voltage amplifier 3 is connected to one terminal located at the secondary side of the output transformer 1. And, it
is also possible to obtain the same performance as the one obtainable by employing the output signal amplifying circuit
shown in FIG.7.
[0050] FIG.11 is a circuit diagram showing the constitution of the output signal converter according to the sixth em-
bodiment of the present invention, and this output signal converter is constituted by containing first and second voltage
amplifiers 11 and 12 having infinite amplification rate and a coefficient multiplier 13. Namely, the first voltage amplifier
11, a load Z3, the second voltage amplifier 12 and m-times coefficient multiplier 13 are connected in series at the
secondary side of the output transformer 1, and a load Z1 is arranged in parallel to the first voltage amplifier 11, while
a load Z2 is arranged in parallel to the second voltage amplifier 12. If an input current at the secondary side of the
output transformer 1 is given as Iin and an input voltage is given as Vin, the following equation (9) can be given:

[0051] According to the equation described above, an input impedance Zin can be given from the following equation
(10):

[0052] If a condition, Zin = Z2 is given, a correlation, m * (Z1 / Z3) = -1 is required to be given, and when the load
Z3 is the speaker 4, the voltage Vsp at both terminals of the speaker 4 shall be given according to the following equation
(11):

[0053] Then, an amplification rate is given from an equation, Vsp / Vin, and the value obtained from this equation
gets equal to -1/m. If m = 0.316 is given, Z1 = -1 and Z3 = 0.316 are then given. Since an output level is proportional
to a squared value of 1/m, an equation, (1/0.316) * (1/0.316) = 10 is given, so that 10 times output can be obtainable.
Further, as described above, since Zin = Z2 and Z2 is the speaker 4, the input impedance Z2 at output signal converter
and the impedance at the speaker 4 will be understood as equal, and therefore, the output signals can be either
amplified or attenuated with maintaining the output property obtainable by using the tube amplifier 5 which is provided

Iin * Z1 * (Z2 / Z3) * m + Vin = 0 (9)

Zin = Vin / Iin = -m * Z1 * (Z2 / Z3) (10)

Vsp = Iin * Z1 * Z2 / Z3 (11)
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at the front of the output transformer 1, as similar to the one according to the embodiment shown in FIG.7.
[0054] While the invention has been particularly shown and described with reference to preferred embodiments
thereof, it will be understood by those skilled in the art that various changes in form and details may be made therein
without departing from the scope of the invention.
[0055] The invention also provides an output signal converter for tube amplifiers comprising: a first circuit connected
on a site between an input terminal of an output transformer and an output terminal of a tube amplifier; and a second
circuit connected to the input terminal of the output transformer and arranged in parallel to the first circuit and operable
to generate electric current proportional to a current level flowing in the first circuit, said output signal converter being
provided on the site between the tube amplifier having the output terminal and the output transformer having the input
terminal, and being constituted by using semiconductor devices so that output signals can be amplified while main-
taining the output property of the output signals of the tube amplifier.
[0056] In the preferred embodiment, the first circuit is constituted as a series connecting circuit of a first resistance
and a first transistor; the second circuit is constituted as a series connecting circuit of a second resistance and a second
transistor; a base terminal of the first transistor is connected to a node of the second resistance and the second tran-
sistor; and a base terminal of the second transistor is connected to a node of the first transistor and the output terminal
of the tube amplifier.
[0057] Advantageously, a third transistor, which forms a current mirror circuit with the first transistor, is arranged on
a site between the second resistance and the second transistor.
[0058] A diode may be arranged on a site between the second resistance and the second transistor.
[0059] Preferably, the second resistance is a variable resistance.
[0060] The invention also provides an output signal converter for tube amplifiers comprising: a first circuit connected
to a site between a first input terminal of an output transformer and an output terminal of a first vacuum tube; a second
circuit connected to the first input terminal of the output transformer, arranged in parallel to the first circuit and operable
to generate electric current proportional to a current level flowing in the first circuit; a third circuit connected to a site
between a second input terminal of the output transformer and an output terminal of a second vacuum tube; and a
fourth circuit connected to the second input terminal of the output transformer, arranged in parallel to the third circuit
and operable to generate electric current proportional to a current level flowing in the first circuit, said output signal
converter being provided on a site between the tube amplifier having the first vacuum tube and the second vacuum
tube and the output transformer having the first input terminal and the second input terminal, and being constituted by
using semiconductor devices so that output signals can be amplified while maintaining the output property of output
signals of the tube amplifier.
[0061] Preferably, the first circuit is constituted as a series connecting circuit of a first resistance and a first transistor;
the second circuit is constituted as a series connecting circuit of a second resistance and a second transistor; the third
circuit is constituted as a series connecting circuit of a third resistance and a third transistor; the fourth circuit is con-
stituted as a series connecting circuit of a fourth resistance and a fourth transistor, wherein: a base terminal of the first
transistor is connected to a node of the second resistance and the second transistor; a base terminal of the second
transistor is connected to a node of the first transistor and the output terminal of the first vacuum tube; a base terminal
of the third transistor is connected to a node of the fourth resistance and the fourth transistor; and a base terminal of
the fourth transistor is connected to a node of the third transistor and the output terminal of the second vacuum tube.
[0062] In the preferred embodiment, a fifth transistor forming a current mirror circuit on a site between itself and the
first transistor is arranged on a site between the second resistance and the second transistor; and a sixth transistor
forming a current mirror circuit on a site between itself and the third transistor is arranged on a site between the fourth
resistance and the fourth transistor.
[0063] A first diode may be arranged on a site between the second resistance and the second transistor, and a
second diode may be arranged on a site between the fourth resistance and the fourth transistor.
[0064] Advantageously, both of the second resistance and the fourth resistance are variable resistances.
[0065] The disclosures in Japanese patent applications no. P9-348729 and P10-199038, from which this application
claims priority, in European patent application no. 98309973.0, of which this is a divisional application, and in the
abstract accompanying this application are incorporated herein by reference.

Claims

1. An output signal converter for tube amplifiers comprising:

a current amplifier and a voltage amplifier both of which are arranged and connected in series with each other
on a site between an output terminal of a tube amplifier and a speaker; and
a correlation between current amplification rate of the current amplifier Ac and voltage amplification rate of
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the voltage amplifier Av is represented by an equation:

said output signal converter is constituted by using semiconductor devices and either amplifying or attenu-
ating output signals given from the tube amplifier having the output terminal to be supplied to the speaker while
maintaining the output property of the tube amplifier.

2. An output signal converter for tube amplifiers as defined in claim 1, in which:

an output transformer provided with two input terminals and two output terminals is arranged on a site between
the output terminal of the tube amplifier and the series connecting circuit composed of the current amplifier
and the voltage amplifier;
the output terminal of the tube amplifier is connected to said two output terminals of the output transformer; and
one of said two output terminals is connected to the input side of the current amplifier and the other output
terminal is connected to the output side of the voltage amplifier.

3. An output signal converter for tube amplifiers as defined in claim 1, in which:

an output transformer provided with two input terminals and two output terminals is arranged on a site between
the output terminal of the tube amplifier and the series connecting circuit composed of the current amplifier
and the voltage amplifier;
the output terminal of the tube amplifier is connected to the two input terminals of the output transformer; and
one of said two output terminals of the output transformer is connected to the ground and the other output
terminal is connected to a node at which the input side of the current amplifier and the output side of the voltage
amplifier are connected.

4. An output signal converter for tube amplifiers as in either claim 2 or claim 3, in which the speaker is provided with
two input terminals, one of said input terminals of the speaker is connected to a node at which the output side of
the current amplifier and the input side of the voltage amplifier are connected and the other input terminal is con-
nected to the ground.

5. An output signal converter for tube amplifiers as in either claim 2 or claim 3, in which the speaker is provided with
two input terminals, one of said input terminals of the speaker is connected to the output side of the current amplifier
and the other input terminal is connected to the input side of the voltage amplifier.

6. An output signal converter for tube amplifiers comprising:

an output transformer connected to an output terminal of a tube amplifier and provided with two output termi-
nals;
a first voltage amplifier connected to a site locating between said output terminals and having an infinite am-
plification rate;
a first impedance circuit (Z3);
a second voltage amplifier having an infinite amplification rate;
a series connecting circuit with a coefficient multiplier; and
a second impedance circuit (Z1) connected in parallel to the first voltage amplifier, wherein a speaker is ar-
ranged in parallel to the second voltage amplifier,

said output signal converter being constituted by using semiconductor devices and either amplifying or at-
tenuating output signals given from the tube amplifier having the output terminal to be supplied to the speaker
while maintaining the output property of the tube amplifier.

Ac * Av = -k (k is a constant),
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