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[57] ABSTRACT

A voltage-current amplification circuit comprises two sub-
circuits (B1, B2), each of which comprises a differential
amplifier (D), a resistor (R4), a transistor (T), and a first
switch (K1) connected between the transistor base and
ground. Each sub-circuit (B1, B2) also comprises an addi-
tional amplifier (Al, A2), and an additional resistor (R2a,
R2b), respectively. The inputs of the additional amplifiers
being connected to ground through a common resistor (R)
and to the emitters of the two transistors through a common
resistor (R1). Each sub-circuit further comprises a second
switch (K2) formed by a single transistor.

20 Claims, 1 Drawing Sheet
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AMPLIFICATION CIRCUIT WITH A
DETERMINED INPUT IMPEDANCE AND
VARIOUS TRANSCONDUCTANCE VALUES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions

made by reissue.
This is a reissue of U.S. Pat. No. 5,045,803.

BACKGROUND OF THE INVENTION

The present invention relates to voltage amplification
circuits supplying a current at the output, and more particu-
larly to amplification circuits designed to control the heads
of the video tape recorders having various characteristics.

Some video tape recorders (VTRS) comprise four heads,
two for a “normal duration” mode and two for a “long
duration mode”. Those four heads serve both for writing and
reading. In operation, the two heads associated with the
selected mode alternatively write or read data on a magnetic
tape.

During recording, the voltage signals designed to be
recorded are sent by a signal processor towards an ampli-

fication circuit supplying a current at the outputs connected
to the VTR heads.

In such an amplification circuit, it is [tried] desired to
accurately optimize and determine the transconductance
which is the ratio between the output current and the input
voltage for obtaining an optimum recording quality. It is also
[tried] desired to accurately determine the input impedance
for realizing a satisfactory impedance matching.

A single-head amplification circuit that meets those two
requirements is mentioned in Digest of ICCF 1988 and is
shown in FIG. 1. A coupling capacitor C is connected to the
input terminal E of the circuit and transmits only high
frequency signals. A differential amplifier D has a first input
D1 connected to the coupling capacitor through a resistor
R3, and its output D3 is connected to the base of an NPN
transistor, the collector of which is connected to the output
terminal S in turn connected to a head 1 of a VTR. An
amplifier A has its input connected to the transistor emitter
through a resistor R1 to ground through a protection resistor
R, and its output connected to the second input D2 of the
differential amplifier. A resistor R2 is connected between the
input D1 of the differential amplifier and the transistor
cmutler.

The transconductance Tr of this circuit, in the event the
gain of amplifier A is R3/(R2+R3), is expressed by:

Tr=(R1+R2)/(R1xR3) (1)

Values, R1=1042, R2=1Q and R3=1.5 k£, for example,
are chosen for optimizing this transconductance. Moreover,
resistors R1, R2 and R3 are external and not integrated in
order to be determined with a high accuracy as well as for
optimizing the transconductance. For this circuit, the value
of the protection resistor R which is integrated and deter-
mined with less accuracy has no effect on the transconduc-
tance value.

The input impedance of this circuit is equal to R3.

A method for realizing an amplification circuit permitting
control of one of two heads having different characteristics
is to provide two elementary circuits analogous to that of
FIG. 1 having common resistors R and R1. The differential

amplifiers and transistors are identical in the two elementary
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circuits. Amplifier A becomes an amplifier Al is one of the
elementary circuits and an amplifier A2 in the other. Those
amplifiers A1 and A2 have their inputs connected to each
other. Each of the two circuit outputs is connected to a
different head.

A switch K1, shown in dotted lines in FIG. 1, is added in
each of the elementary circuits. This switch is connected
between the transistor base and ground and is constituted by
a single transistor which is saturated when switched on.

Moreover, it is possible, to add an external switch
between the common coupling capacitor and the two resistor
R3, but such a switch is expensive and not integrated.
Another approach consists in replacing the external switch
by a switch M shown in dotted lines between resistor R3 and
the input D1 of the differential amplifier in each elementary
circuit. This switch can be integrated but, since it has no
[gronded]ground terminal, it has to be constituted by a
circuit comprising several transistors (seven transistors).

In order to write through one of the heads, switch M is
switched on and switch K1 of the circuit associated with the
selected head is switched off, and the switches [that are}in
the current that is to be rendered inactive are set to reverse
position. Switching on a switch K1 connects the transistor
base to the ground and current no longer flows through this
transistor.

If two resistors R3 identical to the one of FIG. 1 are
sclected, the input impedance will still be equal to R3/2
when either elementary sub-circuit will be rendered inactive.

Considering in the elementary circuit comprising the
amplifier Al a resistor R2a and in the other elementary
circuit a different resistor R2b instead of resistor R2, and if
the gains of amplifiers A1 and A2 are chosen equal to
R3/(R2a+R3) an R3I/(R2B+R3), respectively, two R-inde-
pendent transconductances are obtained:

Tra=(R1+R2a)/(R1xR3)

Trb=(R1+R2b)/(R1XR3)

However, providing an integrated switch M involves the
provision of an additional pad for each elementary circuit,
since resistors R2a, R2b and R3 are external. Thus, a pad
between resistor R3 and the integrated circuit, and a pad
between the integrated circuit and the terminal of resistor
R2a (R2b) connected to the input D1 of the differential
amplifier are to be provided. Without switch M, resistors R3
and R2 were connected to each other and a single pad was
necessary for connecting them to input D1.

Thus, an object of the invention is to provide for an
amplification circuit with a determined input impedance
having two different transconductance values wherein no
additional pad is added.

A further object of the invention is to provide such an
amplification circuit comprising fewer transistors.

BRIEF SUMMARY OF THE INVENTION

To achieve those objects, the invention provides for a
voltage-current amplification circuit connected between an
input terminal, and either first and second output terminal
comprising first and second sub-circuits, each of which
comprises a first differential amplifier, a first input of which
1s connected to the input terminal through a first resistor, a
transistor, the base of which is connected to the output of the
differential amplifier, and a first switch connected between
the transistor base and the ground. The first sub-circuit also
comprises a second amplifier, the output of which is con-
nected to the second input of the differential amplifier, and
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a second resistor connected between the transistor emitter
and the first input of the differential amplifier. The second
sub-circuit also comprises a third amplifier, the output of
which is connected to the second input of the differential
amplifier, and a third resistor connected between the tran-
sistor emitter and the first differential amplifier input. The
transistor collectors of the first and second sub-circuits are
connected to the first and second output terminals, respec-
tively, and the inputs of the second and third amplifiers are
connected to ground through a fourth common resistor and
to the emitters of the two transistors through a common ffth
resistor. Each sub-circuit further comprises a second switch
connecied between the first input of the differential amplifier
and ground, this second switch comprising a single transis-
tor saturated when swiiched on.

BRIEF DISCLOSURE OF THE DRAWINGS

The foregoing and other objects, features and advantages
of the invention will be apparent from the following detailed
description of a preferred embodiment as illustrated in the
accompanying drawings wherein:

FIG. 1, already described, shows a single output ampli-
fication circuit according to the prior art; and

FIG. 2 shows a two-outputs amplification circuit accord-
ing to the invention.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 2 shows a voltage-current amplification circuit con-
nected between an input terminal E and either out-put
terminal S1 or S2 according to the invention, two heads
having different characteristics being connected to output S1
or S2. Two sub-circuits B1 and B2 comprise a differential
amplifier D, a first input D1 of which is connected, through
a resistor R4, to a terminal of a coupling capacitor C, the
other terminal of which is connected to the circuit input E.
Each sub-circuit further comprises a transistor T, the base of
which is connected to the output D3 of the differential
amplifier, and a switch K1 which is connected between the
transistor base and ground and which can be constituted by
a single transistor set in saturation mode when switched on.

Moreover, the sub-circuits B1 and B2, respectively, com-
prise an amplifier Al, A2, the output of which is connected
to the second input D2 of the associated differential ampli-
fier. The sub-circuits also respectively comprise a resistor
R2a, R2b, connected between the emitter of the associated
transistor and the first input D1 of the corresponding differ-
ential amplifier.

The transistor collectors of the two sub-circuits B1, B2 are
each connected to an output terminal S1, S2, respectively.
The inputs of amplifiers A1 and A2 are connected to ground
through a common protection resistor R, and, to the emitters
of the two transistors through a common resistor R1.

The two sub-circuits further comprise a switch K2 which
is connected between the input D1 of the differential ampli-
fier and ground and which is constituted by a single tran-
sistor set to saturation mode when switched on.

In FIG. 2, switches K1 and K2 of sub-circuit B2 are
switched on, therefore, the base of transistor T is grounded
and no current flows in this transistor, But, switches K1 and
K2 of sub-circuit B1 are swiiched off. This configuration
corresponds to an active sub-circuit B1 and an inactive
sub-circuit B2.
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In that case, the sum of resistors R and R1 is 1n parallel
with resistor R22. Those resistors have for example the
following values: R=1£2, R1=10€Q and R2b1 £2. The equiva-
lent resistor is then substantially equal to R+R1. Transcon-
ductance Trl associated with sub-circuit B1 is therefore
obtained by replacing in relation (1) resistor R2 by resistor
R2a, provided the gain of amplifier Al is equal to R4/(R2a+
R4):

Tri=(R1+R2a)/(R1xR4).

Moreover, the input impedance of the amplification cir-
cuit can be deduced from the circuit of FIG 1 by making the
correspondence between resistor R4 of sub-circuit B1 and
resistor R3 and by adding in parallel resistor R4 of sub-
circuit B2. By choosing both resistors R4 identical, the input
impedance is then equal 10 R4/2,

In order to render sub-circuit B2 active and sub-circuit Bl
inactive, switches K1 and K2 of sub-circuit B1 are switched
on and switches K1 and K2 of sub-circuit B2 are swiitched
off. The transconductance associated with sub-circuit B2,
provided the gain of amplifier A2 is equal to R4/(R2b+R4),

1s then:
Tr2=(R1+R2b)/R1xR4),

The input impedance is still R4/2.

Thus, the amplification circuit exhibits two different
transconductances which can be optimized for each head by
properly selecting resistors R2a and R2b. Those two
transconductances do not depend upon the integrated pro-
tection resistor R and they can be accurately determined by
choosing external resistors R1, R2a, R2b and R4.

The input impedance is also determined and 1s equal 1o
R4/2. 1t is possible to select R4=2xR3 to obtain again the
input impedance of the circuit of FIG. 1.

The single transistor forming each switch K2 can be
integrated and its implantation does not need any additional
pad since it is directly connected to the mput of the asso-
ciated differential amplifier which is in turn integrated, and
to ground.

Moreover, the number of transistors in the circuit of FIG.
2 is reduced since two switches comprising a single tran-
sistor replace two switches provided with seven transistors.

We claim;

1. A voltage-current amplification circuit connected
between an input terminal and first or second output termi-
nals, said circuit comprising first and second sub-circuits,
each sub-circuit compnsing:

(a) a first differential amplifier, a first input of which is
connected to the input terminal through a first resistor,

(b) a transistor, [the] having a base connected to the output
of the differential amplifier and having an emitter and
a collector, and,

(c) a first switch connected between the transistor base
and ground,
the first sub-circuit comprising a second amplifier, the
output of which is connected to a second input of the
differential amplifier, and a second resistor con-
nected between the transistor emiiter and the first
input of the differential amplifier,
the second sub-circuit comprising a third amplifier, the
output of which is connected to the second input of
the differential amplifier, and a third resistor con-
nected between the transistor emitter and the first
input of the differential amplifier,
the transistor collectors of the first and second sub-
circuits being connected to the first and second
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output terminals, respectively, and the inputs of the
second and third amplifiers being connected to
ground through a common fourth resistor and to the
emitters of the two transistors through a common
fifth resistor,

wherein each said first and second sub-circuits further
comprises a second switch connected between the
first input of the differential amplifier and ground,
each of said second switches being formed by a
single transistor.

2. An amplification circuit according to claim 1, wherein
each said first and second output terminals is connected to a
different VTR head adapted respectively to a “normal dura-
tion” or “long duration” mode.

3. An amplication circuit according to claim 1, wherein
gains of the second and third amplifiers are equal to
R4/(R2a+R4) and R4/(R2b+R4), respectively, where R4 is
the resistance value of the first resistor, R2a is the resistance
value of the second resistor and R2b is the resistance value
of the third resistor.

4. An amplification circuit according to claim 1, wherein
each first switch is formed by a single transistor set to
saturation mode when switched on.

J. An amplification circuit, connected between an input
terminal and first or second output terminals, comprising:

Jirst and second sub-circuits each including:
(a) a first differential amplifier, a first input of which is
connected to the said input terminal through a first
resistor,

6

adapted respectively 1o a “normal duration” or “long
duration” mode.

8. The circuit of claim 5, wherein gains of said second and
third amplifiers are equal to R4AR2a+R4) and R4/AR2b+R4),
respectively, where R4 is the resistance value of the first
resistor, R2a is the resistance value of the second resistor
and R2b is the resistance value of the third resistor

9. The circuit of claim 5, wherein each first switch is
formed by a single transistor connected and configured to

10 operate in saturation mode when switched on.
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(b) a transistor having a control terminal thereof 30

connected (o an output of said differential amplifier,
and having first and second current-carrying termi-
nals; and

(c) a first switch connected between said control ter-
minal and a reference potential,

said first sub-circuit further comprising a second ampli-
fier, having an output thereof connected to a second
input of said respective differential amplifier, and a
second resistor connected between said first current-
carrying terminal and said first input of said respective
differential amplifier;

said second sub-circuit further comprising a third ampli-
fier having an output thereof connected to a second
input of said respective differential amplifier, and a
third resistor connected between said first current-
carrying terminal and said first input of said respective
differential amplifier,

said second current-carrying terminals of said respective
transisiors of the first and second sub-circuits being
connected to said first and second output terminals,
respectively, and said inputs of the second and third
amplifiers being connected to said reference potential
through a common fourth resistor and to said respec-
tive first current-carrying terminals through a common
fifth resistor,

wherein each of said first and second sub-circuits further
comprises a second switch connected between the first
input of the differential amplifier and said reference
potential, each of said second switches being formed by
a single transistor.

6. The circuit of claim 5, wherein said transistor is
bipolar, and said first and second current-carrying terminals
thereof correspond to an emitter thereof and a collector
thereof respectively.

/. The circuit of claim 5, wherein each said first and
second outpul terminals is connected to a different VIR head
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10. An amplification circuit, connected between an input
terminal and first or second output terminals, comprising:

first and second sub-circuits each including:

(a) a first differential amplifier, a first input of which is
connected to said input terminal through a first
resistor,

(b) a transistor having a base connected to the output
of the differential amplifier and having an emitter
and a collector, and,

(¢c) a first switch connected between said base and a
reference potential;

said first sub-circuit further comprising a second ampli-
fier, having an output thereof connected to a second
input of said respective differential amplifier, and a
second resistor connected between said emitter and
said first input of said respective differential amplifier,

said second sub-circuit further comprising a third ampli-
fiter having an output thereof connected to a second
input of said respective differential amplifier, and a
third resistor connected between said emitier and said
first input of said respective differential amplifier,

said collectors of said respective transistors of the first
and second sub-circuits being connected to said first
and second output terminals, respectively, and said
inputs of the second and third amplifiers being con-
nected to said reference potential through a common
fourth resistor and to said respective emitter through a
common fifth resistor,

wherein each of said first and second sub-circuits further
comprises a second switch connected between the first
input of the differential amplifier and said reference
potential.

11. The circuit of claim 10, wherein each said first and
second output terminals is connected to a different VIR head
adapted respectively to a “normal duration” or “long
duration” mode.

12. The circuit of claim 10, wherein said second switch
consists of a single transistor.

13. The circuit of claim 10, wherein gains of said second
and third amplifiers are equal to R4/(R2a+R4) and
R4/(R2b+R4), respectively, where R4 is the resistance value
of the first resistor, R2a is the resistance value of the second
resistor and R2b is the resistance value of the third resistor.

14. The circuit of claim 10, wherein each first switch is

formed by a single transistor connected and configured 1o

operate tn saturation mode when switched on.
15. An amplification circuit, connected between an input
terminal and first or second output terminals, comprising:

Jirst and second sub-circuits each including:

(a) a first differential amplifier, a first input of which is
connected to said input terminal through a first
resistor,

(b) a transistor having a control terminal thereof
connected to an output of said differential amplifier
and having first and second current-carrying termi-
nals; and
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(c) a first swilch connected between said control ter-
minal and a reference potential,

said first sub-circuit further comprising a second ampli-
fier, having an output thereof connected to a second
input of said respective differential amplifier, and a
second resistor connected between said first current-
carrying terminal and said first input of said respective
differential amplifier,

said second sub-circuit further comprising a third ampli-
fier having an output thereof connected to a second
input of said respective differential amplifier, and a
third resistor connected between said first current-
carrying terminal and said first input of said respective
differential amplifier,

said second current-carrying terminals of said respective
transistors of the first and second sub-circuits being
connected to said first and second output terminals,
respectively, and said inputs of the second and third
amplifiers being jointly connected to said reference
potential through a fourth resistor and to said respec-
ttve first current-carrying terminals through a fifth
resistor,

wherein each of said first and second sub-circuits further
comprises a second switch connected between the firsi

S
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input of the differential amplifier and said reference
potential.

16. The circuit of claim 15, wherein said transistor is

bipolar, and said first and second current-carrying terminals

thereof correspond to an emitter thereof and a collector

thereof respectively. |

17. The circuit of claim 15, wherein each said first and
second output terminals 1s connected to a different VIR head
adapted respectively to a “normal duration” or “long
duration” mode.

18. The circuit of claim 15, wherein said transistor is
bipolar, and said first and second current-carrying terminals
thereof correspond to an emitter thereof and a collector
thereof respectively, and wherein said second switch consists
of a single transistor.

19. The circuit of claim 15, wherein gains of said second
and third amplifiers are egual to R4/(R2a+R4) and
R4/(R2b+R4), respectively, where R4 is the resistance value
of the first resistor, R2a is the resistance value of the second
resistor and R2b is the resistance value of the third resistor.

20. The circuit of claim 1), wherein each first swiich is
formed by a single transistor connected and configured to
operate in saturation mode when switched on.

k * * Ok *
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