CONTROL CIRCUIT FOR INCREASING THE OUTPUT IMPEDANCE OF A
TRANSCONDUCTOR

BACKGROUND OF THE INVENTION
1. FIELD OF THE INVENTION

This invention relates to
and methods for construczing

improvements in

transconductors, or the like,
same, and more particularly to improvements in methods and
H 3

circuits for controlling the output impedance of

transconductor.

2. RELEVANT BACKGROUND
A transconductor is a voltage controlled differential
circuit. Transconductance

transconductance stage or
circuits are used in many applications,
example is in driver circuits that supply drive power to a

dc motor used to spin a disk of a hard disk drive, or the

among which, for

like.
In the <construction of transconductor <circuits,

efforts are generally made to make the output impedance of
the transconductor as high as possible. Traditional methods
use a copy of the transconductor placed in an oscillator
with feedback control so that oscillation is maintained at

a constant amplitude. In this condition, the transconductor

output impedance is nearly infinite. There are problems

with this approach, however. For example, in such circuit,

signals from the oscillator are inevitably leaked to the

target transconductor. This is, of course, undesirable.

What is needed, therefore, is a differential

transconductor which has a controlled high output
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impedance, and which does not leak oscillator signals to

the target circuit.
SUMMARY OF THE INVENTION

In light of the above, therefore, it can be seen that
is that a differential

one advantage of the invention
transconductor can be provided which has a controlled high

output impedance and which does not leak oscillator signals

to the target circuit.

This and other objects, features, and advantages will

be appreciated by those skilled in the art from the

following detailed description, taken in conjunction with

the accompanying drawings and appended claims.
According to a broad aspect of the invention, a method

is presented for controlling the output impedance of 2

transconductor having first and second differeatial inputs
The method includes apoplying a
of the

and a differential output.

dc  wvoltage to the first differential input

transconductor and to a first differential input of a

differential difference amplifier. An inverted output of

the differential output of said transconductor is applied
to the second differential input of.the transconductor and
to & second differential input to the difference amplifier.
The output of said transconductor is applied to a variaole
resistor that is controlled by an output of the difference
amplifier.

According to another broad aspect of the invention, a

is presented which has a high
has a dual

transconductance circuit
output impedance. The transconductance circuit

input differential transconductor having first and second

differential inputs and a differential output. The first

differential input is connected to receive a dc voltage. An

inverting feedback path 1is connected between the second



differential input and the differential output. A
differential difference amplifier has a first input
connected to receive the dc voltage and a second input
connected to the inverting feedback path. A variable
resistor is connected across the differential output. The
output of the differential difference amplifier 1is
connected to control the variable resistor to minimize the
output of the differential difference amplifier.

BRIEFE DESCRIPTION OF THE DRAWINGS
The 1invention 1is illustrated in the

accompanying

drawings, in which:
is an electrical schematic diagram of a
to control the

Figure 1

transconductor and associated circuitry

output impedance to near infinity, in accordance with a

preferred embodiment of the invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
In accordance with a preferred embodiment

of the

invention, a transconductor 10, is presented, together with

associated control circuitry 12 to control the cutput

impedance to near infinity. The transconductor 10 has dual

differential inputs 14 and 16, and a differential output

18. A dc voltage 20 is applied to the first differential

input 14, and the output on the differential output 18 is

inverted and applied to the second differential input 16.

The output on the differential output 18 is also applied to

a variable resistance circuit 22, which 1s a part of the
control circuitry 12.

The control circuitry 12 includes, in addition to the

variable resistance circuit 22, a differential difference

amplifier 24, which has two sets of differential inputs 26

and 28, and a single output 30. The dc voltage 20 is

applied to the first differential input 26, .with the same
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polarity as it is applied to the first differential input
18 of the transconductor 10. The output of the
transconductor 10 is applied to the second differential
input 28 with an inverted polarity signal applied to the

gates of input transistors 12 and 14.

The construction of the variable resistance circuit 22
is such that it has a variable resistance that s
controlled by the output signal 30 from the differential

difference amplifier 24. It should be noted that in the

particular application described, the variable resistance
may be or include negative resistance values.
The negative feedback loop formed by the differential

difference amplifier 24 forces the difference between

inputs 14 and 18 of the transconductor 10 to be minimal.

This difference 1is limited by the input offset of the

differential difference amplifier 24.
With the circuit constructed as above described,
since the two inputs

the

net transconductance current 1s zero,
(which have equal transconductances) are equal in magnitude

but opposite in polarity. Since net current entering any

node must be zero (Kirchhoff's Current Law)},

net current entering the output nodes equals the sum of

and since the

transconductance current and output conductance current,

the latter must also be zero. However, the transconductor

(in fact equal to
to the

output voltage is a non-zero DC voltage
of the first differential input
looking into the

the voltage
transconductor). Hence the impedance
output of the transconductor must be infinite.

The impedance control feedback loop controls the input
control signal to the variable resistance circuit 22 such
that 1its output conductance cancels the output conductance

of the transconductor. This input control . signal, which
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may then be used in other

could be a voltage signal,
in a continuous-time filter

transconductors, for example,
that each-has a similar Gafiabie resistance circuit.
Although the invention has been described and

illustrated with a certain degree of partlcularlty, it is

understood that the present dlsclosure has been made only

by way of example, and that numerous changes in the

comblnatlon .and arrangenent of parts can be resorted to by
those skilled in ‘the art W1thout departlng from ‘the. spirit

and scope of the invention, as herelnafte: claimed.



CLAIMS .
1., A method for controlllng the output
transconductor hav1ng flrst and second differential inputs

-impedance of a

and a- dlfferentlal output, comprising:
applying a dc voltage to said first differéntial input

of .said transconductor .and to a first differential input of

a dlfferentlal dlfference ampllfler,

applylng ai 1nverted output of sald dlfferentlal'

output of said transconductor to sald second differential

lnput of sald transconductor and to a second dlfferentlal

lnput to said dlfference ampllfler,

applying said - output. of said transconductor to a

variable resistor; and
controlllng a reSLStance of sald varlable resistor by

an output of sald dlfference ampllfler.

2. The method of"ciehn'l wheteiﬁ saﬁd variable resistor

presents a- negatlve resistance to said output of said

transconductor

3.- A c¢ircuit for contrbllihg :thef output impedance of -a
transconductor having a_ flrst dlfferentlal input for

receiving a dc voltage, a second dlfferentlal input, and a

differential output{ comprising‘
a 1nvert1ng ‘confiection from said differential output

of sald transconductor to sald second dlfferentlal input of

said trapsconductor; _ L _

'~ a differential difference amplifier having a first
input connected to receive .said dcnvoltage, a second input
inverted output from said

W0 T

connected to receive and an

transconductor, and an output; ‘and
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a variable rgsiéto: across which said output of said
transducer is connected;

said output - of .said différential difference amplifier
being connected to control said variable resistor to

minimize the output of said differential difference

amplifierff..

4. The circuit of claim 3 wherein said variable resistor

had a negative resistance.

5. A transconductan¢e ‘circuit having a high output

impedance, comprising:
a dual input differential transconductor having first

and second differential inputs and a differential output,
said first differential input being connected to receive a

dc- voltage, ' ‘
an in&erting feedback path between said second

differential input and said differential output:

2 differential difference amplifier having a first

PN S o 8

input connected to receive said dc voltage and a second

input connected to said inverting feedback path, and an

output;
a variable resistor connected across said differential

output; and _
said output of said differential difference amplifier

being connected to control said wvariable resistor to

minimize said output of said differential difference

amplifier.

6. The method of claim 5 wherein said variable resistor has

R

a negative resistance.



