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CONTROL CIRCUIT FOR INCREASING THE OUTPUT IMPEDANCE OF A 
TRANSCONDUCTOR 

BACKGROUND Of THE INVENTION 

1. FIELD OF THE INVENTION 

This invention relates to improvements in 

transconductors, or the like, and methods for construc:ing 

same, and more particularly to improvements in methods and 

circuits for controlling the output impedance of :; 

transconductor. 

2. RELEVANT BACKGROUND 

A transconductor is a voltage controlled differential 

transconductance stage or circuit. Transconductance 

circuits are used in many applications, among which, for 

example is in driver circuits that supply drive power to a 

de motor used to spin a disk of a hard disk drive, o~ the 

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 conditi_on, 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 

one advantage of the invention is that a differential 

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 wi!l 

be appreciated by those skilled in the art from the 

following detailed description, taken in conjunction ·11it:: 

the accompanying drawings and appended claims. 

According to a broad aspect of the invention, a method 

is presented for ~ontrolling the output impedance of a 

transconductor having first and second differential inputs 

and a differential output. The method includes applying a 

de voltage to the first differential input of the 

transconductor and to a first differential input of a 

differential difference amplifier. An inverted outpu~ o: 

the differential output of said transconductor is applied 

to the second differential input of the transconductor and 

to a second differential input to the difference amplifier. 

The output of said transconductor is applied to a variable 

resistor that is controlled by an output of the difference 

amplifier. 

According to another broad aspect of the invention, a 

transconductance circuit is presented which has a high 

output impedance. The transconductance circuit has a dual 

input differential transconductor having first and second 

<:iifferential inouts and a differential outout. The first . . 
differential input is connected to receive a de voltage. An 

inverting fc~dback oath is connected between the second 
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differential input and the differential output. A 

differential difference amplifier has a first input 

connected to receive the de 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 is 

connected to control the variable resistor to minimize the 

output of the differential difference amplifier. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is illustrated in the accompanying 

drawings, in which; 

Figure 1 is an electrical schematic diagram of a 

transconductor and associated circuitry to control the 

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 witP. 

associated control circuitry 12 to control the cutpGt 

impedance to near infinity. The transconductor 10 has dual 

differential inputs 14 and 16, and a differential output 

18. A de 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 is 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 de 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 is 

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 differ:-<?r.tial 

difference amplifier 24 forces the difference between 

inputs 14 and 18 of the transconductor 10 to be lilin1::ial. 

This difference is limited by the input offset of the 

differential difference amplifier 24. 

With the circuit constructed as above described, the 

net transconductance current is zero, since the two inputs 

(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), and since the 

net current entering the output nodes equals the sum of 

transconductance current and output conductance current, 

the latter must also be zero. However, the trans conductor 

output voltage is a non-zero DC voltage (in fact equal to 

the voltage of the first differential input to the 

transconductor) . Hence the impedance looking into the 

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 its output conductance cancels the output conductance 

of the tra~sconductor. This input control .signal, ~hich 
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could be a voltage si9nal, .may then be used in other 

transconductors, for example, in a continuous-ttme filter 

that each. has a· simil~r va':ti'~bi"~ reslst:ance circui!:.~ 
. . .. 
~ .,, . 

Although the invention h?,.s been described and 

illustrated with a certain degree. of parti.cularity, it is 

understood that ·the present disclosure has been made only 

by way of example, arid :that numerous changes in the 

combina.t.ipn and -ar·rangement: of pa·rts "c'an be. res<:)rted to by 

those ~killed in' 't'he a~t ~ith:out d~paiting. fro'm' ~h·e. sp! rit 
. . .. ·.:. . . . 

and scope of the invention, as herein~fte~ claimed. 

: .. 
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CLAIMS: 
' . 

1. A method for · ~ont;:-rolling the .. 01:1tput ·i~p~d~nce of a 

trans~_ond~c~or l')aving first a.f).d se~ond .diff~r.en~ial inputs . .. . .· . . . . 

and a. differential .output, ·comprising: 

applying a de v6ltag~ t~ said first differ~ntial input 

of .paid trapscon,<;iuctor .a.nd to. ~ f.irst dif.(erentiaJ· input of 

a d.lffetential· difference. ·amplifier0; • 

applying ari inverted'. ~6:htpu"t" of. said d"ifferential 

output of said trans conductor to said second differential .· . . . . . . . . . . 

input of said transconductor and to a .second differential . ·: . . .· . . .. 

input to said d.ifference amplifier; 

applying said.· output. o.f. s_q.id transconductor to a 

variable resistor; and 
. .. 

controlling a resistan.ce of said variable resistor by 

an qutput of ·said· difference. am9l.ifie_r. 

2. The method of ·claim 1 wherein sa,Id ·variable resistor 

presents a · negative resistance to said output of said 

tran-sconductor. 

3. · A circuit for contiolllng cthe:· output impedance of ·a 

tra_nscondu_ctor qaving a first . dif t:erential input for 

receiving a de voltage, a second differential input, and a 

differential output,· comprising: 

a inverting · conrte.6tio~: from, sa"id differential output 

of said tra.nsconductor. to S<?-id second differential input of 
: . . . ~ ; .. 

sai9 trapsconductor; 

· a differential diffeten.ce amplifier having . a first 

input connected to receive .. said .de .. voltage, a second input 

connected to receive and an inverted output from said 

transconductor, and an output; ··and 
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a variable resistor across which said outpu.t of said 
transducer is coqnected; 

said output ·of- -said differentia-l' difference amplifier 
being connected to control said variable resistor to 
minimize the outpU~. 9f said. qi.(fe.renti.al difference 
amplifier .. 

4. The circuit of claim 3 wherein said variable resistor 
had a negative r~s~st~ric~. 

5. A transconductance 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 
de voltage, 

an inverting feedback path between said second 
differential input a_nd sa~d differen.tial output; 

3 differential difference amplifier having a first 
input connected to receive said de voltage and a second 
input connected to said .inverting feedback path, and a:i 
output; 

a variable resistor connected across said differentia~ . -

output; and 
said output of said diffe_rential difference amplifier 

being connected to control said variable resistor to 
minimize said output of said differential difference 
amplifier. 

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