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57 ABSTRACT 

An amplifier is connected between the inverting and 
non-inverting inputs of an inverting feedback amplifier 
to substantially reduce distortion caused by inherent 
physical properties of the semiconductor devices. 

3 Claims, 3 Drawing Figures 
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DISTORTION REDUCTION: CIRCUIT FOR AN 
INVERTNG FEEDBACK AMPLFER 

BACKGROUND OF THE INVENTION 
Inverting feedback amplifiers are very popular and 

are widely used in the design of state-of-the-art elec 
tronic test and measurement equipment. The popularity 
of such amplifiers is attributable in part to their accurate 
gain characteristics coupled with simplicity of the am 
plifier itself. Implementation into a circuit is a matter of 
selecting appropriate external resistors in many cases. 
However, the active devices employed in inverting 
feedback amplifiers exhibit an inherent non-linear dis 
tortion and input noise characteristic which is a prob 
lem in designing signal-generating test equipment in 
which an extremely high degree of signal purity is de 
sired. Most attempts to solve this problem have been to 
add compensating networks directly within the struc 
ture of the active devices themselves. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a distortion 
reduction circuit it provided for an inverting feedback 
amplifier, so that the inherent distortion is significantly 
reduced rather than compensated for. The distortion 
reduction circuit comprises an additional amplifier stage 
externally connected between the inverting input and 
the ordinarily grounded non-inverting input of the feed 
back amplifier to reduce the apparent magnitude of 
error voltage at the inverting input, consequently re 
ducing the effects of inherent distortion or noise on the 
output signal. 

It is therefore one object of the present invention to 
provide a novel distortion reduction circuit for an in 
verting feedback amplifier. 

It is another object to reduce non-linear distortion in 
an inverting feedback amplifier by addition of simple 
external circuitry. 
Other objects and advantages of the present invention 

will become apparent to those having ordinary skill in 
the art when taken in conjunction with the accompany 
ing drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a conventional inverting feedback amplifier 
with the voltage distortion resulting from inherent 
physical properties modeled as an external voltage gen 
erator; 

FIG. 2 shows an inverting feedback amplifier with a 
distortion reduction circuit in accordance with the pres 
ent invention; and 

FIG. 3 shows the details of the distortion reduction 
circuit. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1, a conventional inverting feed 
back amplifier including an active device U1, an input 
impedance element, such as a resistor 10, and a feedback 
impedance element, such as a resistor 12, is shown. An 
input voltage V is applied to an input terminal 14, and 
an output voltage V is available at an output terminal 
16. The active device U1, shown with inverting (-) 
and non-inverting (--) inputs, may be any of the well 
known amplifier devices that are available, from a sim 
ple grounded emitter transistor to a sophisticated differ 
ential amplifier integrated circuit. All of these devices 
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2 
exhibit an inherent non-linear characteristic and noise 
which arise out of the physical properties of semicon 
ductor devices. Distortion of voltage Vd. that is gener 
ated as a result of such non-linearities and noise is mod 
eled by interposing a voltage generator 18 between 
ground and the non-inverting input of amplifier U1. 
Because the inverting and non-inverting inputs tend to 
remain balanced through operational amplifier action, a 
summing-point voltage V which is approximately 
equal to distortion voltage Vd is produced at the invert 
ing input of U. 
FIG. 2 shows a modification to the circuit of FIG. 1 

to reduce the effects of non-linear distortion and noise. 
Here, the basic inverting operational amplifier is sub 
stantially the same as shown in FIG. 1, and thus like 
reference numerals are used to facilitate the discussion. 
An amplifier 20 having again A is connected between 
the inverting and non-inverting inputs of U1 to establish 
a relationship between distortion voltage Vd and a re 
sulting summing-point voltage V'x in which Va) > V'. 
Since distortion voltage Vd is generated by intrinsic 
physical properties at the non-inverting input, its value 
is not altered by amplifier 20. Therefore, amplifier 20 
forces a reduction in summing-point voltage V' by a 
factor of 1/(1 +A) so that Val-Vad/(1 +A), conse 
quently reducing distortion or noise in the output signal 
Vo. Considering that present state-of-the-art amplifier 
devices suitable for use as U1 exhibit very low distor 
tion, the circuit of FIG. 2 reduces the low distortion to 
even lower levels. One embodiment of the present in 
vention has been designed and tested in which the total 
distortion is less than 0.0001%. 
The circuit of FIG. 3 is substantially the same as that 

of FIG. 2 and like reference numerals are used; how 
ever, the details of amplifier 20 are shown. The ampli 
fier comprises a field-effect transistor (FET) 30 having 
its gate connected to the operational amplifier summing 
point at the inverting input of amplifier U1. Because of 
the high gate impedance of FET 30, the loading of the 
summing point by the implementation of amplifier 20 is 
minimized. The source of FET 30 is connected to 
ground, while the drain therefor is connected through a 
load resistor 32 to a source of positive voltage --V. The 
drain of FET 30 is also coupled to the non-inverting 
input of amplifier U1. An AC-coupling capacitor 34 is 
optional and may be included to provide a low-fre 
quency cutoff, or to reduce the effects of drift at the 
drain of the FET. A resistor 36 from the non-inverting 
input to ground may be provided if a coupling capacitor 
is employed to establish the biasing requirements of 
amplifier U1. A capacitor 38 may be provided from the 
non-inverting input as a practical matter to optimize 
frequency response, or even to provide high frequency 
cutoff. Factors to be considered in including these op 
tional components, or selecting the values thereof, in 
clude the purpose for which the circuit is to be used, the 
characteristics of the devices, circuit stability, and band 
width limits. By carefully selecting the bandwidth of 
amplifier 20, the stability of amplifier U1 is not affected 
or compromised. 

It will be obvious to those skilled in the art that the 
distortion reduction circuit for an inverting operational 
amplifier described hereinabove may be implemented in 
many ways, and that many devices may be substituted 
in the described embodiments. The appended claims 
therefore cover all such changes and modifications as 
fall therewithin. 
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What I claim as being novel is: 
1. An amplifier circuit, comprising: 
an inverting feedback amplifier having inverting and 

non-inverting inputs and an output, an input impe 
dance element connected to said inverting input, 
and a feedback impedance element connected from 

: said output to said inverting input; and 
a distortion reduction amplifier comprising a field 

; effect transistor, the gate of which is directly con 
nected to said inverting input of said feedback am 
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4. 
plifier, and the drain of which is coupled to said 
non-inverting input of said feedback amplifier. 

2. An amplifier in accordance with claim.1 wherein 
the source of said field-effect transistor is connected to 
ground. 

3. An amplifier in accordance with claim 1 wherein 
said distortion reduction amplifier further comprises 
passive elements to limit the frequency response 
thereof. 
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