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Hazy linearity notions?
Letters ELECTRONICS WORLD April 1996 p330

I would like to comment on Mr Kiyokawa's hazy notions in the Jan 1996 issue Letters column.

I was glad to see Mr Kiyokawa confirm that a linear increase of power FET gm with drain current is a 
poor basis for making a linear stage. What is really required is linear variation of Id with Vgs. It may 
be possible to partly cancel FET square-law distortion by push-pull operation. But this can only work 
in Class-A, when both upper and lower output devices are conducting at the same time.

Economic necessity and energy conservation mean that most amplifiers are Class-B, and to date there 
is no practicable compromise between these two modes. If FET's can only give acceptable linearity in 
Class-A, then this is not much of a recommendation for them.

I am unable to understand the contention that an FET output stage can have a 'lower' open-loop output 
impedance, presumably compared with a bipolar version. Field-effect transistor gm, is always much 
lower than for bipolar's, and so this would appear to quite impossible.

A 1Ω output resistance is much too high. It may only have a small effect on loudspeaker damping, but 
will certainly cause unwanted frequency response variations because of the varying impedance curve 
of the speaker.

Having done a great deal of practical EMC testing recently, I can assure Mr Kiyokawa that radio-
frequency entry via speaker cables is a non-problem – at 3V/m and between 30 and 1000MHz, 
anyway. The presence of an output inductor may be the critical factor here; at any rate it is no reason 
to abandon global negative feedback.

I'm afraid that Mr Kiyokawa has not quite appreciated the action of

the voltage-amplifier stage transistor. The impedance at its collector is strongly frequency dependant, 
halving with each octave as local negative feedback through Cdom increases, and crippling its linearity 
with a dead load of 5k will not alter this fact. I think it will be difficult to find a driver/output pair with 
a combined Hfe of 10,000 at practical current levels; but if the object is, as it appears to be, the 
avoidance of global negative feedback, then this line of thought is a dead-end anyway.

I have made solid-state amplifiers where the output stage worked open-loop, and the practical result is 
severe distortion of a unpleasantly jagged kind. I cannot believe that anyone – subjectivist or otherwise 
– would find this preferable to the very low THD levels obtainable from a blameless amplifier with 
global negative feedback.

According to the Toshiba application notes, IGBT's consist of an FET controlling a bipolar power 
transistor; I have no information on the linearity of these devices, but the combination does not sound 
promising.

The most discouraging aspect is the presence of a parasitic bipolar-junction transistor that turns the 
device hard on above a critical current threshold. This inbuilt self destruct mechanism makes overload 
protection an extremely critical matter; it seems unlikely that IGBT's will prove popular for audio 
amplification. 

Douglas Self, 
London
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Linearity confusion
Koji Kiyokawa

Letters ELECTRONICS WORLD Jan 1996 pp37-38.

Looking back at past debates of FET/BJT linearity, I noticed that the word linearity is being referred 
differently by some correspondents.

A lot of the FET supporter comment on the linearity between gm and Vgs. Fair enough. Suppose gm 
does increase linearly with Vgs. Then we can write gm=kVgs, where k is a constant.

Knowing that gm=Id/Vgs and substituting gm=Vgs gives Id=kVgs^2. What is important in audio 
signal amplification is linearity between Id and Vgs, not between gm and Vgs.

The FET's square law does have an advantage though. Distortions produced by square law devices are 
mainly even order. Using such a device in push-pull results in cancelling of even-order distortion. If 
precise matching can be done for output devices – which I doubt – FET's may have less distortion in 
the end.

Bipolar devices are probably more linear on their own, but due to the doubling of odd-order distortion 
under push-pull operation, they may have higher distortion compared to a perfectly aligned FET stage.

Using FET's with reasonable gm also results in lower open-loop output impedance. This is due to the 
source follower output impedance of 1/gm – output impedance below 1Ω would be enough to control 
most speakers.

There is another point. Given low open-loop output impedance, any back emf and radio-frequency 
disturbance coming from the speaker will be earthed at the output terminals. Amplifiers relying on 
global negative feedback to lower output impedance behave differently. Any unwanted RF/EMF 
coming in from the output terminals will be injected into the second base of the long tailed pair. As a 
result, the amplifier is forced to perform disturbance rejection on top of the amplification it has to do. 
This is not ideal. Mr Self rejected the idea of resistively loading the Vas transistor due to distortion. 
However, it has its merits when bipolar devices are used at the output. Choosing R1 at 5k, and 
assuming an output Darlington Hfe of 10000, the open-loop impedance will be 0.50. As a result, there 
is no need to resort to feedback to lower open-loop output impedance.

Varying the value of R1 results in a trade off between distortion and open-loop output impedance. 
Subjectivists may find it interesting to replace R1 with a 100k potentiometer.

Lastly, why doesn't anybody use the Siliconix Vmos device which claim superior linearity over 
ordinary MOSFET's? I hardly ever see the Toshiba IGBT's used either. 

Koji Kiyokawa, 
Allestree,
Derby.


