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4.10.2 Other Error Correction Modes - Error takeoff from Sandman

In the "Short Circuits' column of the January 1973 issue of Wireless World, A.M.
Sandman (UK), having made proposals for class B amplifier improvements in 1971
presented a simple circuit showing how to use a low cost IC op-amp to build a low-
quality amplifier, then use a second op-amp to correct the errors
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(Figure 4.65, Distortion Reduction by error add-on)

This did not involve NFB and was in addition to the global NFB already used by the low
quality amplifier, instead, Sandman had noted that the error signal is approximately
equal to the residue at the inverting input of the first op-amp. This is true for the

series NFB configuration used. The error signal is then simply amplified (with a
non-inverting amplifier note), and applied in antiphase by a second power stage,

which makes a full-bridge. So here we have a bridge topology, IC op-amp-based,

with NFB and one kind of error feedforward. Sandman titled his circuit “Reducing
distortion by error add-on“.

In the February 1973 issue, Bollen [78] followed with 'Distortion reducer'. In this
article, a similar, rather more convoluted scheme was proposed
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First, the input signal is subtracted from an attenuated version of the output. This should
leave just distortion and noise, Then feed this back into the input stage in anti-

phase, to cancel the distortion - and ideally the noise. In practice, the IC op-amps of

lhc day added some substantial noise and also distortion of their own. In turn the

circuit was limited to attaining a nonetheless creditable reduction of non-linearity

and hum by 15 to 20dB or so. Subsequently J.Ross MacDonald drew attention to his
1955 patent and paper [79]. where he had described much the same system, but

using valves (as you then did) and calling it ‘Active error feedback'. Others call this
'multiple feedback'.

(Figure 4.66 — Active Error Feedback after McDonald & Bollen)

In the October 1974 issue of Wireless World, Sandman then presented a more in
depth article, showing the 'distortion add-on' circuit providing what he now termed
‘error takeoff and also “error feedforward”. He also showed an iterative, parallel
scheme, where the main signal and error canceling signal are passively summed at
the output, n times ad nauseam. He revealed that Howard Black, the inventor of



NFB (with 5 patents filed from 1928 to 1932) had patented the latter earlier, in

1925, but it was too far ahead of its time. Sandman now felt that the time for putting
feedfoward error correction (FFEC) to work had come. The gist was to measure the
error at the output of the amplifier, amplify it. then subtract it from the signal,
According to which way you see it, FFEC has a lot in common with current -dumping.
Sandman later called this 'class S' [80]. But it is really a mode of control, and again
quite unlike any of the feedback schemes previously discussed. It has seen com-
mercial use in several Japanese domestic amplifiers (e.g. Sansui [81] and Technics),
but nowhere else high profile. As a measure of what is possible in the realm

of improving conventional specifications, in the Technics SE-A100
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(Figure 4.67 Error Feedforward after Sandman),

which employs Sandman's “FFEC", Hood [27] cites 0,0002% THD @ 1 kHz, and a
reasonably wide bandwidth, up to 150 KHz, for a nominal 100 watt power at 8 ohms.

As in current-dumping, a small, clean amplifier "A", with its own NFB is used to fill-in' the
relatively small deficiencies of the larger-current-handling high gain amplifier, "B"

Each operates in the same class as its respective name. One way to look at the
operation of the circuit is that the high gain error amplifier (B) makes the speakers
impedance appear to be higher than it really is. But low distortion, including high
cancellation of the crossover errors in amp B, requires a precise resistance match,

as suggested by some of the ohmic values. And, as soon as the speaker is driven, or
even the room temperature varies, nearly exact cancellation is bound to be lost.
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