] A8l0 Audio

The new amplifier of the A810 fea-
tures an advanced phase compen-
sation technique. This article out-
lines the developments that led to
optimum treble record equalization
without phase error.

Problem definition

he fundamental purpose of all tape

recordings is to store the audio sig-
nals in a form that is compatible with
other recorders and to ensure that they
can be reproduced with high fidelity.
However, frequency-response errors
occur in the recording as well as the
reproduction process. In addition, the
peak recording level of a tape depends
on the ratio of coating thickness to wave
length of the recording frequency. For
this reason, tape flux has been defined
and standardized in such a way that
tape saturation can be prevented.
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The simple arrangement illustrated
in Fig. 1 ensures that the tape flux re-
mains within the specified standard. [t
should be noted, however, that current
standards refer only to the amplitude
response. However, 1t makes sense to
define the phaseresponse as well.Inthe
arrangement illustrated in block dia-
graml, both the amplituderesponse and
the phase response are corrected. In
our subsequent discussions we simply
call this an "ideal recorder".

Recording of the audio signalsis dis-
turbed by amplitude errors (ireble
losses). The most important factors are:
- Coating thickness attenuation
- Self demagnetization
- Attenuation by arecording gap thatis

not infinitesimally small

These factors produce so-called
aperture distortions. A common charac-
tenistic 1s that they do not cause any
phase displacement. These treble
losses must be compensated in the.re-
cording section in order to attain the
standard tape flux while simultaneously
maintaining the phase response which
should also be part of the standard [al-
though it has not (yet) been included].
The following circuit versions illustrate
the progress in development that led to
the advanced solution.

Phase compensation
4design considerations

Implemented circuit versions

1st Version
Recording circuit with record equaliza-
tion by an RC network.
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Curve @ represents the uncorrected
frequencyresponse of the "idealrecord-
er'. Frequency response @ results if
the norm flux equalization (attenuation),
as required to attain the standardized
tape flux, is omitted before the signal is
processed bytheidealrecorder. There-
maining boost to obtain a linear frequen-
cy response @ can be accomplished
with a simple RC network (Fig. 3).
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Advantages:

- Frequency response can be very
accurately equalized by any type of
network

- Inexpensive

Disadvantages:

— Major errors (required phase re-
sponse not achieved)

— Adjustment difficult to implement
with timmer potentiometer

2nd Version

Treble boost by adding a differentiated
and inverted signal.

Fig. 4

In this version aiso, some of the boost
1s achieved by omitting the standard flux
equalization. The additional equaliza-
tionis betterthaninversionl asfarasthe
phase response is concerned.

Advantages:

- Good frequency response
achievable

- Control with variable resistor

Disadvantages:

- Residual phase errors

- No limitation of bandwidth

3rd Version

High frequency record equalization by
adding a double-differentiated, invert-
ed signal. In this version, the record
equalization required for the standard
tape flux is not omitted and is left as




Fig.5

illustrated in Fig. 1 (Mathematical solu-
tion, see Appendix 1).

Advantages:

— Good phase response achievable

— Proper phase relation

Disadvantages:

— No limitation of bandwidth. Whistling
noises

— Danger of tape saturation at high fre-
quencies

- High noise levels above 20 kHz alter
the bias current

Solution implemented on the
STUDER A810

This state-of-the-art solution for optimum
phase correction (without the disadvan-
tages of version 3) is based on the fol-
lowing:

@ The underlying concept is the same
as described for version 3.

@ The differentiation stages are re-
placed by special bandpasses (BP).
These feature a frequency-proporti-
onal amplitude response in the frequ-
ency range of interest.

@ A delay network is inserted into the
main branch. Its purpose is to com-
pensate unavoidable bandpass delay.

The operating range is on the lower
slope of the bandpasses. For frequen-
cies up to 20 kHz, this slope requires a
treble boost with a fixed steepness of
6 dB/octave. Inversion of the frequency
response curve limits the bandwidth
and unwanted noise above the audio
range is consequently eliminated.

With respect to the bandpass filters,
the previously mentioned group delay
problem must be solved. In the operat-
ing range, this delay should be independ-
ent of the frequency. This requirement
has been satisfied by the accurate defi-
nition of the filter Q's (0.57 to 0.6) (mathe-
matical derivation, see Appendix 2).Itis
thus possible to compensate the group
delay of the bandpasses by a delay net-
work in the direct path. The delay cor-
rection network is implemented by an
allpass of the 2nd order. Mathematically
accurate correction of the delay occurs
when the Q factorsand w,oftheallpass

correspond to those of the bandpasses.
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Fig. 8 illustrates the characteristics
and the component values of the equal-
izer section.

Fig.9

Fig. 8 gives a comparison of square-
wave frequencies via tape (2.5kHz at
18ips) obtained with phase compensa-
tion (A810) and without (conventional re-
cord amplifier).
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APPENDIX 1

Fig. 10

Upy(t) = A sin wt

Us(t) = kA sin wt
_ U@

t) = =— Aw cos wt
U, (t) 7 w

du(t)  d*Upy(t)
Haftlen .  dt?

Uy(t) = — A w? sin wt
Us(t) = Uyt (k)=
Us(t) = Ak, w? sin wt
Ugur (1) = Ug(t) + Us(t) = k, A sin wt + Ak, w’sin wt

Uput (1) = A(k; +k; w?)sin wt

Ugut (1) A(k; +kyw?) sin wt
7 Upn(t) = Asin wt

G = 20lg (ky + k)

(i.e. no phase displacement)

Fig. 11
Graphic representation of G;  k; = |; w = 2xf;

k, as parameter

APPENDIX 2

The bandpass of the 2nd order has a transmission
response of: Wl
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w, = resonant frequency circuit
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quality factor

The corresponding phase function is:
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It can be represented as a series:
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By differentiating the phase after w we obtain the
group delay
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If 7;pat @ = 0 must be retained for as long as
possible, the dominating interference term of the 2nd
order must disappear. This leads to the condition:
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