FREQUENCY RESPONSE AND EQUALIZATION OF ANALOG TAPE MACHINES





High Frequency Loss


When playing back a tape recorded with constant recording head drive current, the output voltage of a playback head theoretically rises 6 dB/octave in proportion to frequency (indicated by the solid line in Fig l.).  In reality, however, there are numerous losses in the recording head and the playback head.  These losses tend to become more significant at higher frequencies as shown in Fig. 1.





Other factors in the frequency response include recording and playback head winding resistance, stray capacity, size of magnetic substance on the tape employed, amount of bias, etc.
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Fig. 1     Frequency Response and Various Losses





Losses during Recording





A. Recording-demagnetization loss


This is due to the phenomenon in which a portion of tape magnetized as it passes over the head gap is then slightly demagnetized by the subsequent signal.  This phenomenon is called “recording demagnetization loss” or “erasure.”  The higher the frequency and/or the lower the tape speed, the greater the loss.





B. Self-demagnetization or “self-erasure” loss


This is caused by an adjacent inversely oriented magnetic field.  The shorter the wavelengths on the tape, the greater the loss.  In other words, the higher the frequency, and/or the lower the tape speed, the greater the loss.





C. Thickness loss (Penetration loss)


The intensity of recording magnetization is not constant irrespective of tape thickness, but decreases with the distance (depth of magnetic coating) from the head gap.  When magnetization occurs predominantly on the surface of the tape, loops of magnetic flux are generated inside the tape.  This causes the magnetic flux flowing out into the playback head to be decreased, resulting in signal loss.  The shorter the wavelength and/or the thicker the magnetic coating, the greater the loss.








D. Separation loss 


This is caused by the separation between the tape and the recording head gap.  The shorter the recording wavelength, the greater the loss.





E. Core loss


The causes include eddy current loss, hysteresis loss, etc., and of course inductance loss generated in the recording head core.  The higher the recording frequency, the greater the loss.  The core loss varies with the material, shape, etc. of the head core.











Losses during Playback





F. Gap loss


Relationships between the playback head gap length and the wavelength on the tape may cause a loss in the signal called “gap loss.”  The playback head output is at zero level if the relationship can be expressed by the formula g = (( where ( is an integer, g is the gap length and ( is the wavelength.  Peaks take place in the playback head output when g = (( + 0.5) ( where ( = 0, 1,2,...     (see Fig. 1).





G. Separation loss


Any separation between the playback head gap and the tape results in loss of signal.  The shorter the wavelength (the higher the frequency), the greater the loss.  The leakage flux from the recorded tape can reach only an extremely limited area, and a separation of only some millionths of an inch will greatly reduce the leakage flux from the tape reaching the head gap and result in considerable loss.  For example, if dirt or magnetic particles of the tape are accumulated on the head gap, good contact between the tape and the head gap cannot be maintained, thus significantly affecting the response in the high frequency region.  During recording, by contrast, the separation loss is far smaller than that during playback because the recording head has an intense magnetic flux which can cover a wider range.
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Fig. 2 Separation Loss





H. Thickness loss


Even if good contact is ensured between the head gap and the tape, magnetism located deep in the magnetic coating can be considered to be separated from the gap as in the case of separation loss described above.  Hence, the shorter the wavelength and the thicker the coating, the greater the loss (see Fig. 3).
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Fig. 3 Thickness Loss





I. Azimuth error loss


This loss is due to the angular relationship between the recording head gap and the direction of magnetization on the recorded tape (the recording head gap).
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Fig. 4 Azimuth Error Loss





When the recording head gap is precisely perpendicular to the direction of tape travel as shown in Fig. 4, recorded signals on the upper tape edge A, center B and lower edge C will be in phase as shown in (B).  In this case, if the angle formed by the playback head gap with the tape movement is exactly 90( as shown in (1), the output signal will have a level combining those of the signals A, B and C.  If the angle is misaligned as in (2), signals A, B and C become out of phase, and their combined signals will generate a lower level than those in phase.  The shorter the wavelength on the tape and/or the wider the track, the greater the accuracy of azimuth alignment required.





J. Core loss


Similar to the core loss during recording, the higher the frequency, the greater the loss.  The loss also depends on the material, shape, etc, of the core.





Frequency Response in the Low Frequency Range


As the wavelength on the tape becomes closer to the dimensions of the head core, variations take place in playback frequency response (see Fig. 5).  Such variations, caused mainly by the shape of the playback head, are referred to as “contour effect” or “head bump.”
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Fig. 5     Playback Frequency Response in Low Frequency Range








At short wavelengths (high frequencies), magnetic flux is distributed as shown in (A).  In this case, only the main magnetic flux 1 passes through the coil to produce output signals.  At low frequencies, as the wavelengths on the tape become closer to the size of the head, magnetic flux will be distributed as shown in (B) or (C).  In the case of (B), there are three effective magnetic fluxes 1, 2 and 3 that pass through the coil.  Because the main magnetic flux 1 is opposite to the fluxes 2 and 3 which leak into the coil, the output level falls to form a dip in response.  In (C), the fluxes are added to one another to boost the response and thus form a peak.  As the wavelengths on the tape become still longer, in (D), effective magnetic fluxes are decreased, causing the output to fall off drastically.  The longer the wavelength, the more likely bumps will be generated.  It is therefore necessary to be more careful at higher tape speed.  Moreover, as the head becomes smaller in size, the bump occurs at shorter wavelengths (higher frequencies), thus raising the lower limit of reproducible frequencies.  Such variations in frequency response are dependent on the shape of the core, front and rear gap widths, location of the coil, shape of the shield, tape motion (contact), etc.








�PLAYBACK EQUALIZATION





To obtain flat frequency response covering various losses, compensation is made in the recording and playback circuits.  This compensating process is called “equalization” and the circuit used in the process “equalizer.”  With signal-to-noise ratio, distortion, etc. taken into consideration, compensation is performed mainly in the high frequency region during recording and in the low frequency region during playback (see Fig. 6).





Normally, the equalization is standardized by providing specific characteristics in the playback amplifier.  This is because the equivalent characteristics during recording vary depending on the tape speed, format and quality of tape and head, amount of bias, etc.  It is not practical to measure the equalizer characteristics in the playback amplifier every time the equalizer is adjusted.  Instead, a standard tape designed in accordance with an internationally accepted standard is played back to adjust the playback equalizer until a flat response is achieved in its output.  Then, a blank tape is recorded and simultaneously monitored from a separate play-only head, while the recording equalizer is adjusted until a flat response is obtained.
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Fig. 6 Frequency Res
