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FI GURE 6,
stage 72 includes a transistor 74 in a common

t he second
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COMPLETE SPECIFICATION
Improved Equalization Circuit

We AMPEX CORPORATION, a corporation
organized and existing under the laws of the
State of California, United States of
America of 401 Broadway, Redwood City,
State of California, United States of America
do hereby declare the invention, for which
we pray that a patent may be granted to
us, and the method by which it is to be
performed, to be particularly described in
and by the following statement:—

The present inventicn relates to equaliza-
tion circuits and more particularly to a
method and a circuit for providing equaliza-
tion in frequency end phase response of a
playback signal in a reproducer arranged to
reproduce (i.e. playback) signals recorded an
magnetic tape.

Broad band signals, such as tclevision sig-
nals, ordinarily cannot be recorded directly
on magnetic tape. To record the broad band
signals, a frequency modulation system has
‘been ‘employed, that is, a high frequency
carrier. signal is frequency modulated by the

" signal_to “be recorded, and the frequency
modilated signal is recorded, In the con-
ventional system, a low deviation ratio is

employed, that is, the maximum frequency’

- ‘deviation i§ made smallér than the maximum
. modulating frequency. In this way, the fre-
Yuency. modulated signal is effectively com-
pesed of the carrier frequency, ome lower
side “band and one upper side band. The
“and lower side bands are separated
fmm “the “carrier by the modulating fre-
quency Because of the “head-tape-head char-

\

acteristic of the recording/reproducing pro-
cess, the upper side bands of the reproduced

frequency modulated signal are ncn-linearly
attenuated, while the lower side bands are
emphasized, that is, the side bands of the
reproduced signal above the .carrier fre-

[Pncg 4s, 6d.]

quency are smaller in amplitude than the
Jower side bands.

Attempts have been made to shape the
response to the reproducer circuit empirically
by employing” bead resonance and resonant
circuits. However, the reproducsd signal has
suffered from differential phase and gain dis-
tortion, uneven frequency response, poor
transient response, €tc.

According to the present invention, how-

ever, an equalization circuit, for a trans-

ducer héad employed for repreducing a ‘re-
corded frequency modulated signal, the head
being compensated by compensating circuits
for phase and amplitude distortion caused
by resonance thereof, comprises means coup-
led to said head for providing a high fre-
quency amplitude - boost to the reproduced
signal with a linear phase characteristic and
a phase corrected low pass filtér means coup-
led to the output of said means.

In the following description reference will

be made to the accompanying 'drawings, in-

which: :
* Figure 1.is a graph showing the playback
response of a conventional television tape
recorder/reproducer in which the head re-
sonance has been compensated;

Figure 2 is a graph showing the dssired

playback responses of ' the television tape:

recorder/reproducer,

Figure 3 is a graph showing the equaliza-
tion curve required to convert the curve of
Figure 1 to that of Figure 2;

Figure 4 is a block diagram of a repro-
ducer circuit which includes a circnit for pro-
viding the equalization curve in Figure 3;

Figure 5 is a schematic diagram of a cir-
cuit which may be employed in two of the
blocks of Figure 4; and

Figure 6 is a schematic diagram of a cir-
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10 across the capacitor 78 in the emtter
16. 0 nmegacycles 75
gai n of abou
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connection, the reactance of the capaci-

transm ssi on band tor 78 s made | arge
d.c. to 10.5 mc. (-3 d.b.) and a null 15
transistor 74. Also at 14.0 mc.
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means for providing linear phase high fre-
quency emphasis and a low pass filter which
are selected so as to provide tke neccssary
response curve to: convert the normal re-
sponse of the reproducer circuit to the de-
sired straight line respomse. -

For purposes of explanation, the equaliza-
tion circuit is explained hercinafter es in-
corporated in the reproducer circuit of a con-
ventional television reproducer. The normal
playback response of a television tape re-
producer circuit ‘whose recoxd curtent char-
acteristic is flat with freqitency and whosc
playback head resonance has been completely
compensated is shown in FIGURE 1 for a
given carrier frequency. For relatively small
excursions of the carrier frequency, such as
are typical for the range of luminance levels
of a TV signal, the curve remains -essentially

_the same. As can be seen from the curve, the
Jower side band components are much higher
in amplitude than the upper side kand com-
ponents of the reproduced frequency modu-
lated signal. The amplitude of the side bands
is highest at the lower side band limit (i.e.,
a frequency equal to the tarrier frequency
minus the highest modulating frequency)
and ' decreases non-linearly until the uppe:
side band limit is reached. Side band com-

- ponents lying along this curve are also sub-
ject to a substantially contact delay by the
tape-head process. :

In order to eliminate differential effects,
such as the frequency response being a func-
tion of the carrier frequency, and to provide
a flat demodulation frequency response, the

. resporise of the reproducer circuit is pre-
ferably converted to the straight’ line shown
in FIGURE 2. Minimum transient distor-
tion and minimum differential phase distor-
tion require that the equalized reproducer
circuit have a constant envelope delay char-
acteristic.
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employed in a conventional four-head tele-
vision tape recorder/reproducer (not shown).
In such a recorder a lcngitudinally moving
two inch magnetic tape is cupped about 2
rotating drum which rotates abcut an axis
extending parallel to the path of movement
of the tapes. The drum carries four equally
spaced heads 10 at its periphery which con-
tact the tape and.trace transverse tracks suc-
cessively along the tape.

During playback, the heads 16 are sequen-
tially connected to 2 common output circuit
12 by a switcher 14 which may be of the
conventional type. Each of the heads 10 is
connected through one or more voltage
amplifiers 16, which may be of the conven-
tional type, and through a first means 18
for providing linear phase _high frequency
emphasis to one of the input terminals of
the switcher 14. :
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The first emphasis means 18 may mcl‘ﬁde

the circuit shown in FIGURE. 5, which.is_
similar to a conventional aperture corrector

employed in television circuits. As shown' in

FIGURE 5, the output signal from' the -

amplifiers 16 is coupled through a coupling -~

24 in a common collector of conﬁguratio"fi;;fl'l-S -

capacitor 20 to the base 22 of. a-transistor -

R g
i €5]

n

?5'”

sometimes called an emitter follower, . Thew™ -

output signal from the emitter foHower 24-is
coupled through a series resistor 26 to.the-
sending end of an open
which may be a distributed constant or a.
conventional artificial transmission line -com®
posed of inductors and capacitors. The send-
ing ends of the delay line 28 is also coupled
to the input of an amvlifier 30 which, as
shown, is a transistor in a common collector
configuration. ' o

The receiving end of the delay line 28 is’
coupled to an amplifier 32 which, as shown,:
is a transistor in a common collegtor con-

ended delay™line. 28-- P
120
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30 signal at frequencies outside the head reson- switcher. Also, in
certain applications, a 95 ance range).

si ngl e enphasi s neans nmay be provi ded. To provi de additional high
frequency em. phasis, the output fromthe resonance com VHAT WE
CLAIM 1S:- pensating nmeans 44 is coupled to the input 1. An
equalization circuit for a transducer 35 of a.second neans 82 for
providing high fre- head enployed for reproducing a.recorded guency
egphasi s mﬁth a Iinear phase cHH4®8  frequency nodul ated sigdal, the
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The output of the dlﬁerennal amphﬁer is resistor 62 and a capacitor 64 connected m '
coupled through a capacitor 40 to an cut- parallel between the coupling capacitor 36
put amplifier 42 which may be a pair of and ground. A potentiometer 66 is connected
25 - transistors in a conventional totem pole con- in series with the resistor 62 so that the 90
figuration. The outputs of -the output ampli- resistance in the resonance network may be
fier, in turn, is coupled to one of the inputs varied. Likewise a variable capacitor 68 is
of the switcher 14, as shown in FIGURE 4. connected across the capacitor 64 so that the
The emphasis means 18 provides a high- capacity of the resonance network may be
30 frequency amplitude boost to the output sig- varied, 95
nal with a linear phase characteristic {that is, The variable capacitor 68 in the resonance
a_characteristic having a linear variation of network 58 is adjusted until the resonant fre-
phase) over the entire range of frequencies. "quency of the resonance network 58 equals
The maximum bocst is obtained at the fre- the resonant frequency of the head. In this = .
35 quency where the delay line 28 is equal to connection, the product of the inductance 100
©a half wave length. This frequency is nor- and capacity of the resonance network =8
mally selected to occur at a frequency about is made equal to the product of the head
equal to twice the carrier frequency. The inductance and the input capacity to the
- exact placement of this frequency depends amplifier 16. Also at the resonant frequency
40 upon the exact shape of the desired cqualiza~- the quality factor (Q) of the resonance net- 105
- tion curve. ~ work 58 is made equal to the quality factor’
The first emphasis means 18 is located (Q) of the head. In this connection the pro-.
_ before the switcher so that the off-tape re- duct of the inductance and conductance of
sponse of the individual heads may be. the resonance circuit 68 is made equal to

45 -hatched to each other. - the product of the input capacity and resist- 110
.. ‘Im-the illustrated embcdnnent, the output ance of the head 10.
of the ‘switcher 14 is coupled to a head re- When the resonance circuit 58 is adjusted,

. Sonance compensator 44. A head resonance as described above, the output signal from
- “compensator- circuit which may be employed the first stage 50 of compensation is inversely
is shown in FIGURE 6. This circuit is des- - proportional (6 db per octave slope) to the 115
i cribed fully in our copending application, frequency of the input signal applied there-
No.-19442/64. to {(assuming a constant amplitude input sig-
N “The compensator  circuit shown in nal at frequencies outside the head resonance
~.~EKGURE 6 is designed to compensate for range). The output signal is coupled through
'_55 phase and amplitude distortion caused by the amplifier 69 which may be an imped- 120
~~1gsonance of the inductance of the magnetic ance matching amplifier such as a transistor
transducer heads 10 with the input capacity in a conventional common collector con-
of ‘the amplifier 16. Only one compensator figuration, and through a coupling capacitor
circuit is required in the reproducer circuit, 70 to the input of a second stage 72 of com-
60 since the four heads are matched to have nsation. The second stage 72 compensates 125
- the same resonant frequency and the same Kx the decreasing amplitude of the output
quality factor (Q). The input signal is signal from the first stage with frequency.
applied to the input of an amplifying circuit (assuming a constant amplitude input sig-
. 46 which, eferably, includes an emitter mnal to the first stage at frequencies outsxde
65 followcr, and is amplified by the same and  the head resonance range). 30
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a frequency about pl ayback response curve after it has been
to tw ce the carrier frequency and 115 conpensated for head
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to have a bandmndth i n which the ates the signal at the upper side band
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f g;ﬁék’ﬁdgﬁcrease in -output signal with

frequency, the -reactance of ‘the emitter
capacitor 78 at signal frequencies is made
much less than the resistance of the emitter
circuit. In this way the output signal from
the second stage 72 for a constant ampli-
tude  input - signal increases in amplitude in
direct proportion to- the frequency of .the
input signal (6 db per octave slope). Since
the signal from the first stage 50 decreases
in amplitude with frequency, the reuultmg
output signal of the second stage 72 is
signal which is constant with change of fre—
quency (assuming constant amplitude input
signal at frequencies outside the head reson-
ance range).

To provide additional high frequency em-
phasis, the output from the resonance com-
pensating means 44 is coupled to the input
of a second means 82 for prov1d1ng high- fre-
quency emphasis with a linear hase charac-
teristic over the entire range ol frequencies.
That is to say, there is a linear variation of
phase through the entire frequency range The

" second emphasis means may be similar te the

first emphasis means 18, previously des-
cribed. The output of the second emphasis
means 82 is fed to a phase corrected (ie.,
corrected to have a linear variation of phase

" throughout the tange of frequencies of in-

terest.) low pass filter 84 which may be of
the conventional type such as that. described
in. BBC Engineering Division Monograph
No. 17, April 1958. The design of the filter
depends upon the shape of the particular
playback response curve after it has been
compensated for head resonmance. The filter is
designed to have a bandwidth in which the
half power point occurs slightly above the
carrier frequency and the first null occurs at
the upper side band limit.

As shown in FIGURE 4, the output of
the low pass filter 84 is coupled to a de-
modulator 86 which may be of the conven-
tional type used in a television tape recorder.

The equalization circuit shown in FIGURE
4 provides a straight line amplitude response

having a constant envelope delay. The straight

line response reaches zero at a frequency
equal to the carrier plus the highest modu-
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It should ‘be realized that the above des-
cribed equalization. circuit may be employsd
with any FM-type recorder /reproducer. Also,
the arrangement of circuit elements shown
in FIGURE 4 may be varied. For example,
head resonance compensating means may be
provided for each of the heads instead of a
single’ compensating means being provided.
In such an application, the head resenance
compensating means would be connected in
the individual bead circuits. Also a separate

low pass filter and a second emphasis means .

may be provided for each of the heads-and
be connected in the circuit prior to the
switcher, - Also, in certain applications, a
single emphasis means may be provided.

WHAT WE CLAIM IS:—

1. An equalization circuit for a transducer
head employed for reproducing a recorded
frequency modulated signal, the head being
compensated by compensating circuits for
phase and amplitude distortion caused by
resonance thereof, said equalization circuit
comprising means coupled to said head for
providing a high frequency amplitude boost
to the reproduced signal with a linear phase
characteristic and a phase corrected low pass
filter means coupled to the output of sald
means. -

2. An equalization circuit as. clalmed in
claim 1, wherein the means for ‘providing
high frequency amplitude boost to the’ re-.
produced signal comprises a delay line which
i1s a half wave length at a frequency about;
equal - to twice the carrier frequency and’
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wherein the low pass filter completely attenu-"~"

ates the signal at the upper side band Limit
and passes the carrier without substantlal
attenuation.

3. A reproducer circuit for a transducer
head employed for reproducing a recorded™
frequency modulated signal comprising first
circuit means for compensating for phase and
amplitude distortion caused by resonance of
said head, second means for- providing a
high frequmcy amplitude boost to the repro--
duced. ‘signal with -a linear phase charac-
teristic, said -head being coupled to the: in-
put of one of said means and the input .of
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tter impedance of the transister @4.%{{5‘0
to provide the increase in output signal with
frequency, the reactance of the emitter
capacitor 78 at signal frequencies is made
much less than the resistance of the emitter
circuit. In . this way the output signal from
the second stage 72 for a constant ampli-
tude input signal increases in amplitude in
direct proportion to the frequency of- the
input signal (6 db per octave slope). Since
the signal from the first stage 50 decreases
in amplitude with frequency, the resulting

...output signal of the second stage 72 is a

35

signal which is constant with change of fre-
quency (assuming constant amplitude input
signal at frequencies outside the head resom-
ance range). . '

To provide additional high frequency em-
phasis, the output from the resonance com-
pensating means 44 is coupled to the input
of a second means 82 for providing high. fre-
quency emphasis with a linear phase charac-
teristic over the entire range of frequencies.

"That is to say, there is a linear variation of

phase through the entire frequency range The

- second emphasis means may be similar to the
-first emphasis means 18, previously des-~

. cribed, The output of the second emphasis
- means 82 is fed to a phase corrected (ie,,

corrected to have a linear variation of phase

" throughout the range of frequencies of in-

terest.) low pass filter 84 which may be.of

" the conventional type such as that described

50
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in BBC Engineering Division Monograph
No. 17, April 1958. The design of the filter
depends upon the shape of the particular
playback response curve after it has been
compensated for head resonance. The filter is
designed to have a bandwidth in which the

. half power point occurs slightly above the

carrier frequency and the first null occurs at

- the upper side band limit.
. .--As shown in FIGURE 4, the output-of

60 .

the low pass filter 84 is coupled to a de-
modulator 86 which may be of the conven-
tional type used in a television tape recorder.

The equalization circuit shown in FIGURE

- 4 provides a straight line amplitude response

65

having a constant envelope delay. The straight -

line response reaches zero at a frequency
equal to the carrier plus the highest modu-
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It should be realized that the above des-
cribed equalization circuit may be employad
with any FM-type recorder/repreducer. Also,
the arrangement of circuit elements shown
in FIGURE 4 may be varied. For example,
head resonance compensating means may be
provided for each of the heads instead of a
single compensating means being provided.
In such an application, the head resomance
compensating mesns would be connected in
the individual head circuits. Also a separate

low pass filter and a second emphasis means .

may be provided for each of the heads and
be connected in the circuit prior to the

switcher, Also, in certain applications, a-

single emphasis means may be provided.

WHAT WE CLAIM IS:—

_1. An equalization circuit for a transducer
head employed for reproducing a recorded
frequency modulated signal, the bead being
compensated by compensating circuits for
phase and amplitade distortion caused by
resonance thereof, said equalization circuit
comprising means coupled to said head for
providing a high frequency amplitude boost
to the reproduced sighal with a linear phase
characteristic and a phase corrected low pass
filter means coupled to the output of said
means.

2. An equalization circuit as claimed in
claim 1, wherein the means for providing
high frequency amplitude boost to the re-
produced signal comprises a delay line which
i1s a half wave length at a frequency about
equal to twice the carrier frequency and
wherein the low pass filter completely attenu-
ates the signal at the upper side band limit

and passes the carrier without substantial-

attenuation, _
3. A reproducer circuit for a transdu

--head employed for reproducing a recorded -

frequency modulated signal comprising first
circuit means for compensating for phase and
amplitude distortion caused by resonance of
said head, second meams for providing a
high frequency amplitude boost to the repro-
duced ‘signal with a linear phase charac-
teristic, said head being coupled to the in-

put of one of said means and the input of
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guency | ess the highest nodul ating frequency frequency nodul ated si gnal
substantially as and is a mninmum at a frequency equal to

described herein with reference to and as the carrier frequency plus
t he highest nodu- illustrated in Figure 4 or Figure 4, 5 and 6

| ating frequency. ' of the acconpanyi ng draw ngs.
5. Anmethod as clained in claim4, where- < 8. A nethod of
“equal i 2i ng the frequency. 50 in the playback anplitude/frequency
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tude/frequency character:stlc which is maxi-
mum at a frequency equal to the carrier fre-

-quency less the highest modulating frequency

and is a minimum at a frequency equal to
the carrier frequency plus the highest modu-
lating frequency.

5. A method as claimed in claim 4, where-
in the playback amplitude/frequency charac-
teristic is converted to a straight line by
boosting the high frequency amplitude of
the reproduced signal without varying the
envelope delay characteristic of the signal
and attenuating the side bands of the sig-
nal above the carrier signal, the signal being
completely attenuated at the upper side band
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‘claim 4 or claim 5.

7. An equalization circuit for a transducer
head employed for reproducing a recorded
frequency modulated signal substantially as
described herein with reference to and as
illustrated in Figure 4 or Figure 4, 5 and 6
of the accompanying drawings.

8. A method of equalizing the frequency
response of a frequency modulated signal sub-
stantially as described herein with reference
1o Figures 1 1o 3 of the accompanying draw-

ings.
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