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{54) Control pulse recording circuit for magnetic
recording and reproducing apparatus

(67) Acontrol pulse recording circuitfora
magnetic recording and reproducing
apparatus for rewriting the positions of the

trailing edges of square wave control
pulses pre-recorded in the control track of a
magnetictape comprises a control head 12,
acircuit 17, 18 (also Fig. 5) for detecting
leading edges of control pulses reproduced
by the control head, a circuit 21-23, 26, 27,
29-37,(70,71,74) {{Fig. 7) alternative) for
generating a recording voltage having a
polarity which changes atatimein
accordance with recording datato be
recorded in a re-write operation, and a
switching circuit 28, 38 for blocking supply
of the recording voltage to the control head
atatime which is after a predetermined

time from a time when the re-writing
operation is ended and is immediately
before a next leading edge of the control
pulses. The mode is switched backto
reproduction after the control head input at
the end ofthe rewrite operation converges
to approximately zero whereby
reproduction of the leading edge of the
next control pulse is facilitated. The leading
edges of the control pulses reproduced by
the control head are used in a servo circuit.

a
MULTE T [MuLT (YN 2
T
27 37
L o var ] A
—{QDELAY
C
32 l-u—
: RE O R W

+Vee

VvV ¢6l 641 ¢ 9D



2173192

-3 FIG.1
= 715
14-4
14-2
1
141 |
U—l—=[—]—=T—= =T 1=T=]=]—] 3
12
( E—
| [
| t
(B) i/ [k j}/ L
® ] !
| |ERASING RANGE | | |ERASINGRANGE
| i I
! ]
® ® © O |
| F ' I 1
i N [
FIG.2Z)  (¢) o ~ | ——
RRIOR | : E
ol (D) — e k® AL
dr—o \2/ :L \r, Tdr
f
(E) £ K
N
(F)Qéji / . ) J .
| | J
wo
oF
2
}_
iz




d
§7
34 36
. r* AMP h
SW 38
R sill
12
g
18
17 ;
JAMP & POS CONTL a
SHAP PUL DET
[ 19 20
DISCRIM J\El
y) 1 -
MONO| € IMONO d —[ MONO
MULTI MULTI \. b IMULTL 1 x
MONO EI
27 I | MULT!
' Q VAR .J 23
— —{QDELAY
C
32 Fj "
A—-—-—— 3
R‘*f O R 30 29
R2
AN

+Vee



1
as
{
|
L[

r_
1
i
-
|
L
TIME
I

F _T—
|
I
|
r
|
I
r
|
|

— TIME

— e “ — — o V— —— i — o i, St St

— i — — —

(D)
(E)

(B)b_ﬂ 1
I 'Ilil
i b

m i
It
|
1
[ HE
l 1 |H :‘0
| o
Il
ll '”:
[ ﬂl'
i |
by
T I
P
b
bep ol
b1
J——UJ
]
1

(C) ¢
(D) d
E
F
(G) 9
H

FIG.64c



_ﬁ..lm.._ml!.."
_ _
| PM1¢— | |
_ | WIYDSIQ
[——0 @ |
0c ”.111%.1!41_72
N9 ac
dny 19 INIM /83 130
dVHS LY3ANI-NON Y HLOOLMYS, — 175y 3503

Fr— lnﬂlll\._.thiJLl[]x

_ﬁwb |
m
1.
(5t 395 | i | 3e5
63! w’ |
| HA— KH m
“ =) ) 1]
_ | 1S 0S VAR
_ _
1 1
i I
_ _ 4
| A | i
llllll SR R QSRR [P N SN W
L N>+HM AN L %x
130 Ind TINOD SOd gl G .9 4 dVHS B3dWY LL




2177192

37

AMP ’]i@a

, AMP &1 _[POS CONTL q
SHAP PULDET D -
17 18 DISCRIM -3
MONO]__¢_[MONO a 21
MULT! MULT oL
MULT|
e x
‘ MONO|__.rh
Z U4 Nar @_E MULT]
—C & DELAY A
) =
M,
“ tp, 1\"’@1 29
ﬂ_—_f 4




;r‘_

(A) a_f]

(B) b_lL

(C)c

(D)d
(E) e
F'




GB2179192A 1

10

15

20

25

30

35

40

45

50

55

60

65

SPECIFICATION

Control pulse recording circuit for magnetic recording
and reproducing apparatus

The presentinvention generally relates to control
pulse recording circuits for magnetic recording and
reproducing apparatuses, and more particularly to a
control pulse recording circuit for re-recording (re-
writing) control pulses by varying the duty cycle
thereof depending on an arbitrary information while
reproducing the square wave control pulses which are
pre-recorded on a control track of a magnetic tape
with a constant peried for the purpose of carrying out
aservo operation at the time of areproductionina
helical scan type magnetic recording and repraducing
apparatus.

Ahelical scan type magnetic recording and repro-
ducing apparatus {hereinafter simply referredtoasa
video tape recorder or VTR) records and reproduees
aninformation signal on and from a magnetic tape. A
control track is formed along the longitudinal direc-
tion of the tape, and for example, control pulses
having a period of one frame is recorded onthe
control track of the tape by a control head. Video tracks
formed obliguely to the longitudinal direction of the
tape are formed in a central portion of the tape, and
theinformation signal such as a video signal is
recorded on the video tracks by rotary heads. In
addition, an audio track is formed at the upperend of
the tape along the longitudinal direction thereof.

A pre-recorded tape is accommodated within a
cassette case, for example, and is foaded into a main
body of the VTR. During ordinary operation modes
(for example, normal reproduction mode and vari-
able-speed reproduction modes other than still pic-
ture reproduction mode) of the VTR, the tapeis
transported in a loaded state where the tape is in such
a predetermined tape path that the tape is drawn out
ofthe cassette case and is wrapped obliquely around
the outer peripheral surface of a rotary body (for
example, arotary drum) for a predetermined angular

range. This ratary body is mounted with the rotary

heads. The tape in this predetermined tape path is
transported by a capstan and a pinch roller which
pinch and drive the tape. As is well known, the control
pulses reproduced from the moving tapeisused asa
reference signal for a phase control system of a head
servo circuit which controls the rotational phase of the
rotary heads constant or as a comparison signal fora
phase contral system of a capstan servo circuit which
controlsthe rotational phase ofthe capstan constant.
The control pulses at the time of the recording have
the form of a square wave signal. Butdueto the
differentiating characteristic and the like of the control
head, the reproduced control pulses have the form of a
positive polarity pulse at the rising edge of the
pre-recorded square wave signal (pre-recorded con-
trol pulses) and the form of a negative polarity pulse at
the falling edge of the pre-recorded square wave
signal. Out of the positive and negative polarity pulses
of the reproduced control pulses, only the positive
polarity pulses are used as the control pulses in each
ofthe servo circuits described above, and the negative
polarity pulses are not used in the servo circuits. For
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thisreason, itis possible to record a newinformation
(forexample, the title of the recorded information, the
recorded date and the other data) by varying the duty
cycle of the control pulses at the time of the recording
as will be described later onin the present specifica-
tion, and a random access or the like can be performed
by reproducing such new information atthe time of
the reproduction.

Inthis case, when playing the pre-recorded tape, it is
necessary to perform a recording so asto vary the
duty cycle of the control pulses while performing a
reproduction so that the positive polarity pulses
(hereinafter referred to as reference pulses) of the
reproduced control pulses are supplied to the servo
circuit to ensure a normal servo operation. Therefore,
itisnecessaryto erase an interval between two
mutually adjacent referenee pulses and also re-record
(re-write) the negative polarity pulses of the control
pulses. The re-writing is performed by first reproduc-
ing the control pulse fromthe control track of the
pre-recorded tape and obtaining a recording voltage.
The recording voltage is a positive D.C. voltage from a
first position immediately after a certain reference
pulse to-a second position {this second position
changes depending on the duty cycle with which the
re-writing is to be performed) immediately before a
negative polarity pulse which is immediately after the
certain reference pulse, for example. The recording
voltage is a negative D.C. voltagefrom the second
positionto a third position immediately before the
next reference pulse, and is zero from the third-
position to a position immediately after this next
reference pulse. The control head is supplied with the
recording voltage and s excited to the same magnetic
pole as before in the interval between the first and
second pasitions, excited to the opposite magnetic
pole atthe second position, andis continuously
excited to this opposite magnetic pole tothe third
position. As aresult, the control trackis erased inthe
interval between thefirst and third positions, and the
magnetic polarity is re-written between the second
and third position. The re-writing operation is ended
atthe third position.

After the re-writing operation is ended, the certain
reference pulse is reproduced with the same timing as
the original reference pulse with the constant period,
andthe negative polarity pulse immediately afterthe
certain reference pulse is reproduced with a new

‘timing. In other words, the control puises are repro-

duced with the duty cycle thereof varied.

However, in the waveform of the re-written repro-
duced control pulses, noise is frequently generated at
the first position where the re-writing is started and at
the third position where the re-writing is ended.
Hence, there are problems in thatthe noise may cause
disorderin the synchronism, incorrect count of an
absolute address and the like.

Ontheother hand, the recording voltage at the input
ofthe control head isin the order of several volts,
while the reproduced output at the output of the
control head is in the order of several millivolts and is
extremely small. However, the mode of the VTR is
conventionally switched from the recording mode to
the reproducing mode immediately afterthe re-
writing operation is ended at the third position. For
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this reason, the recording voltage is still notcon-
verged to zero atthe time immediately after the mode
is switched to the reproducing mode dueto the
counter electromotive force or the exciting current at
the time of the recording, and thereis a problem in
thatitis difficultto reproduce the reference pulses.

Accordingly, itis a general object of the present
invention to provide a novel and useful control pulse
recording circuit for a magnetic recording and repro-
ducing apparatus, in which the problems described
heretofore are eliminated.

According to one aspect of the present invention,
thereis provided a control pulse recording circuit fora
magnetic recording and reproducing apparatus, said
cantrol pulse recording circuit comprising, a control
head for reproducing at least leading edges of square
wave control pulsesfrom a control track of a
pre-recorded magnetictape which is pre-recorded
with the control pulses with a constant period, and for
recording arecording voltage which is to be recorded
andis supplied thereto so as to re-write positions of
trailing edges of said control pulses within an interval
between two mutually adjacent leading edges ofthe
pre-recorded controf pulses on the pre-recorded
magnetic tape so that a duty cycle of the control pulses
becomes a value in accordance with a value of
recording data to be recorded by a re-writing opera-
tion, said leading edges of the control pulses repro-
duced by said control head being used in aservo
circuit within the magnetic recording and reproducing
apparatus, detecting means for detecting the leading
edges of the control pulses reproduced by said control
head and for producing a detection pulse signal,
recording voltage generating means supplied with the
output detection pulse signat of said detecting means
and said recording data for generating a recording
voltage having a polarity which changes atatimein
accordance with said recording data in an interval
from a starting time when the re-writing operation is
started between the two mutually adjacent leading.
edges of the pre-recorded control pulses to an ending
time whenthe re-writing operation is ended, and
switching means for selectively supplying said record-
ing voltage from said recording voltage generating
means to said control head during said interval from
the starting time to the ending time so as to switch a
mode of said control head into a recording mode, and
for blocking the supply of said recording voitage to
said control head at a time which is after a predeter-
mined time from the ending time and isimmediately
before a next leading edge of the control pulsessoas
to switch the mode of said control head into a
reproducing mode. According o the control pulse
recording circuit of the presentinvention, the mode is
switched back to the reproducing mode after the
predetermined time has lapsed from the end of the
re-writing operation. For this reason, the mode is
switched back to the reproducing mode after the input
ofthe control head atthe end of the re-writing
operation converges to approximately zero, and itis
possible to easily and positively reproduce the leading
edge of the pre-recorded control pulse.

According to another aspect of the presentinven-
tion, there is provided a control pulse recording circuit
which produces arecording voltage having a sloping
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portion within an interval between leading edges of
two mutually adjacent pre-recorded control pulses at
a position in a vicinity of a position wherethe
re-writing operation is started and ata positionina
vicinity of a position where the re-writing operation is
ended, and uses the recording voltage to record
control pulses on a magnetictape by a control head.
According to the control pulse recording circuit of the
present invention, when playing a magnetic tape
having the duty cycle of the pre-recorded control
pulses changed depending on an information by
performing the re-writing operation, it is possible to
considerably reduce noise which is generated at
positions where the re-writing should originally not
take place such as the positions where the re-wiring
operation is started and ended. Therefore, it is
possible to prevent erroneous operations such as
tracking error, incorrect synchronism, incorrect count
of an absolute address which would otherwise be
caused by the noise.

Other objects and further features of the present
invention will be apparent from the following detailed
description when read in conjunction with the accom-
panying drawings.

FIG. 1 shows an example of a track pattern formed
on a pre-recorded magnetictape;

FIGS. 2(A) through 2(F) are time charts showing the
direction of magneticfield on the magnetictape and
signal waveforms obtained by a conventional control
pulse recording circuit;

FIG. 3is a system circuit diagram showing afirst
embodiment of the control pulse recording cireuit
according to the present invention;

FIGS. 4(A) through 4(H) show signal waveforms for
explaining the operation of the circuit system shown
inFIG.3;

FIG. 5is a circuit diagram showing an embodiment
of an essential part of the control pulse recording
circuit according to the presentinvention;

FIGS. 6(A) through 6(E) show signal waveformsfor
explaining the operation of the circuit shown in FIG. 5;

FIG. 7 is a system circuit diagram showing a second
embodiment of the control pulse recording circuit
according to the present invention; and

FIGS. 8(A) through 8(J} are time charts showing the
direction of magnetic field on the magnetic tape and
signal waveforms for explaining the operation of the
circuit system shown in FIG. 7.

The presentinvention refates to a control pulse
recording circuit which re-writes (re-records) pre-

" recorded control pulses by changing the duty cycle of
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the pre-recorded control pulses during a reproducing
mode in which pre-recorded signals are reproduced
from a pre-recorded magnetictape 11 shown in FIG. 1
which has been recorded on a helical scan type
magneticrecording and reproducing apparatus (VTR).
In FIG. 1, a control track 13 is formed in the longitudinal
direction of the tape 11, and oblique video tracks 14-1
through 14-4 are formed obliquely to the longitudinal
direction ofthe tape 11 in the central portion of the
tape 11. An audio track 15 is formed in the longitudinal
direction of the tape 11 atthe upper end thereof. The
control track 13 is pre-recorded with control pulses
which have been recorded by a control head 12 and
have a period of one frame, for example. The video
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tracks 14-1 through 14-4 are pre-recorded with an
information signal such as a video signal which has
been recorded by rotary heads (not shown). In the
control track 13shown in FIGS. 1, arrows pointing to
the rightindicate portions recorded by being excited
tothe N-pole and arrows pointing to the leftindicate
portions recorded by being excited to the S-pole.

As described before, in order to vary the duty cycle
of the pre-recorded control pulses so as to newly
record anotherinformation, itis necessary to erase an
interval between two mutually adjacent reference
pulses (positive polarity pulses) and also re-record
(re-write) negative polarity pulses of the control
pulses while performing a reproduction so thatthe
reference pulses of the reproduced control pulses are
supplied to a servo circuit to ensure a normal servo
operation.

The re-writing operation is performed by first
reproducing the control track 13 of thetape 11so asto
obtain reproduced control pulses shown in FIG. 2(B},
and a recording voltage shown in FIG. 2(C} is
thereafter obtained. FIG. 2(A) schematically shows the
polarity of the magnetic field on the control track 13 of
thetape 11, where arrows pointing to the right indicate
the N-pole and arrows pointing to the left indicate the
S-pole. InFIG. 2(B), the pulses facing downward
correspondto the reference pulses.

Therecording voltage shown in FIG. 2(C)isa
positive D.C. valtage from a position ® immediately
after a certain reference pulse to a position @) {this
position changes depending on the duty cycle with
which the re-writing is to be performed) immediately
before a negative polarity putse which isimmediately
after the certain reference pulse, for example. The
recording voltage is a negative D.C. voltage from the
position @) to a position @ immediately before the
nextreference pulse, including a position © ofthe
negative polarity pulse immediately after the certain
reference pulse. In addition, the recording voltage is
zero from the position @) to a position immediately
after this nextreference pulse. The contral head is
supplied with the recording voltage and is excited to
the same magnetic pole as before (N-pole in this case)
inthe interval between the positions @) and @), excited
to the oppasite magnetic pole (S-pole in this case) at
the position ®), and is continuously excited to this
opposite magnetic pole to the position @. As aresult,
the control track is erased in the interval between the
positions @ and@®), and the magnetic polarity is
re-written between the positions @ and ®). The
re-writing operation is ended at the position ©).

After the re-writing operation is ended, the direction
of the magnetic field becomes as shown schematical-
ly in FIG. 2(E). Furthermore, the magnetic field
intensity on the control track becomes as shown in
FIG. 2(F). Hence, the waveform of the reproduced
control pulses after the re-writing operation becomes
as shown in FIG. 2(D), and the certain reference pulse
d,is reproduced with the same timing as the original
reference pulse with the constant period while the
negative polarity pulse d, immediately after the
certain reference pulse d; is reproduced with a new
timing. In other words, the control pulses are repro-
duced with the duty cycle thereof varied.

The presentinvention relates to a control pulse
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recording circuit which can positively reproduce the
control pulses when performing such a re-writing of
the control pulse. FIG. 3shows a first embodiment of
the control pulse recording circuit according to the
presentinvention. In FIG. 3, the control pulse to be
recorded or the control pulse reproduced from the
control track of the pre-recorded magnetic tape having
the track pattern shown in FIG. 1 by use of the control
headis passed through an amplifying and shaping
circuit 17 andis supplied to a positive polarity control
puise detector 18 and a discriminating circuit 19.

FIG. 5 shows an embodiment of a circuit part of the
circuit system shown in FIG. 3 comprising the
amplifying and shaping circuit 17, the positive polarity
control pulse detector 18 and the discriminating circuit
19.In FIG. 5, those parts which are the same as those
corresponding parts in FIG. 3 are designated by the
same reference numerals. In FIG. 5, the reproduced
contral pulse orthe control puise to be recordedis
applied to aninputterminal 41. The control pulse from
theinputterminal 41 is passed through a coupling
capacitor42 and is supplied to an inverting amplifier
44 which comprises an operational amplifier 43 and
thelike. The control pulse is inverted and amplified in
theinverting amplifier 44, and is suppliedto a
differentiating circuit 47 comprising a capacitor 45, a
resistor 46 and the like. An output of the differentiating
circuit47is supplied to a Schmitt trigger circuit 49
comprising an operational amplifier 48 and the like
and is shaped into a square wave signal shown in FIG.
6(A) which has a period of one frame.

The square wave signal from the Schmitt trigger
circuit49 has falling edges in phase synchronism with
the positive polarity puises of the reproduced control
pulses from the control head 12 and rising edges in
phase synchronism with the negative polarity pulses
ofthe cantrol pulses. Hence, the duty cycle of this
square wave signal varies depending on the recorded
information (data sequence of ‘0’ and “’1" in this
case). The output square wave signal of the Schmitt
trigger circuit49 is passed through a capacitor 50 and
is applied to the base of a PNP transistor Tr1. The
capacitor 50, resistors 51 through 53, the transistor Tr1
and the like constitute an edge detecting circuit 54. In
otherwords, a low-level signal is applied to the base of
thetransistor Tr1through the capacitor 50 during a
short predetermined time from a time when the input
square wave signal of the edge detecting circuit 54
falls, and the transistor Tr1 is turned ON. After this
short predetermined time, a high-level signal is
applied to the base of the transistor Tr1 even when the
input square wave signal of the edge detecting circuit
54 has alow level due to the charge in the capacitor 50,
and the transistor Tr1 is turned OFF.

Accordingly, a pulse signal shown in FIG. 6(B) which
has a high level only during the time period in which
the transistor Tr1is ON is obtained from a connection
pointofthe resistor 53 and the collector of the
transistor Tr1. The pulse signal shown in FIG. 6(B) has
a constant pulse width and falls in phase synchronism
with the falling edge of the output square wave signal
ofthe Schmitt trigger circuit 49 shown in FIG. 6(A).
This pulse signal is supplied to a sawtooth wave
generating circuit 58 comprising a diode 55, a
discharging resistor 56 and a charging and discharg-
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ing capacitor 57.

The capacitor 57 is instantly charged via the diode
55 during the high level period of the pulse signal
shown in FIG. 6(B). Since the diode 55 becomes
reverse biased during the low level period of the pulse
signal shown in FIG. 6(B), the charge in the capacitor
57 is gradually discharged via the resistor 56. Hence, a
sawtooth wave signal is obtained across the terminals
ofthe capacitor 57. This sawtooth wave signal is
passed through a D.C. blocking capacitor 59 and is
applied to a non-inverting inputterminal of an
operational amplifier 60. The operational amplifier 60
and the like constitute a non-inverting amplifier circuit
61, and a sawtooth wave signal shown in FIG. 6(C)
which has been subjected to the non-inverting ampli-
fication is obtained from the non-inverting amplifier
circuit 61. The output sawtooth wave signal ofthe
non-inverting amplifier circuit 61 is passed through a
D.C. blocking capacitor 62 andis appliedtoa
non-inverting input terminal of an operational ampli-
fier 63.

The capacitor 62, the operational amplifier 63 and
the like constitute a comparator 64. The comparator 64
compares the level of the output sawtooth wave signal
ofthe non-inverting amplifier circuit 61 and a refer-
ence voltage level indicated by a one-dot chainline l in
FIG. 6(C), and produces a square wave signal having a
duty cycle of 50%. The output square wave signal of
the comparator 64 is subjected to a voltage division by
resistors 65 and 66 which constitute a voltage divider,
and isthen supplied to the base of an NPN transistor
Tr2. ltis possible to obtain such a symmetrical square
wave signal that the phase lag with respect to the
positive polarity puises (reference pulses) of the
reproduced control pulses is small and negligible, by
setting the reference voltage I to a level lower than the
center level of the sawtooth wave signal in FIG. 6(C).

The resistors 65 through 67 and the transistor Tr2
constitute a shaping circuit 68. A symmetrical square
wave signal shown in FIG. 6(D) which has a duty cycle
of50% and has an inverted phase with respect to the
output square wave signal of the comparator 64 is
obtained from a connection point of the resistor 67
and the collector of the transistor Tr2. The symmetric-
al square wave signal obtained from the shaping
circuit 68 has a period of one frame and is in phase
synchronism with the positive polarity pulses (refer-
ence pulses) of the reproduced control pulses.

Adelay type flip-flop 69 constitutes the discriminat-
ing circuit 19. The output square wave signal ofthe
shaping circuit 68 shown in FIG. 6(D) is suppliedtoa -
clock terminal of the flip-flop 69, and the output square
wave signal of the Schmitt trigger circuit49 shown in
FIG. 6(A)is supplied to a data terminal of the flip-flop
69. Accordingly, a pulse signal shown in FIG. 6(E)
which is obtained by sampling the square wave signal
shown in FIG. 6(A) by the rising edges ofthe square
wave signal shown in FIG. 6(D) is obtained from a
Q-output terminal of the flip-flop 69 and is supplied to
an outputterminal 20.

Inthe case where the data recorded and reproduced
on and from the control trackis /0", the duty cycle of
the control pulsesis selected to a value smallerthan
50%. On the other hand, the duty cycle of the control
pulses is selected to a value largerthan 50% whenthe
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datarecorded and reproduced on and from the control
trackis“1”. Hence, a discrimination signal which
discriminates whetherthe data in the information of
the control pulses (data sequence of “0” and 1"} is
“0"” or*1"” is obtained for every one frame in the
discriminating circuit 19 by sampling the level in-
formation of the control pulses at atime which is
approximately 1/2 frame after the positive polarity
pulse (reference pulse) of the control pulses repro-
duced from the control track.

The positive polarity control pulse detector 18 is
made up of the edge detecting circuit 54, the sawtooth
wave generating circuit 58, the non-inverting amplifier
circuit 61, the comparator 64 and the shaping circuit
68. A detection pulse signal ashown in FIGS. 4(A) and
6(B) obtained from the edge detecting circuit 54 within
the positive polarity control pulse detector 18is
supplied to a servo circuit (not shown) andto a
monostable multivibrator 21 shown in FIG. 3. The
monostable multivibrator 21is triggered by the
detection pulse signal a, and a pulse signal b shown in
FIG. 4(B) which has a low level for a predetermined
time from the time ofthe trigger is obtained from the
monostable multivibrator 21.

The pulse signals a and b are supplied to an AND
circuit 22 shown in FIG. 3 and a logical multiplication is
performed between the two. An output signal of the
AND circuit 22 is supplied to monostable multivibra-
tors 23 and 26 and triggers the monostable multivibra-
tors 23 and 26 by the falling edge thereof. The AND
circuit 22 producesthe detection pulse signal a only at
atime before and after the reference pulse is
reproduced when the control head 12is surely inthe
reproducing mode, so as to prevent erroneous
operations due to noise which may be generatedina
vicinity of the negative polarity pulses ofthe control
pulses when performing the re-writing operation.

An output pulse signal of the monostable multivib-
rator 23 is outputted via an outputterminal 26 and is
supplied to a microcomputer {not shown) for controll-
ing the operation of the VTR. Onthe other hand, the
output pulse signal a of the AND circuit 22 is converted
into a puise signal cshown in FIG. 4(C) in the
monostable muitivibrator 26. The output pulse signal
cofthe monostable multivibrator 26 has a pulse width
corresponding to the interval between the start and
end of the re-writing operation. The pulse signal cis
supplied to one input terminal of a 2-input AND circuit
27, avariable delay circuit (monostable multivibrator)
31 and a monostable multivibrator 28. The monost-

" able multivibrator 28 is triggered by the rising edge of
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the pulse signal c.

Onthe other hand, depending on the needs ofthe
user, re-write data (information such as numbers and
comments) to be used for the re-writing operation are
supplied to an input ferminal 29. Forexample, the
re-write data has alow level when the datais *1’" and
has a high level when the data is “0". The re-write data
isinverted in an inverter 30 and is supplied to the base
and emitter of a PNP transistor Q1 via resistors R1 and
R2, respectively. The collector and emitter of the
transmitter Q1 are commonly coupled to one terminal
of a capacitor C1 via respective resistors R3 and R4.
The variable delay circuit 31 istriggered by the rising
edge of the pulse signal c and the time constant
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thereofis variably controlled by the transistor Q1
which is switched and controlled depending on the
re-write data from the terminal 29. The time constant
is determined by the capacitance and resistance of the
capacitor C1 and the resistor R4 or by the capacitance
and resistances ofthe capacitor C1 and the resistors
R3and R4. Hence, pulse signals d and e shown in FIGS.
4(D) and 4(E) of mutually opposite phases are
produced from the variable delay circuit 31. The pulse
width (duty cycle) of the pulse signalsd and e varies
depending on the re-write data, and the period of the
pulse signals d and e is identical to the period of the
reproduced control pulses. The pulse signal dis
supplied to a switching circuit 33, and the pulse signal
eissuppliedto the otherinputterminal ofthe AND
circuit27. The pulse signal eis also supplied to an
outputterminal 32.

Apulse signal fshown in FIG. 4(F) is obtained from
the AND circuit 27 and is supplied to a switching circuit
34. Oneterminal of the switching circuit 33 and one
terminal of the switching circuit 34 are coupledto a
connection point of a resistor R8 and a non-inverting
inputterminal of an operational amplifier 35.1n
addition, these terminals of the switching circuits 33
and 34 are also coupled to aninputterminal ofa
negative D.C. voltage—Vcc via aresistor R6 and
capacitors C2 and C3 which are connected in series.
On the other hand, the otherterminal of the switching
circuit 33is coupled to an input terminal of a positive
D.C. voltage +Vcc via aresistor Rb. The other terminal
ofthe switching circuit 34 is coupled to a connection
point of the capacitors C2 and C3, and to the input
terminal of the negative D.C. voltage —Vccviaa
resistor R7. The switching ofthe switching circuit 33 is
controlled so that the switching circuit 33 isturned ON
during the high level period of the pulse signald and is
turned OFF during the low level period of the pulse
signal d. The switching of the switching circuit 34 is
controlled so that the switching circuit 34isturned ON
during the high level period ofthe pulse signal fand is
turned OFF during the low level period of the pulse
signal f.

Accordingly, a constant positive voltage is obtained
atthe output of the operational amplifier 35 from the
start of the re-writing operation to a certain time
dependent on the re-write data when the switching
circuit33is ON and the switching circuit 34 is OFF. On
the other hand, a constant negative voltage is
obtained at the output of the operational amplifier 35
from the certain time to the end of the re-writing
operation when the switching circuit 33 is OFF and the
switching circuitis ON. In addition, a zero voltage is
obtalned at the output of the operational amplifier 35
for a predetermined time afterthe end of the
re-writing operation when the level of the next puises
ofthe pulse signals d and fboth become low and the
switching circuits 33 and 34 are both OFF. The output
voltage of the operational amplifier 35is suppliedto a
variable resistor 36 wherein the level is adjusted, and
isthereafter supplied to a driving amplifier 37. The
driving amplifier 37 supplies to a switching circuit 38 a
recording voltage h shown in FIG. 4(H).

The switching of the switching circuit 38 is control-
led by an output pulse signal g of the monostable
multivibrator 28. As shown in FIG. 4(G), the pulse
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signal g rises in phase synchronism with the fallin the
pulse signal c and falls after each fall in the pulse
signals cand f and immediately before the rising edge
ofthe pulse signal b. In other words, the puise signal g
has a pulse width narrower than the low level period of
the pulse signal b and wider than the high level period
ofthe pulse signal c. For example, the pulse signal g
rises after a constantdelay time T (for example, 2
msec) from the fall in the pulse signal ¢. The switching
circuit 38isturned ON only during the high level
period of the pulse signal g. Inthe ON state of the
switching circuit 38, the switching circuit 38 passes the
recording voltage h and supplies the recording
voltage hto the control head 12 so as to record the
voltage on the control track. The switching circuit 38is
turned OFF during the low level period of the pulse
signal g. In the OFF state of the switching circuit 38, the
switching circuit 38 blocks the supply ofthe recording
voltage hto the control head 12 so as to switch the
control head 12to the reproducing mode.

Accordingly, the control head 12 is switched to the
reproducing mode after the constant delay time T
fromthe time (indicated by © atthe bottom in FIG.
4(G)) when the re-write operation is ended and atthe
position immediately before the next reference pulse
of the reproduced control pulses. The input recording
voltage h ofthe control head 12 rapidly changes to
zero volt at the time @ when the re-writing operation
is ended, however, in actual practice, the input
recording voltage his larger than zero voltand
gradually converges to zero volt with time. For this
reason, afterthe constant delay time Tfrom the time
@© when the re-writing operation is ended, the input
recording voltage h of the control head 12 has
converged to approximately zero volt. As aresult, the
control head 12 is switched to the reproducing mode
afterthe recording voltage h has converged to zero
volt, and itis possible to stably reproduce the
reference pulses.

According to the present embodiment, the driving
impedance of the driving amplifier 37 issetto a
sufficiently small value (for example, 1/50) compared
tothe head impedance of the control head 12. Hence,
there is no undesirable effect of the exciting current
and the like even when the driving amplifier 37 and the
control head are constantly coupledto each other.
However, inthis case, a current driftand a decrease in
the reproduced output are introduced at the time of
the reproduction, and it becomes difficult to perform
the necesssary adjustments. Further, it becomes
necessary to provide further amplification range of
approximately 30 dB in the driving amplifier 37. The
undesirable effect of the exciting current can also be
eliminated effectively by coupling a highpass filter at
the input of the amplifying and shaping circuit 17 so as
to prevent the D.C. saturation of the amplifying and
shaping circuit 17.

Next, description will be given with respectto a
second embodiment of the control pulse recording
circuit according to the presentinvention. FIG. 7
shows the second embodiment. In FIG. 7, those parts
which are the same as those corresponding partsin
FIG. 3 are designated by the same reference numerals,
and description thereof will be omitted. In addition,
the signal waveforms shown in FIGS. 8(A) through
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8(G) are identical to those shown in FIGS. 4(A) through
4(G), respectively.

InFIG.7, the output pulse signal d of the variable
delay circuit31 shown in FIG. 8(D) is supplied to an
outputterminal 32a. The output pulse signal e of the
variable delay circuit 31 shown in FIG. 8(E) is supplied
to the other input terminal of the AND circuit 27.
Further, the pulse signal e is supplied to the base ofan
NPN transistor Q2 within a first bootstrap circuit 70 via
aresistor R10. The pulse signal fshown in FIG. 8(F) is
obtained from the AND circuit 27 and is supplied to the
base of an NPN transistor Q3 within a second
bootstrap circuit 71 via a resistor R13.

Thefirst bootstrap circuit 70 comprises resistors
R10through R12, capacitors C5 and C8, the transistor
Q2, adiode D1 and an operational amplifier 72. During
the high level period of the pulse signal e, the
transistor Q2 is turned ON, an output voltage of the
operational amplifier 72 is zero volt, and the diode D1
is ON so as to supply a current to the capacitor C6and
charge the capacitor C6. In this state, when the level of
the pulse signal e becomes low, the transistor Q2 is
turned OFF, and the capacitor C5 starts to become
charged via the resistors R12 and R11. Furthermore,
the cathode potential of the diode D1 increases and
the diode D1 becomes reverse biased. Hence, the
terminal veltage of the capacitor C5is passed through
the operational amplifier 72 which constitutes a
voltage follower and is supplied to the capacitor C6.

Accordingly, the capacitor C5is charged by a
constant current, and the output voltage of the
operational amplifier 72 gradually increases to the
power source voltage +Vce with agood linearity in
accordance with the charging time constant of the
capacitor C5. The output voitage of the operational
amplifier 72 is held to the power source voltage +Vce
afterthe power source voltage +Vccis reached. inthis
state, when the level of the pulse signal e becomes
high, the transistor Q2 and the diode D1 are turned
ON, and the charge in the capacitor C5 is instantly
discharged via the resistor R11 and the transistor Q2.
Hence, the output voltage of the operational ampilifier
72 becomes zero voltinstantly.

The second bootstrap circuit 71 comprises resistors
R13through R18, capacitors C7 and C8, NPN transis-
tors Q3 and Q5, a PNP transistor Q4, a diode D2 for
improving the linearity, and an operational amplifier
73. During the high level period of the pulse signal f,
the transistors Q3 through Q5 areturned ON, and the
output voltage of the operational amplifier 73 becom-
es —Vcec. Inthis state, when the level of the pulse signal
fbecomes low, the transistors Q3 through Q5 are
turned OFF, and the capacitor C7 starts to become
charged by the power source voltage +Vcc. Thus, the
outputvoltage of the operational amplifier 73 gradual-
ly increasestowards +Vcc in accordance with the
charging time constant of the capacitor C7. The output
voltage ofthe operational amplifier 73 is held to +Vcc
after the power source voltage +Vccis reached. In
addition, when the level ofthe pulse signal f becomes
high in this state, the output voltage of the operational
amplifier 73 immediately becomes —Vcc.

The output of the operational amplifier 72 is coupled
tothe cathode of a diode D3, and the output of the
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diode D3 via a resistor R17. Accordingly, out of the
output voltages of the operational amplifiers 72 and
73,the smaller outputvoltage (a voltage having the
same waveform asthatshown in FIG. 8(H) which will
be described later) is obtained at the anode of the
diode D3. This output voltage obtained at the anode of
the diode D3 is subjected to a non-inverting amplifica-
tionin an operational amplifier 74, and the level is
thereafter adjusted in the variable resistor 36. The
signal fromthe variable resistor 36 is passed through
the driving amplifier 37 and is formed into a recording
voltage i shownin FIG. 8(H), and the recording voltage
i is supplied to the switching circuit 38. A reference
voltage obtained from resistors R20 and R21, diodes
D4 and D5, a capacitor C9 and the D.C. voltage +Vccis
suppliedto aninverting input terminal of the oper-
ational amplifier 74. A parallel circuit comprising a
capacitor C10 and a resistor R22 connected in parallel
is coupled between the output and the inverting input
terminal of the operational amplifier 74.

As described before, the switching circuit38is
turned ON only during the high level period of the
pulse signal g. Inthe ON state of the switching circuit
38, the switching circuit 38 passes the recording
voltage i and supplies the recording voltageito the
control head 12 so asto record the voltage onthe
cantrol track. Accordingly, when the level of the pulse
signal g becomes high atatimet1in FiG. 8, for
example, the recording voltage i gradually increases
toward a voltage +Va. In addition, the control head 12
is excited to the N-pole until atime t2, farexample, and
is excited to the S-pole during a time period from the
timet2 until atime t3 when the level of the pulse signal
c becomes low while the recording voitage i is ~Va.
The level of the pulse signal g becomes low atatimet4
which is a predetermined time after the time t3. During
the low level period of the pulse signal g between the
time t4 and a time 15, the switching circuit 38 is in the
OFF state, and the supply of the recording voltage i to
the control head 12 is blocked. Forthis reason, the
control head 12 reproduces the pre-recorded control
pulses from the control track.

Therefore, according to the present embodiment,
the direction of the magnetic field on the control track
after the re-writing operation is performed becomes
as shown schematically in FIG. 8(l). Hence, the
waveform of the reproduced centrol pulses after the
re-writing operation is performed becomes as indi-
cated by asolid line in FIG. 8(J}. Reference pulses jz1
through jrq are reproduced with a constant period, and
negative polarity pulses j; through j; after the respec-
tive reference pulses jg; through jrs are reproduced
witha newtiming which is in accordance with the
re-write data.

Conventionally, the recording voitage varies rapidly
atthe position® where the re-writing operation is
started and at the position @ where the re-writing
operation is ended as shown in FIG. 2(C). For this
reason, noise n1 and n2 is often generated in the
waveform of the reproduced control pulses as shown
in FIG. 2(D). The position of the noise nt andn2is
indicated by phantom lines in FIG. 8(J).

However, according to the present embodiment, the
recording voltage i atthetimest1 and ts when the

re-writing operation is started increases with a slope.
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Furthermore, the recording voltage i atthe time t3 means generates a recording voltage having a sloping
whenthe re-writing operation is ended also increases portion at each of a vicinity of the startingtimeand a
with aslope. Hence, the generation of the noise vicinity of the ending time.
described above is reduced to such an extent thatiitis 3. Acontrol pulse recording circuitas claimedin

5 negligible fromthe practical point of view. 70 claim 1inwhich said detecting means comprises a
The noise varies due to factors such as the differentiating circuit for differentiating the control
saturation level of the magnetic tape, impedance of pulses reproduced by said control head, a Schmitt
the control head, the value of the counter electromo- trigger circuit for converting an output signal of said
tive force and the gap width of the control head. For differentiating circuitinto a square wave signal, an

10 thisreason, the bootstrap circuits 70and 71 are 75 edge detecting circuit supplied with the output square
employed so as to obtain a trapezoidal recording wave signal of said Schmitt trigger circuit for detecting
voltage having sloping portions of good linearity. edges of said square wave signal corresponding to the
However, other circuits may be employed aslong as it leading edges ofthe control pulses and for producing
is possible to obtain a trapezoidal recarding voltage adetection signal, and a circuit for producing from the

15 having sloping portions of good linearity. 80 outputdetection signal of said edge detecting circuit

Further, the presentinvention is not limited to these an approximately symmetrical square wave signal in
embodiments, but various variations and modifica- phase synchronism with said detection pulse signal.
tions may be made without departing from the scope 4. Acontrol pulserecording circuit as claimed in
ofthe presentinvention. claim 1 which further comprises a discriminating

20 CLAIMS 85 circuit supplied with first and second square wave

1. Acontrol pulse recording circuit for a magnetic signals from said detecting means for producing a
recording and reproducing apparatus, said control discrimination signal by sampling said second square
pulse recording circuit comprising: wave signal by trailing edges of said first square wave

acontrol head for reproducing at least leading signal, said first square wave signal being an approx-

25 edges of square wave control pulses from a control 90 imately symmetrical square wave signal having trail-
track of a pre-recorded magnetic tape which is ing edges corresponding to the leading edges of the
pre-recorded with the control pulses with a constant control pulses and having the same period as the
period, and for recording a recording voltage which is control pulses, said second square wave signal being
to be recorded and is supplied thereto so as to re-write shaped control pulses from said control head.

30 positions of trailing edges of said control pulses within 95 5. Acontrol pulse recording circuitas claimed in
an interval between two mutually adjacent leading claim 2 in which said recording voltage generating
edges ofthe pre-recorded control puises on the means comprises a first bootstrap circuit for generat-
pre-recorded magnetic tape so that a duty cycle of the ing afirst trapezoidal wave signal whichrisesto a
control pulses becomes a value in accordance with a positive power source voltage with a constant slope

35 value of recording data to be recorded by a re-writing 100 during atime period from said starting time tothetime
operation, said leading edges of the control pulses when the polarity of said recording voltage changes
reproduced by said control head being usedin a servo and is thereafter held to said positive powersource
circuit within the magnetic recording and reproducing voltage butis zero in othertime periods, a second
apparatus; bootstrap circuit for generating a second trapezoidal

40 detecting means for detecting the leadingedgesof 105 wave signal which rises from a negative power source
the control pulses reproduced by said control head voltage to said positive power source voltage with a
and for producing a detection pulse signal; constant slope during a time period from said ending

recording voltage generating means supplied with timeto a nextstarting time and is thereafter held to
the output detection pulse signal of said detecting said positive power source voltage butis held to said

45 means and said recording data for generating a 110 negative powersource voltage in other time periods,
recording voltage having a polarity which changes ata and a circuit for producing one of the output trapezoid-
time in accordance with said recording datain an al wave signals of said first and second bootstrap
interval from a starting time when the re-writing circuits having a smallerlevel.
operationis started between the two mutually adja- 6. Acontrol pulse recording circuit as claimedin

50 centleading edges of the pre-recorded controfpulses 115 claim 1inwhich said recording voltage generating
to an ending time when the re-writing operation is means comprises a first pulse generating circuit for
ended; and generating a first puise signal having a pulse width

switching means for selectively supplying said corresponding to the interval between said starting
recording voltage from said recording voltage gener- and ending times based on the output detection pulse

55 ating meansto said control head during said interval - 120 signal of said detecting means, asecond pulse
fromthe starting time to the ending time so asto generating circuit supplied with said recording data
switch amode of said control head into a recording and said first pulse signal from said first pulse
mode, and for blocking the supply of said recording generating circuit for generating a second pulse signal
voltage to said control head ata time which is aftera having the same period as said first pulse signal and

60 predetermined timefromthe endingtimeandis 125 having a pulse width in accordance with said record-
immediately before a next leading edge of the control ing data, a gate circuit supplied with said firstand
pulses so as to switch the mode of said control head second pulse signals for generating a third pulse
into a reproducing mode. signal having a pulse width corresponding to an

2. Acontrol pulse recording circuitas claimed in interval between a trailing edge of said second pulse

65 claim 1inwhich said recording voltage generating 130 signal and said ending time, and a circuit supplied
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with said second and third pulse signals for generat-
ing said recording voltage.

7. Acontrol pulse recording circuit substantially as
hereinbefore described with reference to and as
illustrated in FIGS. 1, 3,4, 5, 6,7 and 8 of the
accompanying drawings.
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