DATA RECORDING APPARATUS

EACKGROUND OF THE INVENTION
EIELD OF THE INVENTION

This invention relates to a data recording apparatus, and
more particularly, is suitably applicable to a data recorder for
recording digital record data 6# a magnetié tdbe with a helical

scanning system using a rotational drum.

DESCRTIPTION OF THE RELATED ART

As a data recorder, there is that which the ID~1 format,
which has been standardized by America National Standards
Institute (ANSI), is applied to.

In this ID-1 format, only recording format for record data
and footprint, such as track length, track width and track angle
of a magnetic tape and recording wavelength, has been prescribed,
but rotational rate of a rotational drum (speed of a recording
head), running speed of a magnetic tape, the number of recording-
heads,. and others are not especially prescribed.

Therefore, in this kind of data recorder, it is able to
perform variable-speed controliing of multiplying relative speed
‘0of the recording head relative to the recording track direction
of the magnetic tape by 1/1, 1/2, 1/4, 1/8, 1/16, 1/24, etc., so

that it is able to record/reproduce the record data with a
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desired transfer rate between about 100Mbps/channel to about
4.2Mbps(channel, for instance.

Therefore, this kind of data recorder is broadly utilized for
such uses that observation data is recorded and reproduced,
keeping the pace with the transfer rate of analyzing apparatuses;
as an'example, observation data th#t is obtained from an
artificfal satellite and that is having relatively fast transfer
rate is recorded in real time and, on the other hand, the
recorded observation data is reproduced at a slower transfer rate
than that of recoiding, and, as an another example, observation
data that is obtained from astronomic observation, monitoring of
road status (occurrence of a traffic accident, a traffic backup
and others), etc., and that is having relatively slow transfer:
rate is recdfded at the original transfer rate and, on the other
hand, the recorded observation data is reproduced at a fastex
transfer rate than that of recording.

By the way, in this kind of data recorder, it is able to
cause the rotational head to rotate at a relatively high speed
and to secure a reiative velocity between the recording head and
the magnetic tape, s0 as to utilize the recording capability of
short wavelength of the magnetic tape to its maximum, so that
high density recoxrding and high transfer rate can be realizéd,
and, in this way, it is able to enhance the recording rate for 1
channel to about 100Mbps as stated above.

However, in the case where the record data has been recorded



at about 100Mbps in this manner, the permeability of the
recording head (if the frequency becomes high becauée of high
‘transfer rate, the permeability lowers) and the frequency
characteristics of the recording amplifier and others equipped
within the data recorder would reach to their limits.

 In this kind of data rgcorder) it is able to lower the
.recording.rate to, for instance, 4.2Mbps or so by rotating the
rotational head at a relatively low éééé&, and.the permeébility
of the recording head and the freqﬁency characteristics of.the
recording amplifier and othéré-of ﬁhis case become ideal status,
within the region having sufficient margin.

In this kind of data recorder, there was such a problem that
if the transfer rate is relatively high, under the influences of
the permeability of the recording head and the frequency
characteristics of the recording amplifier and others, the edge
portion of the waveform pattern of the recording current
corresponding to the record data dulls, that is, a lowering
phenomenon of the high~-frequency component occurs, and rising of
the amplitude occurs in the vicinity of the maximum frequency of
the recording current due to the resonance in the circuit of the
output side of recording amplifier including the recording head,
so that the frequency characteristic of this recording current
changes. As a result of this, if the transfer rate differs, then
the quantities of delaying of the phase of short wavelength

relative to the phase of long wavelength in the magnetization



pattern that has been recorded on the magnetic tape on the basis

of the recording current. That is, if the quantity of so-called

‘peak shift differ and the transfer rate differs, the

magnetization patterns do not coincide. _ '

By the way, as a data recorder that solves such a problem,
heretdfore, there is that which is constituted using a linear
first recording amplifier (which has been disclosed by this
applicant in JapahésefPatent.Laid Open Nb.07300/92)=f6r
_equalizing high~freguency-component highlighting operations that
is comprised of plural filters to which frequency characteristics
have been set, according to transfer rate, and a linear second
recording amplifier (which has been disclosed by this applicant
in Japanese Patent Laid Open No.067359/92) for equalizing band
limitations that is comprised of plural filters to which
frequency characteristics have been set, according to transfer
rate. .

In this case, this data recorder passes a record signal
through a filter of the first recording amplifier corresponding
to its transfer rate and hereby previously highlight the high-
frequency component of the edge portion so as to equalize the
high-frequency-component highlighting operation in the case where.
the transfer rate differs, and also passes the record signal
through a filter of the second recording amplifier corresponding
to its transfer rate and hereby restrain the amplitude of the

high-frequency component from rising in the band of the vicinity



of the maximum frequency so as to limit it and equalize
limitation of the band in the case where the transfer rate
differs.

However, since such a data recorder employs class A
amplifiers whose efficiencies.are aboﬁt $0% as the first and the
‘second recording amplifiers, the consumed power becomes -
relatively large, and radiation plates for radiating heat
generited in the class A amplifiers are needed, and so the

configuration of the whole data recorder is complicated and

enlarged that has been the problem.

So, as a data recorder for solving the problem that arises
from employing such linear first and second recording amplifiers
and for varying frequency characteristics of the recording
current in accordance with the transfer rate, there is that which
is constituted as shown in Fig. 1 (which has been disclosed by
this applicant in Japanese Patent Laid Open No.287804/95).

That is, in this data recorder 1 shown in Fig. 1, digital
data D1 that is supplied from the exterior at the stated transfer
rate and input clock signal CKl corresponding to the digital data
D1 are inputted to a signal processing circuit 2.

This signal processing circuit 2 exposes the record data D1
to the stated recording signal processing to produce record data
D2 shown in Fig. 2A and then sends this data to an edge
extracting circuit 4 of a recording amplifier 3 that is comprised

of a switching amplifier, and besides converts the input clock



signal CKl1 into the first clock signal CK2 having the stated
period T shown in Fig. 2B and then sends this to the edge
extracting cifcuit 4.

The edge extracting circuit 4, which operates on the basis of
this first clock signal CK2, detects the time at which the_record
data D2 rises to the logical level [1] and also the time at which
it falls to the 1ogicai level [0], and then, on the basis of this
detection result, generates a timing signal ES that is éhowing .
the position to highlight its high-frequency component previously,
in expectation of lowering of the high-frequency component of the
edge portion. Then, the edge extracting circuit 4 sends the
record data D2 to the first switching unit 5, and sends the
timing signal ES to the second switching unit 6.

In this connection, the timing signal ES is synchronized with
the first clock signal CK2, and raises to the logical level [1]
during only the period T of the first clock signal CK2 from the
time at which the record data D2 rises to the logical level [1]
and also the time at which it falls to the logical level [0],
respectively, as shown in Fig. 2C, so that the high-frequency
component highlighting positions are shown by the logical level
[11.

The first contact a, of the first switching unit 5 is
connected to one of two coils, which are coupled with an
intermediate tap 7A, that have been equipped on the primary side

of a transducer 7, and the second contact b, is connected to the
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other coil; while the record data D2 lowers to the logical level
(0], the transfer switch that hag been mounted on the output
terminal ¢, is connected to the first contact a;,, and, while the
record data D2 raises to the logical level [1]; the transfer
switch is connected to the second contact b,;; in thig manner,
connection of the tréhster switch is sequentially tﬁrned, on the
basis of the record data D2.

As to the second switching unit 6, the first ¢ontact a, is
connected to the ground, and the sécond contact b, is connected to
the transfer switch of the first sﬁitching-unit 5; while the
timing signal ES lowers to the logical level [0], the transfer
switch that has been mounted on the output terminal c, is
connected to the first contact a,, #nd, vwhile the timing signal ES
raises to the logical level.[i], the transfer switch is connected
to the second contact b,; in this manner, connection of the
transfer switch is sequentially turned, on the basis of the
timing signal ES.

At here, a control circuit 8, to whidh"the information of
transfer rate for the digitai data D1 is given from the exterior,
sends the first control signal S1 according to this transfer rate
to the first variable current source 9, and besides sends the
seéond control signal S2 based on the quantity of high-frequency-~
component highlighting according to the transfer rate (as the
transfer rate becomes relatively high, the quantity of.

highlighting becomes large) to the second variable current source
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Hereby, the first variable current source 9 generates the
first current I, that is an origin'of.the recording current on
the basis of the first control signﬁl‘sl, and the second variable
. current source 10 generates.the sécond current I,, that
represents the quantity of high-frequency-component highlighting
according to the transfer rate, on the basis of the second-
control signal S2. .

And, in this case, the first voltage source (mot shown) for
generéting the stated positive voltage V. is connected to the
intermediate tap 7A of the transducet 7, and the second voltage
source (not shown) for generating the stated negative voltage Vg
is connected to a terminal 11 to which the oﬁtput terminals of
the first and the second variable current sources 9 and 10 have
been connected.

Therefore, while the transfer switch of the first switching
unit 5 is connected to the first contact a;, the first current I,
that is generated from the first variable current source 9 flows
from the intermediate tap 7A of the transducer 7 to the terminal
11 thrbugh the first contact a, and the ocutput terminal ¢, of the
first switching unit S and the first variable current source 9
sequentially, and, while the transfer switch of the first
switching unit 5 is connécted to the second contact b,;, it flows
from the intermediate tap 7A of the transducer 7 to.the terminal

11 through the second contact b,, the output terminal ¢, and the



first variable current source 9 sequentially.

While, during the transfer switch of the second switching
unit 6 is connected to the first contact a,, the second current
I; that . is generated from the secohd variable current source 10
flows fiom.the first contaci.a, that has been connected to the
ground to the terminal 11'tﬁrough the output terminal ¢ and the
second variable currént source 10 sequentially, and, whilg the
transfer switch of the second switching unit 6 is connected to
the second contact b,, it flo&s from the intermediate tap 7A of
the transducer 7 to the terminal 11 through the first or the
second contact a;,; or b, of the first switching unit 5, the second
contact b, and the output terminal ¢ of the second switching unit
6, and the second variable current source 10, sequentially. 1In
this connection, as to the second contact b, of the second
switching unit 6, the second current I;, flows there
intermittently in accordance with the switching operation of the
second switching unit 6, as shown in PFig. 2D.

As a result of this, through a connection point 12 to which
the first switching unit S, the secénd switching uvnit 6 and the
first variable current souxce 9 have been connected, as shéwn in
Fig. 2E, the fiist current I, flows just as it is as a recording
original current I,, while the transfer switch of the second
switching unit 6 is connected to the first contact a,, and, on the
other hand, while the transfer switch of the second switching

unit 6 is connected to the second contact b,, the first current I,
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increases by the second current I;, (that is, the value of the
current becomes X, + Ij;), and this flows as the recording
original current I,.

And, the transducer 7 reverses the direction of the recording
original current I, that flows throﬁgh the primary side, in
response to the switching opérétion.of the first switching unit 5,
s0 as to reverse the polarity of the recording original current I,
in resgonée to rising'to the.ibéicél level [1] and falling to the
logical level [0] of the record data D2, as shown in Fig;.zr, in
accordance with the statéd con&ersion ratio that has been
previously set between one or the other coil and the secondary
coil, thereby converting it to a recording current I, that is
formed by highlighting the high-frequency component of the edge
portion, and then gives this to a recording head 14 from the
secondary side via a rotary transformer 13.

At this time, the relative velocity of the magnetic tape and
the recording head 14 in the direction of the recording track is
controlled variably, in response to the transfer rate related to
the digital data D1, so that the recording head 14 forms |
magnetization pattern on the magnetic tape, on the.basis'of the
recording current I, whose maximum frequency corresponds to the
transfer rate and whose high-frequency component of the edge
portion is highlighted.

In this manner, this data recorder 1 can previously highlight

the high~-frequency component of the recording current in
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accordance with the transfer rate in even the case where the
transfer rate varies, and thus it can equalize the high-
frequency-component highlighting opefations.

By the way, this data recorder 1 is possible to solve the
problem that occurs when the above-mentioneéd iinear first and
second récording amplifiers are eﬁployed, because of employing
the recording amplifier 3 that is comprised of a switching
amplifier; however, it only egualizés highlighting operations of
high-frequency-cbmponenﬁs of.recordiné currenté; and such a
problem has been left that it is hard to equalize band

limitations of recording current.

SUMMARY OF THE JNVENTION

In view of the foregoing, an object of this invention is to
provide to a data recording apparatus that is able to form nearly
identical magnetization pattern on a recording medium by using
the recording amplifier comprised of a switching amplifier even
in the case where the transfer rate varies.

The foregoing object and other objects of the invention have
been échieved by the provision of a data recording apparatus for
recording record data that is supplied at an arbitrary transfer
rate on a recording medium. The data recording apparatus
comprises a clock signal generating means for being supplied with
a first clock signal corresponding to the record data and

generating a second clock signal by multiplying the period of the
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supplied first clock signal by the stated numeric corresponding
to the transfer rate, a timing signal forming means for forming
at least one species of first timing-signal that shows the
highlighting position of the high-frequency component of the
record data-corresponding to the transfer rate and at least one
species of second timing-signal which shows a position at which
band limitation of tﬂe record data is performed according td the
transfer rate, on the basis of the recozd data and the second
clock signal, a.;ecbrding-current generating means for
highlighting the high-frequency component and generating
recording current correspoanding to‘the record data, which has
been sﬁbjected to the band limitation, on the basis of the record
data, the first timing-signal and the second timing-signal, and a
recording means for recording the record data on the recording
medium in accordance with the recording current.

As a result of this, by using the recording amplifier
comprised of a switching amplifier, it is able to equalize
highlighting operation of high-frequency component of recording
current in even the case where tlie transfer rate varies, and also
to equalize band limitation, and to keep the frequency
characteristics of the recording current approximately constant
at the time of recording.

The nature, priﬁciple and utility of the invention will
become more apparent from the following detailed description when

read in conjunction with the accompanying dréwings like parts are
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designated by like reference numerals or characters.

. BRIEF DESCRIPTTON OF THE DRAWINGS

In the accompanying drawings:

Fig. 1 is a block diagram shoﬁing a configuration of the
conventional data recorder; :

Figs. 2A to 2F are waveform charts éxplaining a process of
generatihg.recording current of the-conventional data recorder;

Fig; 3 is a block diagram showing a configﬁration of an
embodiment of a data recorder according to the present iﬁvention;

Fig. 4 is a connection diagram showing a configuration of the
first switching unit;

Figs. 5A to 5G are waveform charts illustrating a process of
generating recording current when performing 1/1 multiplication;

Figs. 6A to 6G are waveform charts illustrating & process of
generating recording current when performing 1/2 multiplication;

Figs. 7A to 7G are waveform charts illustrating a process of
generating recording current when'pefforming 1/4 multiplication;

Fig. 8 is a block diagrgm showing a configuration of the
recording amplifier of the data recorder according to another
embodiment; and

Figs. 9 to 9H are waveform charts illustrating a process of

generating recording current when performing 1/8 multiplication

according to another embodiment.
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DETATLED DESCRIPTION OF THE_EMBODIMENT

Preferred embodiments of this invention will be described
with reference to the accompanying drawings:
(1) Configuration df Daﬁa Recorder according to the Embodiment

In Fig. 3 in which the same reference numerals are applied to
parts correéponging to Fig. 1, numeral 20 shows a data recorder
of the embodiment is generally designated as 20. In a signal
processing circuit 2, digital.data Dl Suppliéd from the exterior .
at the stated transfer rate and an input clock signal CK1
corresponding to the digital data D1 are inputted.

The signal processing circuit 2 subjects the digital data D1
to recordiné-signal proceséing, such as paralleling process,
error-correction-signal generating and adding process, and non
return to zero (NRZ) modulation, to produce record data D2, and
then sends.thié-data to a waveform equalization information
generafing circuit 22 of a recording amplifier 21 that is
comprised of a switching amplifier,'and besides it converts the
input clock signal CK1 into the first clock signal CK2 |
corresponding to the record data D2, and then sends this signal
CK2 to a clock multiplier 23.

In this case, information on transfer rate related to the
digitél data Dl (this is referred to as transfer rate information,
hereinafter) is given to the clock multiplier 23 from a control
circuit 24, so that the clock multiplier 23 multiplies the period

of the first clock signal CK2 by the stated numeric that has been



15

previously set in accordance with this transfer rate information
(by 1/1, 1/2, or 1/4), and sends the resultant second clock
signal CKn to the waveform egualization information generating
circuit 22.

The waveform equalization information generating circuit 22,
which operates on the basis of the second clock signal CKn, rises
from the logical level [0] to the logical level [{1] in
synchronization with the second clock signal CKn, so as to
generate the first timing-signal ﬁs, that shows the high-
frequency-coﬁponent highlighting position, and to generate the
second timing-signal HS, for performing band limitation.

Then, the waveform equaliéation information generating
circuit 22 sends the,record data D2 to the first switching unit 5,
sends the first timing-signal HS, to the second switching unit 6,

and sends the second timing-signal HS, to the third switching
unit 25.

The first contact a, of the first switching unit 5 is
connected to one of two coils that have been equipped on the
pfimary side of a transducer 7 and.coupléd together with an
intermediate tap 7A, and the second contact b, is connected to
the other coil; while the record data D2 lowers to the logical
level [0], the transfer switch that has been mounted on the
output terminal ¢, is connected to the first contact a,, and,
while the record data D2 raises to the logical level [1], the

transfer switch is connected to the second contact b;; in this
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manner, connection of the transfer switch is sequentially turned
on the basis of the record data D2. |

The second switéhi.ng unit 6, whose first contact a, is
connected to the gfound and'whose second contact b, is connected
to the transfer switch of the first switching unit 5, '
éequentialiy turns connection of its transfer switch that has
been mounted on the output terminal c,, on the basls of the first
timing—sigr'xal HS,,,_ such that the transfer switch is connected to ..
the first contact a, while the first timing-signal HS, lowers to
the logical level [0], and the transfer switch is connected .to
the second contact b, while the first timing-signal HS, raises to
the logical level [1].

Besides, the third switching unit 25, whose first contact a;
is connected to the ground and whose second contact b; is
connected to the transfer switch of thé first switching unit 5,
sequentially turns connection of its transfer switch that has
been mounted on the.output terminal ¢, on the basis of the second
timing-signal HS,, such that the transfer switch is connected to
the first contact a, while the second timing-signal HS, lowers to
the logical level [0], and the transfer switch is connected to
the second contact b; while the second timing-signal HS, raises to
the logical level [1].

At this time, the control circuit 24 sends the first control
signal S1 corresponding to the transfer rate information to the

first variable current source 9, sends the second control signal
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S§2 based on the quantity of high-frequency-component highlighting
that is corresponding to the transfer rate information to the
second variable current source 10, and, besides, sends the third
contfol signal SS'based on the correction value of the high-~
frequency component of the band corresbonding to the transfer
rate information to the third variable current source 26.

Thus, the first variable curreant source 9 generates the first
curfenﬁ.;, - I, fhat_is an origin of the recording current, on
the basis of the first control signal SI.

On the basis of the second control signal S2, the second
variable current source 10 generates the second current I;, that
represents the highlighting quantity of the high-frequency
component corresponding to the transfer rate so as.to equalize
highlighting operation of the high-frequency component in even
the case where the transfer rate varies. _

On the basis of the third control signal-sS3, the third
variahle current source 26 generates the third current I,, that
represents the correction value of the high-frequency component
of the band corresponding to the transfer rate so as to equalize
limitation of the band in even the case where the transfer rate
varies. |

By the way, a first voltage source (not shown) for generating
the stated positive.voltage Vee is connected to the intermediate
tap 7A of the transducer 7, and a second voltage source (not

shown) for generating the stated negative voltage V; is connected
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to a terminal 11 to which the output terminals of the first, the
second and the third variable current sources 9, 10 and 26 are
connected.

So, in the case where only the first current I, - I,, which is
generated by the first variahle current source 9 is considered,
the first current I, - I,, flows from the intermediate tap 7A of
the transducer 7 to the terminal 11 through the first contact a,
and the output tenﬁinal c,-of the first switching unit 5 and the
first variable current source 9 in sequence, while the transfer -
switch of the first switching unit 5 is connected to the first
contact a,; on the other hand, while the transfer switch of the
first switching unit 5 is connected to the second contact b,, the
current flows from the interﬁediate tap 7A of the transducer 7 to
the terminal 11 through the secondicontact b,, the output terminal
¢, and the first variable.current source 9 in sequence.

In the case where only the second current I;, which is
generated by the second variable current source 10 is considered,
the second current I,, flows from the first contact a, which is
grounded to the-terminai 11 through the output terminal c, and the
second variable current source 10 in sequence,.while the transfer
switch of the second switching unit 6 is connected to the first
contact a,; on the other hand, while the transfer switch of the
second switching unit 6 is connected to the second contact b,,. the
current flows from the intermediate tap 7A of the transducer 7 to

the terminal 11 through the first or the second contact a, or b,
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of the first switching unit 5, the second contact b, and the
output terminal ¢, of the second switching unit 6, and the second
variable current source 10 in sequence.

In the case where only the third current I,, which is
generated by the third variable current source 26 is considered,
the third curr_enf I;, flows from the first .contact a, which is
grounded to the terminal 11 through the output terminal ¢, and the
third variable ,gu'r:_:eni;’- source 26 in sequence, while the transfer .
'switch‘ of the third switching unit 25 is connected to the first
contact a,; on the other hand, while the transfer switch of the
third switching unit 25 is connected to the second contact b,, the
current flows from the intermediate tap 7A of the transducer 7 to
the terminal 11 through the first or the second contact a, or b,
of the first switching unit 5, the second contact b, and the
output terminal c¢; of the third switching unit 25, and the third
variable current source 26 in sequence.

Therefore, when the transfef'switch of the second switching
unit 6 is actually connected to the first contact a, and the
transfer switch of the third switching unit 25 is connected to
the first comtact a,, the first current I, - I,;, flows just as it
is, as the recording original current I,, between the intermediate
tap 7A placed on the primary side of the transducer 7 and the
connection point 12, to which the output terminal ¢, of the first
switching unit 5, the second coatacts b, and b, of thé second and

the third switching units 6 and 25, and the first variable
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current source 9 have been connected.

When the transfer switch of the second switching unit 6 is
connected to the second-contact b, and the transfer switch of the
third switching unit 25 is connected to the first contact a,, the
recording original current I, that is comprised of the first
current I, - I plqs the second current I;,, (that is, the current
value becomes I, - im_+ I;,) flows between the connection point 12
and.the intermediate tap 7a.

When the transfer switch of the second switching unit 6 is
connected to the first contact a, and the transfer switch of the
third switching unit 25 is connected to the second contact b,, the
recording original cﬁrrent I, that is comprised of the first
- current I, ~ I; plus the third current I,, (that is, the current
value becomes I,) flows between the connection point 12 and the
intermediate tap 7A.

When the transfer switch of the second switdhing uanit 6 is
connected to the second contact b, and the transfer switch of the
third switching unit 25 is connected to the second contact b,, the
recording original current I, that is comprised of the first
current I, - Iy plus the second current I, plus the third current
Iz;; (that is, the current value becomes I, + I,,) flows between the
connection point 12 and the intermediate tap 7a.

In this connection, at the primary side of the transducer 7,
while the transfer switch of the first switching unit 5 is

connected to the first contact a;, the recording original current
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I, flows through one coil leftwards as shown by the arrow X,, on
the other hand, while the transfer switch of the first switching
unit 5 is connected to the second contact b,, the current I,
flows through the'other coil leftwards.

_lAnd, the transducer 7 is able to convert the recording
original current I, which flows the primary side into the
recording current I,, in accordance with the stated conversion
ratio mt that has_beep previously set, as represented by the

‘following equation (1);
Iz =I1 mt vesane (1 )

between one coil of the primary side and the coil of the
sécondary side, and also between the other coil of the primary
side and the coil of the secondary side, and is able to make the
recording current I, flow through the coil of the secondary side.
In fact, while the recording original current I, is flowing
through one coil of the primary side (leftwards), the transducer
7 converts this current I, into the recording current I, that is
forﬁed by highlighting the high-frequency component of the edge
portion in accordance with the transfer rate and by correcting
the high-frequency component of the band (that is, by limiting
the band) and that is formed with the plus-side waveform
components, and then supplies this current I, to a rotary

transformer 13 from the coil of the secondary side (makes it flow
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leftwards).

Besides, while the recording original current I, is flowing
through the other coil of the primary side (rightwards), the
transducer 7 similarly converts this current I, into the recording
~ current I, that is formed by similarly highlighting the high—
frequency component 6f the edge portion in accordance with the
transfer rate and by correcting the high-frequency component of
the band (that is, by limiting the band) and that is formed with
thé minﬁs-side waveform componenﬁs, and then supplies this
current I, to the rotary transformer 13 from the coil of the
secondary side (makes it flow rightwards).

In accordance with the previously set conversion ratio mr,
the rotary transformer 13 converts the recording current I, (that
is comprised of the plus-side waveform and the minus-side
waveform) into that which is obtained by the followihg expression

(2);
I, mr .-;..-(2)

and then supplies it to a recording lLiead 14.

At this time, the relative velocity of the recording head 14
to the magnetic tape in the direction of the recording track is
controlled variably in accordance with the transfer rate; in this
state, the plus-side waveform component of the recording current

I, is given, via the rotary transformer 13, to the recording head
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14 such that it flows downwards as shown by the arrow X,, or the
minus-side waveform component of the recording current I, is
given such that it flows upwards, so that the magnetization
patterh based on the recording current I, is formed on the
mﬁgnetic'tape.

Thus, even in the case where the transfer rate varies, the
data recorder 20 is able to egualize highlighting operation of
high-frequency component of the edge portion of the recording
current I, and also able to equalize band limitation g0 as to form
the magnetization pattern on the magnetic tape.

Referring to Fig. 4, the first switching unit 5 of the data
recorder 20 has the emitter-connection differential transistor
configuration including én operational output stage 30 that is
formed by connecting the emitters of a pair of NPN-type
transistors Q1 and Q2; the first contact a, is connected to the
collector of the transistor Q1 of this operational output stage
30, and the second contact b, is connected to the collector of the
transistor Q2, and the output terminal ¢, is connected to the
‘emitters of the pair of transistors Ol and Q2.

In this first switching unit 5, the base of a NPN-type
emitter follower transistor Q3, whose collector has been grounded,
is connected to the inverted output terminal of a level converter
31 for converting the level of the supplied record data D2 from
transistor tramnsistor logic circuit (TTL) level to emitter

coupled logic circuit (ECL) level, and, the second voltage source
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is connected to the emitter of the emitter follower tramnsistor Q3
via an emitter resistor Rl, and besides, the base of the
transistor Q1 is connected to the connection point Pl of this
emitter and the emitter resistor Rl.

Besides, in this first switching unit 5, the base of a NPN-
type emitter follower transistor Q4, whose collector has been
grounded, is connected to the non-inverted output te;minal.bf the
lével cohverter 31, and, the second voltage source_is-connected 
to the emitter of the emitter follower transistor Q4 via an |
emitter resistor R2, and besides, the base of the transistor Q2
is connected to the connection point P2 of this emitter and the
emitter resistor R2. | |

The second voltage source is connected via a terminating
resistor R3 to the connection point P3, to which the inverted
output terminal of the level converter 31 and the base of the
emitter follower transistor Q3 have been connected and besides,
the second voltage source is connected via a terminating resistor
R4 to the connection point P4, to which the non-inverted output
terminal and the base of the emitter follower transistor Q4 have
been connected. At the time of the logical level (0], the
voltage of about -1.8V is given to the terminating resistors R3
and R4 and the connection points P3 and P4, and, at the time of
the logical level [i], the voltage of about -0.8V is given to
those. |

while the supplied record data D2 lowers to logical level [0],
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the level converter 31 supplies the voltage of about -0.8V to the
base of the emitter follower transistor Q3 from the inverted
output terminal in accordance with logical level [1] which is
formed by inverting this logical level [0], and supplies the .
vbltage of about -1.8V to the base of the emitter follower
transistor Q4 from the non-inverted output terminal in accordance
with thé logical level [0].

At this tﬁme,{fromithe_emitter of the emitter follower
transistor Q3, the voltage of about -L.GV,.wﬁiéh is lower than
the voltage supplied to its base by about 0.8V, is sﬁpplied to
the base of the transistor Q1, and, frém the emitter of the
emitter follower tfansistor Q4, the voltage of about -2.6V, which
is lower than the voltage supplied to its base by about 0.8V, is
‘supplied to the base of the transistor Q2. ]

Therefore, with regard to the transistors Q1 and Q2, the
electric potential of thé.base of the transistor Q1 becomes
sufficiently higher than the electric potential of the base of
the transistor Q2, so that, from only the first contact a,, the
recording original current I, flows to the output terminal ¢, via
the collector and the emitter of the transistor Q1 in seguence.

While the supplied record data D2 raises to logical level (1],
the level converter 31 supplies the voltage of about -1.8V to the
base of the emitter follower transistor Q3 from the inverted
output terminal in accordance with iogical'level {0] whiech is

formed by inverting the logical level [1], and supplies the
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voltage of about -0.8V to the base of the emitter follower
. transistor Q4 from the non-inverted output terminal in accordance
with the logica; level [1].

At this time, from the emittex of the emitter follower
transistor 03, the voltage of about -2.6V, which is lower than
the voltage supplied to its base by about 0.8V, is supplied to
the base of the transistor Q1, and, from the eﬁitter of the
emitter follower transistor Q4, the voltage of about -1.6V, which
is lower than the voltage supplied to its base by about 0.8V, is
supplied to-the base of the transistor Q2.

Thérefore, with regard to the transistors Q1 and 02, the
electric potential of the base of the transistor Q2 becomes
sufficiently higher than the electric potential of the base of
the transistor Q1, so that, from only the second contact b,, the
recording.original current I, flows to the output terminal ¢, via
the collector and the emitter of the transistor 02 in sequence.

Thus, the first switching uhit 5 is able to perform switching
operation on the basis of the record data D2 in sequence.

As to the second and the third switching units 6 and 25, the
first contacts a, and a, are connected to the ground, and the
second contacts b, and b, are connected to the output ﬁerminal c,
of the first switching unit 5, therefore; the voltage that is
supplied to the first and the second contacts a,, a,, b, and b,
becomes lower than the volfage that is supplied to the first and

the second contacts a, and b, of the first switching unit 5.
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So, in the second and the third switching units 6 and 25, in
addition to the above-mentioned configuration of the first
switching unit 5 shown in Fig. 4, two diodes are connected in
series between the connection points Pl and P2 correspondiﬁg to
fhe emitters of the emitter follower transistors Q3 and Q4.
Therefore,_the voltage that is drop§ed from the voltage_of the
emitter of the emitter_foliower transistor Q3 or Q4 by an amocunt

_that cofrgsponds to the twu.diodes.is.suéplied to the base of the
corresponding transistor Q1 or Q2.

As to the clock multiplier 23 and the waveform equalization
information geneiatihg circuit 22 of this embodiment, the upper
limit of the operating frequency is previously set to the stated
frequency.

Hence, the clock multiélier 23 is set such that, when the
frequency of the first clock signal CK2 is about 60MHz or more,
it performs 1 multiplies the period of the first clock.signal CK2
by 1/1, and, when the frequency of the first clock signal CK2
rangés from about 30MHz to about 60MHz, it multiplies the period
of the first clock signal CK2 by 1/2, and, when the frequency of
the first clock signal CK2 is ébout 30MHz or less, it multiplies
the period of the first clock signal CK2 by 1/4, on the basis of
the transfer rate information.

Thus, in the data recorder 20, it is able to cause the
recordiﬁg amplifier 21 to operate on the basis of the first clock

signal CK2 that has approximately the same period, even in the
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case where the transfer rate varies, and so it is able to cause
the recording amplifier 21 to operaté stably without being
influenced by the transfer rate.

By the way, in order to-lim;t the band of the recording
current I,, it is necessary to suppress (decrease) the raising
(increase) of the amplifier due to the high-frequency component,

and the current value required for band limitation has to be

‘subtracted from the reéording original curreat I,. However, in

this embodiment of the present invention, the recording amplifier
21 has the configuration of only adding current. |

Therefore, in the recording amplifier 21, the current value
in the case of limiting the band is set to the value I, - I,
which is obtained by subtracting the current wvalue I;; required
for band limitation from the current value I, it the case where
any of the highlighting oper#tion of high-frequency component and
the band limitation is not performed, to generate this by the
variable current source 9. In the case where the band limitation
is performed, only the current I, - I, of the variable current
source 9 is set as the recording original current I,, and on the
other hand, in the case where the band limitation is not
performed, the current I;, which is generated at the variable
current source 26, is added to the current I, - I,, to obtain the
current I,, and this is defined as the recording original current
I,. Thereby, the current amplifier 21 has the configuration of

adding current but equally performs the current subtraction, and
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thus suppresses the raising of the amplifier due to the high-

frequency component.

(2) Generating Process of Record Signal

Here,'a procéss of generating a recording signal in the data
recorder 20 will be described with reference to the waveforms in
Figs. SA to SG,._GA to 6G, and 7A to 76 Note that, Figs. 5A to
5G show. the case-qf‘multiplyihg a fitst~clock CK2 by 1/1, Figs.
6A to 6G show the case of multiplying the first clock CK2 by 1/2,
and Figs. 7A to 7G show the éase of multiplying the first clock
CK2 by 1/4. Note that, in the data recorder 20, as shown in Figs.
SaA to 5G, ‘in the'case where fhe transfer rate of the_supplied-
digital data D1 is relatively high and the freguency of the first
clock éignai CK2 is about 60MHz or more, the clock multiplier 23
multiplies the period T of the first clock signal CK2 (Fig. SA)
by 1/1 on the basis of the transfer rate information, and sends
the result#nt second clock signal CKn (Fig. 5B) (having the same
as the period T of the first clock signal CK2) to the waveform
equalization information generating circuit 22.

on the basis of the second clock signal CKn, the waveform
equalization information generating circuit 22 detects the time
at which the record data D2 (Fig. 5C) rises to logical level [1]
and the time at which it falls to logical level (0], and then, on
the basis of this result of the detection, generates the first

timing-signal HS, (Fig. 5D) that is synchronized with the second
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clock signal CKn; the first timing-signal HS, is raised to logical
level [1] for one period T of the second clock signal CKn, from
the time point at which the record data D2 rises to logical level
[1]'and.also from the time point-at which it falls to logical
level [0]; by this logical level [1], the first timing-signal HS,
shows the high-frequency-component hlghlighting position that is
according with the transfer rate.

_In addltlon, on the basis of. that result of the detection,
the waveform equalization information generating circuit 22
generates the second timing-signal HS, (Fig. SE) that is
syncﬁronired with the second clock signal CKn; the second timing-
signal HS; lowers to logical level [0], for one period T of the
second clock signal CKn preceding and succeeding the time point
at which the recoxd data D2 rises to logical level {1] and also
the time point at which it falls to logical level [0], and raises
to logical level [1] for the other duration; by this logical
level [1], the second timing-signal HS,; would perform band
limitation in accordance with the transfer rate.

'Then; on the basis of the record data D2, the first timing-
signal HS, and the second tiﬁing—signal HS,, the corresponding
first switching unit 5, the second switching unit 6 and the third
switching unit 25 perform their switching operations, and so, it
is able to generate the recording original current I, (Fig. 5F)
that is formed by adding the second current I;, to the

highlighting position of the high-frequency component of the
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first curreat I, - I,, and by adding the third current I;, to the
position at which the band of the first current I, - I, is
limited, in the primary side of the transducer 7.

Then, the recdrding original current I, is converted into the
recording current I; (Fig. 5G) that is formed by highligﬁting the
high-frequency component and by limitipq the band in accordance
with the transfer rate, by the transducer 7; the recording
'current I, is given to the7teqording headf14;from tﬁe secondary
side of tﬁis-transducer 7 via the rotary transformer 13. | '

Besides, in this data recorder 20, as shown in Figs. 6A to
6G, in the case where the transfer.rate of the digital data D1 is
lower than that of the above-mentioned case shown in Figs. 5A to
SG and the frequency of the first clock signal CK2 ranges from
about 30MHz to about 60MHz, the clock multiplier 23 multiplies
the period T of the first clock signal CK2 (Fig. 6A) by 1/2 on
the basis of the transfer rate information (one period becomes
1/2 of the period T of the firsi clock signal CK2), and sends the .
resultant second clock signal CKn (Fig. 6B) to the waveform
- equalization information generating circuit 22.

By the way, in thé case where the transfer rate is
relatively high (the frequency of the first clock signal CR2 is
about 60MHz or more), a resonance circﬁit is produced by the
inductance of the recording head 14 and the stray capacity of the
recording héad 14, the rotary transformer 13 and others,

therefore, a delay occurs in the phase of the high-frequency
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component of the recording current, in comparison with that of
the case where the transfer rate is relatively low (the case
‘where the freéuency of the first clock signal CK2 is lower than
60MHz or so).

' fheréfore, to generate the first timing-signal HS,, the
wavefoim equalization information generating circuit 22 detects
the time at which the reéordldata D2 (Fig. 6C) rises to,lqgicél
1e§e1 [(1]_and the time at which it falls to logical level [0] on
-the basis of the second clock signal CKn, and then, on the basis
of this result of the detection, generates the first timing-
signal HS, (Fig. 6D) that is synchronized with the second clock
signal CKn; the first timing-signal HS, is raised to logical level
[1] for one period of the second clock signal CKn, that is 1/2 T,
from the time that have been delayed by one period 1/2 T from the
time at which the record data D2 rises to logical level [1] and
the time at which it falls to logical level [0]; by this logical
level [1], the first timing-signal HS, shows the high-freguency-
component highlighting position whose phase has been delayed in
accordance with the transfer rate.

In addition, on the basis of that result of the detection,

the waveform equalization information generating circuit 22
generates the second timing-signal HS, (Fig. 6E) that is
synchronized with the second clock signal CKn; the second timing-

signal HS, lowers to logical level [0] for one period of the

second clock signal CKn, that is 1/2T, preceding and succeeding
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the time at which the record data D2 rises to logical level [1]
and also the time at which it falls to logical level [0], and
raised to logical level [1] for the other duration; by this
logical lével {1}, the second timing-signal BS, would perform
band limitation that accords with the transfer rate.

Then, on the basis of the record data D2, the firsi.timing~
signal HS, and the second timing-signal HS,, the corresponding
first-switéhing:unit 5, the_seéond switching unit 6 and the third
switching unit 25 perform their sﬁitching operations, so as‘to
pfoduce the recording original current I, (Fig. 6F) that is formed
by adding the second current I,, to the highlighting position of
the high-freqnencg component whose phase has beeh delayed of the
first current I, - im and by adding the third current I;; to the
band of the first current I, - I;, on the primary side of the
transducer 7. | '

And, the transducer 7 converts the recording original current
I, into the recording current I, (Fig. 6G), by highlighting the
high-frequency component in accordance with the transfer rate,
limiting the band, and delaying the phase of the high~frequency
component so as-té adjust it to that of the recording éurrent
that is generated at the time of multiplying the period of the
first clock signal CK2 by 1/1; then, the recording current I, is
given to the recording head 14 from the secondary side of this

transducer 7 via the rotary transformer 13.

Besides, in this data recorder 20, as shown in Figs. 7A to 7G,
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in the case where the transfer rate of the digital data D1 is
lower than that of the time.of 1/2-multiplication stated .above
and the frequency of the first clock signal CK2 is about 30MHz or
less, the clock multiplier 23 multiplies the period T of the
-firgt clock Signal CK2 (Fig. 7A) by 1/4 on the basis of the
transfer rate information (one period becomes 1/4 of .the period T
of the first clock signal CK2), and sends the resultant second
clock éiqng} CKn.(Fig. 7B) to the ﬁavefo:m eéualization
information generating circuit 22.

' on the basis of the second clock signal CKn, the waveform
equalization information generating circuit 22 detects the time
at which the record data D2 (Fig. 7C) rises to logical level [1]
and the time at which it falls to logical level [0], and then, on
the basis of this result of the detection, generates the first
timing-signal HS, (Fig. 7D) that is synchronizéd with the second
clock signal CKn; the first timing-signal HS, raises to logical
level [1] for one period,-that is 1/4 T, from the time points
that have been delayed by two periods of the second clock signal
CKn, that is 1/2 T, from the time point at which the record data
D2.rises to logical level {l1] and the time point at which it
falls to logical level [0]; the first timing-signal HS, shows the
high-frequency-component highlighting position by this logical
level [1].

In this way, the waveform equalization information generating

circuit 22 delays the phase of the high-frequency component so as
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to adjust it to that of the recording current I, that is
generated at the time of 1/l-multiplication by the first timing-
signal HS,, like the case of 1/2-multiplication stated above,
‘thereby showing the highlighting position of the high~frequency
component. _

In addition, on the basis of that result o: the detection,
the waveform equalization ihformation generating circuit 22 '
~ generates the second timingfsignal'ﬂsi (Fig. 7E) that is _
synchronized with the second clock signal CKn; the second timing-
signal HS; lowers to logical level [0] for one period of the
second clock signal CKn, that is 1/4 T, prepeding and succeeding
the time at which the record data D2 risésﬂto logiéal level {1]
and also the time at which it falls to logical level {0], and
raises to logical level [1] for the other duration; by this
logical level [1], the second timing-signal hs{ would perform
band limitation that accords with the transfer rate.

Then, on the basis of the record daté D2, the first timing-
signal HS, and the second timing-signal HS,, the corresponding
first switching unit 5, the second switching unit 6 and the third
switching unit 25 perform their switching operations; as a result,
it is able to produce the recording original current I, (Fig. 7F)
that is formed by adding the second current I, to the
highlighting position of the high~frequency component whose phase
has been delayed of the first current I, - I, and by adding the

thixd current I;; to the band of the first current I, - I;,, on the
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primary side of the transducer 7, in the same way as-the time of
1/2-mu1tiplicatioh_stated above, and able to convert this
recording original current I, into the recording current I, (Fig.
7G) wheee high-frequency coﬁponent has been highlighted in
accordance with the tranefer rate, and the han& has been limited,
and besides, whose phase of the high-frequency component has been
delayed such that it is adjusted te the phase of the recor&ing
current that is generated at the time of 1/l-multiplication, by

means of the transducer 7.

(3) Operation and Effects

In the above configuration, the data recorder 20 multiplies
‘the period of the first clock signal cleeorresponding to the
record data D2 by the stated numeric corresponding to the
transfer rate, and then, on the basis of the resultant second
clock signal CKn and the record data D2, generates the first
timing-signal HS, for indicating the highlighting position of the
high-frequency component. corresponding to the transfer rate and
the second timing-signal HS, for performing band limitation.

In the data recorder 20, the first variable current source 9
generates the first current I, =~ I, that is an origin of the
recording current and that is corresponding to the transfer rate,
and'the second variable current source 10 generates the second
current I,, that represents the highlighting quantity of the high-

frequency component corresponding to the transfer rate, and the
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third variable current source 26 generates the third curxent I;
that represents the correction value of the high-frequency
_component of the band corresponding to the transfer rate; in this
status, the first, the second and the third switching uniﬁs 5, 6
and 25 respectively perform switching operations on the basis of
the corresponding one out of the record data D2, the first
timing-signal HS, and the .second timing-signal'ns,,'thereby
generating the recofdiné o;ig}nal current I, that is_forméd_by
adding the second cur:eﬁt I,, to the highlighting position of the
high-frequency component of the first current I, - I and bf
adding the third current I,; to the band of the first current I, ~
I,.

Then, in the data recorder 20, the recording original current
I, is converted into the recording current I, whose high-
frequency component of the edge portion has been highlighted in
accordance with the transfer rate, and the band has been limited,
by the transducer 7; the recprding current I, is given to the"
recording head 14 via the rotary transformer 13, so that the
mégnetiéation pattern is fo#med on the magnetic tape on the basis
of the recording current I,.

Thus, the data-recorder 20 highlights the high-frequency
component of the edge portion of the recording current I, by the
second current I;, that represents the highlignting.quantity
corresponding to the transfer rate, and limits the band by the

third current I;, that represents the correction value of the
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high-frequency component of the band corresponding to the
transfer rate, in this manner, it equalizes highlighting
operation of high-frequency component of the recording current I,
and equalizes band limitation, so that it is.ahle to keep the
_magnetizatioh pattern on a recording medium approximately
constant even if the transfer rate varies. '

Besides, in the data recorder 20, when the waveform
equalization inforﬁation generatiné circuit zzlépérates on the
‘basis of tlie second ciock signal CKn'thét has been fofmed by
multiplying the period of the first clock signal CK2 by 1)2 and
1/4, it generétes the first timing-signal HS, for indicating the
highlighting position of the high-frequency component whose phase
has been delayed so as to adjust it to the recording current I,
that is generated at the time of 1/l-multiplication; therefore,
not only high-frequency-componenf highlighting and band limiting
corresponding to transfer rates, but approximate egualizing of
phases of the high-frequencf components can be performed even if
the transfer rate varies.

Moreo#er, in the data recorder 20, as can be seen from Figs.
SA to 5G and Figs. 6A to 6G stated above, the band is not limited
with respect to a waveform that has relatively short wavelength
of the recording current I, (that is, a waveform that rises to
logical level [1] during 1 period or 2 periods of the first clock
signal CK2) and the band is limited with respect to a waveform

that has relatively long wavelength, at the time of 1/1-
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multiplication and the time of 1/2-multiplication; as can be seen
from Figs. 7A to 7G stated above, the band is limited with
respect to a waveform of all wavelength of the recording current
I,, at the time of 1/4-multiplication.

That is, in the data recorder 20, in the case where the
transfer rate is high (that is, at the time of 1/l-multiplication
and the time of 1/2-multiplication), under the influence of
resonance that occurs due to the inductance of the recording head
14 and the stray capacity of the recording head 14, the rotary
transformer 13 and others, with respect to the waveform having
relatively short wavelength of the generated recording cﬁrrent I,
even if the band is not limited, the band becomes the limited
condition that is nearly equal to that'of the waveform having
relatively short vavelength-of the recording current I, generated
at the time of 1/4-multiplication. Hence, in the data recorder
20, it is able to prevent excessively performing band limitation
toward a waveform having relatively short wavelength of the
recording current I,, at the time of 1/i-multiplication and the
time of 1/2-multiplication.

Moreover, whenever the transfer rate becomes low (that is,
the peiiod of the first clock signal CK2 becomes long), the clock
multiplier 23 increases the numeric by which the period of the
first clock signal CK2 is multiplied, therefore, the data
recorder 20 is able to make the clock multiplier 23 and the

waveform equalization information generating circuit 22 operate
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maintaining stability, with the nearly identical operating
frequency within the previously set upper limit of the operating
frequency.. _

Moreover, in the data recorder 20, even if the transfer rate
véries, the recording current I, that is formed by highlighting
the high-frequency component and by limiting the band in
~ accordance with the trénsfe; rate can be generate in the
recording aﬁplifier 2] that is comprised of a switching amplifier,
. therefore, it is not requiréd to provide plﬁrallfilters
correspondiqg to the trénsfer rates, as the conventional data
recorder that ﬁses the first and the second linear recording
amplifiers, hence it is able to reduce the consumed power in
comparison with the conventional data recorder that uses the

first and thé second linear ieeording amplifiers, and to simplify
| the circuit configuration by eliminating radiation plates, so
that whole apparatus can be miniaturized considerably.

According to the above configuration, the period of the first
clock signal CK2 corresponding to the record data D2 is
-multiplied by the stated numeric corresponding to the tranéfer
réte. so that the second clogk signal CKn is generated, and then,
on the basis of the first clock signal CK2n and the record data
D2, the recording current I, that is formed by highlighting the
high-frequency component in accordance with the transfer rate and
by limiting the band is generated, therefore, it is able to

equalize highlighting operation of high-frequency component of
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the recording current I, even in the case where the transfe: rate
varies, and also to equalize band limitation so as to keep the
freguency Charactefistics approximately constant, in this way, it
is able-tb form nearly identical magnetization pattern on a

magnetic tape even in the case where the transfer rate varies.

.(4) Other Embodiments |

In fhé abéve emhod}ment, the first clock signal CK2 is
multiplexed-ﬁy i(l, 1/2, and 1/4, and a single second'switching
unit 6, a single third switching unit 25, a single second
variable curreht soﬁrce 10 and a single third variable current
source 26 are provided for highlighting operation of the high-
frequency component and for band limitation. However, the
presentfinfenﬁion is not limited thereto and the first clock
signal CK2 can be multiplied by the various stated numeric that
is not less than 1/3, in accordance with the transfer rate, and
plural switching units and plural variable current sources can be
provided respectively for use in high-frequency component
highlighting and for use in band limitation. In this way, it is
able to highlight and limit the high-frequency component aﬁd the
band, more finely and precisely than the above-mentioned
embodiment. |

Fig. 8 and Figs. 9A to 9H, in which the same reference
numerals are applied to parts corresponding to Fig. 3, show a

recording amplifier 40 of a data recorder according to another
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embodiment; it is constituted like the recording amplifier 21 of
the data recorder 20 according.éo the above-mentioned embodiment,
except that a clock multiplier 41 for multiplexing the period T
of the first clock signal cle(fig. 9A) by 1/8 iﬂ accordance with
the transfer rate, a waveform'eQualization information generating
circuit 42 for generating the first, the second and the third
timing—signals HS,, HS, and'Hsz,'§ fourth switching unit 43, and a
fourth variable current source 44 are provided.

| In this case,'on the basis of.the.secohd cloék Signallcxh
(Fig. 9B) whose period is obtained by multiplying the period T of
the first clock signal CK2 by 1/8, the waveform equalization
informationlgeneraﬁiqg circuit 42 first detects the time at which
the record data D2 (Fig. 9C) rises to logical level [1] and the
time at which it falls to logical level [0], and then, on the
basis of this result of the deﬁection, generates the first
timing-signal HS, (Fig. 9D) that is synchronized with the second
clock signal CKRn; the first'timing-signal HS, indicates the
highlighting position of the high~frequency component of the edge
portion corresponding to the transfer rate, by rising to logical
level (1] for tnree periods of the second clock signal CKn, from
the time that has been delayed for two periods of the second
clock signal CKn from the time'at which the record data D2 rises
to logical level (1] and the time at which it falls to logical
level [0].

Besides, the waveform equalization information generating
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circuit 42 generates the second timing-signal HS, (Fig. 9E) for
performing the first band limitation corresponding to the
transfer rate, by falling to logical level [0] for one period of
the second clock signal CKn preceding and succeeding the time at
ﬁhich thé recérd data D2 rises to-logical level (1] and also the
time at which it falls to logical level [0], and rising to
logical level [1] for the other duration; in additipn, the
waveform equalization information generating circﬁié 42 generates
the third timing-signal HS, (Fig. 9F) for performing the second
band limitation corresponding to the transfer rate, by faliihé to
logical level [0] for three periods of the second clock signal
CKn preceding and succeeding the time at which the record data D2
rises to logical level [1] and also the time at which it falls to
logical level [0], and rising to logical level [1] for the other
duration. |
Then, the waveform equalization information generating
circuit 42 sends these the first to the third timing-signals HS,,
HS, and HS, to the corresponding the second to the fourth
switching units 6, 25 and 43, and makes them perform switching
operations. By this, iﬂ the pfimary side of the transducer 7,
the recording original current (Fig. 9G) is generated by adding
the second current I,, to the highlightihg position of the high-
frequency component of the first current I, - I;, - I,, and by
addiﬁg the third current I;, or the fourth current I;, that is

generated from the fourth variable current source 44 to the first
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band position or the second band position of the first current I,
- Xy =~ Ip; resPective;y; then, by the transducer 7, this is
converted into the recording current (Fig. 9H) whose high-
frequency component of the edge éo:tion is highlighted in.
accordance with the transfer rate and also whose band is limited
through the separated;two stages. _

By this, in the recording amplifier 40, it is able to limit
the band more finely and more precisgly fﬁan_the data recorder 20
of the abéve-mentioned embodiment, in this way, it is able to
equalize magnetization patterns mbre precisely even if the
transfer rate varies.

Besides, in_the above embodiment, the pfesent invention is
applied to the data recorder 20 of the helical scanning system
that uses a rotational hea&. However, the present invention is
not limited thereto and can be appiied to the other various data
reéording apparatuses that can record the stated data at some
changed transfer rates, such as a data recorder of the fixed head
type, and a data recording apparatus that can record video data.
and/or audio data on the various kinds of recording medium such
as a magnetic tape and a magneiic—disk.

Moreover, in the above embodiment, the digital data D1 is
inputted to the signal processing circuit 2 from the exterior.
However, the present invention is not limited to this case. Such
a system can be used that a record signal of amalog is inputted

to a signal processing circuit, and analog-to-digital conversion
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of this record signal is performed in this signal processing
circuit, and then recording signal processing of it is performed.

Moreover, in the above embodiment, the clock multiplier 23 is
employéd as the clock signal generating means that is supplied
with the first clock signal corrésPOnding to the record data, for
multiplying the period of the supplied first.clock signal by the
previously set stated numeric in accordance with the transfer
rate, and for thereby generaéing the'second clock signal.
However, the presént inventioh is nét limited to this case. The
other various.clock signal generating means can be ehployed, if
the period of the first clock signal can be multiplexed with the
stated numeric corresponding to the transfer rate.

'Moreover, in the above embodiment, the control circuit 24,
the first, the second and the third switching units 5, 6 and 25,
the first, the second and fhe third variable current sources 9,
10 and 26, and the transducer 7 are employed, as the recording
current generating means for generating the recording current
that is corresponding to the record data and that is produced by
highlighting the high-frequency component in response to the
transfer rate and by limiting the band'in response to the
transfer rate, on the basis of the supplied record data and the
second clock signal given from the clock signal generating means.
However, the present invention is not limited to this case. Even
if the transfer rate varies, reéording current generating means

having the other various configurations can be employed, so long
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as they can generate the recording current that is formed by
highlighting the high-frequency component in accofdance with the
transfer rate and hy limiting the band. '

Moreover, in the above embodiment, the rotary transformer 13
and the recording head 14 are employed as the recording means for
recording the record data on the recording medium on the basis of
the iecording cﬁrrent given ffom the rgcording-current generating
means, however, the present invention is not limited to this case,
and the other various recording-means_can be employed.

Moreover, in the above eﬁbodiment, the waveform equalization
information generating circuit 22 and the control circuit 24 are
as the timing signal forming means for forming at least one
species of first timing~signal that shows the highlighting
position of the high-frequency component corresponding to the
transfer rate, and for generating at least one species of second
timing-signal for performing band limitation corresponding to thé
transfer rate, on the basis bf the record data and the second
clock signal. However, the present invention is not limited to
this case and timing signal forming meahs having the other
various configurations can be employed.

Moreover, in the above embodiment, the first variable current
source 9 and the control circuit 24 are employed as the first
current-generating means for generating the first current that is
an origin of the recording current corresponding to the transfer

rate. However, the present invention is not limited to this case
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and first current-generating means having the other various
configurations can be employed. | _

Moreover, in the above embodiment, the control circuit 24,
the seéond switching unit 6, the second variable current source
10 and the first switghing ﬁﬁit 5 are employed as- at least one
second current-genefating means that is provided in accordance
with the species of the first timing-signal which is generated by
the timing-signal forming meaps} for fofming the second_cufrent _
thét_represents'the highlidhting quanfity'of the high-frequency
component corresponding to the transfer rate, on thé basis of the
corresponding first timing-signal thét.is obtained from the
timing-signal forming means. However, the present invention is
not limited to this case and second current-generating means
having the other various configurations can be employed.

Moreover,. in the above embodiment, the control circuit 24,
the third switching unit 25, the third variable current source 26
and the first switching unit 5 are employed as atlleast one third
current-generating means that is provided in accordance with the
sPeciés of the second timing-signal which is .generated by the
timing-signal forming means, for forming the third current for
limiting the band corresponding to the gr&nsfer rate, on the
basis of the corresponding second timing-signal that is obtained
from the timing-signal forming means. However, the present
invention is not limited to this case and third current-

generating means having the other various configurations can be
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employed.

Moreover, in the aBove embodiment, the transducer 7 is
employed as the current genératingfmeans for generating the
recording current, on thé basis of-tﬁe fir#t; the second and the
third currents obtained from the first, the second and the third
current-géneratinglmeans.- However, the présent;invention is not
limited to thié cése-and current generating means having the
other variéus_cqnfigurations can be-eqpldyed.

As described above, the preseni-invention provides .a clock
signal Qenerating means for being sﬁpplied with a first clock
signal cbrresponding to the record_aata and generating a second
clock signal by multiplying the period of the supplied first
clock sign&l by the stated_numeric corresponding to the transfer'
rate, a timing signal forming means for forming at least one
species of first timing-signal that shows the highlighting
position of the high-frequency component of the record data
corresponding to the transfer rate and at least one species of
second timing-signal which shows a position at which band
limitation of.the record data is performed according to the
transfer rate, on the basis of the record data and the second
clock signal, a recording current generating means for
highlighting the high-frequency component and generating
recording current corresponding to the record data, which has
been subjected to the band limitation, on the basis of the record

data, the first timing-signal and the second timing-signal, and a



49

recording means for recording the record data on the recording
medium in accordance with the recording current. Therefore, it
is able to equélize highlighting operation of the high-freqﬁency
component with.respect to ﬁhe'recording current even in the case
- where the transfer rate varies, and to equalize band limitation,
s0 as to keep the-frequencf.characteristics approximately
constant. In this way, it is able to realize a data recording
aﬁparatus_thqﬁ can form nearlj identical magnetization pattern on
a magnetic tape in even the case where the transfer rate is
varied. |

While there has been déscribed in connection with the
preferred embodiments of the invention, it will be obvious to
those skilled in the art that various changes and modifications
may be aimed, therefore, to cover in the appended claims all such

changes and modifications as fall within the true spirit and

scope of the invention.
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WHAT XS CLAIMED IS:
1. A data recording apparatus for recording record data that is
sqpplied at an arbitrary transfer rate on a recording medium,
comprising:

clock signal generating means for being supplied with a first
clock éignél corresponding to said record data and generating a
second clock signal'by,multiplying the_perioa of said supplied
first clock signal by the stated nuﬁeric corresponding to said
transfer rate;

| timing signal forming means for forming at least one species

of first timing-signal that shows the highlighting position of
the high-frequency component of said record data corresponding to
the transfer'rate and at least one species of sécond timing-
signal which shows a position at which band limitation of said
record data is performgd according to said transfer rate, on the
basis of said record data and said second clock signal;

recording current generating means for highlighting said
'high-frequency component and generating recording current
corresponding to said record data, which has been subjected to
said band limitation, on the basis of sai& record data, said
first timing-signal and said second timing-signal; and

recording means for recording said record data on said

recording medium in accordance with said recording current.
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2. The daﬁa recording appératus aCCOrdipg to claim 1, wherein

said recording current generating means comprises:

first current geneiaﬁing means for generating first current
that is an origin of éaid recording current; |

second current generating means for generating current that
corresponds to the highlighting quantity of said high;frequency

component;

-— -—

third current generating mans for genérating.current that
corresponds to limitation quantity of said band limitatibn;_and

switching means for synthesizing currents genexated.by said
first current generating means, said second current generating
means and said third currenf-éenerating means, wherein

said switching means is switching-controlled in accordance.
with said record data, said first tiﬁing-signal and said second
timing-signal, and by the switching control, said recording
current generating means highlights said high-frequency component
and generates recording current that corresponds to said record

data subjected to said band limitation.

3. The data recording apparatus according to claim 2, wherein:

said recording current generating means further comprises a
transducer comprising two coils which are provided via an
intermediate tap on the priﬁary side; and

said switching means comprises at least three of first,
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second, and third switches, wherein:

said first switch of said switching means is a switch
for selecting one out of two inputs in accordance with the
polarity of said record data for outputting, one input of'
said first switch is connected to one coil on said primary
side of said transducer, the other input of said first
switch is connected to the other coil on said primary side
of said tfansducer, and the output of said first switch is
connected to said first current generating means, the input
of said second switch, and the input of said third switch;

said second switch of said switching means is
controlled by said first timing-signal and its output is
connected to said second current generating means;

said third switch of said switching means is controlled
by said third timing-signal and its output is connected to
said third current generating means; and

the secondary coil of said transducer reverses the
flowing direction in accordance with the polarity of said
record data and highlights said high-frequency component by
said first timing-signal, and outputs the recording current,
which has been subjected to said band limitation, by said

second timing-signal.

The data recording apparatus according to claim 3, wherein

each of said first current generating means, said second
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current generating means, and said third current generating means
is composed of a variable current source, wherein each current

source outputs current determined. according to said transfer rate.

5. The déta recording éppératus according to claim 3, wherein
said timing signal forming meaﬁs forms said first timing-

siénal in which the phase of the highlighting position of said

-high-frequency component has Beép variéd in accordance with said

transfer rate.

6. The data recording apparatus according to claii 3, wherein

said timing signal forming means, wherein: '

when said tréﬁsfer rate is the stated value or more, at
least one species of said second timing-signal is formed for .
performing said band limitation on said recording current having
longer signal wavelength than the pfedetermined value: and

when said transfer rate is the stated value or less, at
least one species of said second timing-signal is fofmed for
performing said band limitation on said recording current of all

wavelengths.

7. The data recording apparatus according to claim 1, wherein
said clock signal generating means multiplies said period
of said first clock signal by said stated numeric set such that

its value is small as said transfer rate is high.



