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DATA RECORDING APPARATUS 

BAC!GROUND OF THE INVENTION 

FIELD OF THE INVEJfrIQN 

~his invention relates to a data recording apparatus, and 

more particularly, is suitably applicable to a data recorder for 

recording diqital reoord data on a magnetic tape with a helical 

scanning system using a rotational drum. 

DESCRIPTION OF THE BEI.ATED 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 oth~s are not especially prescribed. 

Therefore, in this kind of data record~r, it is able to 

perform variable-speed controlling of multiplying relative speed 

of the recording head relative to the reeordinq track direction 

of the magnetic tape by 1/1, 1/2 ,· 1/ 4:, 1 /8, l/ 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 lOOMbps/channel to about 

4.2Mbps/channel, for instance. 

Therefore·, this kind oi: 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 examp~e,. observation data that is obtained from an 

artificial satellite and that is having relatively fast transfer 

rate is ;rec:orded in r~altinie and, on the other hand, the 

recorded observation data is reproduced at a slower transfer rate 

tnan that of recording, and, as an another example, observatio~ 

data that is obtained from astronomic observation, monitoring of 

road status (occurrence of a traffic accident, a traffic ba-ckup 

and others), etc., and that is having relatively slow transfer· 

rate is recorded at the original transfer rate and, on the other 

hand, the recorded observation data is reproduced at a faster 

transfer rate than that of recording. 

By the ~ay, 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 relative velocity between the recording head and 

the magnetic tape, so as to utilize the recording capability of 

short wavelength of the magnetic tape to its maximum, so that 

high density recording and high transfer rate can be realized, 

and, in this way, it is able to enhance the recording rate for 1 

channel to about lOOMbps as stated above. 

However, in the case where the record data has been recorded 
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at about lOOMbps in this manner, the permeability of the 

recording .head (if the frequency becomes high because 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 linlits. 

In this kind of data recorder, it is able·to lower the 

recording .rate to, for instance, 4.2Mbps or so by rotating .the 
. ... .... -

rotational head at a relatively low speed, and.the permeability 

of the recording head and the frequency characteristics of the 

recording amplifier and others of this 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 ~f 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 wavelenqth 

relative to the phase of long wavelenqth in the magnetization 
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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., 

heretofore, there is that whi.ch is constituted using a linear 

first recording .amplifier (Which has been disclosed by this 

·apPJ.icant in Japanese: Patent Laid open No.07.800/92) ·for 

equalizing high-frequency~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 equa1ize 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 Lts transfer rate and hereby restrain the amplitude of the 

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

aaplif iers whose efficiencies are about SO• as the first and the 

second recording ampli~iers, the consumed power.becomes · 

relative~y large, and radiation plates for radiatin~ heat 

generated in the class A Am_i,lifiers are ne~ed, and so th~ 

configuration of the whole .data recorder is complica~ed and 

enlarqed -- that has been th~ J?roblem.. 

so, as a data ~ecorder 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 Pig. 1, digital 

data Dl that is supplied from the exterior at the stated transfer 

rate and input clock signal CXl corresponding to the digital data 

Dl are inputted to a signal processing circuit 2. 

This signal processing circuit 2 exposes the record data Dl 

to the stated recordinq signal processinq to produce record data 

D2 shown in Fiq. 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 
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signal CI<l into the first clock signal Cl\2 having the stated 

period T shown in Fig. 28 and then sends this to the edge 

extracting circuit 4. 

The edge extracting c~rcuit 41 which operates on the basis of 

this first clock signal CK2,. detects the time. at whi.ch th• record 

data D2 rises to the logical level [l] and also the time at which 

it falls to the logical level [O], and then, on the b·asis of this 

detection result; generates a timing signal ES that is s~owing 

the position to highlight its high-f·requency component previousl.y, 

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 swi~ching unit 5, and sends the 

timiilg 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 [l] 

during only the period T of the first clock signal CK2 from the 

time at which the record data D2 rises to ~he logical level (1) 

and also the time at which it falls to the logical level [OJ, 

respectively, as shown in Fig. 2C, so that the high-frequency 

component highlighting positions are shown by the logical level 

[l]. 

The first contact a 1 of the first switchinq 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 b1 is connected to the 



7 

other coil' while the record data D2 lowers to the logical level 

[O], the transfer ~witch that has been mounted on the output 

terminal c 1 is connected to the first co~tact a1 , and, while the 

record data D2 raises to the logical level [l]; the transf~r 

switch is connected to the second contact bi1 in this manner, 

connection of the t~ans~er switch is sequentially turned, on the 

basis of the record data D2. 

As to th~· second switching unit 6, tiie first contact a2 is 

connected to the ground, and the second contact b2 is connected to 

the transfer switch of the first switching unit SJ while the 

ti.ming signal ES lowers to the logical level [OJ, the transfer 

switch that has been mounted on the output terminal c1 is 

connecte~ ~o the.first contact a2 , and, while the timing. signal ES 

raises to the logical level (l], the transfer switch is connected 

to the second contact b2 ~ in this manner, connection of the 

transfer switch is sequentially turned, on the basis of the 

ti.ming signal ES. 

At here, a control circuit 8, to whicih"t:.he information of 

transfer rate for the digital data Dl is given from the exterior, 

sends the first control signal Sl according to this transfer rate 

to the first variable current source 9, and besides sends the 

second control siqnal S2 based on the quantity of hiqh-frequency­

component highlighting according to the transfer rate (as the 

transfer rate becomes relatively hiqh, the quantity of 

highlighting becomes large) to the second variable current source 
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10. 

Hereby, the first variable current source 9 generates the 

first_current I 0 that is an oriqin of. the recording current on 

the basis of the fir~t control signa1·s1, and the second variable 

current source 10 generates the second current 1.0 that 

represents the quantity of high-frequency-component highlighting 

according to the transfer rate, on the basis of the second· 

control sigD.al S2· •. ·· 

And, in this case, the first vol~age sQurce (not shown) for 

generating the stated positive volt·age Vo:: is connected ·to the 

intermediate tap 7A of the transducer 7, and the second voltage 

source (not shownj for generating the stated negative voltage Vu 

is connected to a terminal 11 to which the output 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 a1 , the first current 10 

that is generated from the first variable current source 9 flows 

from the intermediate tap 7A of· the-transducer 7 to the terminal 

11 throuqh the first contact a1 and the output terminal c 1 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 connected tp the second contact b1 , it flows 

from the intermediate tap 7A of the transducer 7 to-the terminal 

ll through the second contact b1 , the output terminal c 1 and the 
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first variable current source 9 sequentially. 

While, during the transfer switch of the second switching 

unit 6 is connected to the first contact a 2 , the second current 

Iaa that . is generated from the seco.nd variable current source 10 

flows from the first contact. a2 that has been connected to the 

ground to the te:z:minal 11 ·through the ~utput teJ:llinal c and the 

second variable current source 10 sequentially, ~nd, whiLe the 
. . 

transfer switch of the second switching unit 6 is connected to 

the second contact b2 , it flows from the intermediate tap 7A of 

the transducer 7 to the terminal 11 through the first or the 

second contact a 1 or b1 of the first switching unit 5, the second 
. . 

contact b2 and the output tex:minal c of the second switching unit 

6, and the second variable current source 10, sequentially. ~n 

this connection, as to the second contact b2 of the second 

switching unit 6, the second current 110 flows there 

intermittently in accordance with the switching operation of the 

second switching unit 6, as shown in Fig·. 2D. 

As a result of this, through a connection point 12 to which 

the first switching unit. 5, the second switching unit 6 and the 

first variable current source 9 have been connected, as shown in 

Fig. 2E, the first current I 0 flows just as it is as a recording 

original current I 1 , while the transfer switch of the second 

switching unit 6 is connected to the first contact a2 , and, on the 

other hand, while the transfer switch of the second switching 

unit 6 is connected to the second contact b2 , the first current I 0 
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increases by the second current I 10 (that is, the value of the 

current becomes I 0 . + I:sa) , and this flows as the recording 

original current I 1 • 

And, the transducer 7· reverses the direction of the recording 

original current 1 1 that flows thro~gh the primary side, in 
. . 

response to the switching operation.of the first switching unit 5, 

so as to reverse the polcu;ity of the reco~ding original current 11 

. . ' 
~response to risilig to the.l'ogica1 level (1] and falling to the 

logical level [ O] · of the record data D2, as shown in Fig·. 2F, in 

acc·ordance with the stated conversion ratio that has been 

previously set between· one or the other coil and the secondary 

coil, thereby converting it to a recording current 12 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 Dl, so that the recording head 14 forms 

magnetization pattern on the magnetic tape, on the basis of the 

recordinq current 1 2 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 hiqh-f requency component of the recordinq current in 



11 

accordance with the transfer rate in even the case where the 

transfer rate varies, and thus it can equal~ze the high-

frequency-component highl~ghting operations. 

By the way, this data recorder 1 is possible to solve the 

problem that occurs when the above-mentioned iinear first and 

second recordinq amplifiers_ are em.ployed, bee~use of employing 

the recording amplifier 3 that is comprised of a switching 
. . 

amplifier; however, it on~y eqlfalizes hlqhlighting operation~ of 

hiqh-frequency-components of recording currents, and such a 

problem has been left that it is hard to equalize band 

limitations of recording current. 

SUMMARY OF THE INVENTIQB 

In view of the foregoin9, an object 0£ this invention is to 

provide to· a data recordinq apparatus that is able to !orm. ~~arly 

identical magnetization pattern on a recording medium by using 

the recordinq amplifier comprised of a switching amplifier even 

in the case where the transfer rate varies. 

The foreqoing object and other objects of the invention have 

been achieved 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 t~e high-frequency component of the 

record. ~ta· corresponding to the transfer rate and at leas.t 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 recc>rd data and the seeond 

clock signal, a ~ecordin9 current generating means for 

highlighting the hiqh-freqllency_component and generating 

recording current corresponding to the record data, which has 

been subject~d to the band limitation, on the basis of the record 

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

recording means for recording the record data on the recording 

medium in accordan~e with the recording current• 

As a result of this, by usinq the recording ampl"itier 

comprised of a switchinq amplifier, it is able to equalize 

highlighting operation of high"-frequency component of recording 

current in.even the case where the 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 recordinq. 

The nature, principle and utility of the invention will 

become more apparent from the following detailed description when 

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

BRIEF DESCaIPTION OF THE DBAWI.GS 

In the accompa~ying drawings: 

......... 

Fig. 1 is a block diagram showing a configuration of the 

conventional da~a recorder; 

Figs. 2A to 2F are wavefo:r::m charts explaining a proces~ of 

g~nerating.recor~inq ~urrent of the conventional data recorder;. 

Fig .. 3 is a block diagram showing a configuration of an 

embodiment of a data recorder according to the present invention; 

Fig. 4 is a connection diagram showing a confiquration of the 

first switching unit; 

Figs. SA to 5G are waveform charts illustrating a process of 

generating recording current when performing l/l·multiplication; 

Figs. 6A to 6G are waveform. charts illustrating a process of 

generating recording current when perfoz:minq 1/2 multiplication; 

Figs. 7A to 7G are wavefo;r;m charts illustrating a process of 

generating recording curren~ when performing 1/4 multiplication; 

Fig. 8 is a block diagram showing a configuration of the 

recording amplifier of the data recorder according to another 

embodiment; and 

Figs·. 9A to 9H are waveform charts illustrating a process ot 

generating recording current when performing 1/8 multiplication 

according to another embodiment. 
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DECJ.'AII.Ep DESCRIPTION OE TUE EMBODIMENT 

Preferred embodiments of this invention will be described 

with referen~e to the accompanying drawing~: 

(1) confiquration of Data Recorder according to the Embodiment 

In Fig. 3 in which the same reference numerals are applied to 

parts correspon~ing to Fig. 1, numeral 20 show_s·a data recorder 

of the embodiment is generally designated as 20. In· a signal 

processing circu~t 2, digital.data Dl supplied from the exterior.­

at the stated.transfer rate and an input. clock signal CKl 

corresponding to the digital data Dl are inputted. 

The signal processing circuit 2 subjects the digital data Dl 

to recording signal processing, such as paralle1ing process, 

error-correction-signal generating and adding process, and non 

return to zero (NRZ) modulation, to produce record data D2, and 

then sends this-data to a wavefoi::m equalization information 

generating circuit 22 of a recording cunplifier 21 that is 

comprised of a switching amplifier, and besides it converts the 

input clock signal CKl 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 

digital data Dl (this is referred to as transfer rate information, 

hereinafter) is given to the clock multiplier 23 from a ~ontrol 

circuit 24, so that the clock multiplier 23 multiplies the period 

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

circuit 22. 

The waveform equalization information qene~ating circuit 22, 

which operates on the basis of the second clock SiCJllal CKn, rises 

f~om the logical level [O] to the logical ~evel [l] in 

synchronization with .tlu! second clock signal CKn, so as to 

generate the first ti.ming-signal HS0 that shows the high­

frequency-component highlighting position, and to generate the 

second timing-signal HS 1 for perfo~ng band limitation. 

Then, ·the waveform eqQalization information generating 

circuit 22 ~ends the _record data D2 to the first swi~chinq unit s, 
sends the first timinq·siqnal HS 0 to the second switching unit 6, 

and send& the second t1min9-siqnal HS, to the third switchinq 

unit 25. 

The first contact a 1 of the first switching unit 5 is 

connected to one of two coils that have been equipped on the 

primary side of a transducer 7 and coupled together with an 

intermediate tap 7A, and the second contact b1 is connected to 

the other coil; ·while the record data D2 lowers to the logical 

level [OJ, the transfer switch that has been mounted on the 

output tel'.lllinal c 1 is connected to the first contact a1 , and, 

while the record data D2 raises to the logical level [l], the 

transfer switch is connected to the second contact b1 ; 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 switchinq unit 6, whose first contact a2 is 

connected to the qround and whose second contact b2 is connected 

to the t~ansfer _switch. of the first· switching unit s, 

sequentially turns connection of its transf•r switch that has 

been mounted on the output. tm:m~nal c2 , on the basis of the firs:t 

timin9-si91Ull us., such that the transfer switch is connected to­

the first contact a2 while the first timing-signal HS0 lowers to 

the logical level [OJ, and the transfer switch is connected.to 

the second contact b2 while the first timing-signal BS0 raises to 

the logical level [l]. 

Besides, the third switching unit 25, whose first contact a 3 

is connected to the ground and whose second contact b3 is 

connected to the transfer switch of the first switching unit 5, 

sequentially turns connection of its transfer switch that has 

been mounted on the output terminal Cs on the basis of the second 

timing-signal HS 1 , such that the transfer switch is connected to 

the first contact a3 while the second timing-signal HS 1 lowers to 

the logical l.evel (OJ~ and the transfer switch is connected to 

the second contact b3 while the second timing·siqnal HS 1 raises to 

the logical le~el [l]. 

At this time, the control circuit 24 sends the first control 

signal Sl corresponding to the transfer rate information to the 

first variable current source 9, sends the second control signal 
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s2 based on the quantity of hiqh-frequency-component highliqhting 

that is corresponding to the transfer rate info:cma.tion to the 

second variable current source 10, and, besides, sends the third 

control signal 53· b~sed on the correction value of the high­

frequency component of the band corre~pondin9 to the transfer 

rate information to the third variable current source 26. 

Thus, the first variable current source g· generates the first 

current _I0 - I:u that _is an origin of the -recording current, on 

the basis of the first control siqna1·s1. 

On the basis of the second control signal S2, the second 

variable current source 10 generates the second current IEo that 

r.epresents · the highlighting ~antity of the high-frequency 

compo~ent 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·S3, the third 

var:iable current source 26 generates the third current Iz1 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 v~ is connected to the intermediate 

tap 7A of the transducer 7, and a second voltage source (not 

shown) for generating the stated negative voltage V11 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 10 - In which is 

generated by the first variable current source 9 is considered, 

the first current I 0 - Isa f~ows from the intermediate tap 7A of 

the transducer 7 to the terminal 11 ~hrough the first contact a 1 

and the output terminal c1 . ~f the first swit,.ehing unit. :S . and_ the 

first variable current source 9 in sequence, while the transfer. 

switch of the first switching unit S is connected to the first 

contact a1; on the other hand, while the transfer switch of the 

first switching unit 5 ~s connected to the second contact b 1 , the 

current flows from the intermediate tap 7A of the transducer 7 to 

the terminal 11 through the second ·contact b 1 , the output terminal 

c 1 and the first variable current source 9 in sequence. 

In the case where only the second current Izo which is 

generated by the second variable current source 10 is considered, 

the second current I10 flows from the first contact a2 which is 

grounded to the·terminal 11 through the output terminal c 2 and the 

second variable current source 10 in sequence, _while the transfer 

switch of the second switchinq unit 6 is connected to the first 

contact a2 ; on the other hand, while the transfer switch of the 

second switching unit 6 is connected to the second contact b2 , the 

current flows from the inte~ediate tap 7A of the transducer 7 to 

the terminal 11 through the first or the second contact a 1 or b1 
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of the first switching unit s, the second contact b2 and the 

output terminal c 1 of the second sw~tchin9 unit 6, and the second 

variable· current source 10 in sequence. 

In the case where only the third current I:n which is 

generated by the third variable current source 26 is considered, 
. . 

the third curr~nt I11 flows from the first . contact a 3 which is 

grounded to the terminal 11 through the output terminal c 1 and the 

third variable.Qur~ent-source 26 in sequence, while the transfer. 

switch of the third switching unit 25 is connected to the.first 

contact a 1 ; on the other hand, while the transfer switch of the 

third switching unit 25 is connected to the second contact b3 , the 

current flows from the intermediate tap 7A of the transducer 7 to 

the terminal 11 through .the fi.rst or the second contact a 1 or b1 

of the first switch·inq unit 5, the second contact b1 and the 

output terminal c 3 of the third switching unit 25, and the third 

variable current source 26 in sequence. 

Therefore, when the transfer switch of the second switching 

unit 6 is actually connected to the first contact a2 and the 

transfer switch of the third switching unit 25 is connected to 

the first contact a11 the first current I 0 - I:11 flows just as it 

is, as the recording original current I 1 , between the intermediate 

tap 7A placed on the primary side of the transducer 7 and the 

connection point 12, to which the output terminal c 1 of the first 

switchinq unit 5, the second contacts b~ and b3 of the 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 b2 and the transfer switch of the 

third switching unit 25 is connected to the first contact a3 , the 

recording original current Ii that is comprised of the first 

current I 0 - Iu plus the second current I 110 (that is, the current 

value becomes I 0 - Izi + I 10 ) flows between the connecti.on point 12 

and the intermediate tap 7A~ 

When the transfer switch of the second switching unit 6 is 

connected to the tirst contact a2 and the transfer switch of the 

third switching unit 25 is connected to the second contact hat the 

recording original current Ii that is comprised of the first 

curre~t I 0 - Ix1 plus the third current Izi (that is, the current 

value becomes I 0 ) 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 second contact b2 and the transfer switch of the 

third switching unit 25 is connected to the second contact b3 , the 

recording oriqinal current 11 that is comprised of the first 

current 10 - Iu plus the second current I10 plus the third current 

I 81 (that is, the current value becomes I 0 + I 20 ) 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 ai, the recording original current 
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I 1 flows through one coil leftwards as shown by the arrow X1 , on 

the other hand, while the t·ransfer switch of the first switchin9 

unit 5 is connected to the second contact b1 , the current I 1 

flows through the other coil leftwards. 

And, the transducer 7 i~ able to convert the recording 

original current I 1 which flows th~ primary side into the 

recording·current.I2 , in acc~rdance wit~ the stated conversio~ 

.ratio mt that has e~e~ previously set, as represented by the 

·following equation (1)1 

...... ( , ) 
between one coil of ·the primary side and the coil of the 

secondary side, and also between the other coil of the priiaa.ry 

side and the coil of the secondary side, and is able to make the 

recording current I 2 flow through the coil of the secondary side. 

In fact, while the recording original current I 1 is flowing 

through one coil of the primary side (leftwards), the transducer 

7 converts this current I 1 into.the recording current I 2 that is 

formed 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 12 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 Ii is flowinq 

through the other coil of the primacy side (rightwards), the 

transducer 7 similarly converts this current Ii into the recording 

current 12 that is fo~ed by similarly. highlighting the high­

frequency component of the edge portion in accordance with th~ 

transfer rate and by correcting the high-frequency component of 

the band (that is, by limiting the b~nd) and that:_ is formed with 

the minus-si4e waveform. components, and then supplies this 

current I 2 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 r 2 (that 

is comprised of the plus-side waveform and the minus-side 

wavefo:r:m) into that which is obtained by the following expression 

(2); 

•.•••• ( 2 ) 

and then supplies it to a recording head 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 wavefoz:m component of the recording current 

1 2 is qiven, via the rotary transformer 13, to the recording head 

·\ 
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14 such that it flows downwards as ·shown by the arrow X2 , or the 

minus-side waveform component of the recording current 12 is 

given such that it flows Upwards, SO that the magnetization 

pattern based on the recording current I 2 is formed on the 

mag-netic tape. 

Thus, even in the case where the transfer rate varies, .the 

data recorder 20 is able to_equalize highlighting operation of 

high:...fre_guency componen~. ~f the edge portton of the record~ng 

current I 2 and also able to equalize.band limitation so 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 

conf iquration including an operational output stage 30 that is 

formed by connecting the emitters of a pair of NPN-type 

transistors Ql and Q2; the ~irst contact a1 is connected to the 

collector of the transistor Ql of this operational output stage 

30, and the second contact b1 is connected to the collector of the 

transistor Q2, and the output te:cminal c 1 is connected to the 

emitters of the pair 9f transistors Ql 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 convertinq the level of the supplied record data D2 from 

transistor transistor 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 transistor Q3 

via an emitter resistor Rl, and.besides, the base of the 

transistor Ql is connected to the connection point Pl of.this 

emitter and the emitter resistor Rl. 

Besides, in. this first s~itching unit 5, the base of a NPN­

type emitt~r follower transistor Q4, whose collector has been 

9ro~nded, is connected to the non-inverted output te~nal.of the 

level converter 31, and, the second volt~ge source is connect_ed 

to the emitter of the emitter follower transistor Q4 via an 

emitter resistor R2, and besides, the bas.e of the transistor Q2 

is connect~d to the connection point P2 of this emitter and the 

emitter resistor R2. 

~he 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-inveJ;'ted output 

terminal and the base of the emitter follower transistor Q4 have 

been connected. At the time of the loqical level (O], the 

voltage of about -1.SV is given to the terminating resistors R3 

and. R4 and the connection points Pl and P4, and, at the time of 

the logical level [l], the voltage of about -0.8V is qiven to 

those. 

while the supplied record data D2 lowers to logical l.evel [ O] , 
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the level converter 31 supplies the voltage of about -O.sv to the 

base of the emitter follower transistor Q3 from the inverted 

output terminal in ac~ordance with logical level [l] which is 

formed by inverting this logical level [OJ, and supplies the 

voltage of about -1.8V to the base of the emitter follower 

transistor Q4 from the non-inverted output terminal in accordance 

with the logical level [O]. 

At this time,. from the_ emltter o..f the emitter fo.llower 

transistor Q3, the voltage of about -l.6V, which is lower than 

th~ voltage supplied to its base by about o.ev, is supplied to 

the base of the transistor Ql, and, from the emitter of the 

emitter foilower transistor Q4, the voltage of about -2.6V, which 

is lower than the voltage supplied to its base by about o.sv~ is 

supplied to the base of the transistor Q2. 

Therefore, with reqard to the transisto~s Ql and Q2, the 

electric potential of the base of the transistor Ol becomes 

sufficiently higher than the electric potential of the base of 

the trans~stor Q2, so that, from only the first contact a 1 , the 

recordinq original current I 1 flows to the output terminal c 1 via 

the collector and the emitter of the transistor Ql in sequence. 

While the supplied record data D2 raises to logical level [l], 

the level converter 31 supplies the voltage of about -1.av to the 

base of the emitter follower transistor Q3 from the inverted 

output terminal in accordance with logical level [OJ which is 

formed by inverting the logical level [l], and supplies the 
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vol taqe of about -0. ev to the base of the em.itt.er follower 

transistor Q4 from the non-inverted output terminal in accordance 

with the logical level [l]. 

At this time, from the emitter· of the emitter follower 

transistor 03, the voltage of about -2.6V, which is lower than 

the voltage supplied to its base by about o.ev, is supplied to 

the base of the transistor·Ql, and, from the emitter of the 

emitter follower transistor Q._4~ the vol~age of about -l.6V, which 

is lower than the voltage suppiied to its base by about o.sv, is 

supplied to the base of the transistor Q2. 

Therefore, with regard to the transistors Ql and Q2, the 

electric potential of the base of the transistor Q2 becomes 

sufficiently higher than the electric potential of the base of 

the transistor Ql, so that, from only the second contact b1 , the 

recording original current 11 flows to the output terminal c 1 via 

the collector and the emitter of the transistor Q2 in sequence. 

Thus, the first switching unit 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 2 and a, are connected to the ground, and the 

second contacts b2 and b3 are connected to the output terminal c 1 

of the first switchinq unit 5, therefore, the voltage that is 

supplied to the first and the second contacts a2 , a,, b2 and b3 

becomes lower than the voltaqe that is supplied to the first and 

the second contacts a1 and b1 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-m~n~ioned conf i9uration of the first 

switching unit 5 s~own in Fig. 4, two diodes are connected. in 

series betwee~ the connec~ion.points Pl and P2 correspondinq to 

the emitters of the emitter follower transistors Q3 and Q4. 

Therefore, the voltage that is dropped from the voltage of the 

emitter of the emitter follower transistor.Q3 or Q4 by an amount 

_that corresponds to ·the two. diodes. is .supplied to the .base of .the 

corresponding tra~sistor Ql ~r Q2. 

As to the clock multiplier 23 and the wavefor:m equalization 

infozmation generating circ~it 22 of this embodiment, the upper 

limit of the operating frequency is previously set to the stated 

frequency. 

Bence, the clock multiplier 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 

ranges from about 30MBz to about 60MHz, it multiplies the period 

of the first clock siqnal CK2 by 1/2, and, when the frequency of 

the first clock signal CK2 is about 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 

recording 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 varie&, and so it is able to cause 

the recordinq amplifier 21 to operate stably without being 

influenced by the transfer ~ate. 

By the way, in order ~o limi:t the band of the recording 

current 12 , it is necessary to suppress (decrease) the raising 

(increase) of the amplifier due to the.high-frequency component, 
. . 

and the cur~ent value required for band limitation has to be 

subtract~ from the recording original ~urrent.I1 • H~wever, in 

this embodiment. of· the present invention, the recording amplifier 

21 has the.configuration of only adding ~urrent. 

Therefore, in the recording amplifier 21, the current value 

in the case of limiting the band is set to the value I 0 - IEl 

which is obtained by subtracting the current value I 21 required 

for band limitation from the current value I 0 it the case where 

any of the.highlighting operation 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, - Iz1 of the variable current 

source 9 is set as the recording original current I 1 , and on the 

other hand, in the case where the band limitation is not 

performed, the current Iz11 which is generated at the variable 

current source 26, is added to the current I 0 - IEl to obtain the 

current r,, and this is defined as the recording oriqinal current 

I 1 • 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

frequen~ compo~ent. 

(2) ~nerating Process of Record Signal 

Here,· a process of generating a recording signal in the data 

recorder 20 will be de~cribed with reference to the wavefoJ:mS .in 

F:igs. SA to 5G, 6A to 6G, and 7A to ·7G_• Note tha~, Figs. SA to 

5G.show.the case ~f-~ultiply~~g a flrst clock ai_ by 1/1, Fig~. 

6A to 6G show the case of mu.ltiplying the first clock CK2 by 1/2, 

and Figs. 7A to 7G show the case of multiplying the first clock 

CK2 by l/ 4 • Note that, in the data recorder 2 O, as shown in F iqs. 

SA to 5G, ·in the case where the transfer rate of the supplied. 

digital data Dl is relatively high and the frequency of the first 

clock signal CK2 is about 60HHz or more, the clock multiplier 23 

multip1ies the period T .of tne first c-lock signal CK2 (Fig. SA) 

by 1/1 on the basis of the transfer rate information, and sends 

the resultant $econd clock signal CKn (Fig. SB) (having the same 

as the period _T of the first clock signal CK2) to the waveform 

equalizatiQn infopnation qenerating 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. SC) rises to logical level [l] 

and the time at which it falls to logical level [O], and then, on 

the basis of thi~ result of the detection, generates the first 

timing-signal BS0 (Fig. SD) that is synchronized with the second 
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clock signal CKn; the first timing-signal as 0 is raised to loqical 

level [l] for one period T of the s~cond clock signal CKn, from 

the time point at which ·the record data D2 rises to logical level 

c11·and .also from the ti.me point at which it falls to logical 

level .[ 0] ; by this lo~ical level [ 1) , the first timin9-siqnal HS0 

shows the -high-frequency-component highlighting position that is 

according with ~he transfer rate. 

_In -~~~it~on~ o~ the_basis of.that result of the detection, 

the waveform. equalization information generating circuit 22 

generates the second timi~g-signal BS 1 (Fig. SE) that is 

synchronized with· the second clock signal CKn; the second timin9-

si9nal HS 1 lowers to logical level [0], for one period 'l' of the 

second clock signal CKn preceding and succeeding the time point 

at which the record data D2 rises to logical level [l] and also 

the time point at which it falls to logical level [O], and raises 

to loqical level [l] for the other duration; by this loqical 

level [l], the second tim.inq-signal HS 1 would perform band 

limitation in accordance with the transfer rate. 

Then, on the basis of the record data D2, the first timing­

signal ·BS0 and the second timinq-siqnal HS,, the correspondinq 

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 11 (Fiq. SF) 

that is formed by adding the second current 180 to the 

hi9hliqhtin9 position of the high-frequency component of the 



31 

first current ID - 111 and by adding the third current Iu to the 

position at which the band of the first current Io - Iz:1 is 

liln.ited, in the primary side of the transducer 7. 

Then, the recording originai current 11 is converted into the 

r~cording current 12 (Fig. SG) that is formed by highlighting the 

high-freqliency component and by limiting the band in accordance · 
. . . . 

with the transfer rate, by the transduc~r 7; the recording 

current I 2 is qi~en to the. rec_ordinq head. 14· fi=-om the secondary 

side of this transducer 7 via the rotary transformer 13. 

Besides, in this d~ta recorder 20, as shown in rigs. 6A to 

6G, in the case where the transfer rate of the digital data Dl is 

l~wer than that of the abo~e-mentioned case shown in.Figs. SA to 

SG and the frequency of the first clock signal CK2 ranges from 

about 30Mllz to about 60MBz, the clock multiplier 23 multiplies 

the period ~ 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 first 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 the case where the transfer rate is 

relatively high (the frequency of the first clock signal CK2 is 

about 60MH2 or more), a resonance circuit is produced by the 

inductance of the recording head 14 and the stray capacity of the 

recording head 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 frequency of the first clock signal CK2 is lower than 

60MHz or so). 

Therefore, to generate the first timing-signal BS0 , the 

waveform equalization information generating circuit 22 de~ects 

the time at which the record data D2 (Fiq. 6C) rises to 1~gical 

level [ l]_ and the time at which .it falls to logical level [ 0] on 

the basis of the second clock siqnal CKn, and.then, on the basis 

of this result of ~he detection, generates the first tim.inq­

signal· HS0 (Fig. 6D) that is synchroniz-ed with the second clock 

signal CKn1 the first timing-signal BS0 is raised to logical level 

[l] for one period.of the second clock siqnal CRn, 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 (O]; by this logical 

level [l], the first timing-signal HS0 shows the hiqh-frequency­

component hiqhlightinq 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 1 (Fig. 6E) that is 

synchronized with the second clock signal CKn; the second timing­

signal HS 1 lowers to logical level [OJ for one period of the 

second clock· signal CKn, that is l/2T, preceding and succeeding 
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the time at which the record data D2 rises to logical level [l] 

and also the ti.me at which it falls to logical level (OJ, and 

raised tc;> logical level [lJ for the qther duration; by this 

logical level [ 1 h the sec9nd timing-signal HS 1 would perform 

.band limitation tnat accords with the transfer rate. 

~hen·, ·on the basis of the record data D~, the first timing­

signal HS0 and the second timing-signal BS 1 , the corresponding 

first swi~ching ·unit 5, the second switching un~t 6 aJLd the third 
·. . - . 

. switching unit· 25 perform.their switching operations, so as to 

produce the redording original current I, "(Fig. 6F) that is formed 

by adding the second current I,0 to the hiqhliqhting position of 

the high-frequenc~ component whose phase has been delayed. of the 

first current I 0 - Iz1 and by adding the third current I:11.1 to the 

band of the first current I 0 - I 31' on the primary side of the 

transducer 7. 

And, the transducer 7 converts the recording original current 

I 1 into the recording current I 2 (Fig. 6G), by highlighting the 

high-frequency component in accordance with the transfer rate, 

l·imiting the band, . and del~yi.n9 the phase of the high-frequency 

component so as to adjust it to that of the recording current 

that is generated at the time of multiplying the period of the 

first clock signal CK2 by 1/1; then, the recording current 12 is 

qiven to the recording head 14 from the secondat"Y side of this 

transducer 7 via the rotary transformer 13. 

Besides, in this data recorder 20, as shown in Fiqs. 7A to 7G, 
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in the case where the transfer rate of the digital data Dl is 

lower than that of the time of 1/2-multiplicatlon stated.above 

and the fre~ency of the first clock siqnal CK2 is about 30MHz or 

less, the cloc~·multiplier 23 multiplies the period T of- the 

first clock signal CK2 (~ig. 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 CX2), and sends the resultant second 

cloc·k siqna~ cxn. (F~q. 7B) to the wavefo~ equ~lization 

information generating circ~it 22. 

on· the basis of the second clock signal CKn, the waveform 

equalization information generating circuit 22 detects the ti.me 

at which the record data D2 (Fig. 7C) rises to logical level [11 

and the time at which it falls to loqioal level [OJ, and then, on 

the basis of this result of the detection, generates the first 

timing-signal HS, (Fi9. 7D) that is synchronized with the second 

clock signal CKn; the first timing-signal BS, raises to logical 

level [l] 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 {l] and the tilne point at which it 

falls to logical level [OJ; the first timing-signal HS0 shows the 

high-frequency-component highlighting position by this logical 

level [l]. 

In this way, the waveform equalization information generating 

circuit 22 delays the phase of the hiqh-frequency component so as 
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to adjust it to that of the recording current r 2 that is 

generated at the time of 1/1-multiplication by tbe first timing­

signal HSa, like the case of 1/2-multiplication stated above, 

thereby showinq the hiqhlighting position of. the high-frequency 

component. 

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

the wavefornl: equalization information gene~ating circuit 22 

generates the second t1min9~signa1·its, (Fig. 7E) that. is 

synchronized with the second clock ·signal CKn; the second timing­

signal HS 1 lowers to logic.al level [0] tor one period of the 

second clock signal CKn, that is 1/4 T,. preceding and succeeding 
.! 

the time at which the record data D2 rises to logical level [l] 

and also the time at which it falls to logical level [O], and 

raises to logical level (l] for the other duration; by this 

logical level [ 1] , the sec.ond timi.ng-signal BS,· would perform 

band limitation that accords with the transfer rate. 

Then, on the basis of the record data D2, the first timing­

siqnal HSo and the second timin9-si9nal HS 1 , the corresponding 

first switc~ing unit 5, the-second switching unit 6 and the third 

switching unit 25 perform their switching operations; as a resu1t, 

it is able to produce the recording original current I 1 (Fig. 7F) 

that is formed by adding the second current 120 to the 

highlighting position of the high-frequency component whose phase 

has been delayed of the first current I 0 - Iu and by adding the 

third current I:11 to the band of the first current 10 - 1~1 , on the 
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primary side of the transducer 7, in the same way as the time of 

1/2-multiplication stated above, and able to convert this 

recording oriq_inal .. current I 1 _into· _the recording current· I, (Fi9. 

7G) whose high-frequency component has been highlighted in 

accordance with the transfer rate, and the :band has been limited, 

and besides, whose phase of th~ high-frequency component has been 

delayed such that it is adjusted to the phase of the recording 

current that is qenerated at thtt time ~f l/1-m~ltiplication.! 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 CK2 corresponding 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, qenerates the first 

timing-signal HS0 for indicating the hiqhlighting position of the 

high-frequency component.corresponding to· the transfer rate and 

the second timing-siqnal HS 1 for per~orminq band limitation. 

In.the data recorder 20, the first variable current source 9 

generates the first current I 0 .. I:11 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 Izo that represents the higbliqhting 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 current 111 

that represents the correction value of the hiqh-f requency 

_component of the band cor,responding to the transfer rate; in this 

status, the ~irst., the second ~nd the third switching units 5, 6 

and 25 respectively.perform sw~tchinq operations on the basis of 

the corresponding one out of the record data D2, the first 
. . 

t.iming-signal BS0 and the .second timing-signal· HS 1 , ·thereby 

generating the recording orig~~ current I 1 that is formed by 
. -

adding the second cu.ri=:ent IJSo to the highlighting position of the 

high-frequency component of· the first current 1 0 - Iz1 and by 

adding the third current ~1 to the hand of the first current I 0 -

~hen, in the.data recorder 20, the recording original current 

I 1 is converted into the recording current I 2 whose high-

f requency 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 recording current I 2 is given to the· 

recording head 14 via the rotary transformer 13, so that the 

magnetization pattern is formed on the magnetic tape on the basis 

of the recording current 11 • 

Thus, the data recorder 20 highlights the high-frequency 

component of the edqe portion of the recording current I 2 by the 

second current Izo that represents the highlighting quantity 

correspondinq to the transfer rate, and limits the band by the 

third current IE1 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 highl~ghtin9 

operation of high-frequency component of the recording current I 2 

and equalizes band limitation, so that it is clble to keep the 

magnetization pattern on a recor:ding medium approximately 

constant even if the transfer rate varies. 

Besides, !n t~e d~ta ~eco.rder 20, when the ·waveform 

equalization ilifoniiation generating circuit 22 operates on the -· . . - - .· 

basis of the second clock signal c~n that has been formed by 

multiplying the period of the first clock signal CK2 by 1/2 and 

1/4, it generates the f-irst timing-signal BS0 fo·r indicating the 

highlighting position of the high-frequency component whose phase 

has been delayed so as to adjust it to the recording current I 2 

that is qenerated at the time of 1/1-multiplication; therefore, 

not only high-frequency-component highlighting and band l~tinq 

corresponding to transfer rates, but approximate equalizing of 

phases of the high·frequency components can be performed even if 

the transfer rate varies. 

Moreover, in the data recorder 20, as can be seen from Figs •. 

SA to SG and Figs. 6A to 6G stated above, the band is not limited 

with respect to a waveform. that has relatively short wavele~qth 

of the recording current I 2 (that is, a waveform that rises to 

logical level [l] durinq l period or 2 periods of the first clock 

signal CK2) and the band is limited with respect to a waveform 

that has relatively lonq 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 state4 above, the band is limited with 

respect to a wav~form of all wavel~gth of the recording current 

r 2 , at the time of 1/4-multiplication. 

That is, in the data recorder 20, in the case where the 

transfer rate is hiqh (that ~s, at the time of 1/1-multiplication 

and the time of 1-12-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, w~th respect to the waveform having 

relatively short wavelength of the generated recording current I 2 , 

even if the band is not limited, the band becomes the limited 

condition that is nearly equal to that of the waveform having 

rel~tively short w~velength·of the· recording current I 2 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 wavelenqth of the 

recording current I 2 , at tlie time of 1/1-multiplication and the 

time of 1/2-multiplication. 

Moreover, whenever the· transfer rate becomes low (that is, 

the period of the first clock siqnal CK2 becomes long), the clock 

multiplier 23 increases the numeric by which the period of the 

first clock signal CK2 is multiplied, theref~re, the data 

recorder 20 is able to make the clock multiplier 23 and the 

waveform equalization information generating circuit 22' operate 



40 

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 

varies, the recording current Ia that is formed by hiqhl;iqhting 

the high-frequency component and by limiting the band in 

a~corda~ce:witti the transfex: ~ate ·can be generate in the . 

recording ~plifier 21 tbat is comprised of a switching amplifier, 

theretore, ·it is not required to provide plural filters 

correspondi~g ~o the transfer rates, as the conventional data 

recorder that uses the first and the second linear recording 

amplifiers, hence it is able to reduce the consumed power in 

comparison with the conventJ.o~l data recorder that uses the 

first and the second linear recording amplifiers, and to simplify 

the circuit configuration by eliminating radiation plates, so 

that whole apparatus can be miniaturized considerably. 

According to the abQve configuration, the period of the first 

clock signal CK2 correspond~ng to the record data D2 is 

multiplied by the stated nu~eric corresponding to ~he transfer 

rate, so that the second clock siqnal CKn is qenerated, and then, 

on the basis of the first clock signal CK2n and the ~ecord data 

D2, the recording current Ia that is formed by highliqhting the 

high-frequenc¥ 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 Ia even in the case where the transfer rate 

varies, and also to equalize band limitation so as to keep the 

frequency characteristics approximately constant, in this way, it 

is able·to fo.nn nearly identical magnetization pattern on a 

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

· ( 4) Other Embodiments 

In the abqve embodiment, the first clock sign~l CK2 is 

multiplexed by lfl, 1/2-, and 1/4, and a single second switching 

unit 6, a single third switching unit 25, a single second 

variable c~rrent source 10 and a single third variable current 

source 26 are provided for h-ighlighting operation of the high­

frequency component and for band limitation. However, the 

present.invention is not limited thereto anq 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 hiqh-£requency component and 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 accordinq to the above-mentioned embodiment, 

except that a clock multiplier 41 for multlplexing the period ~ 

of the first clock signal CK~: (Fig. 9A). by 1/8 in accordance with 

the transfer rate, a waveform equalization information generating 

circuit 42 for generating the ~irst, the second and the third 

timing-signals HS0 , HS 1 and ·us2 , a fourth switching unit 43, and a 

fourth variable current source 44 ar~ provided. 

In this cas.e, on the b~sis .of the second clock siqnal CKn 

(Fig. 9B) whose period is obtained by multiplying the period T of 

the first clock signal CK2 by 1/8, the wa:veform equalizat-ion 

information generating circuit 42 first detects the time at which 

the record data D2 (Pig. 9C) rises to lQgical level [l] and the 

time at which it falls to logical level [OJ, and then, on the 

basis of this result of the detection, generates the first 

timing-signal HS0 (Fig. 9D) that is synchronized with the second 

clock signal CKn; the first ti.ming-signal HS0 indicates the 

hiqhliqhting position of the hiqh-frequency component of t·he edge 

portion corresponding to the transfer rate, by rising to logical 

level [l] for three 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 [l] and the time at which it falls to logical 

level [OJ. 

Besides, the waveform equalization information generating 
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circuit 42 generates the second timing-signal HS 1 (Fig. 9E) for 

performing the first band limitation corresponding to the 

transfer rate, by falling to logical level [O] for one period of 

the second clock signa.l CKn preceding and succeeding the time at 

which the record data D2 rises to logical l~vel [l] and also the 

time at which it falls to logic~! leve·1 [O], and rising to 

logical level [l] for the other duration~ in addition, the 

·waveform equalization information generating circuit 42 generates 

the third timing-signal HS 2 (Fig. 9F) for performing the second 

band limitation corresponding to the transfer rate, by falling to 

logical level [OJ for three periods of the secQnd clock signal 

CKn preceding and succeeding the time at which the record data D2 

rises to logical level [l] and also the ti.me at which it falls to 

logical level [OJ, and rising to logical level [l] for the other 

duration. 

Then, the waveform. equalization information generating 

circuit 42 sends these the first to the third timing-signals HS0 , 

HS 1 and HSz to the-corresponding the second to the fourth 

switching· units 6, 25 and 43, and makes them perform switching 

operations. By this, in the primary side of the transducer 7, 

the recording original current (Fig. 9G) is generated by adding 

the second current Isa to the highlighting position of the high­

frequency component of the first current Ia - IE1 - I 112 and by 

addinq the third current Iu or the fourth current I 82 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 Ia 

- IBl - Iu. respectively; the~, by t_he transducer 7, this is 

converted into the.recording current (Fig. 9H) whose. hiqh­

frequency comp~nent of the edge ~ortion is highlighted in. 

accordance with the transfer rate and also whose band is limited 

through the separated.two stages. 

By this, in the recording am.pl~fier 40,. it is able to limit 

the band more finely and J110re precisely thaa. the data recor~er 2 o 
of the above-menti~n~ embodiment, in this way, it is able to 

equalize magnetization patterns more precisely even if the 

transfer·rate varies. 

Besides, in the above embodiment, the present invention is 

applied to the data recorder 20 of the helical scanning system 

that uses a rotational head. However, the present invention is 

not limited thereto and can be applied to the other various data 

recording 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 magnetic disk. 

Moreover, in the above embodiment, the digital data Dl 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 ~hat a record signal of analog is inputted 

to a signal processing circuit, and analog-to-diqital 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 

em.ployed as the clock sign~l ge~erating means that is supplied 

with the first clock signal corresponding to the record data, for 

multiplying the period of the suppli~d first.clock signal by the 

previo~sly set stated numeric in accordance with the.tra~sfer 

x:ate, and __ for th~reby generating the second clock signal. 

However, the present invention is not limited to ·this case. ':rhe 

other various clock signal generating means can be em.ployed, 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 s, 6 and 25, 

the first, the second and the 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 limitinq the band in response to the 

transfer rate, on the basi~ of the supplied record data and the 

second clock signal given from the clock signal 9eneratin9 means. 

However, the present invention is not limited to this case. Even 

if the transfer rate varies, recording current generating means 

having the other various conf iqurations can be employed, so long 
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as they can generate the recording current that is formed by 

highlighting the high-freq~~ncy component in accordance with the 

transfer r•te and by l~iting .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 recording current given from the recordin9·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 embodiment, 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 tiining-signal that shows the highlighting 

position of the high-frequency component corresponding to the 

tr.ansfer rate, and for generating at least one species of second 

timing-signal for perto::cming band limit~tion corresponding to the 

transfer rate, on the basis of the record data and the second 

clock signal. However, the present invention is not 1-imited to 

this case ~nd timing si9nal forming means ha,ving the o.ther 

various configurations can be employed. 

Moreover, in the above embodiment, the first var.iable current 

source 9 and the control circuit 24 are employed as the first 

current-generating means for qeneratinq 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 embod~ent, the cpntrol circuit 24, 

the second switching unit 6, the second variab1e current source 

10 and the first s~itchin9 unit 5 ~re employed as· at least one 

second cur~ent-qeneratin9 means that is provided. in ·accordance 

with the species of the ~i~st timing-s~gual wb~ch is gen~ated by 

the ti.ming-signal forming means, for forming the second current 

that represents the highlighting quantity.of the high-frequency 

component corresponding to the transfer rate, on the basis of the 

corresponding first timing-signal that is obtained from the 

timing-signal forminq means. However, the present invention is 

not limited to this case and second current-generating means 

having the other various conf.igurati~ns 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 ·s are.employed as at least one third 

current-generating means that is provided in accordance with the 

species of the seco_nd timing-signal which is .generated by the 

timing-signal forming means, for forming the third current for 

limiting the band corresponding to the transfer 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 ~he current generating· ·means for qeneratinq the 

recording current., ·on the basis of the first, the second and the 

tbird currents obtained· from the first, the second and the third 

current-generating means. B9wever, the present·.invention is not 

limited t~ this case·and current generating means having the 

other various _configurations can be·employed. 
. . . -

As descr~ed ~bove, the present invention provides a clock 

signal generating means_ for being $Upplied ~1th a first clock 

signal corresponding to the record.data and generating a second 

clock signal by multiplying the period of the supplied first 

clock signal by the stated numeric corresponding to the transfer 

rRte, a timing signal forming means.for forming at least one 

s·pecies of firs~ timing-signal that shows the highlight:i.nq 

position of the high-frequency component of the record data 

corresponding to the transfer rate and at least one species of 

second timi~g-signal which shows a position at which band 

lim,itation 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 

hiqhlighting.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 timin9-si9nal and the second timing-signal, and a 
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recording means for recording the record data on the recording 

medium in a~cordance with the recordinq current·. Therefpre, it 

is able to equalize highliqhtinq operation of the high-frequency 

component with res~e~t to the recording current even in the case 

where the transfer ·rate v~rles, and to equalize band limitation, 

so as to keep the-frequency.characteristics approximately 

constant. In this way, it is able to realize a data recording 

apparatus_th~t can form ne~rly identical magnetization pattern on 

a magnetic tape in even the.case w~ere the transfer rate is 

varied. 

While there has been described in connection with t~e 

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 IS CL1'IMED IS: 

1. A data recording apparatus fo~ recording record data that is 

s~pplied at an arbitrary transfer rate on a recording medium, 

comprising·: 

clock signai generating means for being supplied with a first 

c1ock signal co~respondinq to said record .data and generating a 

second clock s·ignal · by .multiplying the period of said supplied 

first· clo~k signal by the stated numeric corresponding to said 

transfer rat.e; 

timing s~gnal forming means for forming at least one species 

of first timing-signal that shows the highlighting position of 
the high-frequency ~omponent of said 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 said 

record data is performed 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 ~ecording current 

corresponding to sai4 reco~d data,.which has be~~ subjected to 

said band limitation, on the basis of said 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 data recording apparatµs according to claim 1, wherein 

said recording current qenerating means comprises; 

first current generating means for generating first current 

that is an-origin of sa~d recording curr~nt7 

second current generating means for generating current that 

corresponds to the highlight~nq quantity of said high-frequency 

component; 

third current generating ~ans for generating current that 

corresponds to limitatiQn quantity of said band limitatio~; and 

switching means for synthesizing currents generated by said 

fir~t current generating means, s~id second current gen~rating 

means and said third current generating means, wherein 

said switching means is switching-controlled in accordance 

with said record data, said first timing-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 comprisinq two coils which are provided via an 

intermediate tap on the primary 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 transducer, 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 sec9ndary 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. 

4. 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 vai;iable cui;rent source, wherein each current 

source outputs curr~nt determined.according to said transfer rate. 

s. ~he data recording apparatus according to claim 3, wherein 

said timing signal forming means forms said first timin9-

si9nal in which the. phase of the highlighting position of said 

.high-~requency compQnent has beep varied in accordance with said 

transfer rate. 

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

said timing signal forming means, wherein: 

when said transfer 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 predetermined value; and 

when said transfer rate is the stated-value or less, at 

least one species of satd second timin9-si9nal is formed for 

performi,ng said band limitation on s.aid recording current of all 

wavelenqths. 

7. ~he 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. 


