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FIELD OF THE INVENTION

This invention relates to data storage medium and
data read and write apparatus for use in a computer, énd
more particularly, this invention relates to.magnetic andl
optical cards and card readers.
DESCRIPTION OF.%HE RELATED.ART

The external stofage that has come to be widely used
is divided into three major categories: the integrated
circuit (IC) memory such as ROM or RAM which 1é being
extensively applied in the field of semiconductors, the
magnetic disk drives and-mégnetic tape drives using the
techniques of magnetic recording such as hard disks or
floppy disks, and optical recording techniques that
include compact disks (CDs), write-once optical disks,
and re-writable optical disk driveé and magneto-optic
disk drives. All these apparatuses feature'lérge étorage
capaéity and randomiaccess capability except the magnetic
tape drive. - .

~Magnetic card reader and optical card reader are the
- _ -
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majér card readersiin use; Rectangular cards, which are
aboﬁt the é&ze of a business card, have several
longitudinally arranged recording trécks. Unlike the
magnetic disk drive with which data can be repeatédly

read because of the circular recording tracks,

conventional card reader is disadvantageous in that data—

~on a given track cannot be accessed repeatedly due to its

'linear tracks, e.g., each single track is cut off at both

ends. . |

Figs. 120A to 120C give general déscription of a
conventional magqetic gard; Figs. 120A and 120B are a
sectional view and a tpp view of a magnetic cgrd whose
sufface is covered wifh_magnetic'material entirely and

Fig. 120C shows another type of a magnetic card which is

coated with magnetic material only partially. Underneath

board 1001 are magnetic film 1002, protective layer 1003,

and printing layer 1004. Board 1001 is made up of PVC,

" PET, and synthetic paper and coated with thin magnetic

film 1002 of a few micrqn meter thickness. Protective
layer 1003 protects the magnetic film. On printing layer
1004, letters are printed. On fhe board are another
printing layer 1005 oﬁ which pictographs are to be
printed and pfotect%ye'layer 1008. Magnetic card
illuétrated in Fig. 120C is commonly used for cash cards,

telephone cards, and credit cards, to name a few.
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Fig. 121 describes the basié.theory of a data read
and data wr;fe for a magnetic card reader carried in an
article.of an in—house hahdbook for using cards issued by
one leéding company in Japan. In this Figure, feed
rollers 1007 and 1008 allow magnetic card 1000 to travel
baék and forth. Driving motor 1009 spins féed roller
1007 by means of belt 1010. When the driving motor
rotates in the direction of arrow A, magnetic card 1000
placed between feed rolier 1007 and pressure roller 1011
travels in the direction_of arrow B to the position
between magnetic=head'1012 and head pressure roller 1013.

While magnetic card 1000 passes throﬁgh magnetic
head 1012, data is written onto or read from the magnetic
layer 1002 on the magnetic card, which.is then sent to
feed.roller 1008 and preSSure roller 1014. Feed roller
1007 and feed roller 1008. both of which are identical in
diameter, are linked by means of belt 1015. Thus, the
magnetic éard travels from feed roller 1007 to feed
roller 1008 at a constant speed in the direction of arrow
B, and then ejected.

After data recording or reproducing, it is also
possible to reverse'the motor rotation so as tb back
travel_thé magnetic card to be ejected from the inseftion
slot. Conventionali&, two or more magnetic heads read or

write data while a magnetic;card is traveling in one

0
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direction. Therefore the card could store only écores of
bytes. Mor;over, a user had to Insert a magnetic card
again into a slot of a magnetic card reader whenever the
user wants to re-access the same information.

Several attempts have been made to solve the above-
mentioned problems by using a rotation drum foundiin a
video tape recorder or a tépe drive for storing data.
They embrace a method of reading or writing data with
several magnetic heads on a rotation drum by helically
scanning a magnetic tape wound on the drum. The magnetic
heads are mounted on the circumference of a turntable to
form arc tracks on_a.magnetic storage medium.  It is
important to note that fhese methods aim at obtaining
non—linéar recording tracks, and signals are transmitted
to and from magnetic head by means of a rotary

transformer.

"THE MAGNETIC CARD READER" introduced in Japan

Patent Application Sho 62-194717 set forth the structure

that forms tracks with two or more magnetic heads on the

turntable. The rotation of a turntable and the move of a

carriage on which the turntable and a motor are mounted,
are linked by the single motor. It is an improvement
that_the loci of.tr§cks on a storage medium are not
circular but continuous spirals.

"MAGNETIC CARD AND MAGNETIC CARD ISSUER" of Japan
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Patent Applicatioﬁ Sho 63-228212 cails for a method of

storing data on a circular track showniin Fig. 122

instead of the striped tracks in Fig. 120C. Data is

recorded on a circular track 1017 with magnetic head 10186

on the fecording surface of a magnetic card. When a

circular track is used and magnetiied at a dénsity'with
210BPI/75BPI specified by the Japanese Industrial
Standard, the track length becomes 1.75timés longer than
the conventional étriped tracks if the diamefer of the
circular track is 38mm. This method is unique ih that it
emplbys only one‘circular track on a magnetic'card.

Fig. 123 illustrates a method presented iq "DATA
CARD READER" of Japan Patent Application Sho 59-686777.
The tracks of this invention are arc—shaped and aligned
in longitudinal directidn of a magnetic card which is the
size of an ID card (JISB-9560). On magnetic card 1000

having an effective.iength of about 80mm, up to 3,000 arc

tracks T-1, T-2, etc. measuring 55 mm in width and 26

micrometer in track width can be stored. The
characteristics of this method is that magﬁetic heads are
jumped out of a magnetic card on rear tracks (left edge
of the card in Fig.-1235. N

Japan Patent Apglication'Sho 62-223468 and Japan
patent Application Hei 1;218020 also introduced the

method of using uni-directional arc tracks as shown in

5 1This Sheet Has Been Repl
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Fig. 123.
Fig.-124 illustrates a method introduced in "THE
METHOD OF POSITIONING MAGNETIC CARD FOR MAGNETIC STORAGE
DRIVE" of Japan Patent Application Hei 2-24759. The
-5 .starting tfack number and the ending track number of arc
tracks 1018 are recorded on the header (nof Shdwﬁ). By-
comparing thesé track numbers, the extent of track
deviation is detected. After inserting locking pin 1018
to a.hole on one side of_the maénetic card, a card is
10 positioned by mo&ing.adjustablé pins 1020, which are
inserted into two holes located on the opposite with
'iocking pin 1019 as the center. Rotation motor 1022 that
rotates magnetic head.1021 is located outside of the
magnetic card and the magnetic head 1021 is placed
15 outside of the magnetic card when it is not operatlng
"MAGNETIC RECORDING CARTRIDGE" of Japan Patent
Application Hei 2-157358 purports a magnetic recording
cartridge. A carrier mechanism that moves a magnetic
card forward and mégnétic heads and several sﬁpporting
20 arms for the magnetic heads are housed in a single
storage case. A lérge rectangular hole is made in the
center of two groups of arc tracks so that a magnetic
.card.will be transp?rfed without being hindered by any
components such as rotation shaft.

25 _ The arc recording tracks makes it possible not only
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to increase the number of tracks but also to re-access a

' certain_track continuously when compared to conventional

striped magnetic card.

PROBLEMS TO BE SOLVED BY THE PRESENT INVENTION
The fact that magnetic card readers have beeﬁ_

typically incorporated into a device of substantial size

‘that could be installed on the floor or on the desk.

Thié fact has rarely brought the downsizing of the -card
reader into the focué of attention. The édoption Qf afc
tracks could improve the storage capacity by two-digit or
more compéred to the conventional magnetic cards. This
improvement will furthér serve to use magnetic cards as
an eiternal storage device of a computer. The magnetic.
card can supersede a floppy disk in the future. The sub-
notebook type of personal computer now on the market is
assumed to be the limit that can mount a 3.5" floppy disk
physically. The main feaéon that hampers flobpy_disks

from getting downsized from its current 3.5" inches is

the size of a floppy disk cartridge. IC memory that

physicélly fits the standardized PCMCIA dimensions .or

~super-small hard disks are projected to become the

mainstream of tomorrow. The 3.5" floppy disks can no
longer keep abreast with the technological advancement in

which small-portable devices.are moving in the cénter
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stage. Thus, the objectives of this invention are to
secure a large card size as possible. to make the most of
the recording surface on the card, and to ensure the

performance and environment resistance that can parallel

those of cenventionallfloppy disks.

The problems to be.tackled to achieve e smeli card
reader thus break down into the following'five;

1. An apparatus should have a highly reliable.data
read and write mechanism.with high recording density. In
order to expand a storage capacity of a card, card will
be widened in a transversal direction as much as pesSible
to increase the number_of recording tracks. |

2. The card mustlbe shortened in longitudinal
direction so as to minimize the traveling length of a‘
card for data access. To ensure high recording density,
the distance between the head and the.card has to be
stable and smali.

3. To protect the card from human fingerprints or

‘dirt, the magnetie film and pretective layer 1ndiceted in

Fig. 120A are provided. Because the card must be

inserted into the card reader by the user, it is

important to design the card that is problem-free from
dirt or contaminants that might be carried by the user.
4. A card reader should automatically or

semiautomatically introduce a card into the card reader

1This Sheet Has Been

LTI Illl o




10

15

20

25

and farther into a designated position without hitting
against any obstacle such as a head
5. A card reader should achieve high random-access

capability to a given track.

6. A card reader should overcome the problem of

error-occurrence when a card has been inserted in the

opposite direction. Conventionally. a card inserted in

-the wrong direction was ejected from the device,

requiring the user to reinsert it into the device.

| The magnetic head in the conventional techniques is
rotated either in circles or in spirals. Of the former,
the loci formed on a card can be a circle or ah'arc.
Furthermore, the arc tracks can be aligned in one
direction or faced'each other in the longitudinal or
transversal direction on the card. With respect to the
relationship between the magnetic head and a magnetic
card, the magnetic head can always exist on the surface
of a magnetic card or:itfcan-exist.on the card only
during data read and write and otherwise placed out of
the magnetic card. Aleo, there are two types of magnetic

cards: one is directly handled by the user and the other

that is not. The magnetic cards that are in a

hermetically sealed container or under specially clean

i

environment afe not touched by the user.

To address the above-mentioned five challenges, the
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magnetic card of the present invention uses a flat card
having no adaitional workings on the surface except
punching holes of small diameter Jjust like the prepaid
card. The card of the present invéntion will be problem-

free under constént handling by the user. The card

- reader of the present invention has following

characteristics:

The magnetic head forms arc loci. Tracks on the
magnetic card are divided into two groups of arc tracks
facing each ofher in longitudinal direction, and the
magnetic head is=alwa&s placed on the magnetic card. In
addition, the storage capacity 6f arc tracks facing each
other by far surpasses that of arc tfacks aligned in one
direction; Moreover, with the magnetic head existing on
a magnetic card all the times, the space between the
magnetic head and the card can be minimized and
controlled accurately. Thus rendéring the apparatus easy
to operate just like the floppy disk unit.

By contrast, for magﬁetic head moved in from outside
to make instantaneous touch with a magnetic card, the
surface height of the magnetic head_muSt match that of
the magnetic card, which adds only complexity to the
pressure mechanism of the magnetic head or the pad
structure'that.suppafts the magnetic card.

The present invention is directed to a technique

iThis Sheet Has Been Relilacec
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which overcomes the above-discussed disadvantages. Thus,
it is the objeétives of:the'invention to achieve a large
data storage capability on a card which can be accessed

randomly'with the card being mounted on a card reader.

Namely, the primary objectives of the present invention

are to achlieve a card-and a card feader thaf are éabable
of continuous data write, retrieval, and read of ever-
increasing amount of uata, ensuring the excellent
performance that parallels ﬁagnétic disk drives and
almost up.to optical disk drivesf_ |

3

SUMMARY OF THE INVENTION

A card drive apparatus according.to one aspect of
the present invention for accessing a plurality of
recording tracks on a card includes a head assembly, a
carriage and a carriage positioning mechanism.

" The head assemblj has at least one access head for
accessing twq recording tracké, wherein the two recording
tracks are arc tracks iocated at differént places oh one
circumference on the card. The head assembly has a
turntable for mounting the access head, a shaft for
rotating the turntab}e-there around.

The carriagé s for steadily holding the card

therein and providing an access opening for accessing the

------
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card there through.

The car;iage posificning mechanism is for
pcsitioning the carriage against the head assembly
through the access opening so that the access head
accesses the two recording tracks on the card at one
position.

The head assembly includes a motor for rotating the

shaft.

The head assembly includes a rotary transformer and

‘a transformer holder for holding the rotary transformer.

The carriage.includes a carriage base, a card
feeding mechanism for feeding the card to the carriage
base, a card positioning mechanism for ﬁositioning.the
card at a predefined position of the carriage base, and a

card holding mechanism for keeping the card at the

‘predefined position.

The_carriage includes a card ejecting mechanism for
ejecting card, whereim the card ejecting mechanism
includes means for releasing the card from the card
holding'mechanism. means for feeding back the card end
means for detecting the ejection of the card. |

The card drive apparatus according to another aspect
of the.present invencion includes an apparatus base and
the carriage positioning mechanism including mechanism

for fixing the carriage to the apparatus base, and

s Sheet-Has Been Re|placec
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mechanism for moving.the'head assembly so that the access
head mounted on the head assembly seeks the recording

track on the card'through the access opening.

A card according to one aspect of the present

invention is a magnetic card or an optical card or an

magneto—optic card.

BRIEF DESCRIPTION OF THE DRAWINGS

10 By way of example, the embodiments of the invention

will be described with reference to the accompanying

diagrammatic drawings.of which

Fig. 1 depicts an example of rotétional mechanlsm of

magnetic heads of a magnetic card reader of the present

15 invention;

Fig. 2 gives another example of rotational mechanism

of magnetic heads of a magnetic card reader;
Figs. 3A - 3D show other examples of rotational
mechanism of magnetic heéds of a magnetic card reader:

20 Figs.

4A - 4C depict examples of magnetic head
assembly for a magnetic card reader;

Figs. 5A and 5B show eXamples of_mounting magnetic

heads on a turntabge'using long arm springs;

Figs.

8A - BC show examples of attaching stoppers
25

and cleaners to a turntable or a rotary transformer
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holder of this invention;

Figs. TA - 7C depict examples of mounting a rotary

-transformer on the magnetic card reader of the present

invention;

Figs. 8A - 8C depict other examples of mounting a
rotary transformer on the magnetic card readef; h

Figs. 9A - 9C show the circuitr& of a'rotary
transformer;

Figs. 10A - 10E are circuit diagrams that show the
operation of a rotary transformer;

- Figs. 11A and 11B illustrate exampleS'of using a
magnetic head and its 1oci of the present 1nvention,

Fig. 12A - 12C depict the recording tracks on a card
for the card reader of fhe'present invention;

Fig. 13 shows the recording tracks and the side
margins on a card of the present invention;

Fig. 14 is a diagram that ihdicates the relations
between the angle between the center line and the end of
a track and Z; |

Figs. 15A - 15C show examples of azimuth recording
method of the preeent inveﬂtion: |

Figs. 16A -.160 indicate the cross sections of an
optical card structuge of the present invention:

Figs. 17A and IﬁB depict exambles of head assembly,

in which data read and write is performed, of an optical

-_
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card reader of the present invention;

Figs.'iéA and 1SB depict cross sections of data read
and write apparatus of an optical card reader of the
present invention;

Fig. 19 is another example of data read and write
apparatus of an optical card reader of the pfesenf
invention;

Figs. 20A and 20B give aﬁofher example of data read
and write apparatué of a magneto-optic recording format
of the present invention;

Figs. 21A and 21B iilustrate magnetic fields at the
head in the optical and magnetic recording format of the
present invention; | |

Figs. 22A - 22C show_some shapes of a recording
medium for an optical card of the present invention;'

Figs. 23A and 23B show some shapes of a recording
medium fbr an optical card of the present invention;

Figs. 24A and 24B show embodiments of a card reader

- of the present inventidn;

" Figs. 25A - 25E show one embodiment of a éard détect
mechanism of the present invention;
Figs. 26A and 26B show.one embodiment of the card
detect mechanism usigg an optical detector, of the

present invention;

Figs. 27A - 27C show one embodimeht of a'feeding
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mechanism for feeding a card into.the card reader of the
present inventién;

Fig. 28 shows Another embodiment of the feeding
mechanism of the présent'invention;

Figs. 29A and 29B show other embodiments of the
feeding mechanism of the present invention, '

| Figs. 30A - 30E show embodiments of a pressure pad.
mechanism applied on the feeding mechanism of the present
invention; . |

Figs. 31A and 31B show embodiments of the pressure
pad mechanism applied on the feeding mechanism of the
present invention; | _ _

Figs. 32A and 32B show another embodiment of the
pressure pad mechanism applied on the feeding mechanism
of the preseﬁt invention}

Figs. 33A - 33C show another embodiment of the
pressure pad mechaniém applied on the feeding mechanism

of the present invention;

Fig. 34 shows one embodiment of a track seek

‘mechanism of the card reader of the present invention;

Fig. 35A shows.an assembly stfucture of a pad frame
and a pressure pad of the card reader of.the present
1nventionf ., |
Fig. 35B shows a pbéitioning mark prinfed on .the

card of the present invention;
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Fig. 35C shows éignals detected by an optical sensor

of the present invention;

Fig.,36 shows one embodimént of the feeding

mechanism of the card to a carriage base of the present

5 . invention;

Fig. 37TA shows a card holder of the present
invention;

Fig. 37B shows a card of the present invention;

Fig. 37C shows the card in the card holder of the

- 10 present invention;

Fig. 37D shows a section of the card.holder of the

present invention;

Figs. 38A and 38B show one émbodiment of the sector
format;
15 Fig. 38C shows a rotor Ahd an optical encoder;
- Fig. 39 shows a relation between a sector pulse and
an indei pulée:
N Fig. 40 shows one embodiment of the card reader of
the present invention; |
20 Fig. 41 shows.a block diagram of circuits in the
card reader of the present invention;
Fig; 42 shows a sldeway moviﬁg-mechanism of a card
holding mechanism of, 6 the present invention;
Fig. 43A Shows/the relationship bétween the coil-
25

type magnetic head and the reading track;
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| Fig. 43B shows the.MR head and the_recording tréck{
Fig. "43C is an exverimental result showing the loss
of the distance of the maénetic heads shown in Figs. 43A
and 43B; | |
Fig. 44 is a sectional view of fhe magnetic card of
the invention; | |
Figs. 45A - 45D show.a'principle of the magnetic
card with a protective cover;
Fig. 46 showé.a read/write circuit using a new
method for electric power supply; |
Fig. 47A.--47C show examples of configurations uéing
a plurality of the slip rings; |
Fig. 48 shows a configuration of the read/write
cifcuit of the invention;.
- Fig. 49 is a plan showing the magnetic héad
adjusting mechanism according to the invention;
Fig. 56 is a sectional view showing the magnetic
head adjusting mechaniém;
Fig. 51 is a sectional view showing the magnetic
head adjusting mechanism in thé pitching direction;
Fig. 52 is a éectional view showing the magnetic
head adjusting mechanism in the rolliﬁg directién;
Fig. 53 shows ;nterference stripes which appear ﬁhen
the contacting parE of the slider of the magnetic head

and the glass plate; .
eet Has Been Replacec
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Fig. 54 is a plan showing the magnetic head
adjusting mé?hanism in moving on the plane;

Fig. 55 is a sectional view shéwing the magnetic
head adjusting mechanism in the rolling direction;

Fig. 56 is a plén showing the magnetic head
adjusting mechanism; | .

Fig. 57 is a sectional view showing the magnetic
head.adjusting mechanism in the rolling direction;

Fig. 58 is a plan showing the magnetic head
adjustiﬁg mechanism;

- Fig. 59.is a plan showing thé magnetic head

adjusting mechanism; | |

Eig. 80 is a sketch shoWing-the magnetic heéd and a
card holding mechanism according to one embodiment; |

Fig. 61 is a sketch showing the magnetic head and
another card h01dihg mechanism according to another
embodiment;

Fig. 62 shows another embodiment using two parallel
flat springs;

Figs. 63A and 863B show another embodiment using

. another supporting mechanism for the pressure pad of

Embodiment 42;
Fig. 64 shows another embodiment using another
supporting mechanism for the pressure pad of Embodiments

42, 43;
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Fig. 65 shows another embodiment using anothér
supporting'mechanism for the.preSSﬁre pad of Embodiment
39;

| Fig. 66 illustrateslthe magnetic héad haviné a
spherical or projected qontaéting part;

Figs.'67A - 67D show inserting operatidn of fhe
magnetic card according to one embodiment;

Fig. 68 shows a dust remover accopding to one
embodiment;

Figs. 69A and 69B show examples of notches of the
dust removers; |

Fig. 70 shows the dust remover provided with the
turntable; | | |

Fig. 71 explains the operation of.the dust remover;

Fig. 72 shows aﬁothér supporting mechanism of the
dust remover according to one embodiment;

| Figs. T3A - T73C show three différent examples of
placements of the dust removers according to another
embodiment;

Fig. 74 shows a perspective view of the portion of
loading the magnetic head according to the present
invention}

Fig. 75 shows a cross Sectioﬁ_taken on 1ine A-A of
Fig. 74: -

~ Fig. 76A shows a cross section of a portion of

1This Sheet Has Been Relilace 20
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loading the magnetic head according to another embodiment

of the present invention;
Fig. 76B shows a view of the operation of embodiment
of Fig. TBA:

Fig. 77A shows a cross section of a portion of

loading the magnetic head according to another embodiment

of the present invention;

Fig. 77B shows a view of the operation of embodiment
of Fig. 77A;

Figs. 78A - 78C show views of a track format on the
magnetic card; -

Fig. 79 shows a view.of the track format_of the
front and.rear tracks on the maghetic card;

- Figs. 80A - 80D show flow—éharts of sequence until
the magnetic head determines its position at the frqnt
track;

Fig. 81A shows an arraﬁgement of the fecording track
on the magnetic head;

Fig. 81B shows an arrangement of the magnetic head
on the turn table;

Fig. 82A shows an arrangement.of.the recording track
on the magnetic card;

Figs. 82B and.BZC.show arrangements of the magnetic
head on the.tﬁrn t;ble:

 Ejg. 82D shows an explanatory view of a period for

"l
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thé magnetic head recording;

Fig. 83 shows an arrangement of the recording track

on the magnetic card and the magnetic head on the

turntable;

Figs. 84A - 84C show embodiments of the head

cleaning card;

Figs. 85A - 85C show embodiments of the head

clean;ng card;

Figs. 86A and 88B show views of feeding the head

cleaning card;

Fig. 87 shows a perspective view of a card feeding

mechanism of the present invention;

Figs. 88A - 88C show sections of a moving card

feeding mechanism of the present invention;

Figs. 89A - 89C éhow sections of a moving card

feeding mechanism of another embodiment of the present

invention;

" Fig. 90 shows a perspective view of the card feeding

mechanism of another embodiment of the present invention;

Fig. 91 shows a recording track pattern of the

present invention;

. Fig. 92 shows a perspective view of the card feeding

mechaniSm of another ;embodiment of the present invention;

-

Fig. 93A shows a sectional view at the line A - A of

Fig. 92 and shows a condition that the card can be

22
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inserted and extracted

Fig. 93B shows a scctional view at the line A - A of
Fig. 92 and shows a condition that the card is applied on
the carriage base;

Fig. 94 shows a perspective view of the carriage

. base shown in Fig. 92;

Fig. 95A shows a perspecti?e view of the carriage_
base applied with a card lifter;

Fig. 95B shows how the card lifter is installed with
the carriage base; | |

Fig. 95C shows a condition that a magnetic card is
applied on the card lifter; |

Fig. 95D shows aﬁother conditidn of the card.lifter
being installed with the carriage base;

Fig. 96 shows a perspéctive view of the carriage.
base applied with positioning pins;

Fig. 97A shows a card wherein positioning holes are
made; |

Fig. 97B shgws a card wherein positioning holes are
made to be symmetric with respect to a center point of
the card shown in.Fig. 97B;

Fig; 98A shows a conditionlthat'the card has been
inserted into the cgrriage base perfectiy;

Fig. 98B shows a condition that positioning pins

come just under the positioning holes;
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Fig. 99;shows a perspective view of the carriage
base épplied with the positioning pins and the lifters;

lFig. 100A shows a condition that positioning pins
are supported by flat spfings fixed to the back side of
the carriage base; |

Fié. iOOB shoﬁs a.slanting poéitioning ﬁin;

Fig. 100C shows a condition'that a gulde part is
installed on the carriage base and the positioning pins
are pressured upward by a compression spring;

Fig.llol shows a card having positioning holeé at
the front of the-card;

Fig. 102 éhows a perspective viéw of the qarriagé
base applied positioning pins coriesponding to the card
in Fig. 101;

Fig. 103 shows a card on which two holes are not
aligned on the same line'parallel to a long side of the
card;

Fig. 104A shows a carriage basg wherein a flat

spring supporting the positioning pins can move upward by

an arm;

Fig. 104B shows a side view that the flat spring
supporting the positioning pins goes down by contacting

the arm;

i

—

Fig. 105 shows a perspective view of the card

feeding mechanism whose card holder goes up and down
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. vertically against the carriage base;

‘Filg. i06A shows a side view that the card holder of

the card feeding mechanism in Filg. 105 goes doWn;

Fig.'losB shows a side view that the card holder of -

the card feeding mechanism in Fig. 105 goes up;

Fig. 107 shows a side view that positibning ﬁins of-
the card feeding mechanism in Fig. 105 comé just under
the posifioning holes;

Fig. 108 shows an enlargement of a card bias_spriné,
whose pressure against the card can be removed, in the
card feeding mechanism in Fig. 105;

Fig. 109A shows a.Secfion that the card holder goes

up against the carriage base in the card feeding

'mechanism applied with the card bias spring in Fig. 108;

Fig. 109B shows a section that the card contacts the
card bias spring in the card feeding mechanism applied
with the card bias spring in Fig. 108;

Fig. 109C shows a section that the card holder goes
down ag#inst the carriage base in the card.feeding
mechanism applied with'the card bias spring in Fig. 108;

Fig. 110A shows a condition that the card holder
goes down in the card feeding mechanism wherein a link is
used for making the; card holder go up and down;_

Fig. 110B shows a condition that the card holder

goes up in the card feeding mechanism wherein a link is
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used for making the card holder go up and down;
Fig. 111 shows a perspective view of the card reader
of another embodiment of the present invention;

Fig. 112 shows how the card reader of the present

invention is assembled;

Fig. 113 shows a side view of the card reader of the

present invention;

Fig. 114 shows a track layoﬁt of the card of.the
present invention;

Fig. 115 shows a diagram for calculating a track
layout bf the card of the preéent inventiqn;'

Fig. 116 shows a diagram for calculating a track
layout of the card of the ﬁfesent invention; |

Fig. 117 shows a diagram fbr caiculating a track
layouf of the card of the present invention;

~Fig. 118 sho&s a diagram for calculating a track

layout of the card éf the present invention;

Fig. 119 shows a reiafion between a track pitch and
a total track lengﬁh;

Figs. 120A - 120C show structures of conventional
magnetic card; | |

Fig. 121 shows a basis of a conventional magnetic
card reader;

i

Fig. 122 shows a track layout of a conventional

- card:
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Fig. 123 shows a track layout of a'conventional
card; and-
Fig. 124 shows a track layout of a conventional

card.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Embodiment 1

With reference now to Figure 1, the structuré of a
magnetic card reader will be discussed, first with
focusing on the mounting mechanism of a maénetic head.

Fig. 1 depicts the rotation mechanism of_magnetic
heads 13a and 13b. A magnetic head is composed of a
magnetic material referred to as the core and a coil
wound around 1it. The individual magnetic heads are set
into sliders which are atfached symmetrically on the
surface of turntable 15 with rotating shaft 16 in their
center. The details of a slidér are explained iater.
With magnetic heads set oﬁ. turntable 15 rotates at a
certaih spéed in the direction of arrow C. If oniy one
magnetic head is attached..one @ore dummy head, or a
magnetic head, is attached to attain a balanced rotation
of the turntable. The turntable in.Fig. 1 rotates with

its magnetic heads 13a and 13b on. The edge 15h on its

circumference ‘making contact with magnetic card la.
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Being attached on gimbal spring 19, which is.a plane
spring normaiiy works inlperpendiculér motion, magnetic
heads-can pop up a bif higher than turntable 5. Thus
fhe force is applied in the upward direction so as to
push up magnetic card la.

The magnefic card reader according to the present
invention can be applied to both normal horizoﬁtai
magnetic recording method and perpendicular magnetic
recording method. In either case, the adhesion between
magnetic head and a recording medium is the most
important feature of magnetic recording.' Widening of a
gap between a magnetic head and a recording medium thus

invariably reduces efficiency, and if worse, disables

data read and write. This is particularly true for the

perpendicular magnetic recording method. Gimbal springs

19 are employed specifically for the purpose of narrowing

the gap between a magnetic head and a recording medium
and are critical to a magnetic recorder.

Edge 15h of the turntable 15 is protruded from base

15g onto which magnetic heads 13a and 13b are mounted in

_the direction of magnetic card la to a certain height.

The edge 15h is tb.keep the fixed distance from the
magnetic card la to the turntable base as well as to

protect the magnetic heads. When carriage base 189

(Figs. 27A to 27C) is provided to carry a éard, the edge

-JThis Sheet Has Been Rciplace
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15h of the turntable 15 is set lower than a base surface-

- of the cerriage base 189 because the base surface 189b of

the carriage base 189 keeps the fixed distance between
magnetic card la and magnetic heads 13a and 13b. Thus

turntable 15 rotates without making contact with magnetic

card 1la when the carriage base is'ﬁrovided.' In addition;.

as shown in Figs. 31A and 31B, pressure pad mechanism,

which works as kind of a pad, counterpoised to the

magnetic heads of a_magnetie tape recorder, applies

pressure evenly down on magnetic card l1a. The upward

pressure of the gimbal spring 19 and the downward

. pressure of this pressure pad mechanism therefore

counterbalance the magnetic card. The functlon of this

pressure pad mechanism is explained in details later on.

It is difficult to electrically connect the
input/output wiring of the read and write colls of
magnetic heads with read and write circuite. This is
because, unlike a magnetic tape unit or magnetic_disk

unit. magnetic heads themselves also rotate according to

the present invention. To handle this problem, a rotary

- transformer commonly used for VTR is applied. From the

read and write circuits, the recording signal flows to

‘the coils of the magnetic heads via the rotary

i

transformer and réproducing signal'is transmitted from

the magnetic head to the read and write circuits via the
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rotary transformer. The theory of the rota:y transformer

1s elaborated later with reference to Figs} 8A to 9C.

The secdndary coil of the.rotary transformer is contained
inside turntable 15 and rotates together with it. The
primary cbil of the rotary transformer, on the other
'hand; is housed inside rotary transformer holder 20,
which is installed on apparatus base 21.

Direct Current (DC) motor 22 is a flat—fype motor
commonly used for floppy disk units, and consists of
statorlzza and a rotor 22b. Stator 22a is made up of a
coil and a yoke and rotor 22b is made up of a magnet and
a body of r§tation. Rptation shaft 16 spins rotor 22b of

DC motor 22, and the rotor, in turn, rotates the

~turntable.

Embodiment 2

_Fig.'z gives another example of rotation mechaﬁism
of é magnetic head. .In'this embodimént, a cylinder
1tsélf does not rotate but only supports a magnetic card.
Rather, the turntable inside the cylinder rotates to
write in data or read it.from a card.

The tufntable in Embodiment 2 is flat, namely
edgeless, which marys the salient distinction from
Embbdiment 1. Inszead. the turntable is surrounded by

elongated frame edge 20h of rotary transformer holder 20
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installed on apparatus base 21. Thus, the rotar&
transformer-holder does not rotate. The cross sectioné
illustrated in Figs. 5A and 5B givé the better
understandings of this étructufe. Elongated frame edge
20h of the rotary transformer holder can be heightened or
shortened.' It can be set high enough to make contact

with a magnetic card or set lower so as not to.

With regard to cafriage base 189 provided to carry a

| magnetic card, its base surface 189b can be set lower

than the top position of magnetic heads 13a and 13b or
can bé set slightly higher to make magnetic headé 13a and
13b contact with the cgrds depending upon purposes..

The purpose of.sefting the base surface i89b of the
carriage base a little higher than the.head top posifion
is mainly to protect the magnetic heéds from.getting
damaged or destroyed by the_eﬁds-of a card if the
carriage basg runs out of control. By contrast, setting
the base surface 189b of the carriage base a bit lower
than the head top position helps maintain a certain
distance between a magnetic card la and the base of the
turntable 15, and remove dust brought'iﬁ from outside
along with the magnetic card and keep the magnetic heads
from getting contaminated.

Unlike Embodiment 1, in which thé magnetic surface

of a magnetic card is in constant friction with the edge
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15h of the rotating turntable 15, this embodiment takes

effect particularly in using a thin magnetic film or a

‘medium of low abrasion resistance for the card, or when

the DC motor torque is insufficient.

Embodiment 3
Referring now to Fig. 3, the method of protecting

magnetic heads and the structure of the edge of a

cylinder that wbrks as a spacer are explained below.

Fig. 3A is a diagram that shows the rotation
mechanism.of magnetic heads for a magnetic card reader.
Based on the structure of the turntable described with
Fig. 1, a card flier is provided'to'edge face'lSm, the
part that makes contact With a magnetic card, of edge 15h
of the turntable. The flier controls the flow of air
generated near edge face 15m and genérates the force with
which to fly a magnetic card (in the direction of arrow E
in Fig. 3B) from the edge face 15m of the rotating
turntable 15. This mechanism helps reduce the friction

among a magnetic card la and the edge 15h of the

-turntable 15 and the load of DC motor'22. theréfore,

greatly serves the purpose of prolonging the sliding life
of recording média._ As the peripheral speed of turntable
15 accelerates, théﬁflying force to the magnetic card la

grows in aerodynamic proportion.
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Figs. 3B to 3D sﬁow the crosé section of maghetic
card la and edge 15h of the turntable 15. 1In Fig. 3B,
where alir is-flbwing in, the edge is élightly skewed 15a
and the part with which a magnetic:card makes contactllsb
is rounded a bit so as not to damage the card. Then the
edge 1s concaved 15c. |

A serrated edge, having no flat bases, will also be
very effectivé because it is this skewness that moves a
magnetié card'forward, in the direction of arrow E,
through the air flow. The flying force is determined by
the angle of inclination or the surféce area of the
skewed part of thé edge, and-the number of rotations of
the ﬁurntable or the rétational speed of the tﬁrntable
relative to a magnetic card. On the 6ther hand, the
flying distance.is obtained by the balance between the
own weight of a magnetic card that applies in the
direction counter to arrow E and the force applied by_fhe
pressure mechanism. The edge face of the turntable is
uniformly concaved and projected so that the flying force
will be evenly appliéd onto a magnetic card.

The model in Fig. 3B, however, is advahtageous if
the start-up_time of the turntable is short and thus a
magnetic card will b? up in the air in a short time. But
if the rotétional speed is low and the start-up_time_is

long, the initial contacting time also becomes longer

r -
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bringing & possible damage to the magnetic card.
Moreover, a“card tends to remain more or less touching
the edge without completely flying throughout the
operation. Fig. 3C therefore p;esents an improved model
that eliminates the_above problem. The top of the edge
gets more flattened to prevent the surface of a magnetic’

card from getting damaged. The load friction is

détermined by balancing forces among the total area of

flattened top 15b of edge 15h, the flying force, the dead

weight of the magneticlcard,'and the pressure mechanism.
Fig. 3D gives another éxample of making the whole

strﬁctufe of Fig. 3B more smooth to rid the adverse

effect that might be inflicted upon a card dﬁring

contact.

Embodiment 4

Referring now to Figs. 4A to 4C, three types of a
magnetic heads are énlafged upbn below.

For all three types, magnetic heads are incorporated

into sliders 23a, 23b, and 23c except head gap 24 which

.1s exposed to make contact with a magnetic card.

Flat slider 23a shown in Fig. 4A and button-shaped
slider 23b in Fig.i4B are mainly used for floppy disk

drives. Fig. 4C fé flying type slider 23c used for hard

disk drives.
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Flat-type slider.23a is a double-barrel type slider
which is éym;etrically divided into two contacting parts
25a aﬁd 25b to stay evenly balanced on a magnetic card.
The surface areas of the slidér are sméll to reduce the
sliding friction. Head gép 24 1s located outside the
rotation shaft, in back.of the center of one contacting
parts 25b of the slider to distance itself from the air
inlet. Therefore, even when front edge 23t of the slider
begins to fly a bit, the distance between the recording
surface of a magnetic card and the head gap is minimized.

Either square gimbal spring 19a or oval gimbal
spring 19b of Fig. 4B will be used. Gimbal spring 19a is
designed to make the two contacting parts 25& Aﬁd 25b of
the slider contact with the recording surface of a
magnetic card with equal spring pressure. The gimbal
spring is multi-dimensional in its movement. This
versatility allows the magnetic heads t0'follow'the
movement of a magnetic card accurately. However, it is
disadvantageous in that the tolerance for vertical
movement is small. The contacting parts 25a and 25b are

set slightly higher than edge 15h of the turntable in

Fig. 1 and edge 20h of the rotary'transformer holder in

Fig. 2 in order to 1lift up a magnetic card. At the same

time, a pressure paa pushes down on the magnetic card to

absorb vibration or deviation which could.be generated as

s Sheet Has Been Re lacet .
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magnetic heads rotate at a high speed. The function of a-

pressure pad is explained later.
The button-type slider shéwn in Fig. 4B has a
rounded surface on top'of which the head gap is

positioned. This structure helps decrease the area that

- contacts with the recording surface of a magnetic card.

Unlike the double-barrel type contacting parts 25a.and
25b in Fig. 4A, which keep following the recording
surface rather smoofhly, a substantial amount of pressure
is applied against the recording surface as this button-
tyﬁe slider 23b makes contact with it. Gimbal sﬁring 19b
of this example is more powerful in its elast101ty than
the previous one.

The model in Fig. 4C shows a flying type slider used
for hard disk dives. Flying type slider 23c shares some
of the structﬁral characteristics with flat-type slider
23a in that they both have two confacting parts (26a and
26b in Fig. 4C) and in their head gap positioning (24 in
Fig. 4C). |

~ However, flying type slider 23c is attached onto the
tip of thin long arm spring 30 with a flexure (not shown)
made of composite metal steel, which permits the flying
type slider to move in the directions of X and Y. The
main feature of thg long.arm spring is its capability of

moving in vertical direction Z freely. Thus its vertical
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motion can be set at a desired level.

A slidér, a spring_with a'projeétion (32a; 32b, 32c,
and 32d in Figs. 5A and 5B), and magnétic heads 13a and
13b constitute a part of a magnetic head assembly that

slides through the recording medium of a magnetic card.

It is also poséible to rotate the magnetic heads at -

such a high speed that the magnetic heads keep flying on
a magnetic card, using a flat-type or flying-type slider.
For the double-barrel contacting parts, the design of a

magﬁetic head slider for hard disk units will be readily

adopted.

Embodiment S
Embodiment 5 will focus on the structure of head
support mechanism provided in a magnetic head assembly.
'Figs. 5A, 5B givés.top views and cross sections of a
magnetic head assembly being mounted on two t&pes of"

turntables, one with an edge 15h (Fig. 5A) and the other

.without it (Fig. 5B). The.top'view and the cross section

given in Fig. S5A illustrate the method of mounting

magnetic head on turntable 15 with flying type sliders

23c and 23d connected to twb long arm springs 30a and

30b, respectively. Fig. 5B shows the top view and the

i

cross section of mégnetié head being mounted on edgeless

turntable 15. The magnetic head assemblies are composed
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‘head 13b to the center of the rotation shaft. .The'line
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of two flying-type sliders connected to long érm springs
30a and 30b;“ |

The distance ffom the center of fhe head gap of
maghetic head 13a to the center of rotatibn shaft 16

equals that from the center of the head gap of magnetic

"that runs straight through the center of each gap must

- pass the center of rotation shaft 16. The long arm

springs are screwed or adhered on one end closer to the
rotation shaft. | |

The outer ends of the long arm springs are secured
in flying-type sliders 23c¢ and 23d with a flexure (not

shown). The long arm springs have projections 32a and

" 32b further outside of flying-type sliders 23c and 23d.

These two projections 32a and 32b control the upward
motion of the long arm spfings by means of'cylindrical
stopﬁers, which in Fig. 5A represented as reverse L
shaped stoppers 33a and 33b, just.inside edge 15h of the
turntable. The surfaces:of.flying type sliders 23c and
234 are set sli-ghtly higher than the edge of the
turntable as shown in Fig. SA. When a magnetic card has
been inserted into the magnétic card reader, the magnetic
head assembly will bg set inside-carriage bése 189. As
the preséure pad prééses the magnetic card downward, the

surfaces of flying type sliders 23c¢ and 23d'get pushed
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down by the magnetic card.

32a and 32b leave stoppers

up and down movement. The
work as a cantilever spring, e.g.

is limited within a certain range by the two stoppers

At this point, projections

33a and 33b for lower

position, thus functioning as a leaf spring that performs

long arm springs therefore

their outward motion

éven if their elasticity has been reinforced.

'Fig. 5B shows an example of using flat, edgeless

turntable 15.

Rather, rotary transformer holder 20 is

modified as to make its outmost part elongated upward;

thus forming edge 20h.

base 21.

Edge 20h is fixated on apparatus

Attaching reverse L shaped stoppers thoroughly

inside the rotary transformer holder will produce the

same effect as the above example.

Because a magnetic

card is pressed against the surfaces of the flying type

'sliders, however, the clearance between the reverse L

shaped stbppérs and the projections becomes minuscule.

It could result in a cdntact accidenf.

"To_deal with this

problem, U-shaped stoppers are set to the turntable

'instead of the above reverse L-shaped ones.

That is,

stoppers 34a and 34b attached to turntable 15 rotates

together with magnetic heads 13a and 13b, which

eliminates the risk of causing a contact accident between

i

the stoppers and the projections.

The stoppers and projections employed for the long
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arm springs are unnecessary if a gimbal spring is.

applied.

Embodiment 6

'~ This embodiment gives methods of cleaning magnetic
heads, and preventing dirt, dust or contaminants from
getting accumulated on a turntable by making the beét of
air floﬁ., Figs. 6A to 6C illustrate fhe structure of a
magnetic head assembly equipped with Iouvers and a
cleaner on turntable 15 or on rotary transformer holder
20. Fig. BA shows inlet holes 35 provided on base 15g of
the turntable and outlet_hples 38 located oh the edge
15h. By contrast, Fig. 6B shows inlet holes 35 on base
15g of the tufntable and outlet holes 37 located on edge
20h of the rotary transformer holder. In either case,
mégnetic heads 13a and 13b slide on the surface of a
magnetic card to éccesé data on the tracks. Magﬁetic
powder, dust or dirt produced during contact or dirt-or
contaminants brought into the apparatus from outside
could be accumulated on the turntable.

Removal of dift. dust of contaminants from the
turntable 15 involves the theory of air pressure. Air
pressure at the center of a rotating body remains low
while it gets-highé} out near the edge. As an insepted'

magnetic card travels over the magnetic head assemblies,
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the inside of the apparatus becomes airtight except a

tiny clearance between the magnetic card and edge of the

turntable 15. This holds true for both examples in Fig.
1 and Fig. 2. |

The most effective method can bg to let a larger.
amount of air flow in from beneath the turmntable 15 by -
providing several inlet holes 35 aﬁound rotation shaft 16
of the turntable 15. The air is then let go of outlet
holes 36 on the édge'Of the turntable or of outlets 37 on
the edge of the rotary transformer holder 20.. The dust
or dirt that may have residued inside the turntable 15
can be removed in this way. Although the size of these
outlet holes is érbitrary, it would be more éffective to
make them larger. The outlet holes presented in this
example are rectangular. To prevent.foreign matters from
flowing in along with the air, an air filter of coarse
cloth can be attached to the inlét holes. Any
contaminants of substantial size can be stopped there.

Fig. 6C illustrates a more powerfﬁl method of |
removing dirt or dust attached to a magnetic card la and
magnetic powders or contaminants that are produced during
contact. Cleaner 38 using a cloth liner ié attached to
the section designgted with oblique lines on the base of
fhe turnfable 15./in betwéen‘two_magnetic heads 13a and

13b. This typé of liner has come to be widely used
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" inside a cartridge for 3"5 floppy disks, so as to make a

light COntac; with the surface of magnetic recofding
media. |

In case of Embodiment 1 in Fig. 1, it is desirable
to set the cleaner 38 1n_such a way 1t slightly touches
the surface of a magnetic card la when the pressure pad
pushes down on it. The cleaner can also be applied to
Embodiment 2 in Fig. 2 provided that the cleaner would
not touch rofary.transformer holder 20 that surrounds the
turntable 15. |

It is highly recommended that the cleaner 38 be
detachable to replace it with a new one for wear after
repeated use. Attaching a cleaner 38 to the turntable 15
using screws is one possible way.

This example can be appliéd not only to magnetic

card readers but also to optical card readers which is

treated later.

" Embodiment 7

Embodiment 7 elaborates the structure of a rotary

transformer which is 1ndispensab1e to a magnetié head

'_assembly.

The diagrams shown in Figs. 7A to 7C and in Figs. 8A
to 8C represent créés sections of a rotary transformer

mounted on a magnetic card reader.
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Fig. 7A represents an example of using rotary
transformer.Sé divided into two parts. One 1s pr1mary
core 39a secured onto apparatuS'base 21 and the other is

secondary core 39b which is attached to the back of

~turntable 15.

Both primary core 39a and secondary core 39b are the -

disks made of magnetic matefials such as ferrite. Dug on

the surface of primary core 39& are two concentric
windiﬁg grooves 39c and 39d. Also, two concentric
winding grooves 38e and 39f are dug oﬁ the surface of
secondary core 38b directly facing the surface of the
primary core. These four wire-wound grooves are the
basics of a transformef. The theory of a rotary
transformer is explained in greater details later with
reference to Figs. 9A to 9C.

~This type qf transformer can be characterized in
that signals can be sent and received between windings
physically separated to primary core 39a and to secondary
core 39b. It is typically applied to such apparatuses as
a video tape recorde; (VIR).

Recording currgnt or reproducing signals are
transmitted between two magnetic heads 13a and 13b on

turntable 15 and the read and Wfite circuits on a

é

- magnetic card readsr via the above mentioned windings.

Although secondary core 39b in Fig. 7A is using uﬁ the
o /
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whole space back of the turntable 15, it can be arranged

out near the edge of the turntable 15 to provide inlet

holes 35 around the rotation shaft 16 as shown in Fig. BA

and 6B;

Another édvantage of a divided rotary transformer
facing each other is that the height can be lower-:
adjusted.

Supported by baring 31 attached to apbératus base
21, rotation shaft 16 of turntable 15 rotates with rotor
22b of DC motor 22. When phase current reachés driving
coil 22c¢c of stator 22a, magnetic fields are generaféd
toward magnet 22d of rotor 22b. Because the magnet has
been already magnetiied'circumferencially, maghetic flux
leaked from these magnetic circuits of the motors may
affect the signaling circuit of rotary transformer 39.
Tolshield maénetism. iron is used for the apparatus base
21, and mégnetic material or iron is used for the
turntable 15 and the rotary transformer ﬁolder 20 to
shield leakage flux. Although not shown in this example,
different types of shielding can be added to Space 40s
created inside the turntable 15. ' |

Fig. 7B showé a method of shielding the turntable 15
having edge 15h. A pylindriéal rotary transformer 40-13
sét_aréund rotatioﬁfshaft 16. Secondary'core 40a

concentrically rotates with the rotation shaft 16 whereas
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primary core 40b is secured on fixed stand 40c. A rotary
transformer-;ccording to this example can be smaller in
its diameter but must be higher.in its height cémpared_to
the example in Fig. 7A. In addition, providing an edge
both under 15i and on 15h the turntable 15 will dispense
with a rotary transformer holder 20.

Fig. 7C illustrates cylindrical rotary transformer
41 set around the turntable 15 having edge 15h. Primary
core 4la is wound around edge 15h of the turntable 15 and
éecondary core 41b is mounted on fixed stand 41c. This
example is advanqégeous in that the apparatus can be |
shortened becaﬁse rotary transformer 41 can be set as
high as the turntable lé. Iron 1§ used for apﬁaratus
base 21 to shield magnetism. It is possible to add some
new shielding to spacé 41s under the turntable.

Figs. 8A and 8B show flat turntable 15 surrounded by
rotary transformer holder 20. The rotary transformer
shown in Fig. 8A is the same as the one presented in Fig.
7A. It is divided into two parts: one is priméry core
39%9a secured on apparatus base 21 and the other is
seébndary core 39b attached tb the back of turntable 15.
Although secondary core 39b is designéd to use up the
whole space under the turntable 15, it can be arranged
toward the end of the turntable 15 to provide inlet holes

35 near rotation shaft 186.
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Thisldua;—type rqtary-transformer 39 of this example-
renders the~;pparatus-sh6rter. therefore, more compaét.
Iron can be used.for the appératus base 21 and iron_or
magnetic material can be used for the turntable 15 and
the rotary transformer holdef 20 to shiéld leakage flux.

Fig. 8B shows flat turntable 15 and cylindrical )
rotary transformer 40 around rotation shaft 16. Primary
core 40a 1s set to concentrically rotate with the |
rotation shaft 16 whereas secondary core 40b is mounted
on fixed stand 40c. The diameter of this type of a
rotary tranéformer.40 can be shortened. The
characteristics of magnetic shielding ié the same as
those explained in Fig: 7B. '

The example given in Fig. 8C is analogous to that of
Fig. 7C, in that primary core 42a is incorporated into
rotary transformer holder 20 and secondary core 42b is
set under the turntable 15. ‘Although it is not shown in
this diagram, it is also péssible to set the seéondary
core to the edge of the turntable 15.

. For the card reader of the present invention, a
rectangular magnetic card supported by a pad travels to.
the head assembly. The head, which writés data on the
recording tracks orlfeads.data from it, transmits the

read and write signals via the rotary transformer.

Mdreover. the leakage flux from the driving motor of
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the head assembly is shielded, thereby eliminating any

irregular, unwanted damage during data read énd write.

Embodiment 8

With reference now to Fig. 9, the operation and the
circuitry of a fotary.tfdnsformer are given in-depth look -
hereinbelow.

Fig. 9A gives the basic concepts of a transformer.
Thé transformer consists of a maghetic material referred
to as iroﬁ core 43 and two windings wound separately on
it. Of the two,, the ohe connected to power source_is
called the primary winding or primary coil 44. The other
connected to lqad is cailed the secondary winding or
secondary coil 45.

When the terminal of secondary winding 45 is open,
an alternating current generates magnetomotive force as
it runs through the priméry Winding, thereupon generating
magnetic flux within the iron core. The magnetic flux
also alternates simultaneously with alternating current.
The ratio between the electromotive forces that induce -
electricity to the primary winding e, and to the secondary
winding e, is given, if loss 1s ignored, by the equation

e /eq =E / Eg=1n /ny = a (1)
where, n; and ny deneée the number of turns of the primary

winding and the_number of turns of the secondary Winding,
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respectively.
E, and E, in the above equation indicate the primary
induction voltage and the secondary induction voltage.

They are the effective values of e; and ey, respectively,

"and "a" denotes the ratio of the numbér of turns between

the primary and secondary windings. Clearly, the
induction electromotive force ratio equalé the.number of
turns ratio. Current.does ﬁot flow through the primary
winding unless the primary supply voltage V1 (the
effective value of the alternating current) is supplied
to the primary winding. Because the primary supply
voltage V; roughly eqﬁals the primary induction voltage E;
, the ratio between tﬁe primary'supply voltaée V, and the
secondary load voltage V, is obtaiﬁed by

Vi/Vy=E /E=n/m1n=a (2)
Voltége Is thus transformed based on the number of turns
ratio.

Fig. 9B is a description of a sheli—type trahsforme:
commonly used for power éource or communications
equipment. The transfqrher has a structure in which the
primary and secondary windings 46a, 46b aré layered and
an iron core 43 is formed around the primary and
secondary w1ndings 46a, 46b. .

Fig. 9C shows the basic structure of a shell ~type

rotary transformer 48, consisting of primary core 43a and
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secondary core 43b. Lopped up in circle, the windings
46a_end 46b-;re covered up entirely. The primar& core
43a and the secondary core 43b in this diagram correspond
to primary corel39a and Secondary core 39b shown in Fig.
7A. The two grooves, groove 39¢ on the primary core 39a
and groove 39e on the secondary core 39b, are dug so as
to exactly face each other. The windings are applied to
these upper and lower grooves (39c, 39e);.which
correspond to the abo?e-mentioned windings 46a and 46b.
Figs. 10A to 10C are the equivalent circuits of a
transformer, where L; and'Lz denote leakage induetance and
M denotes excitation inductance. ' The equivalent circuit
in Fig. 10A has four tefminals. Fig 10B indicetes an
equivalent circuit for write operation. Signel source e;
is connected to the primary winding and load impedance Z
is connected to the secondary winding of the equivalent
circuit in Fig. 10A. Zg here denotes the internal
impedance of signal source e;. The current iL running the
load can be obtained by ﬁhe expressions
1L= e ZM/

Zy =2g + JoL, | | (4)
Zy = 2y, + JoLg _ (5)
Zy = JeLg - (6)

Being frequency dependent, the transmission
_ R —
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characteristics are determined by the wvalues of'Zl. ZT

and Zy. However, only alternating signal composition is

transmitted because the real part of ZM is null or almost

~negligible.

Fig. 10C is an equivalent circuit for data read.
Signal source ey is connected to the primary winding and

1oad-ZR is connected to the secondary winding. Voltage ep

. that generates at both ends of the reproducing locad ZR is

then giVen by
eg = e + Zp /

(Z) « 23+ Zf - Zg+ 2Zy - Zy) (7)

The transmission characteristics in this case are also
highly frequency dependent, thus-resultiné in
transmitting only'alternatihg composition.

Fig. 10D gives the fundamentals of read/write
circuit configuration for a magnetic card reader in
accordance with the.pﬁesent invention. Maghetic head 13a
or 13b is connected to secondary winding 46b of rotary
transformer 48 while primary winding 46a is connected tél
read/write circuit 53. (Explanation of magnetic head

components such as terminating resistors is omitted

- -here.) The read/write circuit is connected to signal

processor 54. Signa; processor 54 converts data (mostly
Non Retﬁrn to Zero data) input via an interface connector

and clock signals into modulation code such as Modified
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Frequency Modulatiop (MFM), 2-7 Run Length L;mited code
(RLL), 1-7 ﬁLL, or PRML by means of the.internal
modulation circuit. The converted modulation_code'ié
then outpﬁt to the read/write circuit 53. Conversely,
the signal processor demodulates the modulation code sent.
from_the read/write.cifcuitjss to the original NRZ data -
and clock signals.

Upon receiving the modulation code from signal
processor 54, the_read/wfite circuit 53 converts the code
into write current pulse before sending it to primary
winding 46a. Frqm.the primary winding 46a, the pulse,
which is output as_the read signal, further runs through
an amplifier, 1ow-pass;fiiter. and diffefentiafor, to |
output the signals converted to the modulation code to
signal processor 54.- | |

In the above example, in which read signal from
magnetic head 13a or 13b ié directly input to read/write
gircuit 53 via secondary winding 46b and primary winding
46a, noise from the DC hotor 22 shown in Figs. 7A to 8C

or mechanical noise outside a magnetic card reader can

enter the path between magnetic heads 13a or 13b and the

read/write circuit 53.

Thus. Fig. IOE shows another example of circuitry

where amplifier 53a is installed between magnetic head

13a or 13b and secondary winding 46b. Greatly amplified
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read signal is input td fhe amplifier inside the
read/write circuit 53 through rotary transformer 48.
Amplifier 53a is activated by'pdsitive direct énrrent
voltage supplied from power soufce. However, it cannot

be powered via cable because it is mounted on the

turntable 15 shown in Figs. TA to 8C along with magnetic

heads 13a and 13b. Hence. it is necessary to come up

‘with a new supply method using a rotary transformer.

Rotary transformer 48 in Fig. 10E therefore is
augmenfed with new primary winding 55a and secondary
winding 55b. The primary winding 55a is connected to DC-
AC converter 58 that cOnyerfs direct current into
alternating current, and secondary winding 55b is
connected to AC-DC converter 57 which coﬁverts
alternating current into direct current. The positive DC

voltage generated at AC-DC converter 57 is then supplied

to amplifier 53a.

Depending upon the capacity of power supply and the
circuit configuration, the read/write circuit 53 can,
éntirely or partially, be mounted on the turntable 15

besides an amplifier 53a.

Embodiment 9

H

Figs. 11A and 11B show a primary cdncept of a

magnetic head. There are two types of magnetic heads for
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a magnetic'card reader.. One is designed only to read the
data stored-;n a magnetic card while thé other serves for
both data reading and writing. In using only omne |
magnetic head, a dummy magnetic head can bé also mounted
on the turntable 15 to prevent the turntable 15 frpm.
méking irregular rotation. The dﬁmmy magneﬁic heéd 13b,
being identical in its size and shape, is placed to
counterbalance the actual magnetic head. Thus
electrically flawed magnetic headé caﬁ be used as a dummy
head provided that the mechanical properties are normél.
Or a balancer that counterweighs the actual magﬁetic head
and that produces friction equivalent to that betwéen the
actual magnetic head ahd a magnefic card la can be
utilized.

In mounting two maénetic heads on the turntable,
they must Be aligned in such 5 way that the distance from
the center of each head gap to the rotation pivot must be
exactly the same on the linear.line that passes through
the center of the rotation shaft 16. To be precise,
there must be no eccentricity at the rotation shaft 16,
and the center of léci on the recording tracks made by
the two magnétic’heads on a magnetic card l1la must be the

same. ;

-

The combination of two magnetic heads to be mounted

.is threefold: both magnetic heads 13a, 13b are capable of
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data reading and writing, one is for data read and the
other for da;a write..and both two are for data read.
With reference nowzto Figs. 11A and 11B, the basic
concept of a maéﬂetic head_and the locl of recording
tracks of the present invention 15 enlarged upon
hereinbelow. Ring-shaped magnetiezhead 58 (magnetic
heads 13a and 13b in Fig. 1) has head gap 60 at one end
of its head core 59, afound which head coil 61 is wound.

When a write current pulse output from read/write

circuit 53 in Figs. 10D and 10E to "terminal a" through

"terminal b" of head coil 81 via rotary transformer 48

generates magnetic flux_at head gap 60, data w;ite is .
performed on recording medium.sz."-dn fhis eXampie,
magnetic head 58 is fixed while magnetic medium 62
travels in the direction of arrow F at a predetermined
speed. When data has been continuously written,

recording track 63 equivalent in its width to the head

‘gap (L) is formed. Although the recording track becomes

actually slightly wider than the head gap, detailed
technicality is not herein set forth.

Fig. 11B demonstrates the loci formed on the

recording tracks when a magnetic head rotates with

'rotatien shaft le'as.ﬁhe pivot. Diagram (1) depicts a

locus made when onliﬁone magnetic head 13a performs'data

reading and writing, e.g.. the other one 13b is a dummy
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magnetic head. A good magnetic head_le caﬁ be used as a
dummy head';or backup if the actual magnetic head 13a
should electrically go down for some reéson. However, to
achieve this méthod, a circuitry necessary for data read
and write, including a rotary transformer, must be
readily available. " The Judgement.of failuré occufrence B
and ﬁhe switching of magnetic heads are made by a control
dircuit (not shown) outside of a magnetic card reader.
Diagram_(2) indicates that two magnetic heads 13a
and 13b perform data read and write. In this metﬁod. it
is imperative that the gap width, length, and the
inclinatibn against repording trécks be identical for
both magnetic heads 13a and 13b.J This method is
advantageous in cutting rotational delay over the
previous method, because data can be written in or read
from with a magnetic head located closer to a particular
sector oh the tracks to be accessed. Moreover, two
magnetic heads render simultaneous recording'possible.
and in addition, the daté written'with dne-magnetic head
can be read by.the other in half-a-turn wait instead of
one full turn of.the tracks. |
Diagram (3) depicts the dual-purpose thin-film heads
used for hard disk upits. They are two-in-one type of

magnetic heads conéisted of a write-only thih-film head

and a read-only thin-film head} The head core 59, head
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gap 60, and head coll 61 of the write—only.thin-film head

are made of thin films and those of the read-only thin-~
film_head are made of magnetoresistance effect elements
(hereinafter referred to as the MR'head). The width of
the magnetoresistance effect element (sensor width) of
the MR head is set narrower than the gap widfh of-the
write-oﬁiy head. If the maximum gab width of the write-
only thin-film head is Ly + «, minimum width Ly, the
mékimum sensor width of the MR head Ly + $, its minimum-
width Ly, the maximum deviation between the two thin-film
heads y, the maximum error from the center of a desirable
track obtained by adding'the estimated error f;om the |
pivot of two fhin—film heads, track deviation of the
recording medium due to temperature and humidity
characteristics, and rotational precision is &, and the
central distance from one track to the next track is Ly
then the expressions of_apélicational conditions will be

Ly + @ + 8 + <=L, (8)

(Lyg + B +v) / 2+ 8 <=Ly / 2 (9) _

In the worst case, the loci on two adjoining tracks

may overlap. This does not pose an& problem-becausé data

"_ on the overlapped loci will not be read due tb narrow

sensor width of the MR head.

Diagram (4) represents two magnetic heads, of which

‘13a is write-only and 13b is read—oniy. The expressions
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-recording capability per track.

(8), (9) of applicational conditiohs given in the

 previous example hold true here as well. The conditional

requirement is somewhat more flexible compared to the
above example of diagram (2), where magnetic heads must
have exactly identical head gaps. In additibn to the

thin-film write-only magnetic heads and MR read-only

magnetiq_heads. conventional ferrite magnetic heads will

well serve the purpose for both write-only and réad¥on1y
magnetic héads. When a recording medium with high
magnetism is used. a MIG head can be used to reduce the
flux saturation at the end of a magnetic head gap by
applying a highly permeable thin-film substance to the

gap of the write-only and read-only magnetic heads.

Embodiment 10

In conventional magnetic disk units, including hard

disk or floppy disk drive units, data is written in or

read from.the tracks of a recording medium which fotates

at a predetermined speed, forming concentric tracks at an
equal pitch. High track density and high bit denéity are
the keys to expanding the storage capacity. The fprmer

is achieved by increasing'the number of recording tracks

. per recording medium, by narrowing track pitch and'track

-

width whereas the latter_is achieved by increasing data
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Except for the MR heads previously discussed, ﬁhen a;
conventionai-magnetic hgéd is used as a fead head, the
reproduction output voltage depends logicaily on the
rotational speéd of the recording medium relative to that
of a:magnétic head. More specifically, the reproduction
output voltage increases towards the outside-tracks whilev
it reduces towards the inside tracks due to the loWeringl
relative speed. The reliability of data reproduced with':
a magnetic disk unit is typically expressed with the
error rate, up at least to 107°. However..to obtain the
error rate, the ratio between the signal and noise (S/N),
e.g., mechanical noise‘or medium noise versus
reproduction output voltage, must be 28 decibei ér more.
Thus.the upper limits of.the.traék density and bit.

dénsity will be determined at the innermost track, where

the ratio between the noise and signal is the hardest to

obtain. Further, writing data at a preset clock

frequency on a recording_medium rotafing at a certain .
speed causes the bit density to get higher on the inside
tracks than on the outside tracks.

For the magnetic card reader of this invention, the
relati#e speed between'the magnetic head and recording
medium can be kept consisfeﬁt irrespective of the
positions of tracksT‘thus enabling data td be reproduced

from any tracks on a magnetic card with high reliability.
/: . ) . )
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Referring now td Figs. 12A to 12C, the method of
storing data on a magnetic'card.aécording to the present
invention. is elaborated. Figf 12A shdws a locus of a

track formed with either one or two magnetic head when

- data is written on the surface of a recording medium,

magnetic card la. The qenter of revolution of bofh
magnetic heads 13a and 13b must pass the horizbntaliy
center line (X-Y) of a magnetic card la. In addition,
radius R of recording tfack 83 1s set to be less than
half of the vertical length of a magnetic card.

The reason for séttihg the radius R of a recdrding
track less than half the ﬁertical length of a gagnetic
card can be explained by the width 6f card side guide

187, card support guides 187a and 187b attached to a

- carriage base 189 of feeding mechanism 186, which will be

discussed later with Figs. 27A to 27C. It is also

preferable not to use up the whole area of a magnetic

card as the recording surface for the ends of a card can

be damaged or contaminated when handled with hénds.

Fig. 12B iiluétrates récording tracks with radius R
by moving magnetic head leftward relative to magnetlc
card la at the same pitch (P). When multiple of
recording tracks hav? been formed, technically non-

readable areas A ana B are created both at the top and

- the bottom of the magnetic card.'
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Fig. 12C is a magnified diagram of center lines 63a
and 63b of "two adjoining fecording tracks. 'As a magnetic
head moves farther from the horizontal center line X-Y,

the center lines 63a and 63b on the recording tracks

'comes closer to each othér, finally intersecting. When

two tracks cbme closer to each 6ther, crésstélk._é
phenomenon'in which a magnetic head picks up signals from
the adjoining track, occurs, ending up in reproducing
incorrect data.

Let X denote the space between tracks and a the
angle from hdrizoﬁtal line X-Y. Then the larger the

angle ¢ grows, the narrower the space X betwéen'the

B tracks becomes by the expression‘

X =P . cos a ' (10)

Track pitch P is then obtained by |

P=X/cosa . ' (11)
Fig. 13 shows fhe loci of leftmost and rightmost

tracks recorded on a magnetic card (the use of an optical

~card will be elaborated later). Let 1 denote the

distance between the centers of tracks 0, and 04, and L;
the length of fecording tracks on a recording surface,
and N the number of tracks, then the total track length
is determined by theiequations —

Ly =27 R:-2ad¢/2x=2caR. (12)

N=2 1/P=21 cos a / X (13)

|

= il
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degrees to each other.

M=2a¢R:+ 21 cosal/X

4R1/X:+acosa (14)

Note that « is indicated by a.radian.
From expreséions (12) through (14), the most effective
way of maximizing M is to maximize "a « cos «" of
expression (14). Then the result of Fig. 14 is obtained
by the expression

Z =« cOS a ' (15)
To get at least 95 % of efficieﬁcy rafe, a« is within the
range from 0.7 to 1.0, e.g., in 40 to 57.3 ° degrees in

angle.

Embodiment 11

For a hard disk unit or floppy disk drive unit, a
single magnetic head writes on or read data from a
recording medium, normally making.magnetized pattern of
the recprding tracks at a.right angle to the center line
of the tracks. |

On the other hand, azimuth recording method is
applied to magnetic tape units. The azimuth recording is.
characterized in each track éngulatéd.ih magnetiZatioh
direction. This logically leads to the conclusion that
the crpsStalk betwee% the adjoining tracks can be
minimized when the éﬁgle of magnetized pattefns.makes 90

:\
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With two magnetic heads being available, the
recording method of making each track haviﬁg an azimuthl
angle is achieved for the present invention. The.
magnetic heads shown in (2) of (3) in Fig. 11B can be
used for the magnetic heads. In using magnetic.heads of
(2), for example, head gap Gl of magnetlc head 13a thCh
would be placed at a right angle from the center line of

recording tracks, is angled at -8 degrees from the center

lines of the recording tracks and head gap G2 of magnetic

head 13b at +8 degrees are prepared to write data with a
single repetitive current.

Referring now to Fig. 15A, the magnetized status of
track 64 recerded with magnetic head 13a is indicated.
Fig. 15B, on the other hand, shows the magnetized status
of track 65 recorded with magnetic head 13b. Azimuth
recording allows two magnetie heads 13a and 13b to write
or read data alternately for every sinéie track.

Fig. 15C shows two magnetized recording tracks 64
and 65 on a magnetic card, one oh the right and the other
on the left. Recording track 65 shown in Fig. 15B is
placed to the left of recording tfack 64 shown in Fig.
65A by one track pitch, leaving out the top and bottom
portion where the tr?cks intersect. Although not

indicated in the fi&ure. after one magnetic head carries

_og§ data writing for one track, it alternates with the
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other magnetic head whiéh continues data writing for the

next track.- The fact that two magnetic heads alternate

'data'writing with each other makes it pdééible to

magnetize two adjoining regording tracks in the direction
of 280 azimuth angle whén compared with the techniques in
the prior art. Which, iﬁ'turn, realizes to form a right
angle azimuth by anglulating each head gap of the two
magnetic heads by + 45 and - 45 degrees.

Setting fwo magnetic heads by half a track instead
of a full track is anﬁthér possible method of producing
azimuth on the adjoining tfacks between two track groups
formed on the left and right sides on a magnetié card.

Head gaps of the two magnetic heads shown.in (2) and
(3) of Fig. 11B angulated at different degrées can also
read or write data alternately by half a track or by a
full track. However, data written with magnetic head 13a
cannot be read with magnetic head 13b. By extension, if

data written with magnetic‘héad 13a is overwritten with

. magnetic head 13b for modification, magnetic head 13a

fails to read the overwritten data. Data read is enabled

only_with.the same magnétic head that actually wrote the

- data or with a magnetic'head having a magnetic gap of

exactly the same ang%e; This prohibits the magnetic

heads shown at(4) iE Fig. 11B from achieVing-azimuth

recording of the present invention.
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The azimuth recording enables the number_of tracks
to be increé;ed because track pitéheé can be made smaller
than conventional recording. Which, in turn, realizés to
increase storage capacity of magnetic cards

significantly.

Embodiment 12

Embodiment 12 will discuss the methods of apblying
the present invention to an optical card, and_furfher, to
an optical head.

An optical card reader is different from a magnetic

card reader ih its head structure and its recording

medium. With optical cards, data can be stored either on
a single side or on both sides. When data is to be
stored on both sides, two optical heads can be employed,

one on the front and the other on the back of the optical

~card, to simultaneously access data. Or the optical card

‘can be reversed when only oﬁe optical head is applied.

Figs. 16A to 16C illustrate the cross sections of an
optical card. Besides those recording media designed for

optical disk units, there are several other types of

available media, such as those for compact disks (CDs),

video disks (VDs), write-once (WOs), re-writable phase-
modifiers and magné%o—optic (MO). Despite that these

recording media are based on the same structure, they may
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differ slightly in their features. Most notably,. the
magneto—opt;c recording,; which'has already been in
extensive use, differs from other structure in that an
electromagnet must be set on the back of optical card 150
as a ﬁagnetization ﬁias.

Fig. 16A repreéents a cross section of a read-only
optical card 150,.cons15ting of light transmission layer
150a, placed on which are reflecting film 150b and
protective board 150c. The light transmission layer is
usually an opaque plastics whereas the réflecting film 1is
made of aluminum. Laser lights emitted from inside
optical head 151 (not shown) are converged at objective
lens 151a and irradiated to reflective film 150b. Data,
which has been stored in concaved pits and in the spaces
between the pits, is converted into electric signals with

the electric in the optical head as the amount of the

reflected light changes. .

Fig. 16B is a éross sectibn.of a_write—onée optical
card. One way of writing data is to make holes (pits) on
a recording film with the laser lights.' Data is then
read by converting the presence or ébsenCe of pits
detected by the laser lights into eleétric signais.
Another way.of dataitransmission is to cause

materialistic chanée upon the irradiated part. The

material 1s then changed into a thin film as its

““his Sheet Has Been Rerlaced'!

WO




10

is

20

reflection rate changes. On the base of light

transmission layer 150a, the write-once optical card is

formed in the order of profective layer 150d, optical

recording layer 150e, protective layer 150f, and

- protective board 150c.

Fig. 16C is a cross section of an opticél card-made
of optical magnetic medium. With light transmission
layer 150a as the base, it is formed in the order of
protective layer 1504, magneto-opticlrecording layer
150g, protective layer 150f, and'protectiﬁe board 150c.
The laser lights-emitted from inside optical héad 151
(not shown) are converged at objective leﬁs lS;a and then
irradiated on magneto-optic recofﬂing layer 150g.

By applying reverse-magnetic fields to the medium
magnetized in one direction, the magneto-optic recording
uses laser lights with which the medium gets magnetized
in the direction of applied magnetic fields near the
Curie point. For data fead, based on the Kerr effect or
Faraday effect, the polarized lights is irradiated upon
the reéording medium'which turns fhé polarized surface
slightly depend on the magnetized direction.which is then

converted into electric signals.

Embodiment 13

Embodiment 13 will'give a general description of the
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structure of head assembly'of.an optical card reader.

Fig. 17A and 17B show the structure.of data read and
write mechanism of the optical card reader. In Fig. 17A,
objective lenses 151a and 151b of one or two optical head
151 (not shown) are attached on turntable 15._ Beiné
linked witﬁ rotation“shaft'ls'of mbtor 22 juét as the one_
presented for a magnetic card reader shown in Fig. 2, the
turntable rotates in the direction of arrow C at a
predetermined speed. Turntable spacer ring 152 prevents
foreign matters from entering and keeps a certain
distance between ‘objective lenses 151la and 151b on the
turntable 15 and optical card 150.

Fig. 17B shows a head assemﬁly equipped with a
cleaning mechanism made up of cloth or soft brush so as
not‘to damage the surface of an optical card. The
cleaner is continuously touched upon light transmission
layer 150a on back of the optical card as the'turntable

rotates. Although not included in this embodiment, it is

possible to have.inlet holes 35 and_butlet holes 38 used

- for the turntable 15 and rotary transformer holder 20

shown in Figs. B8A and 8B for turntable 15 and turntable

spacer ring 152.

Embodiment 14

With reference now to Figs. 18A and 18B and 19, the

i
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structure of the optical head assembly of the present

invention is set forth in details below.

The read and write mechanism of an optical card

readér and a magnetic card reader shown in Fig. 8A is

similar in its basic structure. For magnetic card
reader, stored data is converted ihto electric siénal
with the magnetic heads 13a and 13b, and then picked up
with the rotary transformer 39 in an untouched manner.
With an optical card reader, however, laser.beam
from a laser diode in the optical head 151 must be

transmitted to the objective 1enses 151a and 151b on the

. turntable 15 through an optical path. To read data,

1ight signals must be transmitted to the optical sensor
to be converted into electric signals. It is prohibited
to put anything that coﬁld interfupt light transmission
in the optical path.

To solve the above problem, rotation shaft 16 both
on and under the turntable 15 and the center qf rotor 22b
of the DC motor 22 are made.hollow.to form an optical -
path. Fig. 18A gives an eiample of using one.objective
lens 151a on the turntable 15. In Fig. 18A, the laser
beam emitted from laser dipde 151c passes through
coliimator lens lSld% polarization beam splitter (PBS)
151e, and A/4 plate’i51f (2 being a wavelength). Then

laser beam is bent at reflecting mirrors 151g and 151h
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placed on the upper hollow of the rotation shaft 16 and
converged by objective lens 15l1a to be irradiated utbn
reflective film 150b or optical recording layer 150e.

Reflected light then paéses.back to objective lens
151a, reflective mirrors 151g and 151lh, hollowed parts of
rotation shaft 16, A/4 plate 151f, and polérization beam
splitter 151e to be converted into electric signals by
optical sensor 1511.

Fig. 18B gives an example of using two objective

lenses. When the wavelength of the laser_beam emitted

from laser dlode-151c is assumed to be A;, the wavelength

of the laser beam from laser diodel151J is assumed to be
Ay

| Emitted from laser diode 151c, the laser beam passes
through collimator lens 151d, half mirror 151k,
polarization beam splitter 15le, and A/4 plate 151f.
Then the laser beam is bent first at dich;oic prism 1511
rlaced in the upper hollow of rotation shaft 16 and at
feflecting mirrprs 151g ahd 151h, and then converged by
objective lens iSla tq be irradiated'upon reflecting film
150b or optical recording layer 150e of the optical card.

The laser beam emitted from laser diode lSlj passes

through collimator lens 151m, half mirror 151k,
polarization beam';plitter 151e, and A/4 plate 151f.

Then it is reflected by dichroic prism 1511 placed at the
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ﬁpper hollow in rotation shaft 16 end bent by reflecting
mirror'151n:-and converted by objective lens 151b, to be
irradiated by feflecting'film 150b or optical recerding
layer 150e of the optical card. |

The dichroic prism 1511 is characterized in that it

passes all light frequencies except those for the color

. which the prism is designed to reflect. Thus, in this

example, the  laser light with wavelength A, from laser
diode 151c is passed while the laser beam from laser
diode 151j, whose wavelength is not designed to pass,
will be reflected. In addition, another polarization
beam splitter can be arranged with above PBS 15le in
order to input the laser beam emitted from coilimator
lens 151m. |

The light reflected from the reflecting film or
optical recording layer of the optical card, is theﬁ
passes through objective lens 151a, reflecting mirrors
151h and 151g, dichroic prism 1511, the hollow in
rotation shaft 16, 1/4 plafe 151f,.polarization.beam
splitter 15l1e, 'and dichroic prism 151p to reflecting
mirror.lslq to be finally converfed into_electric signal
by optical sensor 151i. Meanwhile, the light that
reflected at objeetiye.lens 151b passes through
reflecting mifror 151h, dichreic prism 1511, the hollowed

part in rotation shaft 16, A/4 plate 151f, to
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polarization beam splitter 15le, and then reflected by

dichroic prism 151p to be converted into electric signal

with optical sensor 151s.

Fig. 19 presents another example of optical head

assembly of the present invention. The components such

as the A/4 plate 151f and polarization beam splitter 151e

must be installed close to the rotor 22b of DC motor 22

to pass laser beam straight to the hollow made inside the

rotation shaft 16. However, they may not be mounted on a

desired position due to the limitations from the height

of the optical card reade: or from some installation

constraints. Thus, collimator lens 151t is plgced'right
under the hollowed rotation'shafﬁ 16 so that the light
can be direétly sent to the A/4 plate 151f using flexible
optical fiber 151u. Combining the collimator lens 151t
and optical fiber 151u will enable the abové—mentioned

components to be mounted on a desired place.

Embodiment 15

In magneto—optié tecording. reverse magnetic'fields
are applied to the medium magnetizeﬁ in one direction,
the medium is magnetiéed in the direction of applied
magnetic fields wheﬁiit reaches close to the Curie pbint
as it 1s i;radiatedkwith laser beams. Generally, on the

side opposite to the recording surface, a magnet for
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magnetization bias is lifted to be placed right on the
obJectivelléns of the optical head right across the
optical disk medium to resonaté with the optical head
that seeks on the optical disk medium'rotating at high
speed. However, because the optical head rotates and the
recording'medium stays or moves in horizontél diréction_-
in the present invention, conventional magneto-optic
recording is difficult to apply to the present invention.

Fig. 20A illustrates one example of sdlving the
above problen. .When cﬁrrent is sent to cylindrically
wound coils 151v.and 151w on objective lenses 15l1la and
151b on the turntable 15, magnetic flux is prqduced
toward the center line of the ob}ective lenses iSla.
151b. Then magnetic fields are added at right angle to
the parts irradiated with laser Beam on the magheto-optic
recording layer 150g of optical card 150. The current
will be supplied from oufside of the turntable 15 using
secondary core 4la and primary core 41b of the rotary
transformer 41 shown in Fig. TC;

To be'precise. alternating current output from the
DC-AC convertef of the optical card reéder is sent fo the
wiring of the secondary core 4la and the alternafing

induction current generated at the primary core 41b is

converted into the direct current with the circuits

~incorporated on the turntable 15. The circuits are set
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separately oq_the turntable 15. The direction of the
current run ‘through coils 151a and 151b dictates the

direction of magnetic fields being generated. When laser

lights irradiates, the data to be stored on the magneto-

optic recording layer 150g will be magnetized either
upward or downward of the magnetic.surface. .Therefore.
the rotary transformer 41 must be provided with two
wirings: oﬁe for power source énd the other for the

signals that indicate the direction of the current and

" the switching time.

Fig. 20B gives the overview of the turﬁtable
discussed in Fig. 20A.

Fig. 21A indicates magnetic fields generated when

current passes through coil 151v. The magnetic flux

crosses almost at right angle at the center of the coil
151v where the laser beam on the magneto-optic recording
layer 150 are cqnverged. |

Fig. 21B shoﬁs thin iron or magnetic plate 154 added
close to magneto-optic recording layer 156g. The
magnetic flux generated from coil 151v can return to coil
151v through the thin plate 154 without being diffused.
?urthermore, magnetic flux will cross nearér at right

-

éngle where laser beam of_the magneto—optic recording

layer are converged.
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Embodiment 16

Referring now to Figs. 22A to 22C and Filgs. 23A,
23B, the types and structure of magnetic cards will be
discussed below. |

The medium shoﬁn by the oblique lines in Figs. 22A
to 22C indicate reflecting film'lsob or oﬁtical‘
recording la&er 150e or magneto-optic recofding layer
150g. The reason the film. or the layer does not cover
the entire opt;cal card 150 is that the scope to be used
as reéofding tracks is limited just as explaihed in Figs.
12B and 12C when: rotational optical head is applied. The
margins, where recording tracks intersect, cannot be
used. Although only three types of optical cards given
in Fig. 22 are available, it is also possible to make the
whole surface as the recording ‘layer.

Fig. 23A shows the structure of optical cards.
Optical card described 1h Figs. 22A tolZZC are layered as
illustrated in Figs. 16A to.160. If it is nécessary to
add more material to :einfOrcé the mechanical strength of
optical card 150, recording medium 157b shown by the
oblique lines in Fig. 22A is adhered to thin plastic
pPlate 157a whose surface is hard and theréfore less
likely to be damag?d. And ground the recording mediumi
157b, thin plastié—plate 157clis framed. The material ﬁo

be adhered to the rpcording medium ber se and for the
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frame can be the same. Because the surface of fecording '
medium 157b can be set a bit lower than thin pate 157c
for the frame, the light transmission 1ayef 150a cah be
protected from being’damaged'by the surface of carriage
base 189 when an optical card is introduced into the
optical card reader. |

Fig. 23B shows another method which is as effective
as Fig. 23A. Thin plate 158a, which is cut out for the
part for the recording layer and of the same méterial as

thin plastic plate 157a, is adhered to the surface of

optical card 150:shown in Fig. 22C.

Embodiment 17

Now, structure of the apparatus using thése elements
will be explained. The “cérd réader" of the present
inventionlis a total name of a magnetic card reader and
an optical card feader. A card reader 160 indicates bpth'
the card readers, hereinafter. The "card" is a tdtal
name of a magnetic card and an optical card. A card 161
indicates both the cards. The card readér of the presént
invention appears like an interchangeable type hard disk
drive or a floppy disk drive. The card reader is a
memory drive paid at?ention to respects of portability,'
dustproof., vibratioﬁ andiSuch in order to be uéed not

only in a disk top type computer on desks but also in an
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apparatus used outdoors.
Fig. 24A and Fig. 24B show the card readers of the
present invention. Flg. 24A shows a device having no

door at the front panel 169. The card reader 160 is

‘composed of a frame part including a base 167 and a cover

168, and a front panel 169. The front panel 169 includes
a card inlet 170, an eject button 171 and a display lamp
172; There are a power connector (not shownj for |
connecting a power source and an interface connector (not.
shown) for connecting a controller at the back side of
the apparatus. |

Fig. 24B shows oqe_embodimént of the front panel
door of the card reader. An ovefhung door 173 with a
hinge (not shown) is on fhe front panel 169 and opens
towards arrow. The opening angle is 90 degfees or 180
degrees. If the 6pening angle is less than 90 degrees,
the door shuts by a spring (not shown) placed between the
base 167 and the overhung door 173. There is a hole 174
on the overhung door 173 for passing a light from the |
display lamp 172. The hole 174 is filled with
transparent glass or plastic. It is possible to have a
concave 175 at the back side of the overhung door 173
when the eject buttqn_l?l comes out largely frﬁm the

-

front pane1_169.
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Embodiment 18

A card detect mechanismlfor inserting/extracting
card will noﬁ be explaiﬁed in detai;.

Figs. 25A, 25B, 25C, 25D and 25E.show a conceptive'.l
motion .of one embodiment of the card detecf mechanism.
Whenlthe card 161 is inserted thrbugh-the cérd iﬁlet 170-
shown in Fig. 24A, the card detect mechanism detects the
card insertion and generates a signal-being the originai
of following sequent operations. One:edge,of a detecting
element 176 is fixed to the upper part of the front panel
169.. The defecting element 176 is made of spring metal
whose edge_is crooked liké a fishhook. Othefwise. the
detecting element 176 is made of broad éﬁd thin spring
metal panel whose edge is crooked like a fishhook. The

other edge of the detecting element 176 contacts a sub-

" base 187a made of conductive material, such as iron or

aluminum. The detecting element 176 and the sub-base
167a are'connepted to.a logic circuit 179 (2 input NOR
gate in this embodiment) through lead wires 177 and 178.
The lead wire 177 is connectéd to a direct current power
source of +5 volts through a pull-up resistance 180.
When the detecting element 176 contacts the Sub-base'
167a, output of the}ldgic circuit is H (High) logically
since voltage of tﬁ; two inputs are 0 volt (logically,

L(Loﬁ)).
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Fig. 25A shows a situation that the card 161 has not-

been inserted through the card inlet 170. The output of

‘the logic circuit is H logically as stated the above.

Fig. 25B shows a situation that the card 161 is
inserted along the direction of Arrow. 'Since the
detecting element 176 is on the cafd 161 madé of
nonconductive material, the lead wire 177 becomes H and
the output of the logic circuit 179 becdmes L logically.

Fig} 25C shows a situation that the card 161 has
passed the detecting element 176. Namely, this situation
is the same as the situation in Fig. 25A. The outpﬁt of
the logic circult 179 becomes H logically.

Figs. 25D and 25E show situation of the card 161
being extracted towards the arrow.' The output of the

logic circuits 179 become L and.H each. The situation of

"the card 161 being inserted or being extracted can be

judged from the output of the logic circuit 179. By
using the above stated method, it is possible to maintain
the present situation of the card, even when the card is
not sustained by hand. Since the card 161 entered
through the card 1nlet.170 is pushed onto the sub-base
167a_by the spring of the detecting element 176, it is
possible to prevent tpe card 161 from dropping even when
the card 161 is ente;ed_from up to down with the card

reader 180 standing.
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Embodiment 19

Another method of detecting the_card
insertion/extraction will now be explained in this
embodiment. The existence of the card 161 was detected
electrically by using the detectihg element-176 in Figs.
25A to 25E. It is also possible to detect optically.
Figs. 26A and 26B show one embodiment of using an optical
detector. In Figs. 26A and 286B, there is a support
spring 181 for pushing the card 161 onto the sub-base
167a. The support spring 181 is constructed similarly as
the detecting element_176 shown in Figs. 25A to 25E. A
light emitting élement 182 and a light receiving element
183 are located close to the support spring 181.

Fig. 26A shows a situation that the'card 161 is not
inserted. There is nothing for blocking between the
light emitting element.182 and the light receiving
element 183.

In Fig. 26B, a light from the light emitting element

182 is blocked by the card 161. It is possible to

convert two situations of Figs. 26A and 26B into eléctric
signals and logic signals by using the light receiving
element 183 like Figs. 25A to 25E. This method can be
used when the sub-base 167a is made of honmetal or the

sub-base 167a is covered with nonconductive resin..
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Embodiment 20

‘A mechanism of feeding and ejecting the card wiil
now be explained. |

Figs. 27A..27B and 27C show one embodiment of the
card feeding mechanism for transmifting the éard into the
card reader. The card 181 is inéerted through the card
inlet by hand. When the éard passes the card detect
mechanism shown in Figs. 25A to 25E and Figs. 26A and
26B, a feeding mechanism 188 at the back of the card
detect mechanism:starts preparation corresponding with
the card insertion.

Driving part of the feeding.mechanism 186 of the
present embodiment is composed of a driving rbller 184
and a guide roller 185. The driving roller 184 is made
of hard material and the guide roller 185 is made of soft
material. These two rollers are fixed-to a base 167 (not
shown). It is possible.to separate the two rollers from
the feeding mechanism 186. The driving rollér 184 is
rotated by a direcf current motor (mot shown) or a
stepping motor (not shown) fixed.to.thélbase 167 (not
shown). The driving roller 184 and the guide roller 185
are interlocked withithe 1ogic circuit 179 of the card

detect mechanism shaﬁn in Figs. 25A to 25E and Figs. 26A

and 26B. When the card 161 is not inserted into the card
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reader 160 and the output of the logic circuit 179 is H,
the two roller are_halted. When the logic circuit 179
becomes L, rotation is started and the driving roller 184

rotates towards the arrow. The guide roller 185 contacts

- the driving roller 184. First, the card 161 is inserted

through the card inlet 170 by hand. Whan the card 161
comes between the two rollers, the card is transmitted
into the inside of the feeding mechanism 188
automatically.

When the card 161 comes into the 1ns1ﬁe of the
feeding_mechanism 186, the card 161 contacts a card side
guide 187. The card side guide 187 is fixed to a
carriage base 189 through a flat spring 188. The card
side guide 187 is for setting the card 161 in the

carriage base 189 in the feeding mechanism 186

~accurately. There 1s a possibility of the card 161 being

distorted a little when the card is first led into the
inside of the feading mechanism 186 because of restraints
of the driving roller 184 and the guide roller_185.
Therefore, the card side guide 187 does not give
inappropriate power to the card 181 when the card 161 is
transmitted into the inside by two rollers. Then the
card 161 1is set alopg a line X1 - X2_by the card side
guide 187 when the/card 161 is away from the two rollers.

Fig. Z?Q_Shows the whole of the feeding mechanism
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188.

Fig. 27B shows a situation of the card 1681 being led

into the iﬁside of the carriage base 189 by the two
rollers in the direction of the arrow. Because of '
bending of the flat spring 188, the cafd 161 1is
transmitted into the inside of the“feeding méchaniém 186
appropriately. Even when the card 161 is led
distortedly, the card 161 is led into the inside of the
feeding mechanism 1886 smobthly because the card side
guide 187 moves a little in the direction oflthe arrow.
A card end guide 190 which is like the card side
guide 187 is fixed by the flat spring 191. Thg card énd
guide 190 can be puéhedla little by a pushing powér of
the card 161 led into the inside. A optical sensor 192
is fixed to the edge of the card end ghidé 190. The |
optical sensor 192 generates é signal telling the card
transmission finish when a light is blocked by a part of
the metal of the card end guide 190. After the driving
réller 184 rotating for a while, the roller is'halted by
the éignal. This is for removing the card 161 from the
restraints of the two rollers. Theﬁ. the card side guide
187 pushes the side edge of the card 161'by power of the

flat spring 188 and the card 161 is set along the line X1

-~ X2. .The card en&'guide 190 sets the card 161 along a

line Y1 - Y2 by powe;ﬁof a flat spring 191.
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Flg. 27C shows a situation that the card 161 is

_inside the feeding mechanism 188 and the driving roller

184 is halted. The above stated 1s a sequence of
operations for transmitting the card 161 into the feeding
mechanism 186. The card 161 can be sef along fhe X-axis
which 1is basls on the carriage base 189. _waevef, since

installing accuracy of the driving roller 184 is not

.¢clear and a p031tional relation between edges of the card

161 and the two rollers is not clear, ppsitioning along
Y-axis is not accurate. It is needed to correct the
positioning accurately by using a track seek mechanism
described later.: If the carriage base 189 is moved by
the track seek mechanism in this situation, the card 161
is extracted out of the carriage base 189 by pbwer of the
flaﬁ_spring 191. Therefdre, it is nécessary to push the
card 161 onto a base ;urface 189b of the carriage base
189 by a pressure pad mechanism stated later. After the
card 161 is pushed not to generate a slippage, a mo%ement
operation of the carriage basé 189 by the track seek
mechanism is startéd.

In Fig. 27A, a shape of an.access opening 189a for
turntable on the carriage base 189 is the same as an-
outline of a trackilocus of the magnetic card 18 shown in

Fig. 12B or as a shape of the optical recording layer

'150e of the optical card 150 shown in Fig. 22B. The
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access opening 189a is shaped to have a space not- to

contact a turntable 15.:r6tary'transformer holder 20 and

a turn table spacer ring 152 when the carriage base 189

. moves.

When the magnetic heads 13a and 13b need to contact
with a surface of the card 161, the magnetic heads 13a
énd 13b are placed fo be projected out of thé base
surface 189b of the carriage.base 189; When the base
surface 189b of the carriage base 189 needs to be a
standard plane of the magnetic heads 13a and 13b for
reading/writing or to be a standard plane of the optical
card 150 for readihg/w;iting, the upper part of an edge
15h of the turntable 15, the uppér part of an edge 20h of
the rotary transformer holder 20 or the upper part of the
turntable spacer ring 152 are made to be lower than the
base surface 189b of the carriage base 189.

‘A card support gﬁide 187a made of plastic is fixed
to a metal fitting of the.card side guide 187'and a card
support guide 187b made of plastic is fixed to a X-axis
basic side of the ca:riage base 183. A space.a little
larger than the thickness of the card 161 is between the
card support guides 187a, 187b and the carriage base 189.
The card suﬁport'gu%des 187a and 187b are for the card
161 not to be slipﬁéd from the carriage base 189 ﬁhehlthe

card is led in.
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Embodiment 21
Another card feeding mechanism is explained in
detail in this embodiﬁent. |
Fig. 28 and Figs. 29A and 29B show anothef

embodiment of the feeding mechanisﬁ. In Figs; 27A to
27C, the card 161 is led into the inside of the feeding
mechanism 188 by two rollers. - In this embodiment, the
card 161 is led into the inside of the feeding mechanism
186 by a broad belt 193.

| The broad belt 193 is installed between a belt
drivihg roller 184 and an auxiliary roller 195 attached
to the carriage base 189. Rotations of a stepping motor
and a direct current motor placed at the apparatus base
are conveyed to a gear 196:through a gear 197. The gear
196 fixed to a rotation shaft of the belt driving roller
194 moves the belt 193. In this way, the card 181 can be
led in and led out from the carriage base 189. There are
the card end guide 190, the flat spring 191 and the
optical sensorl192 in this method as well as the cases in
Figs. 27A to 27C. The way of setting the card 161 along |
Y-axis in this embodiment is the same as Figs. 27A to
27C. However, it isidifficult to correct the setting of

the card 161 along ?he’X—axis since there is a restraint

of the belt 183. Therefore, it is necessary to insert

i
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the card 161 through .the card inlet 170 by hand in order -
to keep thé card settiné along the X-axis accurately
before the card 181 contacts the belt 193.

Fig.28 shows a way of setting the card along the X-

‘axis. An X-axis reference guide 198 on the sub-base 167a

is for solving thé above problem.- A line a-b of the X-
axis reference'guide_198 is_the base for the X-axis. Two
flat springs 199a and 199b are fixed to a side plate 200.
The two flat springs push the card 161 being

transmitted to the line a-b of the X-axis reference guide
198.

Card support guides 187a and_187b made of plastic
are set at the X-axis reference guide 198 and the side
plate 200. There is a space a little wider than thé
thickness of the card 161 between a base surface of the
sub-base 167a and the card support guide 187a, 187b.

This is for the card 161 not to come off from the sub-
base 167a and the carriage base 189 when the card 161 is
led in. The line a-b of the X—axié reference guide 198
on the sub-base 1675 and the line X1-X2 oh the carriage
base 189 are aligned on the same iine in this embodiment.

Fig. 29A shows a side view of the belt and the card.
An advantage of using the belt 193 is that the card 161
is pressed unifonﬁiy ffoﬁ the abové when the card 161 is

led in and out from the carriage base 189. This means

hlS Sheet Has Been Relplaced'l 86




10

15

20

25

that the belt 193 also has a role of a pad stated iater.
Speaking gen;rally, an elastic material which can

somewhat extend and contract is good as the material of
the belt.. The material of the belt should also have
durability and much friction with the card 161. Of
course, the material of the belt driving rolier 194 gives )
effect on the méterial éf the belt. Depending upon the

material of the belt, there is a case of a distortion

being generated between the belt driving roller 194 and

the auxiliary roller 195. If the distortion is

generated, a tension roller 202 shown in Fig. 29A should
be installed. By pullipg the tension roller 202 in the
direction of the arrow, the belt 193 always gets a
specific tension.

Fig. 29B shows one embodiment of another method of'
usipg the belt. An advantage of this method is that

dynamic range.at right/left and front/back of the belt

._203 is small when the belt 203 rotates. Therefore,

rotation of the belt driving roller 204 can be conveyed
effectively to the belt 203. There is an uneven rack
portion 203a in the middle of the belt 203. The rack

portion 203a meshes with an unevenness of a gear portion

205 in the middle of the belt driving roller 204.

Diameter of central part of the auxiliary roller 206 is

smaller than the other not to contact the rack portion
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203a of the belt 203.
It is also acceptable for the shape of the auxiliary

roller 2086 to have a gear shape portion like the gear 205

‘as the belt driving roller 204. It s also acceptable

for not only having the rack portion 203a at one part of

the belt 203, but also having the rack portion 203a all

over the belt 203 and defining the whole part of the belt

‘driving roller 204 and the_auxiliary roller 208 as the

gear portion like the gear 205.

Embodiment 22

Figs. 30A to 30E and Figs. 31A and 31B ;how one
embodiment of a pressure pad mechanism applied on the
feeding mechanism. As the belts are used in the feeding

mechanism 186 in Fig. 28, the pressure pad mechanism is

| not needed necessarily. However. in the feeding

mechanism 186 in Figs. 27A to 27C, the pressure pad
mechanism of the present invention is necessary as well

as the setting mechanism of the X-axis and the Y-axis of

- the card 161.

. Figs. SOA to 30E show embodiments of fhe pressure
pad 207. The material of the preésure pad 207 in Fig.
30A has lots of smg}l stings 207a on the base 207b. Heads
of the stings are fine and roots of them are thick, or

the shape of the stings are like brush.of same thickness.
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The stings are made of elastic material, such as rubber
or plastic.” The heads of the stings are elastic enough

to bend when the pressure pad 207 pushes the card 181

from the upper side. Material of the pressure pad 207 of

Fig. 30B is made of styrene foam like a sponge. T@e
pressure pad 207 contracts whgn the pressure pad 207
pushes the card 161 from the upper side and the pressure
pad restores when the pressure on the card is removed.

Material of the pressure pad 207 in Fig. 30C is made
of the same material of fhe belt 183 in Fig. 28. The
material of the preésure pad 207 of Fig. 30C contracts
less than the cases of‘Figs. 30A and 30B whén the
pressure pad is pushed. However, the material of fhe
pressure pad 207 of Fig; 30C generates a large friction
against the movement of the card 181.

Regarding material'of the pressure pad 207 of Fig.
30D, the side contacting'the card 161 is made of the same
material as that of Fig. 30C, and the other side is made
of the material of Fig; 30B. Namely, the pressure pad
207 of Fig. 30D has each character of Fig. 30B and 30C.

In the case of Fig. 30E, the thin plate 154 of Fig.
21B is used as a part of the pressure pad 207. In the
case of the magnetic card reader, contact condition of
the magnetic héads/13a, 13b with the maénetic card la is

emphasized. In the case of the'optiqal card reader, a
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distance accuracy between the optical card 150 and
objective Ienses of the optical head 151 is emphasized,
because the obJecf lenses 151a and 151b of the optical 
head 151 are set away from the optical card 150 and the
optical card 150 is made of harder material than that of
the magnetic card la. Accordingly, it is‘péssiblé to
have a structure of the pressure pad 207 whereln the
elasticity with respect to up and down is lessened. In
Fig. 30E, the thin plate 154 and a thin material 155 is
used at the side contacting the optical card 150. A
ﬁaterial 156 which is the same as the elastic pressure
pad 207 used in Fig. 30B is combined.

~ Fig. 31A shows a structure of a pad frame 208 for
setting the pressure pad. The pressure pad 207 is set
inside of the pad frame 208. (In this case, the material
of Fig. 30D is used.)

Fig. 31B shows a situation that the pad frame 208 is
fixed to the carriagg base 189. The pad frame 208 and
the carriage base 189 are connected by a hinge 209 and it
can be opened and closed by a lever 212 in the direction
of the arrows. In the card reader 160 of the present
invention, after leading the card 161 to the carriage
base 189 of the feeding mechanism 186 and pushing the
card by the pressu;e pad 207, the carriage base 189 is

moved and information writing/reading operation is
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started as stated later. Then, the carriage base 189 is
returned touthe original position to extract the card 161
out of the apparatus and the extracting operation is
exécuted by moving the pressure pad 207.

In the present invention, the pad frame 208 is
aiways down onto the carriage basé 189 except'the'time of
operations of'leéding the card in and out, for the
purpose of making the hérmful influence of dust from the
outside as little as possible;

Figs. 32A and 32B illustrate operation of the pad
frame.of the feeding mechanism. Fig. 32A shows a
situation that data wpiting/reading operation is ready to
start with the card 161 in the feeding mechanism 186. - In
Fig. 32A, the feeding mechanism 186 is moved away from
the driving roller 184 and the guide roller 185 placed at
the apparatus base by the track seek mechanism described
later. Fig. 32B shows a situation that the driving shaft
211'is moved upwards,-the lever 212 is lifted and the pad
framé 208 is open, by sending direct current to terminals
a and b of a solenoid 210. _After the card is led in, the
pad frahe 208 can be closed by the power of an extension
spring 213 since upward power of the driving shaft 211
becomes zero by tur?ing off the direct current of the
terminals a and b of the solenoid 210.

Fig. 33A shows a detecting sensor for judging
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whether the card 161 is between the carriage base 189 and
the pad frame 208 or not.

fixed to the back side of the carriage base 189 in Fig.

33B.

As shown in Fig. 33B..a_detective end 215a is a

"

b}

little protrudent from the carriage base 189.

through hole 217 in the pressure pad 207.

161 is not inside,
switch 215-is protrudent and its electrical output is
- off.
the detective end 215a becomes hollow since the cafd 1861

is pushed by the=pressure pad 207 and its electrical

As shown in Fig. 33C, when the card 161 is led in,

output becomes on.

mechanism 186 against the head assembly of the card

. Embodiment 23

reader will now be explained in detail{

mechanism of the card reader.
mechanism, a plurality of linear guide bearings 218 are
installed at the side of the carriage base 189 shown in

Figs.

leaf
base

rear

27A to 27C. A needle 219a and a pre-load spring
219b are installed at the other side of the carriage
189. The linear guide bearings 218 assist front and

seek operation of the feeding mechanism 186 through

When fhé card

rrcer

A small micro switch 215 is

There is a

the detective end 215a of the micro

A track seek mechanism for moving the feeding

Fig. 34 shows-one embodiment of the track seek

In the track seek
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a guide rod 220. A stepping motor 221 is used as a
driviﬁé power of the feeding mechanism 186 in this
embodiment. The stepping motor 221 includes two pafts, a
stator and a rotor. By sending phase pulse current into
plural coils in the stator,_a rotating power 1s generated
between the stator and the magnet.in the rofor. Theﬁ, )
the stepping motor can rotate right and left as much as
the angle corresponding tb value of pulse. As the rotor
of this invention is unified with a lead screw 222, the
rotation of the rotor is conveyed to the lead screw 222.
A needle 219a is-buried diagonally inithe spiral root of
the lead écrew 222. A pre-load spring leaf 219b at

opposite of side of the lead screw 222 assists the mesh

- of the lead screw 222 and the needle 219a. The basis of

the track seek mechanism is to convert the rotation of
the lead screw 222 to a direct movement of the needle
219a. Accordingly, the right and left rotation of the
stepping motor 221 makes the feeding mechanism 186 move
forwards and backwards.

Although a voice coil motor good for high speed is
used in the conventional hard disk device to shbrten
access time, the voice coil motor has a defect that it
gets shock easil& agd consumes a lot of electricity.
The reason for usiﬁé the stepping motor 221 in the

embodiment of the track sgek mechanism of the present
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inventipn is that the stepping motor does not get a shock
easily nor cg;sume a lot of electricity,. However, a
moving speed of the stepping motor 221 is slower than
that of the voice coil motor. The stepping motor is
appropriate for a recording device in an apparatus driven
by battery, such as a pbrtable information apbaratﬁs. It ]
is possible to use the voice coll motor which is high
speed in this card reader 160 when it is not necessary to
bé portable and it is important to shorten the access
time. A turntable with some heads (magnetic head or
optical head) for writing/reading data on the card 161 is
rotated in high speed to make the access time sporter.
Some obstacles caused by the above high speed rotation in
the magnetic card reader for example, can be removed by
applying a float mechanism which floats a magnetic head
13a or 13b abqve the magnetic card la. Because a
friction and an injury are not generated. Although the
case of recording by contact is explained in the above
embodiments, the case of the magnetic card reader having
the float mechanism can be also acceptable.

The pressure pad in the pad frame 208 shown in Fig.
34 is hollowed roundly. Because the height of the base
surface of the carriage base 189 (wherein the card 161 is

led in) should be cofhcident with the line'where the

driving roller 184 contacts with the guide roller 185
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shown in Figs. 27A to 27C. Besides, the line where the
two rollers contact should be close to the base edge of
the carriage base 189. The round hollow is cur#ed

largely for the pad frame 208 opening and closing.

Embodiment 24

Now, card bositioning mechanism fbr positioning the
card on the specific position of the card reader
accurately Will be explained.

Figs. 35A to 35C show how the card of the cérd
reader of the present invention is set on the carriage
base. Fig. 35A shows an assembly structure of the pad
frame 208 and the pressure pad 207. A optical sensor 258
is inserted and fixed into a through hole 259 iﬁ the pad
frame 208 and the pressure pad 207.

The pad frame 208 is fixed to the carriage base 189.
When the card 161 is led in, the optical sensor 182 on
the carriage base 189 shown in Fig. 33A detects the card.
In this case, the pad frame 208 comes down and the .
pressure pad 207 fixes the card. However, it is

sometimes difficult to position the card accurately

- because such an accuracy depends on accuracies of the

rotation of the driving roller 184, positioning by the
card side guide 1§% and detection of the optical sensor

192. In this embodiment, an accurate positioning of the

“his Sheet Has Been Repl

.




10

15

20

25

card is executed by using the optical sensor 258. Fig.
35B shows a--positioning mark 260 havihg white areas and
black areas printed on the card 161;' The optical sensor
258 detects this positioning mark 260 and figures out the
setting position.

Fig. 35C shows signéls detectéd when thé opticai
sensor 258 detects the positioning mark 260. The optical_'
sensor 258 has two channels, namely has two paifs of
reflection.type sensor made of photo diodé and optical
tranéistor. Each output from each optical sensor is
defined as S, or.S,. It is also defined that an Qntput
voltage of white area is Vland.that of black area is V,.
Outputs of S; and S, depending upon the detected poéition
of the positioning mark 260 are shown in Fig. 35C. The
most appropriate point for positioning by each sensor is
on the border between the white area and black area of
the pésifiohing mark 260. The border lies on thé point
where the output.voltage of §; or Sy is V, / 2 plus V, / 2.
Accordingly, when the optical sensor 258.comes tooA - B
shown in Fig. 35C, the most appropriate positiqn'is set.

‘The card positionihg mechanism of fhe card 1861 of
the present invention uses the stepping motor 221 as an
embodiment. Geheral}y; the stepping motor is mainly used
in the positioninglﬂéchanism whose track density is low,

for recording device such as floppy disk drive. Based on
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. output voltage of S; and S; of the optical sensor 258 in

a servo signal recorded in a recording medium in advance
for positioning, servo control method is adopted. A high

accurate positioning operation is executed by controlling

- phase current of the stepping motor 221 based on the

the present invention.

Now, one of the card holding mechanism, whose pad
can be open, will be explained.

Fig. 36 shows aﬁother embodiment of the feeding
mechanism. A.card holder 399 is installed between the
preésure pad 207: and the carriage base 189. The card
holder 399 is for positioning the card 161 onto the
carriage base 189 accurately.

Fig. 37A shows the card holder 399. A flat portion
3995. shown shaded in the figure, is fbr putting the card
181 on. The flat portion 399a 1is 1oﬁef'than a frame
portion 399b and h;s-a notch 399c¢c. Positioning pins 400a
and 400b are placed where the pressure pad 207 fixed to a
cover 393a does not.cbver.the positioning pins 400a aﬁd
400b in assembling. In the center of the card holder
399, there 1is an access opening 18%a for turntable.

There also is a through hole 401 for sensor part of the
micro switch 215 (not shown) on the card holder 399.
Cylindrical jointsd402a'and.402b for connecting with the

carriage base 189 are installed at the side.
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Fig. 37B'shows the card 161 used in the present
invention. - The card 161 has holes 405a and 405b for

positioning, at the upper'right-aﬁd left. Fig. 37C shows

‘a situation that the card 161 is in the card holder 3929.

The card 161 can be put and taken easily by ﬁsing the
notch 399c. . -

Fig. 37D shows a section in the situation that the
cover 393a is pushed onto the card holder 399. This card
holder 399 is fixed to thé_carriage base 189 by the
pressure pad 207. Thé Joihts 402a and 402b shown in Fig.
37A are hinged'through a cylindrical pole 404. The card
holder 399 can open around 45 degrees from the.surface of
the carriage base 189, with one or two torsion springs |
4086. Torsionlsprings.407a (not shown) and 407b are fixed
to the inside or the outside of_the.pad frame 208 and the
carriage baée'189. The pad frame 208 and the carriage'
base 189 are usually closed tdgethef. _The driving shaft

211 of the solenoid 210 dfives a lock release lever 395.

_The lock .release lever 395 gets 1ﬁto a side slit 396 of

the carriage base 189. A projection 408a at the top of a
latch 408; made of material of'spring'anﬁ inside of the
pad frame 208, comes apart from the coﬁcaVe (not shown)
of the cafriage:baseilse. . The pad frame 208 caﬁ'be open
by lifting the cover 393a.

When the pad frame 208 is cipsed, the projection
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408a of the latch 408 meshes with the concave of the
cerriage ba;e 189. A direct current motor 22, a
turntable 15,'and a rotary transformer holder 20 under
the carriage base 189 are omitted in Fig. 36. Magnetic
heads 13a and 13b in the case of the magnetic card

reader, objective lenses 151a and 151b in the case of the

optical card reader are also omitted. Regarding

- structure of the track seek mechanism, there are the

stepping motor 221 and the lead screw 222 which move the
carriage base 189, on one side, which is the same as Fig.

34. The lead screw 222 1is between'the'needle 219a and

"the pre-~load spring leaf 219b The linear guide beariﬁg

218 and the guide rod 220 are on the other side.

In Figs. 32A and 32B, one side of the pad frame 208
and the carriage base 189 is.lost in order to feed the
card 161 by the driving roller 184 and the guide roller
185.. The pressure pad 207 can be seen'from the outside.
Method of feeding the card 161 in Figs. 37A to 37D is
different from Figs. 32A and 32B. In Figs. 37A to 37D,
the pad frame 208 and the carriage base 189 have all the
sides like a box and the box.can be opened. The respects
of having the micro switch 215 on the carriege base 189
and the through hole 217 eh the pressure pad 207 for

detecting the card 161 shown in Figs. 33A to 33C are the

same in Figs. 37A to 37D.
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will be explained. Each recording track is composed of

Embodiment 25
In this embodiment, one example of a recording

format of the track for reading and'writing'on the card

pluralISectors.
Figs. 1 to 37D explain the card readers 160 and the
card'161 of the present invention mainly. Figs. 38A to

38C show one embodiment of the sector format. The card

'.reader 160 has a plurality of two arc tracks on the

‘concentric circle which are symmetry in right and left.

The card reader 160 performs data reading ahd_writing'by
one or two magnetic head or optical head. Recording
tracks 63a and 63b are divided into plural sectors as
shown in Fig. 38A. Format shown in Fig. 38B is applied
in each sector. This format is almosf the same as the
format used in floppy disk drive, optical disk drive and
hard disk drive. However, the format'cah be different
depends upon the used system.

In the case of the magnetic card of the present
invention, the magnetic card reader can itself write
preamble, sector synchronization, sector address and
preamble; frame_synghronization, data. in the case of
the optical card.'ihe preémble. sector synchronization

and'ppe sector address should be stored in advance
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depending upon the medium and then the preamble, frame
synchronization and data are written by the optical card
reader.

In this'invention. sector pﬁlse showing the original

point of each sector is not generated from data on the

~medium.. An optical encoder 261 is installed in a fotor

22b in the direct current motor 22 shown in Fig. 38C.
The optical encoder 261 is made_of round -paper or round
plastic and has slits. An optical sensor 286la of
reflection type is installed in_the magnétic.circﬁit of a
stator 22a. Slit data of the optical encoder 261 is
converted to pulse signgl bi the optical sensor 261la.
This converted signal is used as the sector signal.
Fig. 39 shows the way of making index signal from.
the sector signal 1n.F1g. 38B. The (1) in Fig. 39 is a
sector pulse signal stream. When the'pulse signal
becémes_down, a retrigger type one-shot circuit 262 is

activated. Supposing that a time constant of one-shot

_ circuit 262 is a time width obtained by adding the time

width between the sectors td_the time width of the sector

pulse, output of the retrigger_type one-shot circuit 262

~can be shown as (2) in Fig. 39. The pulse in (3) shows

output df an AND circuit 283 of the.signal in (1) and
signal in (2). Thig-puISe is called the index pulse and

emerges at the head of the recording tracks 63a and 63b.
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The above sector pulse and the index pulse are used for
operation timing of the_card reader 160 or used as a
reference signal for writing/reading operation when sent

to the controller {not shown) of the card reader.

Embodiment 26

The relation between the whole apparatus of the.card
reader after assembling stated 1h the.above embodiments -
and the card installation will now be explained.

Fig. 40 shows the whole.structure of the cara reader
of one_embodiment of the present invention. The sequence
of .the card inserting and extracting, and the outline

structure of the card reader 160 of the present invention

-without a cover 188 are explained as follows.

(i) Case of feeding the card into the card reader
First, the overhung door 173 is opened and the card
161 (not shown) is inserted along the sub-base 167a,

through the card inlet 170 of the front panel 1869. When

~the card 161 made of insulator is led in, thg sub-base

167a is contacted by the card 161 and the detecting
element 176 in conduction becomes nonconductive. An
inside control circuit of the card reader detects this

situation. Then, the solenoid 210 is moved to push up
p

‘the lever 212 of the pad frame 208 and an opening for

passing the card 161 is'made between the carriage base
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189 and the pad frame 208.

Secondi;, the direct current motor (not shown)'or
the stepping motor (not shown) is rotated. The driviﬁg
rolier_184 receives the above rotation And rotates with
the guide roller 185. Then, the card 161 is led into the
inside of the carriége_base 189.. The card pbsitidning )
along the X-axis and Y-axis 1s fixed at this time by thé

card side guide 187a, the card end guide 190 and the

optical sensor 192 of the carriage base 189 éhown'in-Fig_

27. When the solenoid 210 becomes off, the card 161 is
stuck between the carriage base 189 and the pressure pad
207 in the pad ffame 208.

The above operations ére under control of the inside
of the card reader 160. After feeding the card is
finished, signal telling the finish is sent to.a
controller outside of the card reader 160...These are
what done until the card 161 is led into the inside of
the card reader 160.

(ii) Case of the card already being inside the card
reader |

_If the power switch 1s turned on again after turning
it off at the end of the déta reading or data writing of
the card 161, the cgrd 161 is still inside the card
reader 160. "In this case, the inside controller circuit

does not make the driving roller 184 and the solenoid 210
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move even.though the detecting element 176 tells a
detection 'of a new card. Because the micro switch 215
shown in Figs. 533,'330 has already detected the card 161
being installed. |

(iii) Case of leading the card out

The card 161 can be led out.of the cafd reader 166 )
when an ejeet button 171 6f the front panel 169 is pushed
by hand or an order of eard ejection is sent from the
controller.

The solenoid 210 shown in Fig. 32A is operafed based
on the order of card ejection. The_driving shaft éll
goes up and makes the_pad frame 208 open. Ae nothing
restrains the card 161, the card 161 is pushed forwards
by power of the flat spring 191 at the back of the card
end guide 190 on the carriage base 189.- When the
solenoid 210 operates, the direct current motor (not
shown) rotates and makes tﬁe driving roller 184 and the
guide roller 185 rotate. Since the card 161 is pushed
forwards by the card end guide 190, the cerd 161 is put
between the driving roller 184 and the guide roller 185.
The card 1681 is led out through the card inlet 170 by the
two rollers. | |

Whether the card is led out or not 1s detected by
the detecting element 176 at the back of the card inlet

170. Wheﬁ the card 181 passes under the detecting

h|s Sheet Has Been R

e

104




10

15

20

© 25

element 176, no electrical conduct can be made.betweenl
the detecti;é element 176 and the sub-base 187a. Then,
rotation of the driving roller 184 is stopped:after

rotating for a while. Speed of leading the card out is

set at slow in the present invention. The card 161 is

set to stop at the place a 1itt1e'away from the dfiving

roller 184 and the guide roller 185 based on spring power

of the defecting element 176 evén when the card readef
160 is put sideways. The nonconductive situation lasts
until the card 161 at the card inlet 170 is pﬁiled out.
To start-agéin. taking the card 161 out by hand,
making the detecting e;ement 176 be in the original
situation and putting fhe card again through_the card
inlet 170 are necessary. The conductive and unconductive
signals are used in circuits inside the card reader 160
and sent to the controller.
| Now, necessary structure eleménts in the card
reader 1860 which have not been explained will be
described in reference to Fig. 40. An interface
connecfor 268 and a power connector 267 are installed in

a back panel 265 and they are connected with a circuit

board 268 in Fig. 40. Circuits for_wfiting/réading

data._controlling the stepping motor, cdntroiling the

~direct current motd}. controlling the solenoid and

controlling the inside including output process of
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various sensors are on the circuit board 268.

A stopper 269 for stopping a wrong motion of the

" carriage bése 189 by misoperation is installed on an

apparatus base 21.. A micro switgh 270 next to the
stoppef 269 detects the wrong motion. A optical sensor
271 for detecting home position is also installed on the ~
abparatus base 21. The optica1 sensor 271 generates a
signal when an optical shield plate 272 at the side of
the carriage base 189 passes. Leading thélcard 161 in

and out of the apparatus can be possible at the position

- where the above signal is generated.

The optical card reader of the present invention
gets the card into the inside with the card holding

mechanism when the card is put throﬁgh the card inlet by

-hand. Then, the card is set at the specific pqsition to

be prepared for writing and reading.

When extracting the card is directed, the card

- holding mechanism releases the card and leads the card

out through the card inlet.

Embodiment 27
Qutlines of circuits for controlling the card reader
and writing/reading data are described as follows.

'Fig. 41 shows a block diagram of circuits in the

card reader. An internal controller 273 receives a track
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address, sector address, head number, clock signal,
read/write command and recording data, from an external
card reader control circuit 312 (not shown), through the

interface connector 266. The internal controller 273

" sends a clock signal for reproducing data and a signal

for detecting error, towards the éxternal_cafd re&der
control circuit 312. The internal controller 273 sends
encéded recording'data generated inside, a read/write
control signal and a head selection signal to a
réad/write circuit 274. The internal controller 273
receives an encoded data from the read/write circuit 274
and decodes it into the original data. A.diregtion
signal for the stepping motor 221 going forward or
backward and pulse humﬁers are sent to a stepping motor
controller 275. An on/off signal for the direct current
motor 22 is sent to a DC motor contfoller 276. A
rotation direction signal énd an on/off signal for the
direct current motor 279 are sent to a DC motor

controller 277 for driving roller 184. An on/off signal

. for the solenoid 210 is sent to a solenoid_cohtrolle;

278. Outputs from a micro'switch 270, an optical sensor

228, a micro switch 215, a photo sensor 258 and an

optical sensor 192 are necessary signals for controlling

the sequence in theginternal controller 273. The micro

switch 270 arranged inside the card reader is for
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detecting an overrun. The optical sensor 271 is for
detecting a-ﬂome position. The micro switch 215 is for
defecting the card on the carriage base 189. .The optical
sensdr 258 is for detécting a positioning mark of the
card_161. The Opticai sensor 192 is.for detecting a
pésitidn of Y-axis of the card 161 on the caffiage.base

189.

Embodiment 28

Feature of the card 161 of the present invention

will be described.

The card reader 16Q of the present 1nvehtion as well
as a 375 inch floppy disk drive which is mainly used as a
recording media interchangeable type of recording device,
can be used as a file of é.computer and a.wordprocessor.
The card reader 160 can be also used for recording mediﬁm
of a card used in shopping, game, gétting information,
studying, understanding operation of é machine and so on.
The getting information inciudes information on traffic,
hotels, geoéraphical and'historical_background of some
place, news, books, companieé, advertisement.énd SO on.

(A) Card operatidn

The conVentiona% prepaid card, such as telephone

card has a magnetic'}ecording track along the long side

of the magnetic card. Since'access of a specific
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"direction along the long side of the card is bnly

acceptable conventionally, it is necessary to insert the
éard in a correct direction if the card has been inserted
wrongly into the magnetlic card reader. However, the card
161 used in the card reader 160 bf the present invention
can be acceptable 1ndepend¢nt of the direction ofltﬁe'. )
long side with respect to front or rear as long as the
card is inserted into the card reader 160 with data
recording side below. Namely, data reproducing operation
can be started even when the card is inserted oppositely
with respect to front and rear.

The locus of the magnetic recording track has been
explained in Fig. 12B. The format of right and left arc

reéording track of the magnetic recording track is almost

same as a format for hard disk drive, floppy disk device

_and optical disk drive. Even when the magnetic card la

is inserted into the magnetic card reader oppositely,
data on the track can be read accurately since rotation
direction of a recordihg track 63 with respect to a

magnetic head 13a or 13b is 31Ways relatively the same.

The address alignment of the track and the direction of

the magnetic card la can be detected in the magnetic card
reader. In this case, thé direction of the magnetic card
la is known from a&ﬁress information of the outermost

tracks. The track detecting operation responsive to a

. “his Sheet Has Been Relplaced'l

A




10

15

20

25

direction on track address from the onfside controller is’
performed. ;%y having dgta'on track address in the
magnetic card la converted reversely with respect to
front and rear,.the track detecting operation can be
performed. The track detecting operation can be

performed without changing the direction of the magnetic -
card even when the magnetic card is inserted opp031tely
It is necessary to have another positioning mark 260
shown in Fig. 35B on the card 161 for realizing the.
above. | |

When sector=informatiqn including servo 1nformétion
is récorded_in each recording track of recording medium
in advance, positioning of the cdard can be pefformed
withoﬁt using the above positioning mark 260._ For
example, when servo information which extends to a
neighboring track is put in a fegidn of preémble, sector
synchronization, sector address information in a sector
format as shown in Fig. 38B, positioning the card can be
performed without using the'abdve pOsitioning mark 260.
The above servo information includes Servo paﬁtern for
sector servo used for a hard disk drive.

(1_3) Facility in data detection

As described in Fig. 12B, the recording tracks are.
aligned at regular {ntervals alnng the long side_of the

card 161. Access operatibn of forward and backward along
___/__:_-:————I .
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the long side of the card 181 is needed to get contiguous
data. Senteaces of a book are extended continuously, for
examp;e. When the contents of the book is stored in one
card, it is-possible to reproduce data on the book from
the card 161 sequentially by following tracks one by one
from the first track of the card 161 like a floppy disk
drive or disk drive.

(C) Multiplexed magnetic recording method

Magnetic writing/reading methods using one or two
magnetic heads have been explained in the above. .Common
respects in the above methods are to record data at
eufface of the magnetie recording medium and to write new
data over the old data. By writing the new data over the
old data, the old data can be deleted and only the new
data can be stored. As long as gap 1en§th and gap depth,
material character of.magnetic core, core width and such
of magnetic.head are the same in drives, chh drives can
be compatible. This means that new data can be recorded
in a track of the magnetic card la where another data was
already recorded in other drive. .What described above is
an essential condition for a drive whose medium is
interchangeable

The card reader 160 and the card 161 of the present
invention meet the above condltlon. It is also

acceptable to apply a multiplexed magnetic recordlng
I —
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method for the purpose of multiplying functions and
usages. In‘&agnetic tapé drives and such, method of
recording data at deep place of medium by magnetic head
of Iong.éap length and ‘then recording data at surface of
the medium by magnetic head.oflshort gap length is used.
Generally, it is difficult to deléte data recorded by the
maéneticnhead of long gap length, using the magnetic héad
of short gap length. In this case, if there is a big
difference between the long gap length and the short gap
length, only a paftial magnetic condition at the éurface
changes. The magnetic card where data recorded in'
advance by special recqrdihg drive.for deep place is used
in this invenfion. Otherwise, method of making gap
length of one'of two magnetic heads 13a and 13b long and
making the gap 1ength of the other of the two short is
acceptable in the present invention.

There are two methods for réproducing data recorded
multiplexly. When data was recorded at deep place in
other drive and gap leﬁgth of magnétic head used in

reproducing 1is short, 6ne of the above twd methods is

applied. The one of two methods is to produce data at

deep place and surface simultaneously and to separate two
signals by filter. As frequency of data recorded at
surface is generall§ defined to be more than ten times as

much as data recorded at deep place, it is easy to

112 hIS Sheet Has Been Relil
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separate thém at signél reproducing process.. The other_'
method is to-;eproduce data using two magnetic heads.'one
of which is the same magnetic head used in recbrding at
deep place aﬁd the other of which is a magnetic head for
surface recording. Since the maénetic head whose gap
length is long does not have a good charactefistic-for
high frequency, output signals read from surface become
small. Further, it is possible to take out data récdrded
at deep place finely by using low-pass filter. On the
other hand, signals of low frequency recorded at deep
place can be removed from output of the magnetic head fit
for surface recording, by using high-pass filter.

‘By using this procedure, it is possible to apply a
method which is the same as servo method used in hard
disc drive, for example. The servo method ié reproducing
servo information recorded in servo plane by servo head
and positioning head based on the reproduced servo'
information. There 1is a method.that a magnetic head
having long gap length 1s used as one of the two magnetic
heads 13a and 13b for reproducing servo information and a
magnetic head héving short gap length is used as the
other of the two magnetic heads for writlng/reading data.
There is another meth?d of reproducing.servo information
and data simultaneously by two maghetic heads having

short gap length and separating them into two signal
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sources by signal process circuit. There is anothef
method that?one of the two magnetic heads 1is exclusivél&
used for writing/reading servo information and the other
magnetic head is used for writing/reading data. Namely,
in this case, the drive has a function of writing And
reading the servo informatioh 1tsélf. |

Another method that speech and sound are.reporded at
the deep piace and data and image information which are
rewritten frequently are recorded at the surface can be
applicable. Method of récording_information seldom
rewritten at the.deep placé and information frequently
rewritten at- the surfape caﬁ be also applicable.

(D) Combination with image information

Prepaid Eard in market, such as telephone card and
ticket machine card, shows image information by color
print or picture and necesséry informatioh on issue,
brice and usage, on the surface of the card. éuch image
information is useful for identifying kinds of cards.
Regafding important information such as price
information, amount is shown at the edge of the card and
consumed price is recorded by punching the card and .
storing data on conéumption in a sﬁripe magnetic
recording mediuh of the card back side.

On the top siéé of commuter pass issued by Japan

Railway, section, period, name and age of user are shown
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and in back side magnetic.recordiné medium, data on the
above inform;tion is reoorded in code.

The mégnetie card and the optical card of the
present invention as well as the above prepaid card and
commuter pass can show image information for identifying
card kind and can show any number and any 1anguage
together. The most characteristic respect of the
magnetic card and the optical card of the present
1nvention is that information shown on the top side of
the card and information recorded in the recording medium
in the back side.of the card are indivistble. Namely,
consistent information oompoeed of the above two
information can be provided. Titles of plural
information recorded in the back side, ohart. picture,
position of recorded information and important points of
the contents are shown on the top side. Information
recorded in the back side can be knoﬁn based on the
information shown on the top. The magnetic card and the
optical card of the present invention can be also used as
a speech recording/reproducidg device through a card

recorder.

Embodiment 29

i

Mechanism of regding/writing with the card holding

mechanism staying and with head rotating and moving
/ .
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_sideways will now be explained.

Fig. ‘42 shows another embodiment of the card.reader.

In Fig. 34, the carriage base 189 of the feeding
mechanism 186 was moved by the stepping motor and the
turntable 15 and the direct current motor 22 are fixed to
the appératus base 21. On ﬁhe other hand, the carriage
base 189 of the feeding mechénism 186 is fixed to.the
apparatus base 21, and the turntable 15, the direct
current motor 22 and other attachments are moved in this
embodimént. In Fig. 42, the stator 225 (not shown) of |
the direct current motor 22 1s.f1xed to a head assembly
mechanism 280. The rotor 22b (not shown) and the
rotation shaft 16 move togethér; The turntable 15 ié
attached to the fotation shaft 16 and the turntable 15

rotates with the rotation shaft 16. A rotary transformer

- holder 20 is fixed on the head assembiy mechanism 280.

Mechanism of mdvement of the head assembly mechanism
280 is the éame as- that of the carriage base 189 in Fig.
34. A guide rod 220 penetrates through a linear guide
bearing 218 at oﬁe'edge of the head assembly mechanism

280. The guide rod 220 can move back and forth. A

needle 219a and a pre-load spring 1eaf 219b are fixed to

the other edge of the head assembly mechanism 280 firmly.
A lead screw 222 is fixed to the rotation shaft of the

stepping motor 221 and a needle 219a is fixed to root of
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the lead screw 222. There is the pre-load spring leaf
219b at the-;pposite side of the lead screw 222.
Rotation of the lead screw 222 is converted to a direct
movement by the needle 219a;

Feature of this embodiment 1s that thé head assembly
including the turntable 15 and maghetic heads 13a and 13b
moveé rOtating'on the head assembly mechanism 280 within

an access opening 189a for turntable. Comparing with the

driving method of Fig. 34, the driving method in this

embodiment has an advantage that depth of the drive can

be shorter since.it is not necessary to move the carriage

base 189.

Embodiment 30

In the following, it will be explained how the
thicknesé of the protect layer, which provided abo#e the
magnetic layer of the magnetic éard. influences to the
reading performance of each of two kinds of heads; the
magnetic héad, e.g., the coil-type magnetic heéd 13a or

13b on the turntable 15 and the MR head (Magnetic

Resistive head) shown in Fig. 11B.

Fig. 43A shows the relationship between the coil-
type magnetic head agd the reading track. In Fig. 43A,
the information has’Been_already written in the recording

track 63 on the magnetic recording medium 62 and the
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magnetic flux & is always generated between magnetized S
pole and N-ﬁble. By moving the magnetic recording medium
82 to the direction shown by the arrow F in the figure, a
part of magnetic flux & flows from the edge of the head
core 59 of the coil—tyﬁe magnefic head, and the magnetic
path is geherated betweén the edge of the head core 59

and the magnetic recording medium 62. The magnetic flux

'® crossing the head coil 61 changes'as time passes, and

the change is detected as the reading signal by the

termin#ls a and b. The reading performance of the coil-
type magnetic head is determined based on the magnetic-.
material of the head core.59, the length of the magnefic

path and the length or the width of the head gap. The

greatest cause is the distance d between the head core 59

and the magnetic recording mediu@.az which determines the
amount of the floﬁ of the magnetic flux & from the
magnetic recording medium 862. |

- Fig. 43A shows the MR head and the recording track.
The magnetic flux ® generated from the recording track 63
crosses the MR element 501 and the resistanéé
corresponding to the amount of the magnetic fluxl¢ is
generated bétween'the terminals 501c and 501d. The
difference between the reéistancé value at that time and

i

the resistance valué of the case when the magnetic flux ¢

is zero is'used as the reading signal.
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The MR element 501'15 easily influenced by fhe_
outside mag;étic fieid, not only by the magnétic
recdrding medium 62. Accordingly, the MR element 501 is
usually covered with the thin magnétic shield film to
eliminate the influence of the outside magnetic field
except the magnetic fiux d from the recordiﬁg traék 63 on
the magnetic recording médium 62. Recently, a hugé MR
element which can obtain higher output than fhe
conventional MR element has been in a practical use, in
which a thin metal film is inserted between the thin MR
films of NiFe/Co, Co/NiFe to generate a little magnetic
field.

Fig. 43C is an experimental'result showing the
relationship between the étandardize& Oufput of the coilF
type magnetic head and the MR head, which are shown in
Fig. 43A and 43B, and the.distance d between the head and
the magnetic recording medium. In.the gxperiment, the

standardized output of the above two kinds of the

.maghetic heads are compared on the same track on which

the information has already written using the séme
magnetic recording medium with the same distance d. The
standardized output of each head is noted while the_
distance d changes. The declining ratio is obtained by
plotting the experimental result. Generally, if the

medium is magnetized with an ideal sine-wave, the
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distance loss (dB) is obtained by the formula ~K:d4/X when-
the distdnce is d, the recording wave length A; and fhe
loss constant K. The'ldss constant K is determined based
on the characteristics of the medium and the head. As
shown in Fig. 43C, the MR head has smaller loss constant
K and is influenced by the distance.d less than the.
above—mentioned coil?type magnetic head. .Therefore, the

MR head is suitable for the magnetic card with thin non-

magnetic film overcoated on the surface of the magnetic

recording medium. The magnetic card.of the invention
will be explaineﬂ'in the followiné.

Generally, there ére two kinds of magnetic cards; a
magnetic card without éﬁ.overcoat on the surfaée of the
magnetic.recording medium and a magnetié card with a thin
non-magnetic film overcoated on the surface of the
magnetic recording medium. Two cases will Be explained
on using the coil-type magnetic head against these
magnetié cards. In case of the former magnetic card, the
reading performance of the head is influenced only by the
roughness of the suffaée and the lubficating 1ayér of the

magnetic recording medium, and the distance d between the

) .magnetic recording medium and the head can be almost

ignored as well as the case of the magnetic tape. The

magnetic card of this kind can be used as a recording

medium of huge capacity which has a high recording
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density and a good reading output. However, in the

- latter case, the thicker the non-magnetic film becomes,

the bigger the distance d is. The card thus cannot get a

high recording density and a good reading output as well
as a telephone card or a commuter pass of Japan Railway
Co. which are commonly used today. The.usé'of the
o#ercoated magnefic card 1is thus liﬁited.

When the MR head is used as a reading'head, a high

-recording density and énough distance d can be got, which

ié difficult td get using the conventional coil-type
magnetic head. In the experiment, a magnetic recording
medium holding 1500 oersted is.used. The eiperiment
resulted in good enough.for practical use in respect of
SN ratio; 7500ffp1/ 100tpi when the distance d is 0.5 pm
(including a slight roughness of the surface of the
maghetic reéording medium), 2500frpi/ lootpi when the
distance d is. 1 pm. The above result ié'obtainéd by only
one experiment; however, it 1s expected that the higher
recording density could be obtained by further
improvement of the magnetic recording mediuﬁ and the MR
head. |

It is the main purpbse of using MR head provided
with_the magnetic Eard reader. in the present invention to
minimize the output loss caused by distance d by the

overcoat. While, the magnetic tape drive or'the fixed
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magnetic disk drive uses the Mk head_fqr a different
purpose, thaﬁuis, to.get a high bit density and a high
track density for 1lncreasing the recording capacity;
since the MR head could be manufactured Qith thin film
technology and possible to ﬁanufacture finely and |

precisely.

Embodiment 31

Fig. 44 is a sectionallview of the magnetic card for
using the MR head of the invention as a reading head.

The conventional prepaid card, whiéh is commonly
used, consists of protective 1ayer; print layer, base
(milk-white colored PETikpolyetherne terephtaléte)),
magnetic recording 1ayer,'silver layer and print 1ayér

(layers are noted from.the surface of the card). In the

- present invention, the overcoat of non-magnetic film of

.the magnetic card corresponds the above silver lgyer.

The conventional silver layer has an overcoat of non-
magnetic film having more fhan some pm thick, while the
magnetic card la of the invéntion'has an overcoat of non-

magnetic film having only less than 1 pm thick, which is

- lubricant enough for long-time sliding of the head. In

Fig. 44, protective layer 502, print layer 503, base
(milk-white colored PET) 504, magnetic recording layer

505, and protective layer 506 of non-magnetic film are
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layered in order. In the magﬁetic card la of the
invention.-;nother print layer to cover the protective
layer 506 could be provided. However it is not |
recommended because it expands the distance d between the
head and the magnetic recofding layer 505. If another
print layer is need, the area excépt the accessibie area-
of the head can be used. For example, outside aréa of
the area 150b, 150e and 150g which are shown by oblique
lined part of the optical cérd in Figs. 22A to 22C can.be
used. Areas A and B of the magnetic card which are shown
in Fig. 13 can be used. As described above, the magnetic
card_of the ihventioh_gan obtain two—digit'as.large
recording capacity as the conveﬁfional prepaid card by

providing the MR head and the protective layer 506 of

less than 1 pm on the magnetic recording layer 505.

Embodiment 32

The distance d between the head and the magnetic
recording layer 505 influences greﬁtly-both recqrding
density and outﬁut, so that the head is better to be
configured as to contact directly with the magnetic
recording medium as well as the magnetic tape to get a
large recording capagity-by one magnetic card. 'Howevef,
the magnetic éard c;n not be used practically for a iong

time without an overcoat on the magnetic recording layer
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505 because it is easy to get a failure caused by a flaw °

by careless handling or by sticking dust.

The present invention will providé a new ﬂethod, by
which the magnetic recording layer 505 contécts directly
with the head on writing/reading. and on the other cases,
the surface of. the magnefic layer 505 is prevented from
flaw or dust. Thé method will be explained in detail
referring to the drawings. | |

Figs. 45A to 45D show a prinéiple of the magnetic
cérd with a cover. The magnetic card l1la has a prbteétive
cover 507 attached to the side AB. The length and the
width of the protective cover 507 is equal or less than
that of the magnetic card la. The protective-eover can
rotate 360 degreés. The . card and the protective cover
are combined with a thin sheet such as celloﬁhane tape.
On keeping or carryiné the card, the protective éover 507
cdvers the magnetic layer 505 of the magnetic card la as
shown in Fig. 45A, so that the surféce of the magnetic
layer 505 is prbtected from flaw and dust. When the
magnetic card reader accesses the card, the protective'
cover 507 is opened as shown in Figs. 45B to 45C. The
cover 507 turns to the back of the.magnetic card la as

shown in Fig. 45D and the magnetic recording layer 505

can be contacted byﬂthe head directly. After pulling out -

the card from the card reader, the protective cover -

rrom

This Sheet Has Been Repi

(i




10

15

20

25

should be turned béck to the original place as shown in

.Fig. 45A.

Not illustrated in the figures, the present
invention provides the magnetic card configured as
follows:

(1) thelprotective cover 507 includes a prdtective layer-

~and a print layer{

(2) the protective cover 507 is made of elastic material
and'has the function as the pressure pad 207;

(3) a little adhesive material is put on a part of oné
side of the protective cover 507 or the magnetic card la

to keep the protective cover not to open easily as shown

in Fig. 45A. It is also possible that either of the

protective.cover 507 or the magnetic card la has physical
shape to keep the protective cover not to open easily;
(4) a card assembly including the magnetic card which
has the magnetic-card la and the protective cover 507 and
the case which is configufed as to be possible to take in
and out the card and fo show the front side surface of
thé magnetic card la and the back side of the surface of

the protective cover 507.

Embodiment 33

i

Another examplg of the magnetic reading circuit of

Embodiment 8 will'be explained as Embodiment 33.
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In the circuit shown in Fig. 10E, the primary coil
55a and the“secOndary cqil 55b of the new rotary
transformer 48, the DC-AC converter 56 and the AC-DC
converter 57 generate plus DC voltage to drive the
amplifier 53a inserted between the magnetic head 13a or
13b and the secondary coil 46b.

However, another method to supply e;ectric power may
be required becaﬁse the noise from the oscillator, etc'

installed. inside of the DC—AC'converter 56 or the AC-DC

converter 57 may pile up on the path from the magnetic

- head 13a or 13b to the amplifier 53a and the primary coil

46a or the secondary cpil 4éb.

Fig. 46 shows a read/write c¢ircuit using a new.
method for electric power supply; Fig. 47A shows a
configuration using slip rings. In the figures, the same
reference numerals are used for the same elements shown
in Figs. 10E and 7A. The following is described in
relation to Figs. 46 and 47A. _

Slip rings 508, 509 are cylindrical. An extended |
part of the rotation sh&ft 16 is inserted to the inside
of the slip rings to fix Qith the rotation shaft. The
slip rings 508, 509 are connected to the amplifief'53a by

the lead wire (not shown in Fig. 47A). Brushes 510, Sll

i

- are set as to contadt with each of the slip rings 508,

509 and are connected to the electric power source ahd
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the ground with the lead wire (not shown in Fig. 47A).
The contactigg parts of the slip rings 508, 509, and thé
brusheé 510, 511 are made of conductive metal, e.g., an
alloy of gold and silver, an alloy of sil#er and
palladium or titanium nitride. A fastener 512 fastens
the brushes Slo.and'511 to the épparatus base 21.

In this configuration, when the turntable 15

rotatés, the slip rings 508, 509 turn and the brushes

510, 511 always contact with the slip rings 508, 509.
Accordingly, direct current voltage flows to the
amplifier 53a from the electric source through the
brushes 510, 511 and the slip rings 508, 509. The slip
rings 508, 509, fhe brushes 510 and 511 become more

abrasion-fast by putting conductlve grease on the

'contacting points of the slip rings 508, 509 and the

brushes 510, 512, which also reduces the load of the DC
motor 22 for driving the turntable 15.

Fig. 47B shows anothef example.using the slip-rings
according to the invention. In this example, the slip
rings 508, 509 and the brushes 510, 511 and the fastener
512 are included inéide of the apparatus. In Fig. 47B,
the same reference numerals are'ﬁsed for the same
elements shown in Fig. 47A. The slip riﬂgs 508, 509 are
cylindrical. The rdtation shaft 16 and the inside rib of

the turntable 15 are inserted to the inside of the slip
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rings. The slip rings 508, 509 afe fixed to the Inside
rib of the. turntable 15.  The brushes 510, 511 are set
between the rotary transformér 48 and the siip.rings 508,
509 as to contact with the slip rings 508, 509. The
brushes 510; Sll-aré set by the fastener 512 on the |
apparatus base 21. In this configuration, the apparatus -
becomes thinner than the above embodiment. The slip
rings 508, 509 and the brushes 510, 511 are prevented
from sticking dust, which enables stable supply of the DC
voltage.

The above supplying method of direét current voltage
is providéd for driving the amplifier 53a in the
secondary coil 46b. fhe method -can be applied to
supplying DC bias.betweeh the terminals ¢ and d of the MR
element 501 shown in Fig. 43B. The method can be also
applied to supplyling DC voltage of the MR element 501 and
transferring the reading signal. If a coil-type DC
magnetic eraser head which erases the record on the
magnetic card is provided, the above method can be
applied by connecting the ¢oil-type DC magnetic eraser
head to the slip rings.. In this embodiment, two sets of
the slip ringé 508, 509 and the bruéhes 510, 511 are used
for the electric source and the ground. When an
amplifier which reﬁaires plus and minus electric sources,

three sets of the slip rings and brushes can be used.
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However, in the configuration as shown in Fig. 47B,
the more the number of fhe slip rings 508, 509 and.the
brushés 510, 511 increases, the thicker the apparatus
becomes. To solve the above problem, another eiample of

5 the configuration will be explained. Fig. 47C is a
sectional view of a card reéder as another example’
accofding to the embodiment. Ih Fig. 47C, the same
reference numerals aréfused for the same elementé shown
in Fig; 47A. 1In this example, three sets of the slip

10 ringé and thé brushes are used in the apparatus. The
inside diameter of the slip ring 509 is expanded as to
include the slip ring 513 inside of the slip ring 509.
‘The slip rings 509, 513-are fixed to the slip,finglsos
and the slip.ring 508 is fixed to the inside rib of the
15 turntable 15. The brushes 510, 511 are set between the
rotary transformer and the slip rings 508, 509 by the
fastener 5i2 on the apparatus base 21 as to contact with
the élip rings 508, 509 as well as the above'embédiment.
The brush 514 is set between the slip ring 513 and the
20 inside rib of the tufntable 15 by the fastener 515 on the
| apparatus base 21 as tb.contaCt.with the slip ring 513.
In the above confiéuration. three sets of the.slip rihgs
- and brushes can be used in-the apparatus, though the

apparatus is as thick as the example shown in Fig. 47B.

25 _ Another slip ring and brush can be used as follows
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" (not illustrated in the figure); a new additional brush

can be'set_ﬁetween the fastener 515 shown in Fig. 47C and
the rotation shaft 16 and a new slip ring can be fixed to

the inside rib of the furntable 15.

Embodiment 34
Another embodiment will be described using the
primary coll and the secondary coil of the rotary

transformer. In the configﬁration as shown in'Fig. 10D,

" when the coll ratio of the primary coil 46a and the

secondary coil 46b 1s set as 2:1, the primary coil 46a
can get twice as much voltage of reading signal as the
voltage of reading sigﬁal of the secondary coii 46b.

In the configuration as shown in Fig. 10D, the coil
ratio of the primary coll 46a and the secondary coil 46b
is set as 2:1. When the numbér of coils of the primafy
coil 46a 1s large, the transition period of current on
changing the recording signal. in the primary coil 48a
becomes long because of the increase of the inductance of
the primary coil 46a. Therefore, it 1s difficult to
rebroduce high frequency recording signal through the
magnetic head 13a or 13b. When the coil ratio of the B
primary coil 46a and the secondary coil 46b is set as 2:1
and the number of coils of the secondary coil 46b is

small, the inductance of the sécondary coll is decreased.
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The inductance of the maghetic'head 13a or 13b éhbuld be
set smallen-%o match the_impedance. Accordingly, the |
number of coils of the magnetic head 13a or 13b should be
small, which decreases the voltage of the reading signal.
Thus, the voltage of the.reading signal input to the

write/read circuit 53 cannpt be ihcreased in case of the

coil ratio is set 2:1 compared with the case that the

coil ratio of the primary coil 46a and the secondary soil
46b is set 1:1.

This'embodiment is provided to solve the
abovementioned problem and is explained in relation to
the figures. Fig. 48 shows a configuration of a
write/read circuit of the_embodiment. In Fig,'48. the
same reference numerals aré used for the same elements
shown in Fig. 10D. A center fap 516 is provided with the
center part of the primary coil.46a and is connected with
the write/read circuit 53. The winding number nl of
coils between the cente: tap 516 and oné of the ferminals
of the primary coil 48a equals to the winding number n2
of éoils between the center tép 516 and the other
terminal of the primary coil 48a. In this configuration.
on writing the information, the writing electric current
flowé from the center_tap 518 to one or the othér of the
terminals of the primary coil 46a as to transmit to the

secondary coil 46b. On reading the information, the
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reading electric current does not flow through the center
tap 516, bug the réading signal is transmitted from the
secondary coil 48b to the primary coil 46a.

The Case.in whiéh the'winding number n3 of the coils
of the secondary coil 46b is sét as nl = n2 = né is
compared with the case in which the w1nding'numbef of the_
primary coil equals to the winding number n3 of the |
secondary coil 46b and the center tép is not used as
shown in Fig. 10D.. On writing the 1nforﬁation, the
writing electric current flows from the center tap Sie-to
one or the other.of the ferminals of the primary coil 46a
as to transmit the writing signal to the secondary coil
46b. The transition.period of phe electric current on
switching to the writing electric current is the same as
the éase shown in Fig. 10D. The writing signal is
transmitted in the rotgry transformer 1n the same way as
the case shown in Fig. 10D. On reading.the information,
the reading signal from the secondary coil 46b is
transmitted to the primary coil 46a without usiﬁg the
center tap 516, so that the coil ratio of the primary
coil 46a and the secondary coil 46b becomes 2:1. This
enables the reading signal tfansmitted to the write/read
circuit 53 to increise its voltage to twice as high as
the case shown in Fig. 10D. |

As described above, by providing the center tap with
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the primary coil, the reading signal from the head can be-

transmitted without any influence to the writing electric
current. ~This method can be applied to the case in which
the distance from the primary coil of the rotary
transformer to.fhe write/read circuit 53 is long, in
order to improve the SN ratio which is influenced by the

indreased outside noise caused by the long distance.

Embodiment 35 |

The following is an adjusting mechénism of the
magnetic head'on,the turntable according to the
invention.

In thé conventibnél magnetic card has onl§'low
recording densit} and the card reader has a single
magnetic head. The written'infofmation on the magnetic
card can be read even if the head gap is not well
positioned in the apparatus.

| In order to get a large recording capacity of the
cafd, the recording density should be higher and a
plurality of the magnetic heads are needed in the card
reader. When the magnetic head is positioned without
adjusting, the head gap may be wrong-positioned, which
causes.the apparatus uninterchangeable with others. In
this eﬁbodimentl thé head adjusting mechanism enables the

apparatus interchangeable.
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An adjusting mechanism of the magnetic head wiil be
explained in“the following. The same reference numerals
are used for the same elements in the previously
mentioned mechanism. Fig. 49 shows a plan of the
magnetic head adjusting mechanism according to the
invention. Fig. 50 shows a sectional view of the
magnetic head adjusting mechanism of the invention with a
microscope provided. Fig. 51 shows a sectional view.of
the adjusting mechanism for adjusting a pitching
direction. The.pitching direction is a rotation -
direction having. the radius direction of the turntable as
the rotation axis. Fig. 52 shows a sectional view oflthe
adjusting mechanism for-adjusting a rolling ditection.
The rolling direction is a rotation direction having the
sliding direction of the magnetic head as the rotation
axis. Fig. 53 shows an interference stripe which appears

when the contacting part of the slider of the magnetic

'head contacts with a glass plate. Fig. 54 shows a plan

of the magnetic head adjusting mechanism for adjusting
the head position. |

In Fig. 49, a head holder 517 holds the magnetlc
head 13a positioned and fixed by an adhesive and the

11ke.' A head holder 518 holds the magnetic head 13b set

i

- in the opposite sidae of the head holder 517. Screw holes

517a, 517b, 517c, and 517d are not aligneéd and provided
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with the head holder 517 Screw holes 518a, 518b, 518c.
and 518d are provided with the head holder 518. Screw
holes 517e, 517f are fit for fastening screws 519a, 519b
and the diamefer of the holes 517e, 517f are a little
longer than the diameter of the screws 519a, 519b. " 519c,
519d, 519e, and 519f also denote fastening screws. 520a,”
520b, 520c, 526d, 520e, 520f, 520g, and 520h denofe
adjusting_screws. 521 denotes a U shaped part. 521a
denotes an extended part of the U shaped part 521, 521b
denotes é right hand part.of the U shaped part 521, and
5216 denotes a left hand part of the U shaped part 521.
522a,.522b,-5220, and 5224 are adjusting screws. A flat
spring 523 biases the ﬁead holder 517 to the direction_

shown by an arrow A. 523a denotes an L shaped hand part

of the flat spring 523. A projected'engaging part 523b

contacts with a side 517g of the head holder 517. The
flat spring 523 is fixed by screws 524a, 524b.

In Fig. 50, 525 denoteé a glass plate, 525a denotes
a back of the glass plate, 5255 denotes a face-of the
glass plate, and 526 denotes a glass plate holder. A
standafd plane 526a is provided with the glass plate
holder 526 to be the standard of the height of.the
magnetic heads 13a, {3b. 527 denotes a microscope, 528
denotes a microscobé_holder. 529 denotes a bearing, and

530 denotes a weight.
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A head positioning method using the magnetic-héad

adjusting meéhanism of the invention will be explained in

the following. As shown in Fig. 50, the shaft 18

_projected from the turntable 15 is penetfated fhrough the

bearing 529 fixed to the glass plate holder 526 as to
enable the turntable 15 to rotate. The glasé platé 525
is set on the standard plane 526a, which standards the

height of the magnetic heads 13a, 13b, of the glass plate

holder 526. The weight 530 s set on the face 525b of

the glass plate 525 to fasten the glass plate 525. 1In
another way, the:glass plate can be fastened by a screw,
etc. The'microscope holder 528 for holding the
microscope 527 for obséfving is set on the glaés plate
holder 526. The microscope holder 528 should be set in

the place where the contacting part 25a of the slider 23

of the magnetic head 13a can be observed by the

microscope'527{ Fig. 53 shows interference stripes which
appear wheﬁ the COntécting part of the slider of the
magnetic head contacts to theiélass plate. Primary
interference stripe 53la and secondary interference
stripe 531b appear in a little clearance betWeen the
contacting part 25a of the slider 23 of the magnetic head
13a and the back 525a of the glass plate. The position
of the.magnetié headfshould be adjusted with obsérving

these interference stripes.

P
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The head holder 517 holding the magnetic head 13a is

provided with the turntable 15 as shown in Fig. 49. The

fastening screws 519a, 518b are penetrated the two screw
holes 517e, 517f prq#ided with the heéd holder 517. The
fastening screws 519a, 519b are fastened temporally to
the turntable 15 so that the head holder 517 can.hove a
little vertically against the turntable but cannot remove
from the turntable.. The adjusting screws 520a, 520D,
520c¢ and 520d are fit for the four screw holes 517a,
517b, S517c¢ and 517d provided with the head holder 517,
and the four adjusting screws 520a, etc. are fastened so
that the four tips of the adjusting screws can contact
wifh the surface of the turﬁtable 15. _

' The U shaped paft 521 is fixed to the turntable 15
by the fastening screws 519e, 519f. The adjusting screw
522a 1s_penetfated through the righﬁ hand part 521b of
the U shaped part 521 from the directioﬁ shqwn by the
arrow B as to contact with the right wing side 517j of
the head holdér 517. In the sahe way, the adjusting
screws 522b, 522c¢ provided with the ektended part 521a of
the U shaped part 521 are fastened as to contact with the
wing sides 517h in the direction shown by the arrow C.
The adjusting écrew 5224 is fastenéd as to contact W1th
the left wing side 517i of the head holder 517 in the.

direction shown by the arrow D.
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The projected éﬁgaging part'523b provided with the L
shaped hand part 523a of the flat spring 523 is contacted
with the side 517g of the head holder.517, and biases the
head holder 517 to the direction shown by the arrow A to
give the preload to the head holder 517. The projected
engaging part 523b is set between the adjusting screws -
§22b and 522¢, and the flat spring 523 is fixed to the
turntabie-ls with the screws 524a, 524b.

- An adjusting method for the magnetic head position

~ will be explained in the following. The magnetic head

13a is shown Figs. 49 and 50. Wﬁen'the glass plate 525
is set at the standard plane 526a, the back 525a of the
glass plate 525 becomeé the standard for adjuéting the
magnetic head 13a. |

For example, each tip of thé four adjusting screws
520a, 520b, 520c, and 520d is contacted with the surface
of the turntable 15, and the head holder 517 is fastened
as to have some room vertically - To adjust the position
of the magnetic head 13a, the four adjusting screwé 520a;
520b, 520c, and 5204 should be tightened. When_the
adjusting screws 520a, etc. are tightened, the head.
holder 517 rises making the vertical foom. The head
holder 517 can be inclined by changing how much tighten
each 6f the four_adjhsting screws 520a, etc. Thus, fhe

position of the magnetic head 13a held by the head holder
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517 can be adjusted.

On adjﬁéting-the magnetic head 13a in the pitching
direction, the head holder 517 is inclined to the
direction shown by the arrow E by tightening the
adjﬁsting screw 520d moré than the screw 520c¢ as shown in
Fig. 51. On adjusting the magnetic head 13a in the
rolling direction, the heéd ﬁolder 517 is inclined to the
direction shown by the arrow F by tightening the
adjusting screw 520& more than the screw 520a as shown in
Fig. 52.

The four adjusting screws 520a, 520b, 520c, and 520d
are tightened the same for adJusting the helght of the |
magnetic head 13a itself

After adjusting the magnetic head 13a in the above
way, the head holder 517 is fastened temporally by the
fastening.screws 519a, Sléb. The glass plate 525 is set
on the standard plane 526a of the glass plate holder 526
so that the contacting part 25a of the slider 23 of the
magnetic head 13a can be obsérved by the.miéroscope 527.

'On observing by the microscope, the position should
be adjusted so that the.interference stripe can bé seen
in a little clearance_between the contacting part 25a of
the_slider 23 of the magnetic head 13a and the back 525a
of thé glass plate Sés'as shown in Fig. 53. Until both

of the primary interference stripe 531a and the secondary
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'contacting.éért 25a of the slider 23 of the magnetic head

13a should be adjusted in a plurality of times as tb

contact the back 525a of the glass plate 525 with a

proper position.
After adJuéting one of the magnetic heads, the -

magnetic head 13a, in height direction, rolling

.direction, and pitching directibn, the head holder 517 is

fastened temporally by the fastening screws S519a, 519b.
Then, the turntéble 15 is rotated around the rotation
shaft 16, the magﬁetic head 13b ‘held by the other head
holder 518 is set as to be observed by the_microscépe
527. The position of fhe magnetic head 13b iéfthus
adjusted in the same way as the magnetic head 13a.

The position of the head gap 24 is adjusted aftér
adjusting the position of the head. In this embodiment,
the head on the flat double-barrel slider, which is shown
in Fig. 4A, 1s used. First, the center of the turntable
15 is detected. The microscope 527 is positioned so that
the crossing line 527b of the lens 527a of the micfoscope
527 should be:bn the radius line 532 through the center
of the turntable 15 as shown in Fig. 53. The microscope
527 1is also positioned so that the crossing point 527d
should match the pre%etermined radius from the center of

the turntable 15. To adjust the position of the head
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gap, the magnetic head is moved so that the crossing line
527b should.ﬁétch the edge plate 24a of the head gap 24,
and the crossing line 527c. which crosses the crossing
line 527b, should also match the edge part 24b of the
head'gap 24. The above procedure will be explained in
detail in the fol;owing. |

The head holder 517 can be moved in the direction of
B within the room between thé hole 517c and the screw
519a, and the hole 517f and the screw 518b by tightening
the adjusting screw 522a provided with the right hand
part 521b of the.U shéped part 521 and by loosing the
adjusting screw 5224 provided with the left hand part
521c as shown in Fig. 4é. By tightening and 1oésing the
screws 522a, 522d to the opposite direction, the heéd
holder 517 can be moved in the direction of D. By
tightening the adjusting screws 522b, 522c¢ provided with
the extended part 52la the same amount, the head holder

517 is moved to the direction of C against the fiat

" spring 523 for biasing the head holder 517 and the holder

' 517 is moved in the radius direction to the center of the

turntable 15. When the adjusting screw 522c¢ is tightened
more than the adjusting screw 522b, the head holder 517

is turned to the direction G as shown in Fig. 54 because

a moment toward direction G generated with the projected

engaging part 523b of the flat spring 523 which works as
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a pivot.
As deséribed above, the position of fhe head gap can
be moved in the plane.. The flat spring 523 always gives

preload to the head holder 517 to the direction of A, so

that the head holder 517 can be moved a little without

any backlash.

When the height, the inclination, and the position

-of the head gap of the two magnetic heads have been

~adjusted, fhe'adjusting screws 519a, 519b, 519c, and 519d

are tightened to lock. The flat spring 523 for biasing
and the U shaped. part 521 are removed, and then the whole
prdcedure of adjusting the magnetic head has finished by

removing the turntable 15 from_the bearing 529.

Embodiment 36
Another magnetic head adjusting mechanism will bel

explained in the followihg. The mechanism includes a
sphere provided under the head holder.

| A sphere 533 is provided as to contact the head
holder within the room for adjusting by the adjusting
Screws 520a, 520b, 520c, and 520d fqr'adjusting the head
in the rolling direction as shown in Fig. 55. The head
holder 517 is mounted on the sphere and the position of
the head is adjusfe; in the same way aé the case shown in

Fig. 54. On adjusting the magnetic head 13a, each of the
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four adjusting screws 520a, 520b, 520c¢, and 5204 is
tightened from the upper side of the head holder 517.

For adjusting the head'in the rolling direction, the

"adjusting screw 5204 is tightened more than the screw

§20a. The head holder 517 is inclined by turning around
the contacting part 53$a of the sphere 533.

For adjusting the head in the pitching direction,
the head holder 517 can be inclined by turning around the
contacting pért 533a of the sphere 533 in.the same way as
adjusting in the rolling direction. When'the-height of
the contacting part 533a_of the sphere 533 is adjusted
previously,.the magnetic head 13a does not need to bhe
adjusted in the height'direction‘ The head can be
adjusted using only three adjusting screws as follows:
The adjusting screws 5201; 520j, and 520h are placed as
shown in Fig. 56, the sphere 533 1is placed among the
screws. The head can be édjusted in the same way as the
configuration‘using four adjusting screws as shown in

Fig. 49.

Embodiment 37
Another head adjusting mechanism using a head holder
carriage will be described referring to Figs. 57 and 58.
fhe position ofithe head of the head holder S17 is

adjﬁsted on a head holder carriage 534 pro?ided under the
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head holder 517. The head holder carriage 534 can be
positioned-gh the turhtable by tightening the four
adjusting screws 522a, et¢.l |

| The position of the head is adjusted by tightgning
thg four adjusting screws 520a, etc. with contacting the
head holder 534, then the head holder 517 is fastened to -
the head holder carriage 534 by the fastening screws .
519g, 519h. Then, the position of the head gap is
adjusted. Wing parts 534a; 534b of the head holder
carriage 534 are pressured by tightening each of the

adjusting screws. 522a, 522b, 522c¢ and 522d.

Embodimgnt 38

In the above embodiment, the head adjusting
mechanism has been explained for the head mounted on the
flat:double—barrel slider 23a. As shown in Fig. 59, the
position of the head mounted on the button slider 23b can
be also adjusted by observing the interference stripe,
and the head gap can be adjusted in the same way as

Embodiment 35.

. Embodiment 39

A contact mechanism of the magnetic head and the

magnetic card will be éxplained in this embodiment.

The magnetic head and the card holding mechanism
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according to the invention will be éxplained in relation -
to Fig. 60._“In Fig. 60, magnetid head holders 535a, 535b

are fastened on the furntable 15 by the screws, etc. The

magnetic heads 13a, 13b are fixed on the magnetic head
holders 535a, 535b. As described in Embodiment 38, the

button-type magnetic heéds 13a, 13b have spherical

contacting part or projected engaging part as the

~contacting part, which includes the head gap (not shown-

in the figure). This has been explained in Embodiment

- 38.

A pressure pad 207, which faces the magnetic card
and presses the cérd to the.magnetig heads 13a, 13b, is
fixed on a pad frame 268. The side of the preésure pad
207 faced to the magnetic head is adjusted by the pad
frame 208 as to be almost vertical with the rotation

shaft of the turntable 15. In the card reader. the

' scanning locus of the rotation of the magnetic head

should match with the information track on the card.

Therefore; the card la, the pressure pad 207, and the pad

frame 208 are stationary relatively except inserting or,

removing time of the card la. For example, when the card

la is carried to the direction of the long side for

changing the information tracks on the card, the pressure

pad 20?, the pad frame 208 are also mdved with the card

la in the same direction. The pressure pad 207 is made
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of porous polymeric materials as sponge, or textile
materials as furfelt, the rigidity of which is far lower
than the magnetic card 1la.

The following is contacting operation with the
magnetic card.

In this embodiment, the magnetic card la is
contacted with the magnetic heads 13a, 13b locally by
béing pressed by the pressure pad 207 forming the plane
of the rotation as a standard plane which includes the
tips of the magnetic heads 13a, 13b. The magnetic card
la is contacted with the tips of the magnetic heads 135,
13b, which have sphefical or projected sﬁrface, by being
pressed by the pressure-pad 207 and by pressuré force
from the magnetic heads 13a, 13b. The verfical
displacement of the tips of the magnetic heads 13a, 13b
is absorbed by the elasticity of the preséure pad 207.

The vertical position of each tip of the magnetic heads

’13a, 13b is kept almost the same during the operation.

The tips of a plurality of the magnetic heads 13a,
13b are set on the plaﬁe vertical with the rotation shaft
of the turntable 15, and each head gap is plaéeq on the.
top of the chips. The pressure pad 207 is set on the
plane, which is parallel with the ve}tical plane of the
rotation shaff of theiturntable 15. Therefore, when the

magnetic card la is pressed enough for contacting the
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magnetic head 13 by the_pressure pad 207, the head gap
always contazt the magngtic card 1la.

On using a gimbal spring, which is commonly used for
a floppy disk drive or a hard disk drive, the magnetic
heads 13a, 13b are likely to incline because of
centrifugal force of the magnetic heads 13a,'13b given by~
the rotation of the turntable. In this case, thé |
position of the magnetic heads 13a, 13b 1is hard to be
adjusted. In the configuration according to this

émbodiment, the magnetic heads 13a, 13b are hard to

incline even if the magnetic heads are given centrifugal

- force. The position of the magnetic heads 13a, 13b can

be adjusted easily becaﬁse the turntable 15 is.set
stationary. Even if the turntable 15 rotates,
geometrical position of the magnetic heads and the
turntable keeps the same positional relation as the
stationary condition. Thus, the magnetic card la always
contacts the magnetic heads 13a, 13b, which enables the

card reader to have a good write/read performance.

Embodiment 40
Another improved configuration, in which the
magnetic card contacts better with the magnetic head,

will be explained as another embodiment.

Fig. 61.shows the magnetic heads and the card
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holding mechanism according to the 1nvehtion. In Fig.
61, flat sp;fhgs 536a, 536b have the same shape. A
spacer 537a at the magnetic head side and a spacer 537b
at the fixing part side are placed with a predetermined
interval. The flat springs 536a, 536b dare fixed on the
top'sides and the bottom sides of the two spacers 537a,
537b. The magnetic heads 13a, 13b are fastened on the
edge of the flat spring 536a, to which the spacer 537a at
the magnetic head side is fixed. The bottom of the flat
spring 536b, to which the spacer 537b at the fixing part
side is fixed, 1s fastened by a spacer 538; The spacer
538 makes a space between the bottom of the flat spring
536b and the turntable 15 so that the flat springs 536a,
536b can change the form vertically.

The magnetic heads 13a, 13b have spherical or
projected contacting part for'contacting the magnetic
card la as well as Embodiment 39, each of which includes
the head gap. When a plurality of the magnetic heads are
mounted, the bottom of the flat spring 536b, to which the
spacer 537b at the fixing part side is fixed, can be
adjusted by tightening the adjusting screws (not shown)
as well as Embodiment 39. However, in this embodiment,
the flat springs 536a, 536b which mount the magnetic
heads 13a, 13b can mé?e up and down, so that the position

of the head can be adjusted within the desired accuracy.
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Namely, each tip of the magnetic heads is not required to
be in tﬁe seme'plane. which is different from Embodiment
39. The apperatus of the embodiment is characterized as
follows: |

1) each tip of the magnetic heads is placed on a
vertical plane with the rotation shaft of the turntable -
15, however, is.not required to be in the same plane;

2) each head gap is.placed on the top of the tip;

3) the center line of the locus of each magnetic
head (that is, the center of theltrack width) is on the
same circle; and,

4) the azimﬁth angle of each magnetic head canlbe
adJusted to- be the same.

A support pad 539, which is fixed to the pad frame
208 (not shown in the figure), faces and supports the
megnetic card la when the magnetic heads 13a, 13b are
pressed by the flat sﬁrings 536a, 53éb with predetermined
pressure.force. In this configuration as well as
Embodiment 38, the relative pesition of the magnetic card
la and the support pad 539 is kept stationary during the
operation excepting the feeding time and the ejecting
time of the magnetic card. In another.configuration, in
which the pad frame 208 serves as the support pad 539,
the eame effect canibe obtained. Far higher figidity is

required for the support pad than the magnetic card la or
. [
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the flat springs 536a, 536b. The contacting plane with

 the magnetic card la is set almost parallel with the

vertical plane of the rotation shaft of the turntable 15.
However, when dust, etc. sticks to the magnetic card la
and comes between the magnetic card 1la and the support
pad, the shape of dust is easily printed on the card
surface because of the high rigidity of the support pad
539. The magnetic heads 13a, 13b thus do not conﬁact
well with the magnetic card la, which reduces wfite/re#d
performance. Therefore, the support pad 539 should be
made of conductive materials, which prevents
electrostatic adsorption of dust, or Tefron coated
materials, which is hard to adsorb dust.

.The magnetic card la is 1oca11y contacted with the
Qupport pad 539 by pressing the magnetic heads 13a, 13b
with the flat springs 536a, 536b using the support pad
539 as the standard plane. As a different aspect from
Embodiment 39, the magnetic heads 13a, 136 are moved to
follow the surface of the magnetic card la. The magnetic
card la is pressed to the support pad 539 by the contact
pressure from the magnetic_heads 13a, 13b caused by the
flat springs 536a, 536b, and the magnetic card la is held
between the magnetic heads 13a, 1$b and the support pad
539. Each of the féps of the magnetic heads 13a, 13b

having spherical or projected contacting part are located
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at the center of the contacting area where the pressure
force 1s ggnerated. The two parallel flat springs 536a,
536b make the magnetic heads i3a. 13b move only
Vertically-with the support pad 539. The &ertical
displacement of the magnetic heads 13a, 13b can be
absorbed by the flat springs. The'magnetic heads i3a.
13b do not incline, so that the positions of the tips of
the magnetic heads 13a, 13b do not change.

As described above,.each tip of the magnetic heads
13a, 13b is placed on the vertical plane with thé
rotation shaft of the turﬁtable 15, and each head gap is
rlaced on the top. Thg support pad 539 is placed in
almost parallel with the vertical plane with the rotatipn
shaft of the turntable 15. .When the magnetic card la is
pressed as to contact the support pad 539, the head gap
always contacts with the magnetic card 1la.

| The magnetic heads 15&, 13b are moved only
vertically with the turntable 15 because of the two
parallel flat springs-sssa, S36b. When a plurality of
magnetic heads are used, only pressure force needs to be
changed even-if each of the magnetic heads has vertical

displacement. If the geometrical relationship of the

'turntable 15, the mggnetic heads 13a, 13b, and the

support pad 539 1s‘kept the same, the head gap of each

magnetic hea@_always contacts with the magnetic card la,
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which provides good write/read performance. The magnetic

heads 13a, 13b are hard to incline by using the two
parallel flat springs 538a, 536b even if centrifugal
force is given. Once the positions of the magnetic heads
13a, 13b are adjusfed when the turntable 15 is
stationary, the geometrical relatibnship of the
stationary condition is kept even if the turntable 15

rotates, which prbvides the same effect as Embodiment 39.

Embodiment 41

Another embodiment, in which the magnetic card
effectively contacts the magnetic head, will be
explained.

'Fig. 62 shows the embodiment using another kind of
spring instead of using the two parallel flat springs as
described in Embodiment 40. In Fig..62, two gimbal
springs 536c, 536d are provided, which are popularly used
for a floppy disk drive, etc. A spacer 537c¢ at the

magnetic head side and a spacer 537d at the fiking part

_ side are fixed respectively between the gimbal springs

536d, 536d, The spacers 5370, 537d support the gimbal
springs 536¢c, 536d as to keep them parallel, so that the
magnetic heads 13a, 13b are moved only vertically with
the turntable 15. In Embodiment 40, the cantilever flat

springs are used, and the configuration using gimbal
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springs also brings the same effect as Embodiment~40 as

well as reducing the apparatus size even when the spring

constant is low.

Embodiment 42
Another embodiment will be explained, ih which the

card holding mechanism with a pressure pad for getting

' effective contact of fhe magnetic head and the card.

Figs. 63A and-63B show a supporting mechanism for
the pressure pad 207. As shown Figs. 63A, GSB, a pad
gimbal 540 supports the pressure pad 207 as to have'the.
degree of freedom of rotation. The pad gimbal 540 gives
the pressure pad 207 degreé of.fréedom of rotation aréund
both of.the long side and the short side directions of
the card. The pad gimbal 540 is connected to the pad
frame 208 (not shown in the figures) through the pad
spacer 541. In the card reader, the scanﬁing'locus of
the rotation of the magnetic head should match the
information track on the card. Therefore, after
inserting the magnetic card 1a, the pressure pad 207 is
kept stationary with the'pad frame 208. Fbr example,
when the card is moved in the long side direction for

changing the informapion track on the card, the pressure

pad 207, the pad frame 208 are réquired to move in the

same direction together with the card. Therefore, the
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rigidity of the pad gimbal 540 should be high in the long

side and the short side direction. And.the.pressure pad

207 should have far lower rigidity using porous polymeric

materials like sponge or textile materials like furfelt.

-The pressure pad 207 changes its form as to cover and

contact the card. The pressﬁré fofce of the.preséure pad
207 is determined according tb distance between the péd
frame and the magnetic head. When the vertical rigidity
df the pad gimbal 540 in the vertical directioﬁ with the
contacting surface of thé pressure pad is low, thé
elastic change of the pressure pad 207 is small, which
causes the'magnetic heéd,not to contact with the magnetic
card well enough for keeping a normal operation.
Theréfore, the vertical rigidity of the pad gimbal 540
should be higher than the vertiéal rigidity of the
pressure pad 207. |

- Two types of the pad gimbals 540 are shown in Fiés.
63A, 63B. As described above, the rotating rigidity of
the pad gimbal around the long side and the short side
directions is set low. The vertical rigidity is set

higher than the vertical rigidity of the pressure pad 207

- 1in the depth direction, and the horizontallrigidity in

the horizontal direction can be set higher.
: Al

In this embodfﬁent, the pressure pad 207 is

supported by the pad gimbal 540 as to rotate freely only
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around the long side and the short_eide'direction; In
case of usin; a plurality of the magnetic heads, even if
each magnetic head fixed on the turntable has an error in
adjusting the height, of if'the pressure pad 207 is not
set exactly vertical with the rotation shaft of the
turntable, the pressure pad is controlled to make a
desired plane by the pad gimbal 540. Therefore, the
magnetic head can be contacted With the magnetic card

even if each part of the apparatus is not adjusted

exactly.

Embodiment 43
Anotherlembodiment will be'eiplained,'in which the
card holding mechanism with a pressure pad for getting
effective contact of the magnetic head and the card.
Fig. 64 shows another configuration related to the

supporting mechanism for'the ppessure'pad 207, which 1is

used in Embodiments 39 and 42. A pivot 542 is provided

on the back side of the pad gimbal 540. The pivot 542 is
provided on the opposite side of the side where the

pressure pad is fixed. Even if the pad gimbals. whose

© vertical rigidity is lower than that of one explained in
-Embodiment 42, 1s used. the embodiment brings the same

' effect as EmbodimenE 42 by providing the oivot 542Q
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Embodiment 44

.Anqthér embodiment will be explained, in which the
card holding mechanism with a pressure pad for getting
effective contact of the magnetic head and the card.

Fig. 65 shows another configuration related to the
supporting mechanism for the preséure pad 267. which is
used in Embodiments 42 and 43. In Fig. 65, the pad
gimbal has a frame fixing part 540a to be fixed to the
pad frame, and a pad fixing part 540b for fixing the
pressure pad 207. The pad fixing part 540b has a window-
in the inside aréa. The window size should be bigger
than.the scanning area of the magnetic head. The card is
not needed to contact with the pad gimbal 540. In the
scanning area of the magﬁetic head, the magnetic card
should be always contacted with and supported by the
pressure pad 207 and the magnetic head. In the scanning
area of the magnetic head, the pad gimbal 540 should not
touch the card. The rotation axis, around which the

pressure pad 207 is rotated is existing almost the center

_ of the pad gimbal. Since the magnetic card and the pad

giﬁbal 540 are very thin, the rotation axis of the

pressufe'pad is almost the center of the magnetic card.
In case of using a plurality of the magnetic heads,

even if each magnetic head, fixed on the turntable, has

an error in adjusting the height, or if the pressure pad

156
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207 1s not set exactly on vertical plane with the-
rotation shaft of the turntable, the pad gimbal rotates
and/or inclines in some degree and controls the.preﬁsure
pad 207 to form a desired plane. The'dislocation méy
occur between the scanning locus of the.magnetic head and'
the information track on the card Because of the distance
from the rotation axis of the pad gimbal to the magnetic
card. In the apparatus described in Embodiment 42 or 43
with the thick pressure pad, the dislocation may occur
beyond the allowance limit. In this embodiment, as the
magnetic card and the pad gimbal 540 are very thin

compared with the_thickness of the pressure pad, the

dislocation can be minimized.

Embodiment 45 '

The following explanation will be related to the
contact of the magnetic head and the magnetic card.

Fig. 66 illustrates so-called a bﬁtton-type magnetic

head having a spherical or a projected engaging part,

_which is used in the above embodiment. As shown in Fig.

68, the magnetic head 543 has a head gaé 543a, a friction
surface 543b, and a taper 543c. The friction surface
543b has a spherica% or projected éurféce, having the
head gap 543a as af%op part, and the shape of the taper

543c is a part of cone. The friction surface 543b is '
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continued to the taper 543c smoothly. The height H of

the taper 543c is set larger than the thickness of the

‘magnetic card. The height H i1s determined based on the

flatness of the magnetic card or the card feeding
mechanism, etc.
Figs. B87A to 87D show inserting operatidn of the

magnetic card to the apparatus using the magnetic head

' 543 according to this embodiment. Before inserting the

magnetic card, the'magnetic head 543 remain stationary
with or without the_pressure pad 207 contacted. In this

embodiment, the case, in which the magnetic head is

contacted with the pressure pad 207 and the magnetic card

la cannot easily inserted, is explained. The embodiment
can be also applied to the caée,'in which the ﬁagnetic
head is not contacted with the pressure pad 207. As
shown in Fig. 87A, the magnetic card la 1is inserted to
the difection shown by an arrow A manually or by the card
feeding mechanism. At this time, the edge of the

magnetic card la is touched the taper 543c of the

. magnetic head 543. When the magnetic card la is inserted

deeply. the magnetic card la is moved along the surface

. of the taper 543c to the friction surface 543b and

finally contacts the pressure pad 207 as shown in Fig.
678B. The magnetic card la is inserted in the wedge-

shaped space between the friction surface 543b or the
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taper 543c gPd the pressure pad 207, and is moved'to the
space between the pressure pad 207 énd_the friction
surface 543b of the magnetic head by pushing up the
‘pressure pad 207. The.inserfing procedurelof the
magnetic card la is finished by adjusting its position as
to contéqt_the friction surface 543b with the whole
surface, so that the information can be written/read
to/from the magnetic card la as shown in Fig. 67D.

The magnetic card la can be inserted smoOthl& by
providing the taper 543c to the magnetic head 543.without
using the special mechanism which makes the space.for the
card. If the pressure pad 207 is set to bé ab;e t§
contact with the magnetic head 543, dust or contamination
stuck on the magnetic head can be removed by the pressure
pad by tﬁrning'the turntable (not showﬁ in the figure)
before inserting the magnetic card 1la.

In this embsdimenf, the magnetic head 543 is fixed
on the_turntable. The embodiment can be applied to the
configuration, in whiéh the magnétic head 543 is fixed on
the turntable through the spring,to bring the same effect
‘as the above configuration. In this case, the taper 543c

is also provided to the magnetic head 543, and the

~spring, instead of ghe pressure pad, can be bent and

change its shape to guide the magnetic card smoothly on

inserting the magnetic card 1la.

s Sheet Has Been Replacet

i

159

HH




10

15

20

25

Embodiment 48

In the_folloQing, a cleaning mechanism for removing
dust or contaminétion stuck on the magnetic card will be
explainéd. |

As an example of the cleaning mechanism for removing ~
dust or contamination on the magnetic recording medium,
two kinds.of VTR cassette tape cleaners are popularly
knowﬁ; one of which includes polishing sheet in the
cassétte case instead of the magnetic tape (dry type),
and the other includes polishing cloth wet by liquid
polisher (wet type). For cleaning a floppy disk, dry

type cleaner, which includes poliShing sheet instead of

the floppy disk in the diskette case, 1s usually used.

There are some problems on using the above kind of
cleaners for removing sticking dust on a magnetic card as
followé: |
(1) The recording medium for the card reader of the
invention is exposed without beihg included in a
cassette, etc. Thé magnetic card is easy'to get dirty by
dust in the éir. fingerprint, fat and oil, etc.

(2) The card reader of'the invention has the driving
rolle: for'feeding the card. Wheh the driving roller
touches polisher for cleaning, the driving roller cannot

feed the card accurately, which reduces write/read
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performance of the data of the card.

Fig. 68 shows a dust remover according to the
embodiment. A dust remover.544 has a notch 544a; a
friction surface 544b,land a taper 544c¢. The friction
surface 544b has a spherical or projected shape and has
the notch 544a as a top part. Thé shape of-the téper
544c is a part of cone. The friction surface 544b is
continued to the tapef S544c smoothly. Namely, the dust
remover is desired to have almpst the same shape as'the
magnetic head shown in Fig. 66. The height H of the
taper.544c is set’ larger thanlthe thickness of the
magnetic card to insefﬁ the magnetic card smoothly.

These elements'are made of ceramic maferials such as
alumina, titanic, or zirconia, which has high abrasion?
fastnéss;jhigﬁ rigidity, and high tenacity.

Figs. 69A, 69B show examples of notch 544a of the
dust remover. In Fig. 69A, the notéh 544a is shaped |
almost triangle, and the notch 544a in Fig. 69B is shaped
almost circle. The same effect is obtained by using both

types of the notches. The notch is required to be shaped

so that the angle T with the ffiction surface as shown in

" Figs. 69A, 69B is less than 90 degrees.

Fig. 70 shoWs the dust remover 544 provided with the

turntable 15. The configuration shown in Fig. 70 is the

. same as the configurétion described in Embodiment 39. In
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addition to the configuration of Embodiment 39, the dust

remover 544 is fixed to an adjusting holder 545 for the
dust remover and the holder 545 is mounted oﬁ'the
tﬁfﬁtable 15. As'well_as the magnetic heads 13a and 13b,
the position of the dust remover cah be adjusted with the
desired.accuracy by the adjusting holder 545'as fdllows: )

1) set the dust remover 544 on a plane, which
includes each of the tips of the magnetic heads 13a, 13b
and is verticai with.the rotation shaft of the turntable
15; |

2) also set’ the dust remover 544 so that the notch
544a is placed on.the top; and |

3) also set the notch 544a so that the cehter of the

notch'is on the center line of the scanning locus of each

. magnetic head.

In the following, removing operation will be
explained. Fig. 71 shows the dust remover 544 for
removing sticking dust ér'contamination. ‘In Fig. 71;
contaminations 548 are stuck on the magnetic éard. ‘The

dust remover 544 mounted on the turntable is moved to the

‘direction shown by an arrow B with the rotation of the

turntable. The contaminations 546 are scratched by the
upper edge of the notch 544a and piled inside of the

notch 544a.

. The dust remover of the invention, the
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cbntamihatiogs stuck on the magnetic card must be
scratched as described above. Even if the contamination
on the card produces some error in reading the

information of the magnetic head, the dust remover traces

‘the scanning locus and removes the contamination. The

normal information can be read by reading with the
magnetic head again after removing the contamination. In

case of using two magnetic heads and mounting one dust

- remover, three tips are formed so as to keep the card on

the flatter plane, which enables the magnetic head to

write/read the information étably.

Embodiment 47

"Fig. 72 shows_another'mechanism of the dust remover
of the invention. A support. spring 547,'whiéh has the |
same shape and the same cha:acteristic as the long arm
spring 30 supporting the magnetic heads 13a, 13b, is.
provided with the dust remover. The same effecf can be.
obtéined in removing the contamination by.the notch of
the dust remover 544 using the configuration, in which
the magnetic head is supported by the spring. If the
pressﬁre force of the support spring 547 for the dust
remover is set larger than thé pressure force of the long

arm spring supporting the magnetic heads 13a, 13b, the

contamination can be removed more effectively.
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In thig_embodiment..fhe configuration using the long
arm springs for supporting the magnetic héads 13a, 13b
and the dusf remover 544 has been described. The samé
effect can be obtained by the configuration using two
parallel flat springs, which is described in Embodiment

40.

Embodiment 48

Another embodiment will be explained for placing the
dust remover.

Figs. 73A, 73B, and 73C show three different
examples of placements of the dust removers. ?he
configuration des§ribed in the above embddiment is shown
in Fig. 73A. In Fig. 73B, two dﬁst remdvers are placed

Jjust before the magnetic heads 13a, 13b respectively. 1In

-this configuration, the contamination is removed more

effectively than the configuration shown in Fig. 73A.
Fig. 73C shows another configuration, in which the
magnetic heads 13a, 13b and the dust remover 544 are
placed with the same intervals each other. This
configuration not.only'removes the éontaminatipn ffom the
magnetic card, but_also prevents the card from contacting

with the turntable.

—-—

Embodiment 49
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In the present embodiment, an:exﬁlanation is ‘made
for a detailed configuration'of the magnetic head which
improves the contact condition to the magnetic card in
the magnetic card reader and the gimbal spring to suppoft
the head.

In Fig.'l. the.magnetic heads 13a and 135 on fhe

“turntable 15 was loaded on the gimbal spring 19. In this

system in Fig. 1, the magnetic heads 13a and 13b should

be light-weight. In addition, it is assﬁmgd that the

gimbal spring 19 should be capable of moving just up énd
down and overcome the moment which will incline the
magnétic heads 13a and ;3b to the outside according to
the centrifugal force brbduced with.the rotation of the
turntable 15. The.gimbal_spring 19 should further keep

the magnetic heads 13a and 13b in a proper condition. In

case that the turntable 15 rotates at a low speed in low

recording track density, there causes few problems.
However, in casé'that'the turntable 15 rotates at a high

speed dué to a reduction of the access time and the

recording track density substantially increases due to

the storage capacity, the inclination of the magnetic
heads 13a and 13b causes an improper track positioning
and a bad contact condition between the magnetic heads

13a and 13b and the magnetic card 1la.

In this embodiment, there follows a description so
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as to solve Fhe foregoing problems.

Fig. T4 shows.a perspective view of the portion of
loading the magnetic head in the present 1nvention; Fig.
75 shows a cross section taken on line A-A of Fig. 74.

The ﬁagnetic heads 13a and 13b are loaded on the gimbal
spring 19 and attached tq the turnfable 15. -The megnetic_-
heads 13a and 13b ere set up at a height of sticking out |
e little on the surface of the turntable 15. The centers
of gravity 548a and 548b (The center of gravity 548b is |
not shown in the figure) of the magnetic'heads 13a and

13b are located at a distance of H1 from the gimbal

spring 19. A balance weight 549 is installed below the
gimbal spring 19. The center of gravity 550 is located

at a dietanee of H2 from the gimbal spring 19.

In case that this apparatus reads and writes the
information on the magnetic card la, the turntable 15

rotates around the rotation shaft 16 in the direction of

arrow C at a predefined speed according to the DC motor

22. The magnetic card la and the magnetic heads 13a and
iSb then cause the friction. |
Herein, the centrifugal'force Fl1 applies to the
centers of gravity 548a and 548b of the magnetic heads
13a and 13b. The magnetic heads 13a and 13b then tend to
incline towards the outskirt of the turntable 15. The

moment M1 which w1ll cause the incline is expressed as
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follows:

M1 F1 x Hl

=ml x rl x 12 x H1 _ | | (16i
- ml : mass of the magnétic heads iSa, 13b
rl : radius of rotation of the magnetic
headé 13a, 13b |
ol : angular velocity of the magnetic
heads 13a and 13b
Simultaneously,.the centrifugai force F2 applies to
the center of gravity 550 of the balance weight 549. The

balance weight 549 then inclines towards the outskirt of

'the turntable 15. The_moment M2 which will cause the

incline is expressed as follows:
M2 = F2 x H2
- m2 x r2 x o2? x H2 (17)
m2 : mass of the balance weight 549
r2 : radius of rotation of fhe balance weight
549 .
02 : angular velocity of the balance Weight 549
Herein, when the values of the two moments M1 and M2

are equal, they will offset and thﬁs the magnetic heads

13a and 13b don't incline. If each.radius of rotation,

rl and r2, is set to be equal, each of the ahgular
09, e
velocities wl and ©2 is also set to be equal in the above

mentioned expressions (16) and (17), Therefore, so as to

L

T

|\
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get the expression M1 = M2, the following expression

should be made.

ml x H1 = m2 x H2 (18)

Embodiment 50

There is shoﬁn a case bf imprbving the dynamic
contact condition. Figs. 76A and 77B are cross sections
of anothér embodiment of the magnetic head of the present
invention. In Fig. 75, the gimbal spring 19 adhered on
the surface of the turntable 15 horizontally. In the
present embodiment, the gimbal spring 19 adheres inclined
on the side of the rotation shaft 16. The distance of
the centers.of gravity 548a and 549b from fhe éimbal
spring 19 is assumed here to be H1l as it was in
Embodiment 49.

Herein, when the turntable 15 rotatés. the
centrifugal force épplies_to the magnetic heads 13a and
13b. Then, the moment M1 which cause to incline the
magnetic heads 135 and 13b towards the outskirt of the
tﬁrntable 15 is produced. 'Thé size of M1 is shown
according to the expression (18).

In general, the size of fhe moment M which is
applied from the ougside to the gimbal spring and the
inclined angle 6 of—the_gimbal spring have a propor;ionai

relationship in case that the inclined angle is small.
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The proportional constant is assumed to

following expressions can be made.

the form and the material of the gimbal spring.

M = k8
namely,
8 =M/ k

(19)

(20)

be k, the.

The proportional constant k is decided according to

When the

proportional constant is assumed to be k1, the inélined

angle 61 of the gimbél spring 19 in case of applying the

moment M1 is expressed as follows:

81 =

That is,

M1 / k1

(21)

in case that the gimbal spring 19 adheres

inclined on the side of the rotation shaft 186 6n the

turntable 15 with an inclination of 81, when the

turntable 15 rbtates and the centrifugal force applies to

the magnetic heads 13a and 13b, the magnetic heads 13a

and 13b stand in a proper condition as shown in Fig. 76B.

Thus,

the magnetic heads 13a and 13b have a good contact

condition with the magnetic card 1a.

Embodiment 51

the dynamic contact condition.

Further,

there is shown another case of improving

4

Figs.

77A and 77B show a

.cross section of another embodiment of the magnetic head

of the present invention.
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surféCe plahes of the magnetic heads 13a and 1$b is in
parallei_with the pléné'of the gimbal spring 19. 1In Fig.
77A, the top surface planes of the magnetic heads 13a and
13b incline on the side of the rotation shaft 16. The
distance of centers of gra#ity 548a.and 548b from the
gimbal spring 19 is assumed here to be'Hl as'it wéé in
Embodiment 49.

Herein, when the turntable 15 rotates, the

‘centrifugal force applies to the magnetic heads 13a and

13b as in Fig. 75. Then, the moment M1 which causes to

incline the magnetié heads 13a and 13b to the outskirt of

 the turntable 15 is produced. The size of Ml is shown by

the éxpression (16).

As explained in Embodiment 50, whén the proportional
constant of the gimbal spring 19 is assumgd to Be.ki, the
inclined angle 81 of the gimbal spring in case of
applying the moment M1 is expressed as. follows:

81 = M1 / k1 - (22)

That is, in case that the top surface planes of the
magnetic heads 13a and 13b incline on the side of the
rotation shaft 16 by 81 in advénce, when the turntable 15
rotétes and - the centrifugal force applies to the magﬁetic
heads_lSa and 13b, ghe top surfaée planés of the magnetic
heads 13a.and 13b ﬂécomes in the proper condition as

shown in Fig. 77B. Thus, the magnetic heads 13a and 13b
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can have a good contact condition with the magnetic card

1a.

Embodiment 52

The following description deals with a track in case
of reading and writing in high density with the magnetic
head which rotates with a predefined radius. A prepaid
telephone card; a prepain ticket machine card, a commuter
pass or other exchangeable rectangle magnetic card which
has no holes can be used for this application. |

.In order to‘actualize these cards, the following
problems should be solved.

(a) When there is no clearance between the symmetry

innermost tracks of the magnetic or optical card, because -

of the positioning error of the card related to the
mechanic accuracy of the card holding mechanism, the
recording areas of the innermost tracks overlap. Then.
there occurs a cross talk from the adjacent tracks which
pick up the leaking signal. In this case, the normel
operation of reading and writing cannot be executed.

(b) When the magnetic or optical card is inserted
backward, the card reader detects that it is not inserted
in a normel way. Tnen, the card reader ejects the”card
from the card reader automatically. In this case, the

user should manually insert it again in a normal way.
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in the gfesent embodiment, there is shown a case of
the magnetic card and the magnetic head. However, it is
also applicable to the case of the optical card and the
optical head.

Fig. T8A shows the recording tracks as shown in

Figs. 12A to 12C. The head assembly 280 which loads the

magnetic heads 13a and 13b relatively moves on the center

line X - Y in the horizontal direction of the magnetic -
card la by an equal pitch (the length P corresponds to a
track pitch). A plufality_of recording tracks 63 have
radius R. In Fig. T8A, a clearance l; at the closest
position between the innérmost track 63c and the oﬁher
innermost track 63d is set according to the recording
angle a and the expression (23) below in case that the
total track number is assumed to be N. Further, 0; and O,
show ﬁhe center of the circle which forms the front track
63e and the rear track 63f. As described in Embodiment
10, areas A, B, and C show unusable area which crossés
with the circles of other recording tracks and unused
areas. (same for Figs. 78B and 78C). The distance
between 0, and 0, 1s assumed to be 1.

1 =(N/2-1)P

lg = 2 RCOS, '« - (N/2 - 1) p (23)

-

For an extreme example, in case that the above

mentioned lois smaller than the track pitch P, Fig 788
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‘shows the recording track whem lj= 0. In Fig. 78B, at

the record beginning portion and the ending portion of

" the innermost tracks 63c, 63d'éurrounded by the dotting

circlg..accordipg to the mechanic accuracy of‘the feeding
mechanism 186 as in Fig. 27 which is a card holding
mechanism, a signal overlaps and is written.on thé record
ending portion and the beginning portion of the other
innermost track.63d. In case that the written signal is -
read or written again after the above mentioned magnetic
card ia is inserted, it is impossible to exécute the
normal reading and writing process. |

Furthermore, in Fig. 78C, unless the recording
beginning.portion and the endiné portion of the
encountering innermost ﬁracks 63c and 63d overlap, there
is shown a'recordihg track in case tﬁat the lo,lwhich is
the closest distance, is shorter than the track pitch P.
In Fig. 78C, at'the encounting record beginning pbrtion
and the ending portion of the innermost track 63c and 63d
surrounded by the dqtting éircle. there occurs a cross
talk between the adjacent tracks which pick up signal
from the encountefing recording track according to tﬁe
magnetic interference. Thus..it is difficult to get the
proper output signa}.'.ln the present invention, a
clearance 1, at thé'adjacent position of the innermost

tracks 63c¢c and 63d as showp in the expression (23) is set
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to have more than the track pitch. Further, the
relationship“of the expression (24) and the recording
angle « having the total extension of the track M as
shoﬁn in embodiment 10 are set. As a result, it is
possible to realize the recofding track format of the
magnetic card which makes the steady write and read
process possible with.achieving the maximum efficiency.
| 1; = 2RCOSa - (N/2 - 1) P >= P

C0S a >= 'NP/4R ' (24)

"Embodiment 53

The following description deals with an effective
usage of areas other than the data recording area in the
card. In the present embodiment, the magnetic card and
the magnetic head are used. However, it is also
applicable to the case of the optical card and the
optical head.

Fig. 79 shows the magnetic card la equivaleﬁt to
that in_Embodiment 52. Fu:ther, Fig. 79 shows a
recording track which uses a part of areas of A and B.
Areas A and B are uhusable area which crosses with
another recording track, Ln'this embodiment a part of
area A and B is used as a recording area of the front
track 63e and the rear track.63f. In Fig. 79, 1; shows

the closest distance between the record beginning portion
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and the ending portion'of the front track 83e and the

rear track 63f. As despribed_in Embodiment 52, the length
of 1,1is assumed to be more than track pitch P. -Oland 0,
show the centers of thé'circle which form the front track
63e_and the rear track 63f. my and Iy on each circle are
the points in fhe area B having the distance 1. 'uq and
n; are the intersections with the dotted line which shows
the area B. myand ny, m3 and ngon fhe aréa A ‘are the
points equivalent to the mg and ng, m; and n;. The address
mark which shows a track address or the froht track 63e
or the rear track 83f is recorded on the recording track
of the afcs between the points myand nj;and the points m,
and n;. The same procesé is carried out on the recording
track of the arcé between the points mzand n, and the
points m3and'n3._ Further, as in Embodiment 10, the areas
A and B have a high frequency of causing flaw.and épots
by the hands in its ﬁSe. Therefore, in this'area. a
simple pattern is recorded. The simple pattern are data
which are incapable of causing error in this érea'(for
éxample, '00', 'AA', or fFF' in case of the MFM
recording).

The operation of the card reader 160 will now be
described. Fig. SQA shows a flow chart of sequence until
the magnetic card 1la is inserted to the card reader 160

and the magnetic heads 13a and 13b loaded on the head

Tl
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assembiy 280 as shown ih Fig. 12A-then determines
position at';he front track 63e. Herein, the addréss
marks of thé front track 63e and the rear track 63f is
referred to as_'OO' and 'AA', respectively. The magnetic
card la is inserted as described in Embodiments 18, 19

and 20. The optical semsor 192 is mounted at the edge of ~
the card end guide 190. The optical sensor 192 detects
that.the card reaches to a fixed ﬁosition of the card
holding mechanism 186. When the detection signal is

output, the turntable 15 starts to rotate. The address

mark is then read according to the magnetic heads 13a or |

'13b. Herein, when the 'AA' pattern is detected, the

magnetic head 13a or 13b is in the rear track.é3f.
Therefore, the head assembly 280 is moved to the frént
tréck 63e. When '00' pattern is detected, the head
assembly 280 stays there and becomes ready to opefate.
The head assembly 280 waits for the indication signal of
the outside controller not shown in the figure.

| Fig. 80B shows another flow chart for positioning
the magnetic heads 13a, 13b at the front track 63e. As
described in Embodiment 28, it is possible to reéd
addrésses recorded 6n the recording tracks 63 and/or
track information o? the outermost tracks (the front
track 63e and/or the rear track 63f). By reading the

track addresses and/or the track information, the
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magnetic heags 13a; 13b can be pésitioned at the front
track 63e. |

If has been described that the head assembly 280 |
relatively movés against thé magnetic card la in the

carriage. On the other hand, it is also possible that

the carriage loaded the magnetic card la relatively moves

"against the head assembly 280.

Figs. 80C and 80D show flow charts for positioning

the magnetic heads 13a, 13b at the front track 63e. . As

| described in Embodiment 28, it is possible to provide a

procedure having:track address information of the
magnetic card la. The_procedure can convert the track
address reveréely front tp rear and rear to frént. The
track address received from the outside controller (not
shown) for track detection operation can be éonferted'
reversely by the procedure. In this case it is not
needed to move the head assembly 280 or the carriage when
either 'AA' pattefn or '06' pattern is detected.. When
'AA' pattern is dgtected, the track address is reversed
by the procedure before the positioning the maghetic
head.

As described befope, the card readef will be ready
when the magnetic hgads 13a, 13b are positioned at the
front track 63e which is the closest track to the card

inlet 170. It is also possible that the card reader will
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be ready when the magnetic heads 13a, 13b are positioned
at the rear track 63f thch is the farthest track to.the
cérd inlet 170. Even for the later casé, any one of the
four sequences shown in Figs. 80A to 80D can be applied

if the detecfion step of 'AA' pattern is replaced by the
detection step of '00' pattern, and "front tfack 83e" is
replaced by "rear track 63f" in the flow charts.

The card reader of the present invention sets the
clearance between:- the innefmost tracks of the magnetic
card or the optical card to have distance of more than
the track pitch. As a result, it is possible to slack
the mechanic accuracy of the holding mechanism‘of the
magnetic'card or thé optical card. Further, it is
possible to read and write effectively without influenced
by the cross talk between tﬁe adjaceﬁt'tracks.

Furthermore, in the track format, both or either of
the front track and the rear track in the magnetic card
or the optical card aré set to be longer fhan the other
frack. Then, the addreés mark which shows the track |
address or the front track or the rear track is recorded.
As a result, it enables the card reader.to detect ﬁhat
the mégnetic card or the optical card is inserted
backward. Thus, theiread and write process can be
executed even if the backward insertion occurs. That is,

the proper insertion need not be carried out again.
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Embodiment 54
There follows a description of a configuration,

which reduces access time and improves reliability,

mounting plural heads on the single circumference.

Conventionally, in case that the recording area on.the
card is limited, the above mentioned case has ndt been
taken account of.

In the'present embodiment, there is shown a case of
the magnetic card.and the magnetic head. However,'it is
applicable to the case of the optical card and the
optical head.

Fig. 81A shows aﬁ arrangemenf of the recording :
tracks 63 on the magnetic card 1la. Fig. 81B shows an
arrangement of the magnetic heads 13a and 13b on the
turntable 15. Doted lines show loci 551 of the magnetic
heads 13a and 13b

In Figs. 81A and 81B, in case of arranging fhe

recording tracks 63 in a shape of the arc on the magnetic

card la, two recording tracks 63 are arranged

symmetrically on the locus 551 of the magnetic heads 13a
and 13b. In order to correspond to two recording tracks
63, the magnetic heads 13a and 13b are also afranged

symmetrically. Herein, when the recording electric

current of the same wave form is simultaneously applied
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to the magnetic heads 13a and 13b, the same data can be

'recorded on the two recording'fracks 63 on the locus 551.

Herein, by thus recording, all the recording data on

 the magnetic card la are recorded at two tracks.

Therefore, efen though the readout from éne track is
failed, the data recorded at another track can be read
out. Accordingly, the reliability of the magnetic card
improves. Further, since data is recorded on two
recording tracks 63 simultaneously in case of recording
data, the time for responding at the time of recording
will not increase. Sihce two recording tracks 63 are
recorded in one recofding electric current wave form, the

qperation at the time of reco:ding can be simplified.

Embodiment 55

In the above embodiment, tWo heads encountered each
other by the angle of 180 degrée. That is, there was
shown a case of reéding and writing symmetriéally to the
center of the circle. In the present embodiment, there
is shown a case that this angle is assumed té be below 90
degrees, for example.

In Embodimentlss, the magnetic cards and the

' magnetic heads can b% used. Howevef, it is applicable to

the case of the opti;al card and the optical head.

Fig. 82A shows an arrangement of the recording
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tracks 83 on the maghetic'card la. Figs. 82B and 82C
show an arrdhgement of the magnetic heads 13a and 13b on
the turntable 15 not shown in thé figure. Fig. 82D shows
a time chart when the magnetié heads.13a and 13b record
data. In the figure, the 16c1 551 of the magnetic heads
13a and 13b, a recording area 552a.of the maénetic'head
13a, and a recording area 552b of the'magnetic head 13b
are shown. Period 553 shows a time in which the magnetic
head 13a moves on the fecording track 63. Period 554
shows a recording time in which the magnetic heads 13a
and 13b record data. Period 555 is a time in which the
magnetic.heads 13a'and:13b moves without recording. 2«
is a center angle of the recording traék 63. B is a
center angle between the magnefic headé 13a and 13b.

Fig. 83 shows an arrangement of the magnetic heads 13a,
13b,-13c, and 13d on the turntable 15 in case that the
Irecording.track 63 is arranged as in EmBodiment 54. The
magnetic head 13c records data in the recording area
552¢c, and the magnetic head 13d records data in the
recording area 552d.

In Fig. 82A, two recording tracks 63 are not
arranged on one locus 551 of the magnetic heads 13a and
13b in case of arranging the recording tracks 63 in the
shape of the arc. ’Under such arrangement, data cannot be

recorded simultaneously. in two recording tracks 63 with
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the arfangement of the magnetic'heads 13a and 13b as in
Embodiment.54. Therefore, as shown in.Figs. 82B and 82C,
the magnetic heads 13a and 13b are arranged. In.the
figure, 2¢ is a center angle of the recording track 83.
The cenfer angle of the magnetic heads 13a and 13b is

assumed to be B. Herein, B is determined so as to get

‘the expression of 2« = (B + 2) : k. Herein, k is an

integer. 'Fig. 82B_shows An arrangement when k = 1. Fig.
éZC shows an arrangement when k = 2. A moving direction
of the magnetic ﬁeads 13a and 13b used for the
explanation is shown in the figure by'arrows. Fig. 82D
shows a time for recording data in case of arrangement
when k = 2.

In the arrangement of Fig. 82B in case that k = 1,
the recording is started when the magnetic head 13a
reaches to the beginning of the recording track 83. At
this time..the magnetic head 13b is situated in the
middle of the recording track 63. It is possible to
record until the magnetic head 13a reaches to the middle
of the recording track 63. When the magnetic head 13a
reaches to the ﬁiddle of ﬁhe recording track 63, the
magnetic head 13b reaches to the'end of the recording
track 63. As shown %n Fig. 82B, the former part of the

recording track is the recording area 552a of the

. magnetic head 13a and the 1atter part is the recording
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area 552b or the magnetic head 13b.

In the arrengement:of Fig. 82C in case that k = 2,
the.recording area 552a of the magnetic head 13a is
divided into two parfs. When the magnetic head reaches
to the beginning of the recording track 63, the magnetic
head 13b reaches to the point of one fourth of the
recording.track 63. The recording is started from this
point and stops when the magnetic head 13a reaches to the
point of one fourth of the recording track 63. Next,
when the magnetic head 13a reaches in the middle of the.
recordlng track 63, the recording is started. Then, the
recording ends when the magnetic head 13a reaches to the
point of three fourth of the recording track 63. Herein,
the magnetic head 13b records from the point of three
fourth of the recording track 63 to the end of the
recording track 63. Fig. 82ﬁ shows this operation on the
time axis. Period 553 shoﬁé the time during'which the
magnetic head 13a moves on the recording track 63. The

period 553 is divided equally into the four periods.

'Data is recorded during the two divided periods 554.

Data is not recorded during the two divided periods 555.
Furthermore, it is epparent that the above mentioned

system can be adopteﬂ in the magnetic card er the optical

eard which has thelarrangement of the recording track 63

of the system provided in Embodiment'54. In this case,
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the same number of magnetic heads are arranged for each
of .the two recording trgcks 63. The corresponded
magnetic heads for recording in the two recording tracks
63 should then be arranged in the position symmetrical to
the center of the rotation. In Fig. 83, there is shown a
case that two magnetic heads are arranged in each
recording track 63. The magnetic heads 13a and 13b are
arranged in one recording track 63 and the magnetic heads
13c and 13d are arranged in the other recordihg track 63.
The mégnetic head 13c is arranged in the position
symmetrical to the magnetic head 13a.  Further, the
magnetic head 134 is arranged in the position symmetrical
tp the magnetic head 13b. The recording is.sfarted since
the magnetic heads 13a and 13c reach to the béginning of
the recording track 63. The recording then ends when the
magnetic'heads 13b and 13d rgach to the end of the
recording track 63. Thus, it is possible to record the
same data simultaneously in each of the four recording
.area dividing fwo recording tracks 63 equally intb four.

Thus, it has an advantage of reducing the access
time for reading and writing. . -

It is apparent that the above mentioned system can
be adopted in case that more than three magnetic heads

are used. In order to arrange N number of magnetic

heads, the éxpressign 2¢ = (B - N) - k should be got.
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cleaning the magnetic head in the magnetic card reader.

Herein, k is an integer.
Embodiment 56

There follows an explanation of a cleaning card.for

In Embodiment 39, an explanation is made for the
conventional cleaning tape or the cleaning sheet. Since
the magnetic recording medium is protected by the
cassette in the conventional apparatus, the spot or dust
of the magnetic head is mainly an adhesive miet
collection in the recording medium. Therefore, the head
cleaner of these apparatus can easily specify the
cqntamination which adheres to the magnetic head.
Cleaning of the head is carried out by using the
corresponding one type of abrasive. Herein, it is
desirable to use the abrasive whose particle size is very
small. Further, it is desirable fo use the one for
finishing the magnetic head making. However, the concept
of these tapes or sheets cannot be used for the magnetic.
card Without hesitation. There are some problems to be
solved as described in Embodiment 39.. In the present
embodimentf an explanation is made for the new cleaning
card corresponding to Fhe magnetic card in the present
invention. -

There follows an_explgqation of the head cleaning
-
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card of the_present invention, more specifically, the.
configuration of the cleaning portion of the magnetié
head. |

Fig. 84A shows a view of one embodiment of thé head
cleaning card. A base film 5586 is composed of such as a
polyethylene terephtalate (PET). The outside form, such
as the width. the length, and the thickness almost equal
to that of the card reader. .Abrasivés 557a and 557b are
varnished on this base film 556. The.abrésive 557a whose
particle size is under 1 micron is for finishing with a
high precision. ‘The abrasive 557b whose particle size 1is

above 1 micron is for finishing with a middle precision.

" The materials of these abrasive ére alumina, oxidation

chrome, oxidation cerium, silicon carbide, silicon boron,
boron nifride, oxidafion iron, diamond and other
mixtures. For an abrasive, adﬁesive materials are mixed
éo as to varnish these particles on the sheet.without
being removed. |

| The operation will now be described. The head
cleaning card is inserted to the card reader in the.
direction of the érrbw A._ In Fig. 84A, a locus 558a is
for the magnetic head (not shown in the figure) after the
head cleaning card is inserted. A locus 558b is for the
magnetic head when'zhe head cleaning card is carried or

positioned to rear end in the card reader.
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After the head cleaning card 1is inserted, the order
of polishing would be reversed by contacting the abrasi?e
557a first whose particle size 1is small, then the
abrasive 557b second whose particle siie is large. To
prevent the reverse order, the card moves at a high speed
so that the magnetic head reaches to the locus 558b which
is starting point of cleaning. When the card moves to
position the magnetic heéd at the l&cus 558b, the
magnetic head does not need to rotate actually. After
positioning to the locus 558b, the magnetic head starts
the rotation and’'the head cleaning card moves in the
direction of arrow B for cleaning operation frqm the
locus 558b to the locus 558a ordefly. Here, the card
removes the contaminatioh which is adhefed to. the
magnetic head by a rubﬁing contact.
| ' In the present embodiment, when the magnetic head
contacts rubbing to the abrasive 557b, there is an effect
of removing the contamination having a relatively large
volume such as a fixed oils and fats like fingerprints.
Further, there is an effect of finishing and.removing the
adhesive materials adcording to a mechanomical reaction |
from the magnetic card and so forth in case that the
abrasive 557a contéct? for fubbing. Thus.jtheré is an
advantage bf'preventfng the abrasive 557a from being

choked and actuating the effective cleaning of the
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magnetic head.

Embodiment 57

There is shown another example of the cleaning card.
In Fig. 84B, the length L of the abrasive 557a is set to
be larger than a diameﬁer D of the locus 558a or 558b Of-
the magnetic head. At the stage of finishing with the
abrasive 557a, there is an advantage of avoiding damage
on the surface of the mégnetic head with the abrasive
557b. Further. in the abrasive 557b, since its particle
size 15 large, tlie hagnetic head is easy to be cracked.
When the relative spéed of the head cleaning qafd ié
finite and the length L of the abrasive 557a is extended,
it is possible to control thé time for polishing with

abrasive 557b and to gain the proper head cleaning

effect.

Embodiment 58

Fig. 84C shows further another embodiment. In this
embodiment, a nonwoven fabric 559 in a;moét L -shape is
arranged on the cleaning card provided in Embodiment 56
or 57. The nonwoven fabric 559 hés an effect of catching
the contamination ang particles caused in case of
removing the contamination by using abrasive 557a and

557b. Further, an ultimate effect of finishing can be
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attained on the locus 558a of the magnetic head.
Further, 1n‘the preceding embodiments, the dry abrasive
is shown. However, it is applicable to the case of the
wet abrasive by wetting the nonwoven fabric with such as
water. Further, the better cleaning effect can. be

attained by wetting the nonwoven fabric with an organic

solvent, such as alcohols, benzine, acetone and so forth.

Embodiment 59

Thefe is shown a caee of the cleaning card when the
card driving roller of the card feeding mechanism is
applied. Fig. 85A is a drawing of one of embodiment. In
Fig. 85A, a contacting part 560 is 1nstalled for the
cleaning card in the configuration of Embodiments 56 to
58 to contact the driving roller. The.contacting nart
560 is installed in the direction of the 1onger part of
the head cleaning card at a fixed distance. The distance
is composed so as to be wider than the diameter D of the
locus 558b of the magnetic head. The thickness is

configurated so as to get higher in a few 10 to 100

microns than the surface composed of the abrasive 557a,

557b and the nonwoven fabric 559. The material of the

contacting part 560 is synthetic rubber such as neo-plain
. F) .

rubber or polymeric‘}esin such as urethane.

Figs. 86A and 86B are the view for explaining the
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operation of the present embodiment. Fig. 86A shows an
example of t;e card feeding mechanism 6f the card reader.
When the head cléaning card is inserted to the card
reader, the head cleaning card is held by the driving
roller 184 and the guide roller 185. The'head cleaning
card is fed in the direction of.arfow A and B with.the
turn of the driving roller 184. The contacting part 560
installed at the head cleaning card contacts with the
driving roller 184.

.The operation will now be described. Fig. 86B shows
an elevational view in caée that the head cleaning card
is held by the driving roller 184 and the guidg roller
185. 1In Fig. 86B, ‘black épots shows dust and poliéhing
powder 561 which is produced_during the'cleaning of the
magnetic head. As shown in the figure, since the
thickness of the contacting part 560 is thick, the
abraéives 557a, 557b, the dust and the polishing powder
561 produced during the head'cleaning do not touch the

driving roller 184. Therefore, the abrasive 557a and

557b do not rub the driving roller 184 and the surféce of

the driving roller 184 is not damaged. Accordingly, this
method will substantially reduce a danger of changing the
friction coefficient of the driving roller 184 largely

. ; )

from the original dé%ign value and worsening the feeding

precision sharply when the magnetic card operated after
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the cleaning. In addition, it will prevent the dust and

the polishing powder 561 from adhering on the driving
roller 184 and transcribing on the magnetic card again.
Furthermore, since a part of the abrasive 557a and 557b
which contacf with the magnetic head is configurated as a
céncave by the contacting part 560; it 1is poésible-to )
lessen chances for contacting with contamination on a

daily life when the head cleaning card is kept or

transmitted outside of the card reader.

Embodiment 80

Fig. . 85B shows another embodiment of the cleaning
card. The coﬁtacting part 580 is configurated in U
shape. As the material of the contacting part,'nonwoveﬁ
fabric is used. The width and thickness of a notch of

the contacting part 560 are set almost equivalent to

" these in Embodiment 58. Herein, the cleaning card can

remove the dust or mists adhered on the driving roller

184 since the contacting part 560 contact the surface of

the driving roller 184.

Embodiment 61
In Fig. 85C, th?re is shown another embodiment of
the cleaning card. “In the figure, the contacting part

560 is configurated in the frame shape which has a small

" This Sheet Has Been Replacec

191




10

15

20

25

square room inside. The same effects as described in fhe.
preceding embodiments can be achieved.

| The cleaning card provided in each of the above
mentioned embodiments haé an effect of avoiding the
inferiority of the read/write ability of recording data
according to the contamination because it is possible to
remove the contamination on a daily life adhering on the
magnetic head such as dust or mists in the air, finger
prints, oil, and so on. Further, the.cleaning card
according to the present invention has an effect of

preventing the life cycle of the magnetic head from being

reduced by polishing the magnetic head unnecessarily.

Embodiment 82

In this embodiment, another feeding mechanism which
alters the feeding mechanism 186 having the driving
roller 184 and thé guide rollef 185 stated in Embodiment
20, will be described.

In the card reader 160 of Fig. 24, since the distance

between the front panel 169 and the driving roller 184 is

long, so the depth of the card reader 160 is long. A
coil spring for pressing the guide roller 185 onto the

driving roller 184 is installed. Space for this coil is

-

needed.

Mechanism in this embodiment is for downsizing the
-
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apparatus, making the action of the insertion of the card

into the card reader smooth and giving enough pressure
for feeding the card to the feeding mechanism.

Fig. 87 shows a perspéctive view of another card
feeding mechanism of the present invention. Figs. 88A,
88B and 88C show partial section#l views of it. |

In Fig. 87 and Figs. 88A to 88C, pressure springs
562 are installed at the both sides of the insertion
part. The pressure springs 562 can be turned in_the
direction of arrow A or arrow B by a pin 563 fixed to the
carfiage base 189. Front edges SGZa of the pressure
springs 562 are curVed and they are against the driving
roller 184. Back edges 562b at'the opposité side of the
pressure springs 562 are curved into holes 564 of the
carriage base 189. Usually, the pressure springs 562 are
turﬂed in the direction of.arrow B as shown in Fig. 88A
by the weight balance'énd the back edges 562b contact the
holes 564. In this case, the front edges 562a do not
contact the driving roller 184 or contact only a little.

When the magnetic card la is inserted and the edge
of the magnetic card la contacts the back edges 562b of
the pressure springs 562, the pressure springs 562 turn
in the direction of ,arrow A as shown in Fig. 88B. When
the magnetic card'Ié is inserted deeply as shown in Fig.

88C, the front edges 582a are pushed towards the driving
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roller 184 strongly and then.a friction is generated.
The_magnetré-card la can be fed into the apparétus
without slipping from the driving roller 184 beéause of
this friction. If a sensor (not shown) detects that the
magnetic card 1la is enough inserted, the driving foller
184 starts rotatiné 1n'the directibn of arrow C and the
magnétic card 1la is moved towards arrow D, that is inside
of the apparatus. In this way, the apparatus can be

downsized and the card can be fed smoothly without being

pushed too much.

Embodiment 63

Figs. 89A to 89C show sections of_another:embodiment
of the feeding mechanism.

Although the front edges 562a of the pressure
springs 562 are curved in Fig. 87, the front.edges of the
pressure springs 562 are'bent fowards downside_in'this
embodiment. A pin 565 supports a pressure roller 566 to

rotate toward both directions. Other structures are the

same as those in Fig. 87. Usually, the pressure roller

566 does not contact the driving roller 184 or contacts
only a little.

When the magnetig card la is inserted and the edge
of the card-contacts’the back edgeé 562b of the pressure

spring 562, the pressure spring 562 rotates in the

Relmmc
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direction of arrow A as shown in Fig. 89B. When the
ﬁagnetic card 15 is inserted deeply as shown in Fig. 89C,
the pressﬁre roller 566 is puéhed towards the driving
roller 184 strongly and then a friction is genefated.

The magnetic card la can be fed into the apparatus

without slipping from the driving roller 184 because of

this friction. If a card sensor (not shown) detects that

~ the magnetic card la is enough inserted, the driving

roller 184 starts rotating in the direction of arrow C
and the magnetic card la is moved towards arrow D, that
is inside of the-apparatus. The'pressure roller 566
rotates in the directiqn_of arrow E.

Since the pressure roller 566 rotates at the same
time of the feeding the magnetic card la in this
embodiment, load for feeding the magnetic card 1a_cén be
lessened. Accordingly, poﬁer for driving motor.can be
small and the magnetic card la dbes not get damage, which
is an effect of the present invention. Since the
pressure roller 566 rotates when the magﬁetic éard la is
inserted, only small power-is needed for insertion, which.
brings another effect that the operation can be smoothly.

1t is élso acceptable to install a roller like the
pressure roller 566 at thé back_edge 562b of the pressure
spring 562. By installing the above roller, load of

movement of the magnetic card la can be further lessened
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can be further lessened, which is another effect of the

present invention.

Embodiﬁent 64

When the distance betweén the pin 563 which ié the .
center of the rotation and the front edge 562a, or fhe
distance between the pin.563 and the preséure'roller 568
is shorter than the distance between the pin 563 and the
back edge 562b, power caused by the magnetic card 15 for
lifting the back-‘:edge 562b is multiplied. Then the
multiplied power is conveyed to the front edge.562a or
the pressure roller 566. Namely; there is an effect that
a large power for feeding the magnetic card can be

obtained.

Embodiment 65

--Although the driving roller 184 contacts the card
from the side to side in Fig; 87, it is also'acéeptable
for a driving roller 567 to contact only the both edges
of the card as shown in Fig. 90.

The recording t;ack_éS on the magnetic .card of the
preseht invention i% shown in Fig. 91. Since the driving
roller 567 and thelaagnetic card la contact each other

only'qg_the out. of a range F, it is possible to prevent
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the dust and_stain which would be conveyed by the -

magnetic card from the driving roller 567 to the magnetic

'head. It is also possible to protect the recording track

63 by the driving roller 567 from gétting damage or
stain, which means that data can be protected.

Regarding material of fhe_driving roller'567, it is
acceptable to use a material which givés a slight convex
and concavé to the surfaée of the magnetic card as well

as not slippery material, such as rubber. For. example,

- metal material whose surface is sprayed with ceramic,

metal material whose surface has a slight concave and
convex made by etchihg or form rolling, metal material
whose surface has very fine needlés and'metal material

whose surface has a sawtooth waveform are acceptable.

Embodiment 66
Other embodiments of the card support mechanism
which-has the card positioning mechanism where'less parts

are used, and which has a high'accuracY in pOsitioning

- the card, will now be explained.

When a card stores a large amount of data, its data
recording density is vefy high. In order to perform a.
random access to the above card, 1t is important to keep
the same condition {; a'relétive positional relation

between the card and thé head. In the feeding mechanism
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of Fig. 27 qpated the above, the following method was
used to keep the same condition in the poSitional'

relation. The card 161 is received by the card end guide

190 on the carriage base 189 and fixed by the pad frame

208. Then, the optical sensor 258_detects.a positioning
error of fhe card by using the positioning mark 260 on
the card 161 and corrects the positioning error. In tﬁis
method, it is needed té use the stepping motor 221, to
perform a servo control for positioning the gard. The
stepping motor of expensive and great precision should be
used in this method. Besides, hardware amount used in
this method is large.

In the card reader of this émbodiment, the card is
moved with being caught between the carriage base and the
card holder which faces the carriage bése. The carriage
base is restricted to move only in specific directions by
the guide mechanism.

| More than two holes for positioning the card are on

the card. There are pins at the place corresponding to

' the holes on the carriage base. The card is fed with the

pins put into the holes. The accurate positional

relation between the card and the carriage base can be

kept by the above meghod. To insert the positioning pins

- .

into the card, the card holder is moved with the movement

of the carriage base towards the carriage base. With
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this movement of the carriage base and the card holder,

the card cadght between the carriage base and the card

holder is also moved towards the cérriage base. Further;'

the positioning pins can move upward and downward with

respect to the carriage base.

Fng 92 shows a'perspective_view of the éard ﬁdlder
of fhe éard reader of this embodiment. Figs. 93A and 93B
show a section of the card.holdef seen at a line A - A in
Fig. 92. Fig. 94 shows a perspective view of the |
carriage base 189 stated later. |

The.magnetic card la, the driving roller 184 for
feeding the card la, the guide roller 185 placed against
the driving roller 184, tﬁe carriage base 189 having a
guide rod 220 at the si&e and moving in the direction of
X - Y, the stepping motor 221 and the lead screw 222
which is combined withlthe shaft of the stepping motor
221 are shown in Fig. 92. | |

The needle 219a and the pre-load spring leaf 219b
are instélled at the edge of the carriage base 189 as
shown in Fig. 93A. The lead screw 222 is connected with
the'needle 21%a. The pre-load sprihg leaf 219b gives |
pressure to the connection of the lead screw 222 and the
needle 219a in order g&t to come off gach-other. Eour
pins 568a, 568b, 5688 and 568d are installed on a ca;d

holder 568 and they connected with grooved cams 569a,
—
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569b, 569c and 569d (The pin 568c is not shown in Figs.
92 to Fig. 94). One edge of an extension spring 570 is
fixed to the side of the carriage base 189 and the other

edge of the extension spring 570 is fixed to the side of

‘the card holder 568. The extension spring 570 generates a

downward pressure of the pins 568a to 568d moving
dowﬁward within the grooved'cﬁms 569a to 568d. A card
biaé spring 571 is fixed.to the end of the card holder
568 and generates a pressure in the direction of Y.
Stoppers 572 and 573 are fixed to the apparatus base 21
(ndt shown). When the card holder 568 which has a rdle
of pad moves in the direction of Y, the card holder 568
touches the stoppers 572 and 573. then the movement
toward f is obstructed. The pressure pad 207 is fixed to
the card holder 568; As shoWn in Fig. 94, thefe is the
access opening 189a on the carriage base 189. The_access
opening 189a is provided for the carriage baée 189 not to
interfere the turntable 15 when the carriage base 189
moves in the.direction of X —_Y.

Now operationlof the card holding mechanism of the
card reader of this embodiment wili be described.-.

Fig. 93A shows a sectional view at the line A - A of
Fig. 92 and shows_g condition that the magnetic card la
can be inserted aﬂa extfacted. When the magnetic card la

is inserted to a feeding path between the driviqg_roller
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184 and the guide roller 185, a card sensor A (not shown) -
detects.the-;agnetic card ia. Then, the dfiving roller
184 starts rotating and the magnetic card la is sent to a
feeding path between the carriage base 189 and the
pressure pad 207. Then, the card bias spring 571
contacts the magnétic card.la.and the magnetic cardlla is;
pressed in the direction of Y. Since feeding power
generated by the driving roller 184 is iarger than this -
pressure, the magﬁetié card la is néver pushed back
beyond the driving roller 184 in the direction of Y.

That is the magnetic card la is never pushed'back to the
front of the apparatus. When a card sensor B (not shown)
detects that the magnetic card l1la has been mbvéd into the
card holder 568'perfectly. the stepping motor rotates to
move the carriage base 189 in the direction of X. Then,
since the card holder 568 is moved in the direction of C,
that is downwérd._by effects'of the grooved cams 569a to
569d and the pins 568a to 5684, the card la is caught
between the pressure pad 207 and the carriage base 189.
When the card holder 568 comes down, the card holder 568

is not. moved in the direction X nor Y. When the pressure

: pad 207 has finished coming down and the magnetic card la

is pushed enough by the pressure pad, the magnetic card

¢

la and the card hoIder 568 move in thé directlon of X

with the carriage bése 189. Accordingly, it is possible
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“to perform a random access to the magnetic card la

without generating a slip to the carriage base 189.
A starting point sensor (not shown), which is used

for detecting the magnetic card la or the carriage base

'189, detects one end of a range of the random access.

When the carriage base 189 applied with the magnetic card ]

la moves in the directign,of X aé stated the above, and
when the magnetic head 13a or 13b is positioned at a rear
track 63f as described in Embodimeht 53, the starting
point sensor detects the magnetic card la or the carriage
base 189. In this case, the magnetic card la or the .
carriage base 189 is at the one.énd of the range of the
random access. It is also acceptable to install an end
point sensor (not shown) to detect the other end of the
range of the random access. This end point sensof is for
detecting the magnetic card la or the.carriage baée 189
when the ﬁagnefic head 13a or 13b is pqsitioned at a |
front track 63e.

It is also aéceptable that the stérting point sensor

detects the magnetic card la or the carriage base 189

" when the magnetic head 13a or 13b is positioned at the

front track 63e, and that the end point éensor detects
the magnetic card la or the carriage base 189 when the

magnetic head 13a or 13b is positioned at the rear track

63f.
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A reflection type photoelectric switch or a light
shield type photoelectric switch can be used for the
starting point. and end point sensors. _

In the case of ektracting the magnetic card la, the
carriage base 189 is moved in the direction of Y by
motion of the stepping motor 221 and the leaﬁ'scre# 222.
At this time, the card holder 568 moves simultaneously.

When the front edge of the card holder 568 contacts the

- stoppers 572 and 573, the movement of the card holder 568

in the direction of Y is obstructed. Hoﬁever. when the
earriage'base 189 continues to move further, the card
holder 568 goes up to the location shown in Fig. 93A by
motion of the grooved cams 5689a to 569d and the pins'588a'

to 568d of the card'holder 568. Then, since the pressure

~ of the pressure pad 207 on the magnetic card la is

removed, the magnetic'card la is pushed_back to be

 between the driving roller 184 and the guide roller 185

by the pressure toward Y of the card bias spring 571.

" The magnetic card la is extracted out of the apﬁaratus

when the driving roller 184 starts rotating.

In Figs. 95A and 95B, card lifters 574a to 574d made
of elastic material, such as plastic, are installed at
the four edges of the carriage base 189 described 1n

Embodiment 65.

These card lifters 574a to 574d 1ift the magnetic
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card 1la aboyg_the carriage base 189 not to.interfere the
turntable 15 when the magnetic card la comes into the
carriage base 189. The card lifters 574a to 574d are
fixed to the carriage base 189 to be projecting upward
from the base surface of the carri#ge base 189. When the
magnetic card la is pﬁshed down to the carriage base 189 .

by the pressure pad 207, the card lifters are not

‘projecting upward as shown in Fig. 95C. To install the

card lifters 574a to 574d on the upper side of the
carriage base 189, it is necessary to make the carriage

base 189 hollow as shown in Fig; 95D.

Embodiment 67 .

Fig. 96 shows a situation that two positioﬁing pins
575a and 575b afe fixed to the carriage base 189
described in Embodiment 65. |

The magnetic card la ﬁsed iﬁ this_case has
positioning holes 576a and 576b for positibn;ng as shown
in Fig. 97A. One of the two positioning holes 576a and
§76b can be a circle or an ovai.

If positioning holés 5760_and 576d are made.to be
symmetric with respect to a center point of the card
against the pdsition;ng holes 578a ahd 576b as shown in
Fig. 97B, the magnegic card la can be inserted oppositely

into the apparatus with respect to front and rear.
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Operation of putting the magnetic card la on the

.carriage base 189 will row be explained. When the

magnetic card la has been fed info the carriage base 189
perfectly and the carriage baée 189 starts moving in.the
dlrection of X, the positioning pins 575a and 575b should
be forward of the apparatus than the location of the
poéitioning holes 576a and 576b as.shown in Fig. 98A.

The card holder 568 and the magnetic card la do not move
ih the direction of X at the first time qf the carriage
base 189 moving towards X. When the positioning pins
575a and 575b come just under the positioning holes 576a
and 576b, the pressure pad 207 starts pushing the
magnetic card la from the upper As shown in Fig. 98B.
Then, the front edge of the card bias spring 571 contacts
the carriage base 189, The pressure toward Y to the
mégnetic'card la by the card bias spring 571 is removed.

Therefore, the magnetic card la slides down the outer of

‘the driving roller 184 with being pulled toward X. There

are holes 582a and 582b on the pressure pad 207 not to

interfere the positioning pins 575a and 575b. In the

situation of Fig. 98B, the pressure_pad 207 moves
downward to push the magnetic card la and toward Y with
respect to the magnetic card la. Therefore, the location

of the holes 582a and 582b deviates toward X from the

location of the positioning pins 575a and 575b as shown _
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in Fig. 98B._

Embodiment 68

Fig. 99 shows that the card lifters 574a to 574d are
installed on the carriage base 189 described_in
Embodiment 67.

Since the magnetic card la is lifted by the card
1ifters 574a to 574d, the magnetic card la does not
contact with the'positioning pins 575a and 575b or

contacts only a little to get very small shock when the

.magnetic card la’ comes into the carriage base 189. The

magnetic card la can be. lifted up from the positioning
pins 575a and 575b by the card lifters 574a to 574d in

extracting the magnetic card la.

"Embodiment 69

In Fig. 100A, the positioning pins 575a and 575b
described in Embodiment-67 are supported elasticaily by
flat springs 577a and_577b fixed to the back side'of the
carrlage base 189.

Since the positioning pins 575a and 575b move
downward even when the magnetic card la contacts with the
positioning pins 575a, and 575b, the magnetic card la gets

only a little damage in being inserted and extracted It

is also acceptable to install the card 1ifters 574a to
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574d described in Embodiment 68.

The éhapes of the positioning pins 575a and 5755 can

have-a taper as shown in Fig. 100B. In Embodiment 87, it

is described that one of the positioning holes 576a and
576b can be oval. Diameter D at the foot of the_
positioning pin_corresponding to the circular'positioning
hole is longer than diameter of the circular positioning

hole. Diameter D at the foot of the positioning pin

corresponding to the oval positioning hole is longer than

minor axis of the oval nositioning hole. By defining the
size of the positioning holes as the above, the
positioning pins 575a.and 575b can be tightly put into
the positioning holes 576a and 576b,.which brings an
effect of improving the positioning accuracy of the
magnetic card la. |

After the positioning pins 575a and 575b have been
put into the positioning holes 576a and 5?6b. the
magnetic card la is pushed onto the carriage base 189 by
the pressure pad 207. When the magnetic card la is
pushed onto the cérfiage base 189, the flat springs 577a

and 577b bend downwards as éhown'in Fig. 100B and then a

spring power upwards is generated. As the flat springs

577a.and 577b are cantilever springs, the positioning

—

pins 575a and 575b are inclined and the positions of the

positioning pins 575a and 575b are deviated with respect
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to a horizonfal.direction when the flat sprinés 577a and
577b bend. Therefore, in order to improve the |
positibning accuracy of the magnetic card 1la, it is also
acceptable to make the structure of the poSitioning pins
575a and 575b move upward and'aownward vertically.
Namely, a guide part 575c shouid be installéd on,tﬁe
carriage base 189 as shown in Fig. 100C and the
positioning pins 5755 and 575b pressured upward by a

compression spring 575d should be put into the guide part

57bc.

lAlthough th'e flat springs 577a and 577b and the
compression spring 575d are used for preésuring the
positioning pins 575a and 575b in'this embodiment, a
gimbal spring or magnetic power can be used instead of

the flat springs and the compression spring.

Embodiment 70

The positioning holes 576a and 576b of the magnetic
card la were on the same line which is parallél to the
inserting direction in ﬁmbodiments 67 to 69. The
positioning pins 575a and 575b are corresponding to the

positioning holes 576a and 576b. When the magnetic card

' la contacts the positioning pins 575a and 575b in getting

-

into the carfiage base 189, the forward positioning hole

§76b contacts with the pbsitioning pin twice. Therefore,
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the positioning hole 576b gets damage around the hole,

then positioning accuracy will be deteriorated. As the

- positioning pin 575a being put in the forward positioning

hole 576b, a trouble may happen in inserting operation.
The positioning holes in this embodiment are not

aligned on the same line which is parallel to the

~inserting direction. Two positioning holes 576e and 576F

are made sideward at the front.of the magnetic card la as
shown in Fig. 101. The positioning pins 575e and S575f of.
the carriage base 189 are also aligned sideward
corresponding to’ the positioning holes 576e and 578f as
shown in Fig. 102. It is also acceptable to make two
holes S76g and 576h ﬁot to be on.the same line, namely
deviated a little one another, as shown in Fig. 103 and

install positioning pins corresponding to the two holes.

Embodiment 71

The positioning pins 575a and 575b are projecting
from the base surface of the carriage base 189 in
Embodiment 69. Front edges of the flat springs 577a and

577b are bent in this embodiment as shown in Fig. 104A.

" As the carriage base 189 moves in the direction of Y, the

front edges of the flat springs_577a and 577b are pushed
down by arms 578a and 578b fixed to the apparatus base 21

as shown in Fig.'104B._fo-this method, the magnetic card
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la can avoid interfering the positioning pins 575a-and
575b when the magnetic card la is inserted. Accordingly,
space-H of the féeding path between the carriage base 189
and the pressure pad 207 can be lessened, which has an
effect of downsizing the appératﬁs.

In this embodiment, it is also acceptable to have a

~ taper as the shape of the positioning pins.575a and 575b

as mentioned, iﬁ Embodiment 89.

Embodiment 72
In the above embodiments 65 to 69, the grooved cams
569%a to 568d on the'cérriage base 189 are used. for

lifting and lowering the card hoider 568. While the

"carriage base 189 moves in the direction of X or Y, the

card holder comes up or down. Namely, the card holder
568 moves diagonally with respect to the carriage base
189. |

| In this embodiment, the card holder goes up and down
vertically with respect to the carriage bése. Fig. 105
shows the carriage base 189 and the card holder 568 of.
this embodiment. " There are square ﬁoles 579a to 579d on

the carriage base 189. Foot parts 580a to 580d of the

card holder 568 are inserted into the square holes 578a

to 579d. In this case, each of the foot parts is

inserted into the square hole and can move in the
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vertical direction of C or D (Foot parts 580c and 580d
are not shdwn). One side of the foot parts'580a to 580d
are slanting. One edge of the extension spring 570 is

fixed to the carriage base 189 and the other edge is

- fixed to the card holder 568. The both edges are

pressured to be close each other. The preséure pad 207
is the same pad as that of embodiment 1.

In Fig. 106A, blocks 58la to 581d (blocks 581c and
581d afe not shown) are fixed to the apparatus base 21
and they face the foot parts 580a.to 580d. When the
carriage base 189 and the card holder 568 move in the
direction of Y, the foot parts 580a to 580d contact with
the blocks 58la to 581d. Then, fhe.card hoider 568 is
lifted in the direction of D because the slanting sides
of the blocks and foot parts perform a role as a.cam. It
becomes possible to insert and extract the magnetic card
la. It is needed to move the carriage base 189 in the
direction of X in order to loﬁer the card holder 568. By
doing this, the magnetic card 1la is cauéht between the
pressure ﬁad 207 and the carriage base 189.

It is also acceptable to use the card lifters 574a
to 574d and the positioning pins 575a to 575d stated in
the above embodiments, for the structure of this

-

embodiment. Using flat springs 577a and 577b for the
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578b for iitting and lowering the flat springs 577a and
577b are also acceptable.

Operation of putting the magnetic card la having the
positioning holes 576a and 576b. on the carriage base 189
will now be stafed. When feeding.the magnetic card la
into.the carriage_base 189 is finished and the carfiage
base 189 starts moving toward X, the positioning pins
575aland.5755 should be just under the location of the
positioning holes 576a and 576b as shown ih Fig. 107.
Then; the carriége base 189 starts moving.in the
direction of X,.énd the pressure pad 207 comes down
vertically to push the magnetic card 1la. |

If pressure of the cardlbiaé spring 571 against the
magnetié card la is removed, the front edgé of the
magnetic card la comes away from the driving roller 184.
It becomes possible for the magnetic card la to get |
together the positioning pins 575a and 575b smoofhly.

The following structure is also acceptable. Figﬂ
108 shows an enlargement of the carriage base-189 and the
card holder 568 in this casé. Especially, the
enlargement of edge with respect to the direction X is

shown. The card bias spring 571 is fixed to the edge of

‘the card holder 568, The card bias spring 571 includes a

—

card bias part 57la being center of the card bias spring

571 and tongues 5715 and 571c (the tongue 571lc is not
. :\K
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. shown) being both edges of the card bilas spring 571. A

notch 584 is made at the location corresponding to the
card bias spring 571, on the carriage base 189. The
notch 584 includes a side 584a corresponding to the card
bias part 571a, and sides 584b ahd-584c correspOnding to
the tongues 571b and 571c¢. When the magnetic card la is
not'befween the carriage base 189 and the cérd holder
5§68, the card bias part 571a contacts with the side 584a.
If the magnetic card la is inserted between the carriage
base 189 and the card holder 568, the magnetic card la
cdntacts the card bias part S571a and gets pressure toward
Y as shown in Fig. 109B. When the card holder 568 comes
down to the carriage base 189, thé toﬁgues 571b and 571lc
contact the sides 584b and 584c as shown in Fig. 109C.
Then, the card bias spring 571 :otatés in the direction
of Z, so horizontal préssure to the magnet;c card la is
removed. If it is operated in order of Fig. 109C to Fig.
109B, the magnetic card 1a is pushed in the direction of

the driving roller 184 and the magnetic card la is

- extracted along the rotation of the driving roller 184.

Embodiment 73
In Embodiment 72, cams are used for lifting and

lowering the card holder 588 with respect to the carriage

base 189. Method of using a link will be described in
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this embodiment.
Figs.-lloA and 1103 show section of the device of
this embodiment. The carriage base 189 and the card

holder 568 are pressured in the direction of their mutual

‘approaching, by the extension spring 570. Bases 585a and

585b are fiked to the apparatus base 21. Links 586a and:
586b are fixed to the bases 585a and 585b and can rotate
in the direction of E or F. The links 586a and 586b are
pressured to rotate in the direction of E by the
extension springs 587a and 587b. When the carriage base
189 moves toward'Y and contacts the edge of the links
586a and 586b, the links 586a and 586b rotate in the
direction of F. Then, the other.edges of the links 586a
and 586b 1ift the foot parts 580a and 580b as shown in

Fig. 110B and it becomes possible to insert or extract

the magnetic card la.

In the above embodiments 85 to 73, the pressure pad
207 is ﬁsed as the pad. The-support pad 539 stated in
Embodiment 40 or one side of the card holder 568 can be

also used as the pad.

Embodiment 74

In the embodiments 65 to 73, the turntable 15 does

-

not move and the magnetic card l1la moves with the movement

of the carriage base 189 when random access is performed.
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In this embodiment, the turntablé 15 moves along the long
side of t@e ﬁagnefic card la when the random access is -
performed.

This embodiment will now be explained in reference

to Figs. 111 to 113. In Figs. 112, a carrier 588 applied

-with the turntable 15 is connected to the guide rod 220.

A needle 589 and a pressure spring 590 are fixed to the
carrier 588. This needle 589 is connected with the lead
screw 222. The pressure spring 590 pressures the
connection between the.lead screw 222.and the needle 589
from the opposite side in order not to come off.

The carriage base 189 is fixed to the apbaratus base
21 by a fixing part (not shown). Width P in inside
measurement of the card holder 568 is lbnger'than the
width Q in outside peasurement of the carriage base 189.

As shown in Fig. 111, there is a hole 591 oﬁ the

'side of the carriage base 189. ‘Holders 592 and 593 are

fixed to the apparatus base 21. There is an oval hole
594 on the holder 593.
One end of an arm 595 is fixed to the holder 592 and

this end can rotate. The other end'of the arm 595

'engages with the hole 591. One end of an arm 596 can be

put in the hole 594 of the holder 593. The other end of

the arm 5968 is fixed to the card holder 568 and this end

can rotate. The arms 595 and 596 are connected one
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‘another rotatively at each center and they form a’

parallel link. As shown in Fig. 113, one end of a'Wire
597 is fixed to the carrier 588 and the other end of the
wire 597 is fixed to the arm 5896.

When the earrier 588 moves in the direction of X and
the magnetic head 13a or 13b moves towafd_X-faerer than-

the rear track 63f of the magnetic card la stated in

‘Embodiment 53, the wire 597 strains and draws the wire

fixed to the end of the arm 596 in the direction of X.
Then, the card holder 568 goes up and the conditions of
feeding the magnétic card la in and out become prepared.
When the carrier 588 moves toward Y after the magnetic

card la being ineerted. the wire 597 gets loose and the

card holder 568 goes down, then the condition of

reading/writing becomes prepared.

In the case that the driving roller 184 is used for
feeding the magnetic'card ia.in and out as shown in Fig.
92 for fhis embodiment in which the magnetic card la does
not move in the direct;on of X, if is acceptable that the |
dfiviﬁg roller 184 is moved downward by an avoiding
mechanism (not showﬁ) not to interfere with the magnetic
card la when the magnetie card la is pushed onto the
carriage base 189., '

One end of a range of the random access can be

detected by the starting point sensor (not shown) which
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detects the carrier 588. When the carrier 588 moves
toward X and the magnetic head 13a or 13b is positioned
at fhe rear traék 63f as described in Embodiment 53, the
carrier 588 1s detected by this starting pbint sensor.
In this case, the carrier 588 is at one end of the range
of the random access. | .

It is acceptable to iﬁstall the énd point sensor
(not shown) to detect the other end of the range of the
random access. The end point sensor detécté the carrier
558 when the maghetic head 13a 6r 13b is positioned at
the front track 63e. It is also acceptable that the
starting point sensor detects.the carrier 588 when the
magnetic head 13a'or 13b'is positioned at the front track
63e, and the end point sensor detects the carrier 588
when the magnetic head 13a or 13b is positioned at the
rear track 63f. A lighf shield type or a reflection type
photoelectric switch can be uséd as the starting point
and end point sensors.

In the apparatus in which the magnetic card 1la

moves, it is necessary to keep a specific room to move

the carriage: for the random access in the apparatus. .The

Specific room is the same length as the total of the

length of the magnetic card la and the length of the

movement of the magnetic card 1a. On the other hand, in

the apparatus in which the turntable 15 moves as this
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embodiment, it is necessary to keep the room the same as
the length of the magnetic card la, which brings an
effect of making thé length of the apparatus short;

The card reader of the present invention has the
above structures. Since the magnetic card is caught
between the carriage base ond.the card holdet, it-has an
effect that positioning accuracy 1is imptoved. As the
positioning pins are uéed for'positioning the card, it
also has the effect thét positioning accuracy becomes
better.

It is general that the apparatus, such as the
apparatus above stated, is expected to be small size and
to memorize large amount of data; Accordingly, it is
necessary to clarify the relation between the elements of
the apparatus and the'data amount. The relation between
.the angle « and the total track length M obtained by
adding each track length have been computed in
expressions (10) to (15). The range of the angle « has
been defined in the éipression (24). These exprossions
are in the case that two tracks necessériiy correspond to
a head rotation center.. There is a possibility that one
track cofresponds to the head rotation center depénding
upon a shape of the,card and so on. Though no practical

—

big p:oblem comes about, the above computations are

'~perforned approximately. The expression (10) "X ='P .
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cosa” 1is not- correct strictly, for example. . Althbugh the
number of the tracks N shou1d be an integer, N in the
expression (13) does not necessarily become an integer.
More genera; computation method for the angle « and
the track pitch P which make the total track length M
maiimum will now be stated as follows. To tell the
following expressions from the above expressions;

variables different from the variables used in the above

expressions are used even when the both variables mean

the same.

The followings are defined as known variables in
advance for the calculation (refer to Fig.'114).

Length of recording region Lr

Radius of track Rt

Tolerable minimum space

befween neighboriné tracks Tpmin

Lf and Rt are defined.by the éize of the magnetic card
la, parts allocation in the apparatus and so on. Tpmin is
defined by width of the track and characteristics of the
magnetic head. Locus of the.head rotation should be
within Lr.

The followings are calculated from the above known
variables with a track pifch Tp.

Recording angle 0

Length of one track Ltl

heet Has Been Replacet
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Nﬁmber of tracks _ Nt
Toéal leﬁgth of' tracks .Lt

It.is necessary to repeat calculations with changing
Tp to decide a track pattern. The track pattern is
decided based on Tp which makes Lt maximum and 8
corresponding to the Tp.

Procedure of the_computation will be explained as
follows.

Procedure 1. Assume temporary plitch Tp

Procedure 2. Based on the Tp, calculate the recording _
angle & (degree) which mékes the space between two
neighboring trackg be Tpmin.

Now, the calculation will be explained in referencé
to Fig. 115. A circle whose.center is the origin is
defined as circle Cl. A circle whose center is (Tp, 0)
is defined as circle C2. An intersection between a line

which passes the center of the origin and has an angle 8,

"and the circle Cl1 is defined as a point A (xa, ya).

Another intersection between the line which passes the

_ center of the origin and has an angle 8, and the circle

C2 is defined as a point B (xb, yb). =xa is x-coordinate

of A and ya is y-coordinate of the point A. xb is x-

- coordinate of B and‘yb is y-coordinate of the point B.

Supposing that distance AB between the points A and B is

defined as distancg'between the circles Cl1 and C2 at the
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point A, thq_following calculation can be settled.

AB = (xb - xa) / cos 6

: This'expression can be ekpressed as follows.

AB = Tp x cos8 + vy (Rt2 - Tp?2 Q sinz9)l}
Angle 6 which makes this AB be the same as Tpmin
is the recording angle. Td calcuiate this fécording
angle 8, the following function F (8) is defined.

F (B).=-Tp % cosH ¥.{f (Rt2 - Tp2 «x sinzﬂ)} - Rt - Tpmin
By solving F (6) = b_with respect to 8, the recording |
angle can.be obtained. Newton method using.an
approximate solution to solve a subject is noted.
Procedure 3. Calculate.Ltl which is length of_one track.

Ltl = = x Rt x 8 / 90 |
é has been already calculated in the procedure 2.
Procedure 4. Calculate Ls which is length of range of
tracks being written. This calculation methbd will now
be explained in reference to Figs. 116 to 118. L& 1s a
sum of "a" and "b" shown in Fig. 117 or 118. 1In Figs.
117 and 118, a solid line indicates a track.and a dotted
line indicates a locus of the head. Arcs 598 and 599,
each of whose central angles is 20, are written facing

oppositely. In this case, length of the central blank

part is defined as LO and distance between two edges of

—

extended locus of the_arcs is defined as L1.

L0 = 2 x Rt x (1 - cos6)
- dThis Sheet Has Been Rel;ilacen
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Ll = 4 x Rt - LO - 2 x Rt x (1 + cos® )
(1) Case of Lr > L1
-Right and left most inner tracks 600 and 601 can
approach until théy contact each other as shown in Fig.
117. Even when the tracks 600 and 601 cbntact, the head
locus does not come oﬁt of the recording region.
Ls =a +b
= Lr - LO
(2) Case of Lr =< L1
Right and left most inner tracks 602 and 603-can not
approach as close as they contact each other as shown in
Fig. 118. When the tracks 600 and 661 approach as close
as they contact, the head locus comes out of the
recording region.

Ls =a + b

ft

Lr - LO ~ (L1 - Lr)

2 x (Lr - 2 x Rt)
Procedure 5. Calculatg the number of tracks Nt
Assuming that the tracks are arranged symmetrically with
respect to right and left, Nt is an even number.

Nt = INT (Ls / 2 / Tp + 1) x 2
INT amounts an integer in value in the above parentheses.
Procedure 6. Calculqte.length of total tracks Lt;

Lt = Ltl x Nt .

The above procedures are repeated with changing Tp to
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figure out the pitch Tp ﬁhich makes Lt maximum aﬂd the
recording ahgle 8 corresponding to this pitch Tp. Then,
an outline of the frack pattern will be decided.

When Lr > L1 as'stéted in thé proéedufe 4, only one
track can be provided for a head rotation center at the
part out of the recording reéion Li1. For example; track
805 can not have a facing track having a same rotatioﬁ
center 604 as shown in Fig. 117. It happens that the
facing track for the track 605 crosses other tracks if
the facing track'is written symmetrically against the
rotation center 604. On the other hénd, in the case of
Ll >= Lr as stated in Fig. 118 or 1in region involved in
L1 shown in Fig; 117, two faciné tracks placed
symmetrically can be provided for one rotation center.
Tracks 600 and 607 for the rotation center 606 in Fig.
117 and tracks 602 and 609 for-the_rotation center 608 in
Fig. 118 are examples of the aﬁove.

In the case of Lr > L1, normal writing/reading
operation can not be performed practically when the right
and left most inner tracks 600, 601 contact one another
as showﬁ in Fig. 1174 Namely, it is necessary to keep
space between the innermost tracks, for example by
deleting the two {?ght and left_innermost tracks 800,
601. |

Fig. 119 shows an example_of the above calculation
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results. Relation between Tp and Lt is described
regarding Rt-as a parameter. In this case, Lr = 80 (mm) ,
Tpmin = 0. 12 (mm). When Rt =_25 (mm), Tp becomes 0. 18
(mm) and the total track length Lt becomes around 14,000
(mm) which is the maximum. The reqdrding angle 6 is |
around 48 degrees at this time. When Tp 15 betweeﬂ 0.16
(mm) and 0.21 (mm), the fotal.track length becomes more
than around 13,300 (mm) which is 95 % of the maximum. In
this range, the recording angle 8 is around 41 degrees to

54 degrees.

e
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1. A card drive apparatus for accessing a plurality

What-is claimed is :

of recording tracks on a card, comprising:

a head assembly having at least one access head

for accessing two recording tracks, wherein the two

recording tracks are arc tracks located ét.different
places on one circumference on the card, a turntable for
mounting'the access head, and a shaft for rotatiﬁg the
turntable there around;

a carriage for steadily holding the card
therein and prdviding an access opening for accessing the
card there through; and

a carriage positioniné mechanism for
positioning the carriage agéinst the head assembly
through the access.opening;so that the access head
accesses the two recording fracks on the card at one
position.

2. The card drive apparatus of claim 1, wherein ‘the
head assembly inciudes a motor for rotating the shaft.

3. The card drive apparatus of claim 1, wherein the
turntable mounts a first and a seéond access heads.

4. The card drive apparatus of claim 3, wherein the

first and the second acceSs heads are symmetrically

placed against the shaft.

5. The card drive apparatus of claim 3, wherein the

a8 | Y A
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first access-head is only for reading and the second

access head is at least for writing.

6. The card drive apparatus of claim 3, wherein the
first eccess head has a first head gap, wherein the
second access head has a secoﬁd head gap whibh is
narrower than the first head gap.

7. The card drive apparatus of claim 3, wherein the
first access head has a first head gap for accessing data
on the recording track, wherein the second access head
has a second head gap for accessing data on the recording
track, wherein the first head gap and the recording track
forms an angle of + ® degrees, and wherein the second
head gap and the recording treck forﬁs an angle of - 6
degrees. |

8. The card drive apparatus of claim 6, wherein the
first access head accesses a first data recorded on a

first la&er of the card, wherein the second access head

"accesses a second data recorded on a second layer of the

card.

9. The card drive apparetus of claim 8, wherein the
first data is recorded.by a first signal havihg first
wave length, wherein the second data is recorded by a
second signal having a second wave length which is more
than ten times shorter than the first wave length

10. The card drive apparatus of claim 1, wherein
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the turntable includes a table edge there around for

contacting éhe card.

il1. The card-drive.apparatus of claim 10, wherein
the table edge includes an uneven surface for contacting
the card.

12. The carc drive apparatus of claim 11, wherein

the turntable has a first air hole thereon and the table

edge has a second air hole.

13. The card drive apparatus of claim 1, wherein
the card is a magnetic card for recording data, and
wherein the access head is a magnetic head.

14. The card drive appérafus of claim 13, wherein
the head.assémbly furtﬁer includeé a slider having the
magnetic head, a spring, attached to:the turntable, for
mounting the.slider.

15.. The card drive apparatus of claim 14, wherein
the spring is an arm spring having twb ends, one for
mountihg tﬁe slider and another fixed to the turntable,
and wherein the tﬁrntable.includes a stopper for limiting
a moving range of the arm spring to keep the head
position in a predefined area.

18. The card drive apparatus of claim 2, wherein
the head assembly further includes a rotary transformer
and a transformer holder for holding the rotary

transformer.

T RN R ) A
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17. The card drive apparatus of claim 16, wherein

the transformer holder includes a holder edge there
around for contacting the card.
18. The card drive apparatus of claim 17, wherein

the holder edge includes uneven surface to contact the

- card.

19. The card drive apparatus of claim 18, wherein

the turntable has a first air hole thereon and the holder

edge has a second air hole.

20. The card drive apparatus of claim 1, wherein
the turntable includes a cleaner mounted thereon for
contacting and cleaning a surface.of the card.

21. The card drive apparatﬁs of claim 16, wherein
the head assémbly further ihcludes a mégnetic shield
between the motor and the rotary transformer.

22. The card drive apparatus.of claim 1, wherein
the card is an optical card for recording data, aﬁd 
wherein the access head is an_optical head.

23. The card drive apparatus of claim 22, wherein
the optical head includes an optiéél lens mounted on the
turntable, and an opfical path for transmitting an
optical signal from the optical lens, and wherein the
shaft includes at least a part of the optical path.

-

24. The cérd drive apparatus of claim 23, wherein

- the head assembly further includes a light emission

S| 1T
. * C L . s * .



10

15

20

25

s Sheet Has Been Rep lacec

source, couﬁled to the optical pass, for emitting an

- .. ~

optical signél to the optical path.

25. The card drive apparatus of claim 24, wherein
the optical lens includes a first optical lens and a
second optic#l léns mounted on the turnféble, wherein the

light emission source includes a first photd diode which

"emit a first optical signal having a predefined wave

length, and a second.photo diode which emit a second
optical signal having different wave length from the
first optical signal, and wherein the optical péth
inclﬁdes a prism for passing through fhe first optical
signal and reflecting the second optical signal.

26. The card drive apparatué of claim 23, wherein
the head assembly further includes an optical fiber
coupled to the optical path for extending thé optical
path. : |

27. The card drivé apparatus of claim 1, wherein
the card is a magneto-optic card for recording data, and
wherein the access head is a magneto-optic head.

28. The card drive apparatus of claim 27, wherein

the magneto-optic head further includes an optical lens

mounted on the turntable, a coil around the optical lens, _

and an optical path for'transmitting an optical signal.

29. The card drive apparatus of claim 28, wherein

the head assembly further includes a rotary transformer

_

—_—
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for providing a bilas signal to the coil.

_30; The card drive apparatus of claim 27, wherein

the carriage includes a media for forming a desirable

magnetic field.

31. The card drive apparatus

of claim 1. wherein

the access head is a magnetic resistive head.

32. The card drive apparatus

the card include a recording 1ayer

for'protecting the recording layer.

33. The card drive apparatus

of claim 31, wherein

and a protective layer

of claim 32, wherein

the protective layer is removable from the recording

layer.
34. The card drive apparatus

the head assembly further includes

of claim 16, wherein

a slip ring fixed to

the shaft and a brush for contacting to the slip ring

during the shaft rotation.

35. The card drive apparatus

center tap, and a second coil.

36. The card drive apparatus

the head assembly further includes

position of the access head:
'37. The card drive apparatus

the head assembly further includes

pitching of the access head.

of claim'iG, wherein

‘the rotary transformer includes a first coil having a

of claim 1, wherein

means for adjusting a

of claim 1, wherein

means for adjusting a

* c L M S *
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'38. The card drive apparatus of claim 1, wherein

the head assembly further includes means for adjusting a
rolling of the access head.

39. The card drive apparatus of claim 1, wherein

‘the head assembly further includes a mechanism for

mounting the access head allowing a pitéh of the aécess
head and preventing a roll of the access head.

40. The card drive apparatus of claim 1, wherein
the access head includes a body having a-taper and a
contacting part located on top of the taper for
contacting the card.

41. The card'drive apparatus of claim 1, wherein
the head assembly furfher'includés a dust'removér mounted
on the turntable for removing a dust on a surface of the .
card. |

42. The card drive apparatus of claim 41, wherein
the dust remover includes a notch for collecfing the dust
therein.

43. The card drive apparatus of claim 41, wherein

the dust remover and the access head are located at

different places on a circumference having a center at
the shaft.
44. The card drive apparatus of claim 14, wherein

the head assembly includes a weight mounted on the back

side of- spring, wherein the spring is located between the
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45. The card drive apparatus of claim 14, wherein

slider and the weight.

the slider include a contacting plane to contact the
card, and wherein the‘cohtacting plane is inclined toward
a radial direction.

46. The card drive apparatus of claim 3, wherein
the recording track is an arc having a first arc length,
wherein the first énd second access headé are mopﬁted at
different places on a circumferencé having a second arc
length there between, and wherein the first arc length isl
at least two times of the second arc length.

47. The card drive apparatus of claim 1, wherein
the carriage include a cafriage.base, a card feeding
mechanism for feeding the card to the carriage base, a
card positioﬁing mechanism for positioning the card at a
predefined positidn of the carriage base, and a card
holding mechanism for keeping the card at the predéfined
position.

48. The card drive apparatus of claim 47, wherein
the card feeding mechanism includes a card insertion
detector foridetecting a card insertion therein and
outputting a card detection signal when the card is
inserted, and a cird feeder, responsive to the detection
signal, for feeding'fhe_card therein.

49. The card drive apparatus of claim 48, wherein
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the card feeder includes a couple of rollers for feeding

1'0:7
Y
Y

the card.

§0. The card_drive aﬁparatus of claim 48, wherein
the card feeder includes a belt for feeding the card.

51. The card drive apparatus of ciaim 48, wherein
the card.feeding mechanism further includes é side.guide
and an end guide for guiding the card into the holder
base frame. |

52. The card drive apparatus bf claim 47, wherein
the carriage base includes a base plane to feed the card
thereon, a side wall for lining a side_edge of the card,
and an end wall for lining an ehd edge of the pard.

53. The card drive.apparatﬁs of claim 52, wherein
the card pésitioning mechanism further includes a card
positioning detector for detecting the card being
positioned at the end wall and outputting the positioning_
signal, and wherein the card feeder is responsive to thg
positioning signal and stops the feeding of the card.

54. The card drive apparatus of claim 53, wherein_
the card position;ng'detector includes an optical sensor,
attached to the carriage base, for detecting the end edge
of the card.

55. The card drive apparatus of claim 47, wherein
the carriage furth;r inclhdes a card ejecting mechanism

for ejecting card, wherein the card ejecting mechahism

—_—
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includes means for releasing the card from the card

holding mechanism, means for feeding back the card and
means for detecting the ejection of the card.

56. The card drive apparatus of claim 52, wherein
the card holding mechanism includes an elastic pad for
giving a pressure on one side of the card to keep the
card flat at the predefined position after_the'card
positioning mechanism positioned the card, a pad frame
for holding the pad thereon, and a pad frame drive
mechanism for moving the pad frame for giving the
pressure to the Eard positioned at the predefined
position.

57. The card drife apparatus-of claim 56; wherein
the pad fréme drive mechanism include a release mechanism
for releasing the pad frém the card and an applying |
mechanisﬁ for.applying the pad to the card for giviﬁg the
pressure to_the card.

58. The card drive apparatus of c¢laim 56, wherein

. the pad includes a flat surface to contact the card.

59. .The card drive apparatus of claim 1, wherein
the carriage includes a carriage base, having the access
opening for the head assembly, for feeding the card
therein, and a pad frame fér holding a pad, and whereiﬁ

the carriage base and the pad makes a feed path there

" between so thgt the card is fed through the feed path.

(T oo



10

i5

20

25

nYY

~ -

This Sheet Has Been R r el T .

LT s

'80. The card drive apparatus of claim 1, wherein

the carriage iﬁcludes a holder base frame, having the
access opening fof the head assembly, fér placing the
card, and a pad frame for holding a pad, dnd wherein the
base frame and the pad frame are hinged to maké an open
path so that the card is directly placed to the base
frame through the open path.
| 61. The card ﬁrive apparatus of claim 80, wherein
the carriage base has a guide to place the card thereon.
62. The card dri#e apparatus of claim 61, wherein
the card has holes and the guide has pins corresponding
to the holes.
63. The card drive apparatus of claim 56, wherein

the card holding mechanism further includes a spring

attached to the pad'for flexibly mounting the pad to the

pad frame.

84. The card drive apparatus of claim 48, wherein
the card feeder includes a driving roller and a pressure
spring to feed the card there between.

65. The card drive apparatus of claim 56, wherein
the pad frame drive mechanism includes a mechanism for
moving the carriage base and a mechanism for moving the
pad frame to the c§?riage base so as to give the pressure
to the card positioned at the carriage base.

66. The card drive apparatué of claim 52, wherein
- .
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the base plane include a card lifter for lifting the card

during the card feeding.

| 67. The card drive apparatus of claim 52, wherein
the card includes a plurality of positioning holes and
wherein the base plane 1hclude positioning pins for
engaging to the positioning holes.

68. The card drive apparatus of claim 1, wherein
the apparatus further include an apparatus base, and
wherein the carriage positioning mechanism includes
mechanism for fixing the head assembly to the apparatus
base; and mechanism for moving the carriage so that the
access head mounted oh*the head assembly seeks the
recording track on the card through the access opening.

69. The card drive apparatus of claim 1, wherein
the apparatus further include an apparatus base, and
wherein the carriage positioning mechanism includes
mechanism for fixing the cgrriage to the apparatus base,
and_mechanism for moving the head assembly so that.the

access head mounted on the head assembly seeks the

‘recording track on the card through the access opening.

70. The card_drive apparatus of claim 1, wherein
the card includes a mark thereon, and wherein the
carriage positionigé mechanism includes a sensor for
detecting the position df the mark and for outputting the

position signal, and correction mechanism, responsive to

= | A
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the position-signal, for correctihg the position 6f the
head assembly against the card holder.

71. The card drive apparatus of claim 1, wherein
the card has a plurality of arc tracks, and wherein the
carriage poéifioning mechanism includes a photo encoder
having a plurality of slits around the shaft and rotating
synchrondus with the shaft, optical sensor for sensing
the slits of the photo encoder, and means for generating
an index signal for each of the arc tracks so as to
identify a starting of the arc track.

T7T2. The ca}d drive apparatus of claim 71, wherein_
at least one of the arc tracks repords_a predefined
pattern, and wherein the positioning mechanism checks the
predefined pattern for identifying the position of the
access head.

73. The card drive apparatus of claim 72, wherein'
the predefined pattern is recorded at an outmost arc
track. |

- T4. A card for recording' a data, comprising a
recording area having a plurality of arc tracks for
recording data. |

75. The card of claim 74, wherein the arc tracks
includes é pluraliqj of coupled arc tracks each couple of
which is lécated at two symmetrical parts of one

circumference.
_—
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76. Thé’card of claim 74, wherein the arc tracks
have a track pitch P = X / cos « wherein X is a track
width and « is a half of a center angle of the arc
tracks.

77. The card of claim 76, wherein the angle « is
between 40 degrees and 55 degrees.

78. The card of claim 74, wherein the card is a
magnetic card.

79. The cara of claim 74, wherein the cafd is an
optical card.

80. The ca;d of claim 74, wherein the card is an .
magneto-optic éard. |

81. The card of claim 74, wherein the card includes
a reinforcement plate.

82. The card of claim 74, wherein the card includes
reinforcement frame around the recording area.

83. The card of élaim 82, wherein the surface of

the reinforcement frame is higher than the surface of the

_recording area.

84. The card of claim 74, wherein the card includes
an abrasive on a surface.

85. The card of claim 84. wherein the card further
includes a nonwoveﬁlfabric. |

86. A card access method for a card drive apparatus

having a carriage, a head assembly having a turntable,
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steadily holding the card into the carriage;

]
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comprising the steps of: )

rotating a turntable, which mounts a access
head in the head assembly;
positioning the head assembli to a desired
position against the card so as to.seek two fecording
tracks on'the card wherein the two recording tracks are
arcs in a circumferencé on a card; |
accessing the recording tracks on the card by
the access head. |
87. The card access method of claim 86, wherein the
accessing step includes generating an index pulse at
starting of each of the recording tracks, generéting a
sector pulse at'starting of a sector, reéding / writing
data.from / to the sector according to the index pulse
and the sector pulse. |
88. The cord access method of claim 88, wherein the
holding step includes the steps_of feeding the card in
the carriage, positioning the card at the card holder,
and giving the card a pressure to hold the card in the

carriage.
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