2217096 Magnetic Record Medi um And Method OF Recordi ng_And Reproduci ng
Security Information On And From It This invention ng magneti c
reeord medium5 and particularly to recording and reproductio f security
informati on on and froma magnetlc record nedium An exenplary one of
conven~t|onal " methods of recording infornation on a magnetic record
medi umis 10 il | ustrated i n a wavef orm di agram of Figure 4. Referring to

Figure 4, digital agnet i c. record| g, for [ d digital informtion on a
magnetic record ITEdI agneti ¥ iﬁﬂ;&i@ﬂ.ﬁMform

of pul ses having an alRa;lnﬁcmcaaigJES@tﬁﬁitw Irfm:mda&ﬂﬁx o Qugh Frotanet i c
head Wweere Is or -lIs is an electric current necessary to attain saturation
magneti sation Ms or -Ms, respectively, of a record nedium Wth the record
medi um the magneti sat‘lrln'ls comdéntbont teletesextio B t saghetpcchrecged stdioem
Ms and -Ms in 20 r nf @pmat.l Foﬁffrd I or
mediumi s scanne tﬁe na%er‘]\aé—%?(l:yhegg tof%t}ar 0 Qgrg§8P% gﬁ%t o?’ma’??fon
on.the record nediielﬂﬁrlt%n infamptighalotarmise ol néd megnshiiqgaregord
which is reversegddiyspl arity at each point at which the nagnetlsatlon 25
condition is changed in accordance with a changing direction of th
magnet i sation conditi &R asCXeBRLIAF¥m LMy ePEr mEPVERFHPRAL Fi BﬂFEWQS TPt
prevent- producti Qfaedai‘rﬁm;guahcfbfrmlar;mmgnehl Ca NMndighedt ier ré&ﬂﬁﬂ[]ltﬂgdltﬂ;\; hils a
true magneti atura cessa e true/false
1Oretigustiated S wabsden STk FoRY 4.

deternm nati on nme

. Referring to Figure 4, digital magnetic recording’
\,) for recofaing digital information on a magnetic record
medium is effected by flowing write current iw in the
form of pulses having an absolute value greater than Is
15 thrbugh a magnetic head where Is or -Is is an electric
current necessary to attain saturation magnetisation Ms

or -Ms, respectively, of a record medium.
With the record medium, the magnetisation condition
thereof exhibits steep changes between Ms and -Ms in
'20 accordance with information. Accordingly, if the record
medium is scanned by the magnetic head to read out the
recorded information on the record medium, then a read
signal can be obtained the voltage of which is reversed
S | in polarity at each point at which the magnetisation
- 25 condition is changed in accordance with a changing
direction of the magnetisation condition as seen from a

waveform er shown in Figure 4. .
To prevent production of a counterfeit magnetic
medium - or tampering with a true magnetic medium,
30 naturally it is. nécessary to keep the true/false
' determination method secret, and, in addition, it is
desirable to make it difficult for a false user to
produce a counterfeit magnetic medium. 1In this regard, a
conventional magnetic record medium is not satisfactory
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desirable to make it difficult for a false .user to produce a counterfeit

magnetic nedium In this regard, a conventional magnetic record nediumis
not satisfactory 35 2 in security since it depends on a common-digital
recordi ngs nethod as described above. Accorgling to a first aspect of this
i nvention a magnetic record nedi um has security information recorded on, 5

it as a combi ndin Gecuritiesinteoltitmragpendsabhnoa &6islohi amgﬂeunﬁeaoi-aew
gradi ent and changes, of r@gnetﬂ]si condition having a shal | ower

gr adi ent . Acco™f qﬁ’g“* &3’& this invention a nethod for
reproducing a nagnetAccorstingl #adlalmﬁirsm aspectr daﬂcd:hizitrimtdtﬂ:idrirat

t f thig
\z/i\nsltoﬁca dgt ectin gr.‘rieans Whl cﬁ&hoﬂpaié@‘c‘ﬁ%%re%% tr‘F‘E(Jnnct I on '% 0 Irgén@% on
read-out vBI tad® REoporambihatien of ghanass of mmeﬁﬁﬁg‘éiea condition

magneti zati on Madriirepr Qb}’sdéé?r f&f&d\ﬂaﬁ@ahxﬁﬁ chiahgeubet i ﬁaljﬁéﬁﬁgaﬁéhum
isinvalidif. the d-o eeds a etrem ned error detection
vol tage | evel %3@ éﬁﬂ &‘%’fﬂ? *to athird aspect of
this invention an i r}tcuonﬂilm teca dsagomat raspdat plfodtlhisg invergnion ca20
Wherein o mgnBGURaE | ok péprdditind (Y Rliffeee Lhdord) oailn, ip,
on a magnapic acoondanss uWithhe theufinst nfaspest onobei Bhisecinventdona
magneti c comprises reproducing the security information with a
detecting means which has a differentiating function to
obtain a read-out voltage proportional to the gradient Of\.j
the change of magnetization and thereby determining that
15 the magnetic record medium is invalid if the read-out
voltage exceeds a predetremined error detection voltage
‘level of a predetermined polarity_;____
According to a third aspect of this invention an
information recording method for producing a magnetic
20 record medium in accordance with the first aspect of this
invention, 'wherexn a maghetic writing means is used for
writing secur:.ty information on a magnetic record n\ledium,
the security information being recorded on a magnetic
record medium|by driving the magnetic writing means with a
25 write current having a combination of steep and shallow
gradient changes. | | o/
' With the present invention, as distinct from a
conventional digital recording method having a read-out
voltage the polarity of which is alternately reversed, a |
30 read-out voltage having a fixed polarity can be obtained.
Accordingly, detection of any reversal in polarity can be
used as a security check.
Particular examples in accordance with this invention
will now be described with reference to the accompanying
35 drawings; in which:- |
Figure 1(A) is a schematic view illustrating the

general construction of a magnetic head and a magnetic

¢



record nedium by driving the magnetic.witing neans with a 25 wite
current having a conbi.nation of steep and shall ow gradi ent changes. Wth

it he present invention, as distinct froma conventional digital recording
met hod having a read-out voltage the polarityagf which is alternately
reverssed, a 30- read-out voltage having a fixed polarity can be obtai ned.
ACCG:IVHI ngly, deteceicordfmedjungyarsbl Figupel a1 (B)y dan e weesfam adiagram
security check. P ! es rdanc ti Wi |
now be descri bed \?LVI tlu%%ere %‘ fi' g°§§'§§r‘r§g‘n Qe%gglh@ mh‘%ﬁ%ﬁ gpld aln
whi ch: - Figure 1(Apf°§mt§@nemmdw&ngmeﬂmd ancngdtiws ger@rfsitrst example

construction of a @w iprelaent ga@eﬂtqggnetl c 2a record nedi um and
Figure 1(B) s a wavefqgrm di ag aml trgting an_i nformatjon, recor |ng
met hod and angl nf or mat |F 3 %’i‘t 936953909&?19"?3}'939‘?#%3 dey:

of the present mwhrit:h)ltheSpresent Enguhexanl isaapprdedgi agram of a
reproduci ng device to which the present invention is applied, -3- Figure
3 is a waveform diagram illustrating an information recording and

reproduci ng net hod according to a second enbodi nent of the present
i nvention; and,



™

Figure 4 is a waveform diagram illustrating a 5 conventional nethod
of recording information on a nmagnetic record medium Referring first to
Figure 1(A), there is illustrated schematic construction of a magnetic head
and a magnetic record medium The nagnetic head i$ generally denoted at 10
1 and adapted to scan the record medi um dedroted at 2 on a base plate 3 to. .

effect recording or reproduction of information on or fromthe record -
nedium 2 in such a nanner as described bel ow. It is to be noted that™

digital recording Fak®¥on I hdsSNR2I WRVASArMs @ipesdmd iblweteatimgtian

| nfor mat i on - Wigy e vinitf 1 s L Wb #Bind WnE it Riuc il Ine B0 "W ot didd td ( B)
wite current iwto be s <£%%§d t o éggina netic head 1 js changed steeply
from+ls to -1% qﬁﬂ%}“ﬁﬁé ﬁ; e At Jieypresent IR b2 or mation to
be witten is "1", Flgumsaich wig e cuwardfomm i didhyraed ibdesetetingn &ny
ot her instance, ently magnet i 1,04 .condi §i.Qn. f the record
medium 2 p esé%r?tnsg%g&s (Laheép.)i ch%ﬁ%gg?r o%ﬁ%%ar?%bfgnl %hgggg%gogacﬁn. 1"%in
accordance w magnediiowrecond meshiumay but pre- sents a noderate change at

any other positiongfrddie dfcarrbimy Wlqure 1(a), there is illustrated
schematic construction of a magnetic head and a magnetic
record medium. The magnetic head is generally denoted at
10 1 and adapted to scan the record medium denoted at 2 on a
base plate 3 to effect recording or reproduction of
information on or from the record medium 2 in such a \J
manner as described below. It is to be noted that
digital recording based on the NRZI method is employed
15 here.
Writing Information
Where information is, for example, "1011" as shown in
Fig 1(B), write current iw to be supplied to the magnetic
head 1 is changed steeply from +Is to -Is only when the
20

25

30
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Reproduction of Information Wien the record nedium 2 on which the

I nformation "1011" 10 _ is recorded in this manner is scanned by the
ragneti c head 1, as the read-out voltage er induced in the nagnetic head 1
has a proportional telationship to a change in magnetic flux, a pul se
‘appears at a position'of the read-out voltage er where the magnetization
condi-ti on M on the record medi um 2. 15 4exhibits a st eep. change. In
particul ar, the read-out voltage er presents a pulse of a great nagnitude
on the - side at a position of the information "1" at which the

magneti zati oen conditi on M changes steeply, but presents a little deviation
to the + side at any position where the magnetization condi- 20 tion M
presents a neRRFeRES chhinbRiorpabien nke yoe i vrhtten tih|el's) iRyt |wich weite
set, then a pulse el corresponding to the information "1" can be

r epr oduced, %“5&%&%6@@9%dmfgﬁﬁﬁt?bytﬂé 3Hf RIRET oS HPNS&N be
rreproduced from such | ses,_ el _and clock. pul ses.ec. 2 Further, if
L tan e STTSAHTHELY ortre nfts €1 EEELRN SERE IoR b ot ctng ot i
vol t age er, | - i ticular, if a
magneti c rec';c‘)ér]&dfhrr@?%%%e%%%ﬁo%%ﬁ#c%ﬁﬁrﬁ?%% séér]e'gggr engﬂﬁo % based
on such ar I d 5ﬁg§ i f%gy)"gqn} based
on a cgmn%lgrgg'ngﬂm%%sdt enq%l e rée%%@%f{‘gé%{/o tagie W ‘fbéc%%nge
alternatel y Qa{veed rhdifelPed [didh qd10a HESIRY | deneRl pisisi t LN SSAUGN | YecSrED
fal se magnetic record nediumis detected with reference to the error
detection | aevediwdx,2and it is possible to make use of such fal se

\“/ Reproduction of Information
When the record medium 2 on which the information "1011"
10 ‘is recorded in this manner is scanned by the magnetic head 1,
as the read-out voltage er induced in the magnetic head 1 has
a propd:tional relationship to a change in magnetic flux,
a pulse appears at a'position of the read-out voltage er
where the magnetization condition M on the record medium 2
15  exhibits a steep change. In particular, the read-out voltage
er presents a pulse of a great magnitude on the - side at
\wj a position of the information "1" at which the magnetization
condition M changes steeply, but presents a little deviation
to the + side at any position where the magnetization condi-
20 tion M presents a moderate change.
Accordingly, if a suitable slice level es is set, then
a pulse el corresponding to the information "1" can be
reproduced, and a pulse e0 corresponding to the information
. "0" can be reproduced from such pulses el and clock pulses ec.

25 : " Further, if a suitable error detection level ex is set

on the + side of the read-out vbltage er, then security
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héghg?ic re®rd nmedi um inpossible. Accordingly, if the 10 recording

met hod as in the enbodi nent described above is applied to recording of
security information, then the security of a nagnetic card or the like can
be inproved. It is to be noted that while the NRZI nethod iS used as a
digital recording nethod in the enbodLgent descri bed above, 15 the
digital recording nethod is not limte

nowto FIG 2, there is shown general construction of a reproducing device

"according to the present 20 i nvention. The reproducing device shown is

[ [ Iy nl i ed f | f-clo bl | di hod d i | ud
DRl LY BRI L e e O AR "% 4 A ke 2
tic head L is deli dt bi , diaitizi d d '
ROnet et LR S A M S B £ o dShstd
and parity %r&?:g{( '%eeéérgaﬁié%_n&%r{e&bg?e ddlflfdze%eti%gtég‘lﬁ‘ zee"seén@&rfgfoﬁusment

descri bed erein i nary it1zZe e sighal

del i dt | dddhid s i£h ! '
elivered (3 taddy IGPLUk Hdtididy @ggggﬁce@ﬁw réea Sudl ©

r epr oduced. n, a denodulating circuit I nf or mati on

recor ded on i1 JgaC Wid IMtaNgd P 119N Yet wlerithe pod {t ive tande noted

that, where a recording nethod which is not self-clockable is enployed,
cl ocks may hega®ade0ttalsRiAr attinsdiuemAls, FudtFdlye Ml ic hewsba

medium is detected with reference to the error detection

level ex, and it is possible to make use of such false K-j

' magnetic record medium impossible. Accordingly, if the
10 recording method as in the embodiment described above is
applied to recording of security information, then the
security of a magnetic card or the like can be improved.
It is to be noted that while the NRZI method is used as
a digital recording method in the embocdiment described above,
15 the digital recording method is not limited to this and may.

be some other digital recording method such as the NRZ, FM,

PM or MFM method. : . L—j

Referring now to FIG. 2, there is shown general
construction of a reproducing device according to the present
20 invention. The reproducing device shown is principally
applied for a self-clockable recording method and includes
é driver 4 by which the magnetic head 1 is driven. A read-out
"'signal of the magnetic head 1 is delivered to a binary
digitizing and.error detecting circuit 5, in which a pulse
25 el is extracted using the slice level es and parity check is

effected using the érror detection level ex as described

fo this and may be sone ot her 'ﬂﬁ:}{
digital recording nethod such as the NRZ, FM PM or MM net hod. Referring "~.

-, !
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10 ° - Re™ring nowto FIG 3, there is il'lustrated a recording and
repr oduci ng net hod according to a second enbodi nent of the present

i nvention. According to the nmethod, security information is recorded such
that portions in which wite current iwis changed steeply from+ls to -1s
and 15: portion in which wite current igw_is changed steeply from-Is to
+ls &€ included in a suitably m xed manner. Wth the nethod, the security
can be inproved further. Since the present invention has such a
construction as descri bed herei nabove, the follow ng effects can be
attained. 20.. As distinct fromsuch a read-out voltage as based on a
conventional digital recording nmethod wherein the polarity is alternately
reversed, a rheaeingborstage having a fixed one polarity between the
positive and negative polarities can be obtained, and accordingly, also the
reversal in 25 [Aleahinaguigltized padsss sianal sl i k§ cledivered to
Accordingly, the security can be further |inproved. 7 CLAIMS 1. A

magnetic recd FYRAT FRAFRAURARE GHTULY ff Shathish (PP bies teaake

conbi nation of ch es, of neti sation, conditi on, havj ng a stee gra%h;gt

and changes Jf¢B¥ is chATMONARRANY E RS olureRE

A securgty checking .nethod fo epr Ci security information yecarded
on -a nmagneti cmrefle%(%"rag“r?é'diru c?rﬁ{eé%:cog‘r 3}%Cg%q%ae§%ﬁg%%q%iwna%s

r epr oduci ng %hedﬁﬁFQ&!ty information with a detecting neans which has a 10
differentiating function to obtain a read-out voltage

oo It is to be noted that, where a recording method which

\‘/: is not self-clockable is employed, clocks may be read out
separatelf by means of anothér magnetic héad 8.

10 Referring now to FIG. 3, there is illustrated a.
recording'and reproducing method accofding'to-a second
embodiment of the present invention. According to the method,

" security information is recorded such that portions in which
write current iw is changed steeply from +Is to -Is and

15 - portion ih which write current iw is changed steeply from
-Is to +Is are included in a suitably mixed manner. With

Y the method, the se¢urity can be improved further.

Since the present invention has such a construction as
'described .he:einabove, the following effects can be attained.
20 ~ As distinct from such a read-out voltagé as based on
‘a conventional digital recordihg method wherein the polarity
s alternately reversed, a read-out voltage having a fixed
one polarity between the positive and négative polarities
‘‘can be obtained, and accordingly, also the reversal in
25 '_polarity can be utilized as security information.

E'Accordingly, the security can be further improved.



proportional to the gradient of the change ef magnetization and thereby
determ ning that the magnetic record nediumis invalid if the read-out

vol tage exceeds a predetremnined error detection voltage |l evel of a
predeterm ned polarity. 15 3. An information recording’nmethod to
produce a magnetic record nmediumin accordafice with claim1, wherein a _ _
magnetic witing neans is used for wwiting security information on a ¢
magneti c record nedium the security inf n being recorded on a T

ragnet ¢ recordyrodi ATkiyndPic $eEbrAInMluIR NIV WdduREyTRfoMdtich |
| u Vi | w | : an S.
4 A magneti CeCERAed 9 1nas, 8o FARPIAL) OBOF ShANGER OF BATRATISARLEN

Figures 1 to.3 eéndbeiencodawiyigng air astegp. Yradient Anaadcuichangazeclofig
rethod oubst oty Al SEaRESK LARAIMIER BEVIGESC sRBYTAIE bk o (N
substantial |y a2. desBri secunity cbeckdnge meghody fioss repro@eing ee@rity
acconpanyi ng dr pN¢Sggat idhlltdédtaédl 1dnlld 1 dddrddid ] record medium in
accordance with claim 1, comprising reproducing the
security information with a detecting means which has a
10 differentiating function to obtain a read-out voltage
proportional to the gradient of the change of magnetization
and thereby determining that the magnetic record medium is
invalid if the read-out voltage exceeds a predetremined
error detection voltage level of a predetermined polarity.
15 3. An information recording method to produce a magnetic
record medium in accordance with claim 1, wherein a
magnetic ﬁriting means is used for writing security
information on a magnetic record medium, the security
information being recorded on a magnetic record medium by
20 driving the magnetic writing means with a wriﬁe current
having a combination of steep and shallow gradient changés.
4. A magnetic record medium substantially as described
with reference to Figures 1 to 3 of the accompanying
drawings. o, | i
25 S. An security checking method substantially as describedu
with reference to Figures 1 to 3 of the accompanying "
drawings. '
6. An information recording method substantially as
described with reference to Figures 1 to 3 of the
30 accompanying drawings.
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