WD 98/ 12703 ' - PCT/ 1 B97/ 01228

HOLOGRAPHI C SECURI TY SYSTEM FOR OPTI CAL DI SCS Field
O The Invention This invention relates to security markers
to est ablyyphgmspdrenticity of a conpact disc. In parti culsrissmwiizs
concerns the detection of birefringence differences bet ween genui ne and
unaut hori zed copi es of conpact discs. Background O
The Invention White |ight hol ograns have | ong been enpl oyed
as a neans for cosnetic enhancenent, quite often in a 10 manner suggesting
the nediumas an art form Such hol ograns have been used as markers in

pl astic objects to &@@gmm%w de d@ 5§Eé§and pass the

obj ects as authenti v e |y created by
recording in an optical medium 15 the interference pattern between

coherent light reflected Field Of The Invention

This invention relates to security markers to
establish authenticity of a compact disc. In particular
5 it concerns the detection of birefringence differences

between genuine and unauthorized copies of compact discs.

Background Of The Invention

White light holograms have long been employed

as a means for cosmetic enhancement, quite often in a

10 manner suggesting the medium as an art form. Such
holograms have been used as markers in plastic objects to
defeat the attempt to copy the objects and pass the
objects as authentic originals. Holograms are
conventionally created by recording in an optical medium

15 the interference pattern between coherent light reflected
from an object and the same coherent light falling
directly on the recording optical medium. When viewed,
holograms provide images by the interference pattern of
the same coherent light passing through the recorded

20 image. The recorded hologram, being a recorded
interference pattern is a record of the modulating of the
phase of transmitted or reflected light and therefore its
accurate copying requires processes that can copy

dimension accurately to fractions of the wavelength of



fr6n1an obj ect and the sanme coherent light falling directly on the

‘recordi ng optical medium Wen viewed, hol ograns provi de i mages by the
i nterference pattern of t he sane coherent |ight passing through the
recor ded f The recorded hol ogram being a record
Lnterferené@ogggggﬁn Is a record of the nodul ati ng of the%%mum"ﬂﬁgge of
transmtted or reflected Iight and therefore its accurate copyi ng
requires processes that can copy di mension accurately to fractions of
t‘he wavel engt h of WO 98/ 127632 -

PCT/ 1 B97/ 01228 -2- l'i ght,

sonmet hing on, the order of 500 nm It _ has been suggested t hat hol ograns

coul d be pl g Fomethipgd- g3t the order ©fs 58P BBnpakt RS eendsi ng t he sane
of pit depths during the

br par at | orfuaessied, thpfebofagrats il dengharat th her TencaRBACt di e
due to the a];xaé:ats tot}atco%x%%gtpag gg a&si,iorpg - rh%i ggxrniel t\{ecizlg]ﬁ/gl!ovg(izs that
provides the etching of pit depths during the preparation
5 of a glass master for the manufacture of a compact disc
due to the fact that such preparation ordinarily involves
precise control of etched pits having a depth that is a
fraction of the wavelength of light.
The present invention uses the term "holograph"
10 in a broader sense to mean any recording of optical phase
differences, in particular the data pits of an optical
disc are considered to be a holograﬁ to the extent that
they are read by observing the interference or
diffraction patterns of light reflected from the vicinity

15 of such pits.

Brief Description Of The Invention

The present inventor recognized that the key to
using holographic structures as security measures lies in
the fact that holographic images are sensitive to the

20 phase shifts caused by small structural differences in
the light reflecting medium. It became clear that such
differences exist independently of the attempt to impart
an artistically visible hologram in the medium and could
be used to distinguish authentic copies from unauthorized

25 copies of a master recording in compact disc format.



preci se control of etched pits having a depth that is a fraction of

t he wavel ength of |ight. The present invention uses the term
"hol ograph” 10 in a broader sense to nean any recordi ng of optical phase

di fferences, iywob@fshdscul ar the data pits of an optical Scehsh 28
considered to be a hologramto the extent that they are read by
observing the interference or diffraction patterns of light reflected
fromthe vicinity 15 of such pits. _ Brief Description O
The | nvention The present Tnvent or recogni zed that the key
to usi ng hol ographi c structures as security neasures lies in t he

fact that ho'0grap%h§i#?gggﬁtQﬁﬁﬂﬁﬂﬂﬁhth¥ﬁgiﬁ?%ﬁﬁh,éﬁﬁar%Qﬁ§efépifts caused

by small structural rences 1n ecting nedium It

becane cl ear Qﬂ&%cigﬁpsthe 'ég§5?§%§§ﬁgﬁg§ﬁcéqﬂggﬁﬁ@&ﬂghy of the attenpt

to inpart ~anar trcally visibl ' dgram 1 n _ i um and coul d
be used to di $idipYd-2BiebdhentfdcdORIsCE hbOHbA MY Rald dRtectRorOPEes Of a
master recording ‘I n conpact disc format.
unauthorized copies. The method consists of comparing
5 the effect of birefringence on the peclarization of light

affected by the original and suspected copy disc.

Brief Description Of The Drawings

Figure 1 is a perspective view of the invention.

Detailed Description Of A Preferred Embodiment

10 The discussion to follow utilizes the term
“hologram” in two senses; first, in the traditional case
and means of recording a white light hologram, and .
second, in considering the data pits of an optical disc
to also be a hologram in the idea of a phase recording.

15 Each sense is equivalent in.this discussion.

The holographic form of an optical disc,
whether cosmetic or data pits, must comply with a fixed
set of rules to define its phase structure. This phase
structure refers to the interference or diffraction that

20 is observed by monochomatic light reflected from the data
pits of the compact disc. The grating of the phase
structﬁre is typically defined by a depth of etch as well
as etch pitch. Each of these parameters defines the

appearance of the holographic form in a manner which
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- 3- The present invention provides an apparatus for
detecting the altered birefringence of light in counterfeited surfaces

as a netho detectlon of unaut hori zed copi es hod

consi sts of é%% 5 the effect of birefringence on trﬁinﬁ%’mjt (%4132 at i on

of 1ight affected by the original and suspected copy disc.

Brief Description OF The Draw ngs Figure 1 is a perspective view
of the invention. Det ai | ed Desdri=ption O A Preferred Enbodi nent

10 The di scussion to follow utilizes the tern1 "hol ogram in two
senses; first, in the traditional case nmeans of recording a white
li ght hol ogP&;r?W%lrkPlograI%’é@oHHeW*W &ﬁl&%ﬂeﬁgiﬁﬁél def sstaxed of an opti cal
di sc 8 al so be a hologramin the idea of a phase recording. 15 Each
sense i s eq ft@tent in this discussion. The hol ographic form

of an optical disc,
P Any variances of these parameters will alter

the holographic viewing or data retrieval in a negative
5 sense. While the performance or appearance of such an
affected disc may not be degraded to an unacceptable
point, such degradation may be detectable for use in the
identification of replication piracy. |
In particular, piracy, is often achieved by
10 optically projecting the pit/land image (phase structure)
in one-to-one scale onto some external photographic
storage means. This storage means becomes the glass
master-equivalent of a normal replication process.
Such a transfer will never exactly transfer in
15 a one-to-one manner. Distortions develop in the
.-wavefront during the course of the transfer. The depth
of etch as well as the etch pitch of the pirated disc
vary when compared to that of the original source disc.
The holographic form becomes altered. The Holographic
20 Security System for Optical Discs permits the detection
of such variances in pirated optical discs.
When a suspected pirated disc is to be tested,
the following procedure is appropriate. First, a copy of
the original source disc must be provided, such that the

25 original source copy and the pirated copy comprise a test




whet her cosnetic or data pits, nust conply with a fixed set of rules
to define its phase structure. This phase structure refers to the
interference or diffraction that 20 is observed by nonochomatic 1ight
reflected fromyphgifies 2 pits of the conpact disc. The grﬁﬂtﬂﬂmﬁizst he
phase structure 1s typically defined by a depth of etch as well
as etch pitch. Each of these paraneters defines the appear ance of the
hol ographic formin a manner which WO 98/ 12703
PCT/ 1 B97/ 01228 -5 - L4 al | ows
hol ographic viewing or the retrieval of stored dat a. Any
- variances of these par neter wll, alt t he hol o hi wi_ng or
| P8R cefade

data retrieval 9FRYR ne 3*?’\/e %ofé‘r%‘ga V\ﬁﬂlﬁc‘? h%C’pryeF"PS plﬁ}ear ance
o ot sor e ERTRF SRS P RS, SEPLAH Sad RECeRAE e
Fig. 1, a polarimeter may consist simply of a laser 1, a
linear polarizer 3, an analyzer 5 that is cross-polarized
5 with the polarizer, and a_photodetec#or 7. The original
source copy 2 is placed in the polafimeter in between the
polarizer and the analyzer, with the polarization axis of
the analyzer 5 rotated to a point where the light
reaching the photodetector is a mini@nm value. Once this
10 condition is satisfied, cross-polagiiation is achieved.
At this point, the origiﬁal source copy should
be removed from the polarimeter and.it should be replaced
| with the pirated copy of the optical disc. The
differences in depth of etch and edge pitch variations
15 present in the pirated disc wili bé-revealed as an

increase in light passed to the photodetector.

It is believed that the ﬁériation in
polarization of the light receive¢f§9 the analyzer is due
to the differences in stress imposéd-on the plastic

20 medium during manufacture as a reéﬁit of small
differences in the configuration 6%fthe pits in the
pirated copy. Thus althohgh the pi?ated copy may be of
sufficient accuracy to reproduce fﬁ§5data content of the
original disc the stresses causeﬁaiéifference in the

25 Dbirefringence of the plastic substﬁate in the pirated



identification of replication piracy. In particular, piracy,
*is often achieved by 10 optically projecting the pit/land i nage (phase

structure) - in one-to-one scale onto sone external photographic

storage neans. Thi s storage neans becones the gl ass nmast er - UI val ent
of a nor ™8P ati on process. © Such a trBREm0 never
exactly transfer in 15 a one-to-one manner. Distortions devel op |n t he
wavefront during the course of the transfer. The depth of etch as well
as the etch pitch of the pirated disc vary. when conpared to that of the
original source disc. The hol ogr aphiec f orm becones altered. The

Hol ographic 20 Securl ty&géstem for Opt I cal Di*scs permts the detection
of such var iRYeEd @eTang fts own replication. Sugh.gtyessispect ed

pirated di sgsg @frJtﬁ:ﬁ pri ate.
First, a copy on ng?%]el r?'ésl bég'ﬁar‘ic‘g cki.'gsc ust egg{’ow e%ﬁ ﬁch t hat
the 25 ori gwin.al pass rhronghytive dnall ez e rcwsgdteowa RGBS -PELarization
set by the original disc. As a resul t_he pirated optical
L disc will be detected. The passage o

ight may be monitored
by a CCD camera, in conjunction with a’ z-anegrahber and com-
puter, for convenience.
The system for detecting piratad compact discs of
the present invention is therefore rapidand economical.
10 While there have been shownand described and
pointed out the fundamental novel tea

gs of the invention as
applied to preferred embodiments thareof. it will be under-
stood that various omissions and substitutions and changes in
th&g-torm and details of the device 111ustrated and in its

15 op@fation may be made by those skill

departing from the spirit of the invention, which is defined
by the following claims. -

SUBSTITUTE SHEET (RULE 26)




WO 98/ 12703 PCT/ 1 B97/ 01228

-5- group. Next, the original source copy nust be placed in a
polarimnmeter for material stress testing. As shown in Fig. 1, a

pol arimeter ngyospsas st sinply of a laser 1, a | i near patBYREAR283, an
anal yzer 5 that s cross-polarized S with the polarizer, and a

phot odet ector 7. The original source copy 9 is pl aced I n_the —

pol ari meter in between the pol ari zer and the analyzer, wth the

pol ari zati on axi s of the analyzer 5 raofated to ar nﬂ“lmﬁ\‘ i“ ‘I -ght
reachi ng the photodetector is a mninmumval ue. Once t-h‘lm\
satisfied, crosg-di@iati zation i s achieved. h| S PO nt

the original source copy should be renoved from t"he "'f)ol arineter and it
shoul d be repl aced Wthi netwlaﬁoe'ddewytw pixatad copiesiiaka The

differences in de tch | variations 15 present in the
pi rated disc wild 35218 v%‘?ﬂpédg 8" g°°‘% E"1’th1ﬁease inlight passed to the
phot odet ect or . _ (aht réf1dt@ingVEsLdridkat gt eirahi # mirtace

pol ari zation of the light received by the analyzer is due to the

di fferencesg i n & racbenarpide compactaligicast i c
(b) passing tha :etlected polarized light

through a polarization analyzer and into a photodetector, said
photodetector comprising means to rggpond to light incident
upon it,

10 (c) replacing the b,__dn_a-tide compact disc with a
test and repeating steps (a) - (h) tor said test disc,

(d) comparing the reaponse of the photodetector

in steps (b) and (c), wherein a diff_erence in response signi-
fies that the test disc is a piratg{d— copy.

15
2. The method for deteqf.ing pirated copies of
claim 1, wherein said polarizatio éﬁlyzer is a linear polar-
izer.

20 3. The methed for detectmg pirated copies of
claim 2, wherein said amalyzer is linear polarizer having an
axis of polarization and wherein after step (b) the axis of
said analyzer is rotatgd to achie . aninmun of intensity in
said photodetector. )

25
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20 nedlun1dur|ng manuf acture as a result of snall differences in the
configuration of the pits in the - plrated copy. Thus al though the
pirated copy may be of sufficient accuracy to reproduce the data
content of tiwo9esa2reri gi nal disc the stresses cause a di ffermmhe 25
bi-refringence of the plastic substrate in the pirated

98/ 12703 " PCT/1B97/ 01228

6 copy that it acquired during if8l own replication. Such stress

i nduced birefringence is believed to be the reason that |ight wil |
pass through the anal yzer despite the cross-polarization set by the
original disc. As a result, the pirated optical .5 disc will be detected.
The passage of |ight nay be nonitored by a CCD canmera, in conjunction
with a franmegrabber and com puter, for convenience.

The system for detecting pirated conpact discs of

Jcr"(;iif”

SUBSTITUTE SHEET (RULE 26)




Ko €o4i-<

‘the present invention is therefore rapid and economcal. 10 (h
Wi |l e there have been shown and described and., poi nted out the

- fundanmental novel features of the invention as#* applied to preferred
"enbodi nents thereof, it will be under- stood t hat_wvariaous on ssions
and~substituti oﬁﬁ%ﬂ%@esﬁ*ﬂCH REPORE f.orin and ddutenstiaalapplicdien Nevi ce
illustrated and inits 15 -operation rmay be: . made HQyr¢taesmoizdsi | | ed in the
art -w thaout . : r‘lnn:\rtJQg fromithe in rit hpl nvent.ian \I\h'lf‘h.iQ
defi neiBox II[ TEX’lbaFtl'hE Af@‘HlM &gntﬁltlﬁiomfltem S of e 98/ 12703 .
PCT/ | BR#L l_clailm— . A nethod far detecting

 pirated copr es of a W@ ,lgﬁén t di'se corrprising
(a) reflecti ng pol ari zed |i ﬁ ace-:-5-  of a bona-fide conpact
di sc, “(b) passing the r-ef] ct ed polarized |ight

t hrough a pohamchaiqu(ammy@&ng ahel authentieity fufta
| optical discs. An original source disc (9) is pla

~ linear polanzer (3) and .an.analyzer (5), with th
(5) rotated to a point whcre the light reachmg a

Jettietdar breedi of pirated
a2’ polanmeter in between a
__z_xnzauon_axxs of the analyzer

cross-polanzatlon laser light of the polanmeter' the fress of the pirated rephcanon
will be revealed, venfymg the existence of pu'acy :
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: pi’not odet ect or conprising nmeans to respond to light incident upmgt
i- 10 (c) repl aC| ng the bona-fide conpact disc w j i
: tést and repeating steps (a) - (b) for said test disc, RHIPORY

LN
o

! (d) conparing the]@€3Ponse of wdepy nmumﬁmvommmnom st eps ’~’f»$"7 (c),
“wherein a di.fference in response Si ™™ es that the test disc is a
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1 (54) ’ﬁtle HOLOGRAPHIC SECURITY SYSTEM FOR OPTICAL DISCS

;;(57> Aburact'f _

A technique for verifying
| the .authenticity of a particular
breed’ of plmed optical discs.
By - companng the original
source - disc with the pirated
I -veision in the’ cross-polarization
Tlaser light of a polarimeter, the
| stress of the-pirated replication
will be: revealed, verifying the
existence . of piracy.
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