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]., The i'nvention relates to an informati on storage system conprising a

ce_and a record carrier, which device conprises a radiation source for

genfgrating a-radiati on beam for scanning the record carrier, and a pul s%«
getifirator for generating wite pul ses and erasing pul ses, the output of
sai § gener ? l-ag connected to an inp of a nodul ator for nodyl,at,
t he intensiﬁ'@ﬁc} f:}lt7§e radi ati on beam said record carrier having éy’rlgtlgggi ng

r in which information can be witten by changing an area of the
rdi-ng | ayer havi ng an anor phq e by—means—et—wte pul ses of
radi atthfPmatidostorageniystemat i gn _arREPRAGERGSHEELY st al PPne shructure, and
ich information can be erasﬂ?fﬂnesdnipeibh ngaged -itnf Oroteed off-af ea above the
#i ng point of the recording | dE#Clbm(syeanpaged .&rawimgebut-sep of said
radifation. The invention al so rel|gf@rakiag®) deugede. banth meedboGrd| carrier for
use fin such a system The nodul atigy Amiadie apagdarat ® mged Cal. pl enent
arrgnged in the radiation beam o ity WY gigcpBregrated with. the radi ﬁ.“on
—eaf—be—roduta y supplies

an intensity-nodul ated radi ati on beam
The invention relates to an information storage system comprising a

device and a record carrier, which device comprises a radiation source for generatirig a
radiation beam for scanning the record carrier, and a pulse generator for generating
write pulses and erasing pulses, the output of said generator being connected to an input
5 of a modulator for modulating the intensity of the radiation beam, said record carrier

having a recording layér in which information can be written by changing an area of the
recording layer having an axhorphous structure by means of write pulses of said
radiation into an information area having a crystalline structure, ahd in which
information can be erased by heating an information area above the melting point of the

10 recording layer by means of erasing pulses of said radiation. The invention also relates
to a device and a record carrier for use in such a system. '
' The modulator may be a separate optical element arranged in the
radiation beam, or it may be integrated with the fadiation source to a radiation source
which can be modulated and directly supplies an intensity-modulated radiation beam.

15

_ A system of this type is known from the article "Optical memory" by P.
Chaudhari and C.B. Zarowin in the IBM Technical Disclosure Bulletin, vol. 16, no. 2,
July 1973, pp. 568 and 569. In this system a crystalline information area in an initially

20 amorphous material is written by means of é. pulsed and focused radiation beam. The
information area is erased by rendering the material 'amorphogs again by means of an
erasing pulse at said area. The erasing pulse has a shorter pulse duration and a larger
amplitude than the write pulse. However, it has been found that upon reading
infoi'mation which has been written after erasure a read signal is obtained which is not

25 optimum and has a too low signal-to-noise ratio.
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ject of the prisaambiecsofthe presans inyeptionto providerasystem of the; type

described in the opening paragraph in which information written after erasure can also
be read satisfactorily. To this end the systern acco;ding to the invention is characterized
in that the pulse duration of the erasing pulses and the cooling time of the recording
layer are so short that the areas of the recording layer which are heated during erasing
to a temperature which is higher than the crystallization temperature and lower than the
melting point remain above the crystallization temperature of the recording layer only
during a period of time which is shorter than the crystallization time.

The invention is based on the recognition that due to the erasure the
recording layer does not entirely return to the amorphous state. It is found that small
non-amorphous areas are. left behind. After a subsequent write action these small areas
between the information areas which have then been written impede reading of the
record carrier. These small areas arise as follows. During erasure, the recording layer
is heated by-the pulsed radiation beam which is focused to a radiation spot, which spot
locally heats the recording layer with a bell-shaped temperatufe profile. An area around
the centre of the profile is heated above the melting point. This central area is generally
as large as or slightly larger than the crystalline information area. After the beam has
been switched off, the area cools down so rapidly that it solidifies in the amorphous
structure. However, the radiation beam also heats an annular area, which is in the
amorphous state, of the recording layer around the central area, namely up to a .
temperature which is lower than the melting point but higher than the crystallization
temperature. The crystallization temperature is the temperature above which an area
crystallizes within a period of time commonly used for writing in optical information
storage systems, i.e. of the order of 1 us. The initially amorphous annular area will
entirely or partly crystallize due to this heating. Outside the annular area the
temperature of the recording layer remains below the crystallization temperature, so that
this layer will not change its structure at that area. These annular areas produce the
above—mentinned read problems.

To crystallize an amorphous area, not only the temperature of the area
should be raised above the crystallization temperature, but the area should also remain
at this temperature for a sufficiently long time to enable the atoms in the recording layer
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crystallization temperature. According to the invention, an erasing pulse having such a
short pulse duration is used during erasing in combination with such a short cooling

10 time that said -annular area is heated above the crystallization temperature but only for a.
period of time which is shorter than the crystallizaiion time so that there will be no
crystallization. The area thus remains amorphous so that after erasing there are no
completely or partly crystalline areas left which may impede reading of the newly
written information at a later stage. _

15 Different recording materials have such a crystallization temperature and
melting point that the tfemperature of the recording layer halfway through the erasing
pulse is approximétely equal to the crystallization temperature when the recording layer
at the end of the erasing pulse locally has a temperamre which is just below the melting
point. The time during which the recording layer is above the crystallization

20 temperature is equal to half the pulse duration of the erasing pulse, supplemented with
the cooling time. A particular embodiment of the system according to the invention is
therefore characterized in that the erasing pulseé have such a pulse duration that the
cooling time plus half the pulse duration of the erasing pulses is shorter than the
crystallization time of the recording layer. |

25 A preferred embodiment of the system according to the invention is
characterized in that during erasing the pulse generator generates a series of erasing
pulses having such a duration between the erasing pulses that the areas in the recording
layer successively heated by the radiation overlap each other. Due to the area overlap
the radiation beam will render a path in the recording layer amorphous so that each area

30 written in this path is erased.

A special embodiment of the device for use in the system according to
the invention is characterized in that the device comprises a detection systeni for

generating a read signal from the radiation originating from the record carrier, which
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pulse generator, into a-series of erasing pulses interrupted by one or more write pulses

at those periods of time when in accordance with the information signal an information
10 area is to be written. It is then possible to erase the previously written information in
‘the recording layer and to write new information in one operation.

In spite of the short pulse duration of the erasing pulses, crystallization
may still occur under certain circumstances after frequent erasing in the areas between
the tracks in which the information areas are written. During erasing, areas of the

15 recording layer will melt around the centreline so that possibly present crystalline areas
are effectively erased. However, the areas midway between the tracks will at most be
heated below the melting point and will consequently not be erased. Such a creeping
crystallization can be inhibited by means of a device which comprises means for causing
the centre of a scanning spot formed by the radiation beam to track a path on the

20 recording layer substantially midway between neighbouring tracks for recording
information areas. This provides the possibility of performing an extra erasing action
after a given number of erasing actions on the tracks, with the scanning spot extending
between the tracks SO as to erase the crystalline areas formed in that area.

A record carrier in which the creeping crystallization is inhibited is

25 characterized in that the recording layer has tracks in which the written areas are
ordered and in that there are more crystallization nuclei proximate to the centreline of
the tracks than right between the tracks. The low number of crystallization nuclei
between the tracks considerably slows down the crystallization in that area. However, a
sufficient number of crystallization nuclei should be present around the centreline of the '

30 tracks so that the crystallization of the information areas to be written can be effected

sufficiently rapidly during writing. _
A record carrier in which additional crystallization nuclei are provided in

a simple manner is characterized in that there are grooves in the middle of the tracks in
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5 according to the invention is characterized in that the reflection of the record carrier
with the recording layer in the amorphous structure is larger than that with the
recording layer in the crystalline structure. A higher power must be absorbed in the
recording layér for erasing a crystalline information area than for writing such an areza,
because the recording layer must be heated above the melting point during erasing,
10 whereas the recording layer is heated below the melting point during writing. By
ensuring that the record carrier has a low reflection, hence a high absorption, when the
largest quantity of radiation is 'to.be absorbed, viz. during erasing, the power to be
supplied by the radiation source may remain limited. '
' A special embodiment of the device is characterized in that the
15 amplitudes of the write pulses and erasing pulses are substantially equal. Since a
relatively high power must be absorbed by the recording layer during erasing, at which
the record carrier has a relatively low reflection, and since a relatively low power must
be absorbed by the recording layer during writing, at which the record carrier has a
high reflection, it will become possible to render the power of the write pulses and
20 erasing pulses approximately equal. This simplifies the construction of the phlse
generator. '

These and other aspects of the invention will be apparent from and
25 elucidated with reference to the embodiments described hereinafter. In the drawings:

Fig. 1 shows diagrammatically an information storage system,

Fig. 2 is a cross-sectional view of a record carrier,
Fig. 3a shows an initially amorphous recording layer with written
‘crystalline areas,
30 _ Fig. 3b is a graphic representation of temperature profiles in the
' recording layer as a function of the location during writing and erasing in an initially
amorphous recording layer, '
Fig. 3¢ shows a recording layer erased by means of the known method,
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Fig. 1 shows an information storage system with a part of a record
carrier 1 and a device 2 for writing information in the record carrier and for reading
and erasing this information. In the device a radiation beam 3 is generated by a
10 radiation source 4, preferably a diode laser. An objective system 5 focuses the radiation
' beam to a scanning spot 6 on a recording .layer in the record carrier. At least a part of
the radiation reflected by the record carrier is directed towards a detection system 8 by
a beam splitter 7, for example a partially transparent mirror. The detection system
generates a read signal S;” from the reflected radiation, which signal represents the
15 information which is stored on the record carrier. The device also comprises a pulse
generator 9 which generates pulses in dependence upon the signals at its inputs 10, 11
and 12, An information signal S; in which the information to be recorded is coded may
be applied to input 10. A mode signél S, is applied to input 11, which signal indicates
whether the pulse generator must supply the constant signal at its output 13 for reading
20 the record carrier, or write pulses in accordance with the information signal, or erasing
pulses for erasing the information, or a combination thereof. The read signal §;’ may be
r applied to input 12 so as to make the pulse generator function in dependence upon the
' information stored on the record carrier. As is shown by means of broken lines in Fig.
1, the output 13 of the pulse generator may be connected to a modulator 14 arranged in
25 the path of the radiation beam 3, which modulator modulates the intensity of the
radiation beam with the signals supplied by the pulse generator. Since the radiation”
beam of a diode laser can be satisfactorily modulated by means ef the current through
the diode laser, the pulse generator can also directly control the diode laser as is 1
diagrammatically shown in Fig. 1. In that case the modulator is integrated with the laser |
30 to a radiation source which can be modulated. '

The record carrier 1, a portion of which is shown in a cross-section in
Fig. 2, comprises a transparent substrate 15 on which a stack of the following thin
layers is provided: a semi-transparent metal layer 16, a dielectric layer 17, a recording Iy
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consists of a phase-change matenal which can be switched by means of heating by a 3
5 radiation beam between a state w1th an amorphous structure and a state with a l
crystalline stmc;ure.' The infqrmation can be recorded in such a recording layer in a
series of information areas, with the one structure in an environement with the other
structure. The information areas are preferably ordered in juxtaposed tracks. The
scanning spot 6 scans the track by moving the scanning spot 6 with respect to the record

10 carrier 1. The information areas can be read by making use of the difference in
reflection between the two states of the phase-change material. The scanning beam
reflected by the recording layi-:_r then has an intensity which is modulated by the
succession of information areas. The intensity modulation is converted in the detection
system 8 into an electric read signal S;” which can be processed in known manner.

15 Fig. 3a shows a part of the recording layer 18 with two crystalline
information areas 23 and 24 in an amorphous environment 28. The centrelines 25, 2_6
and 27 of three juxtaposed tracks are indicated by broken lines. The width of the tracks
is equal, for example to the width of the information areas, the tracks being separated
by informationless intermediate areas. When such an information area is written, the

20 recording layer is locally heated by. the radiation beam from room temperature T, to a
temperature above the crystallization temperature T, and jﬁst below the melting point T,,
of the layer. The temperature of the recording layer as a function of the location then
has a bell-shaped profile 13 as is shown in Fig. 3b. An area in the recording layer with
a diameter 31 will thus crystallize, i.e. the atoms in the amorphous structure will order

25 themselves in a crystalline structure. The crystallization time is the minimum time
required for this ordering procedure. The power in the radiation beam, the period of
time of the write pulse and the rate of cooling of the recording layer determine how

long the layer will remain above a given temperature. The cooling rate is determined by
the thermal properties of the layers at both sides of the recording layer. By correct

. 30 choice of the pulse duration of the write pulse and the cooling rate it can be achieved
that the temperature of the area to be written remains long enough above the
crystallization temperature so as to cause the entire area to change from the amorphcus

to the crystalline state. In this way an information area 23 as shown in Fig. 3a can be
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epi ng and subsequently cools so rapidly at the end of the erasing pulse that the area solidifies
in the amorphous state. The temperature profile of the recording layer at the end of the
erasing pulse is indicated by the profile 32 in Fig. 3b. An area having a diameter 33 is
10 melted by this pulse. This diameter is preferably slightly larger than the diameter 31 of
the information area in order to melt the complete information area. The rate at which
the layer cools down to the crystallization temperature after the end of the erasing pulse
may be given a high value by manufacturing thin dielectric layers 17 and 19 of a
saﬁsfactorily thermally conducting material and by giving the metal layer 20 such a
15 thickness that it can rapidly dissipate the heat by conduction in the plane of the metal

layer. If a continuous radiation beam were used for erasing a track, the relatively long |

OO0 "0

period of time during which the beam remains above each point of the track would
cause the recording layer to be heated for a long time well above the crystallization
. temperature so that the track to be erased would crystallize completely. To avoid this,
20 the recording layer is heated with erasing pulses having a pulse duration which is
shorter than that of the write pulses, as is known, inzer alia from said article in the IBM ‘
Technical Disclosure Bulletin. ' |
However, after the publication of said IBM document it has become .
known that pulsed erasing of crystalline areas in an amorphous environment does not
25 lead to the desired situation of a fully amorphous recording layer. For this reason the

record carriers in which crystalline effects are written in an amorphous layer have
hitherto been predominantly used for write-once record carriers in which the erasing
problems do not occur. The Applicant has come to the conclusion, confirmed by
experiments, that the-above-mentioned method of pulsed erasing leads to results as

30 shown in Fig. 3c. The Figure shows a recording layer in which a track has been erased

with a series of erasing pulses, in which the consecutive heated areas overlap each
other. Instead of a uniform amorphous track,' a series of amorphous areas 34 surrounded
by narrow crystalline areas 35 is obtained. The size of the crystalline areas depends on
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3b. The témperature distribution in the recording layer at the location of the scanning’
spot at the end of the erasing pulse is represented by means of the curve 32. The central
10 area below the heating scanning spot 6 will be heated above the melting point over a
diameéer 33. A surrounding, annular area 35 with an inner diameter 33 and an outer
diameter 36 is heated to a tempefature between the crystallization temperature and the
melting point. The annular area will remain in this temperature trajectory during a part
of the pulse duration of the erasing pulse and the cooling time of the recording layer. In
15 the known erasing methods this time is longer than the crystallization time. |
Consequently, the annular area will thus be entirely or partly change from the
amorphous structure to the crystalline structure. After the radiation beam has been
switched off, the annular area cools down in this crystalline structure. However, the
central area, which is in its molten state during the erasing pulse, solidifies at the end of
20 the erasing pulse due to the high cooling rate in the amorphous structure. After erasing,
narrow crystalliné areas are left on the recording layer within an area having a width of
approximately diameter 36 minus diameter 33.
_ The present invention utilizes the above-mentioned recognition of the
cause of the poor erasibility of the recording layer and provides the possibility of
25 erasing such a recording layer satisfactorily. According to the invention, a relatively
long crystallization time should be combined with a relatively short erasing pulse and a

rapid cooling so that the annular area is above the crystallization temperature for a time
which is shorter than the crystallization time. Within the duration of the short erasing
pulse an annular area 35 will be heated above the crystallization temperature, likewise
30 as with the known, long erasing pulses. However, before the atoms have been able to
order themselves in this area in a crystalline structure, i.e. within the crystallization

time, the erasing pulse is already switched off and the recording layer cools down to
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it ed bel ow the nelting point during witing. By record
i er Shaeomplely.r ef | ection, hence a high absorption, when the

Whereas for unwanted crystallization of the annular areas 35 the duration
of the erasing pulse as well as the cooling time is important during erasing, only the
cooling time is importapt for rendering the central area with diameter 33 amorphoué,

. and the time spent in the molten state is not important. Consequently, the designer of
10 the record carrier will have the freedom to adapt the cooling rate to the requirements
for rendering the central area amorphous by the choice of the layers around the
recording layer, while the crystallization time can be adapted, by choosing the

parameters of the recording layer, to the minimum pulse duration of the erasing pulses

- to be realised by means of the device. ' |

15 In addition to said crystallization time, the heating time of the recording
layer is important for the pulse duration of the erasing pulses. Fig. 3d shows the
temperature variation T of the recording layer as a function of time t during erasing.
This variation holds true for the part of the annular area 35 heated to the highest
temperature, i.e. the part adjoining the inner diameter 33. The pulse duration of the

20 erasing pulses denoted by t,. Before the erasing pulse, the recor&ing layer is at room
temperature T,. At the end of the erasing pulse the part of the recording layer adjoining
the inner diameter 33 of the annular area 35 is heated to just below the melting point.
The temperature variation during erasing pulse is shown as a straight line, which is a
reasonable approximation for heating with a short pulse. At the end of the .erasing pulse

25 the layer cools down again to ambient temperature, along the curve shown. The

- temperature of the recording layer will be higher than the crystallization temperature T,

during a time t; during the erasing pulse and a time t, from the start of the cooling
period. According to the invention, the sum of these times t, and t, should be smaller
than the crystallization time of the recording layer so as to prevent the layer from

30 crystallizing. The time t, is the previously defined cooling time. Fof different recording
materials it holds that (T,-T,) = 2(T.-T,). For, for example many GeTeSb alloys it
holds that T,, = 630° C and T, = 300°C. It will be evident that for such materials t
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di agrammatically an infor t| on s age system Fig. 2 is a cross-sectional
vi ewd ofof anrlmpmnmonld rthe invgntign Sshivagecord icarrier diavingansiryshueasr ecor di ng
layer W}xown in 'thg and designed for a radiation wavelength of 780 nm has the following
structure: a transparent substrate 15 with refractive index n = 1.52, a metal layer 16 of
11 nm thick gold with n = 0.33 - i6.2, a dielectric layer 17 of 142 nm Ta,0O; withn = |
2.1, a recording layer 18 of 10 nm Ge,,Te,,Sb;s with n = 4.53 - i1.17, a dielectric
10 layer 19 of 10 nm Ta,0;s, a metal layer 20 of more than 30 nm thick gold and a
. protective layer 21. If the metal layer 20 is more than 30 nm thick, the transmission of
the layer for the radiation is negligibly small. The reflection of this record carrier with
the recording layer in the amorphous state is 71%, and 27% with the recording layer in
the crystalline state. The information areas are written by means of a write pulse having
15 a minimum pulse duration of 770 ns and a power which is sufficient to heat the
recording layer just below the melting point. By taking a crystallization time of, for
example 400 ns, the recording layer has sufficient time within the write pulse to
crystallize so that a crystalline information area is written. The crystallization time is
dependent, inter alia on the chemical composition of the recording layer. For a layer
20 of, for example GeSb,Te, the crystallization time can be varied by adding Sb. Without
additional Sb the crystallization time is 50 ns, and with the material GeSb,Te,, hence
with additional Sb, the crystallization time is 1 ps. The cooling rate of the recording

layer 18 can be varied by means of the thickness of the type of metal of the metal layer '

; 20 and the thickness and thermal conduction of the dielectric layer 19. For the given
structure of the record carrier and a thickness of 30 nm of the gold layer 20, the
cooling rate is 20 K/ns, and 30 K/ns at a thickness of 100 nm. If the temperature varies
linearly with time during the time t,, as is shown in Fig. 3d, and if T, and T, have the
previously mentioned values of 630°C and 300°C, the cooling rate for a gold layer of
30 nm thick is approximately equal to 16 ns. By erasing with the pulses of 30 ns, the
period of time when the inner portion of the annular amorphous area 35 is above the
crystallization temperature, is approximately equal to 4*30+30 = 45 ns, which is
shorter than the crystallization time. Consequently, the inner portion of the annular area

35 will not crystallize and remains amorphous. The portion surrounding it has a lower

re substantially equal. Since a relatively
ord| ng | ayer during erasimge ??t whi ch
e




Trystalline areas, Fig. 3b is a graphi c-representati er—ef—tenperature
profiles in the recording |layer as a function of t he Iocation during

witing and erasing in an initially anor i edyer, Fig. 3c
shows a recording |ayer erased by nmeans of l
Fig. 3d a h| caIIy shows the tenperature

hod, [err] 6
he recordlng | ayer
as a f time during erasing 8nd Fig. 4 graphically 2hdfs192write
pul se and era5| pul ses for direct overwiting. Fig. 1 shows an
i-nf or melempATaiy rag the engdsofcthe wrasingzpulsertham thedinnercpartion, as is clearly shown in

Fig. 3b, and will consequently cool down more rapidly below the crystallization
temperature; this portion thus remains at a température above the crystallization
temperature for a shorter time than the inner portion. Moreover, the crystallization time
5 increases with a decreasing temperamre so that the surrounding portion of the annular
area 35 will certainly remain amorphous during erasing. By workmg with an erasmg

pulse repetition time bétween 300 and 700 ns, a continuous amorphous track is
obtained.

Previously written information can be directly overwritten with new
10 information by supplying a write pulse during the time when an information area must
| be written and by supplying a series of erasing pulses between successive write pulses.

Fig. 4, which indicates the power P in the radiation beam as a function of time t, shows
a write pulse 40 preceded and succeeded by a series of erasing pulses 41. In the case of

_ direct overwriting, the write pulse can be advantageously started with a preheating pulse

15 42, i.e. a short pulse having a higher power than the subsequent part of the write puise.
The preheating pulse ensures that the recording layer is rapidly heated so that writing
starts earlier than in the case of a write pulse without a preheating pulse. This leads to a
shorter transition between an erased and a written area and provides the possibility of
increasing the information density. With a satisfactory ratio between the power in the

' 20 preheating pulse and the subsequent part of the write pulse, the written information area

acquires a uniform width over the length of the information area. The latter can also be

realised by means of a write pulse comprising a series of pulses.

‘i The intermediate areas located just outside the tracks on the recording

{‘ layer, i.e. outside the diameter 33 in Fig. 3c will be heated above the crystallization

temperature during erasing, but only for a short time so that these intermediate areas do

not change to the crystalline state during an erasing action. However, the phase-change

material has a memory so that crystallization may still occur after repeated erasing. This

memory does not lead to problems around the centreline because, due to the layer

melting, the memory is erased during each writing action. The unwanted crystallization

of the intermediate areas may be obviated by erasing the recording layer once after a

given number of erasing actions, at which the scanning spot 6 does not scan along _the

centreline of the tracks but between the tracks. Such a change of the path of the

scanning spot can be realised in known manner by means comprising a control loop 37




M er 1 and a device 2 for witing information in the record carrier and
for ¥ eadi ng and erashfeghem-iﬁBéerRQﬁ ion. In the device a radiation beam3

is denerated by a radi , preferably a diode |aser. An
objective system5 f "Eﬂ[ﬂa
recoy di ngPHByH:.17h th

ation beamto a scanning spot 6 on a
) er. 18 least a part of the Radioatgogn
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taking a recording layer material having fewer crystallization nuclei. To be able to write

10 such a layer sufficiently rapidly, the number of crystallization nuclei around the
centreline of the track should be increased. To this end a narrow groove may be
provided on the centreline, which groove has a width of, for example one third of the
track period and a V-shaped cross-section. It has been found that the sharp bottom and
the edges of the groove function as crystallization nuclei. .

15 The unwanted crystallization of the intermediate areas during erasing,
caused by the memory of the recording layer, will occur earlier when the pulse duration
of the erasing pulse is of the same order as the crystallization time. To prevent areas in
their still amorphous state from becoming crystalline in that case, it is recommendable
to generate the erasing pulses in such a case only if the scanning spot is present in

20 crystalline areas which must be erased, and not generated the erasing pulses if the spot

is present in the areas which are already amorphous. In the period between successive

erasing pulses it is possible to read the record carrier. Dependent on the state, either
crystalline or amorphous, of the area where the scanning spot is present,' erasing pulses
are generated or not generated. An advantage of this erasing strategy is that the laser is
subjected to a smaller ioad. For the purpose of reading, a radiation beam having a low
intensity must be incident on the recording layer between the erasing pulses. If this
method of reading-before-erasing is not used, it is recommendable to switch off the
beam completely between the erasing pulses, because this will increase the cooling rate
of the recording layer at the end of an erasing pulse.

As will be evident from the foregoing, the power absorbed by the

recording layer during erasing should be higher than during writing because the layer

must be heated to a higher temperature during erasing than during writing. In
accordance with the further aspects of the invention the maximum power to be supplied



informati on stored on the record carrier.
lines in Fig. 1,
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1 a recordin
crystallme state wxll then be higher and a larger part of the incident power than in the

amorphous state will be absorbed. The power of the erasing pulses is optimally utilized
by maximizing the absorption of the radiation in the recording layer in the state in
which the highest power in the recording layer is required, i.e. during erasing. It is true
that the power of the write pulses is utilized less optimally, but this is not a drawback
because less power is required for writing. With a satisfactory choice of the reflection
of the record carrier in the two states it is possible to write and erase with write and
erasing pulses of the same power. The pulse generator 9 of the device should then be
able to generate only pulses of different pulse duration and equal value. This method is
quite suitable for directly overwriting information in a system in which the possible -

positions of the information areas in the recording layer are fixed. During overwriting it

can then be avoided that the scanning spot is located at an interface between an
amorphous area and a crystallihe area during a pulse, so that the reflection, averaged
across the scanning spot, would have an undefined value and the pulse would not yield
the desired write or erasing result. _

A record carrier which initially, i.e. in the amorphous state, has a high
reflection, is compatible with record carriers of the compact disc type in the case of a
suitable choice of the amorphous and crystalline reflections. The values of the
reflections can be satisfactorily realised in record carriers having a stack of layers
which, viewed from thp radiation entrance side, comprise MIP, PIM, DIPIM or
MIPIM, in which M is a metal layer, I is a dielectric interference layer, P is a

recording layer of phase-change material and D is one or more dielectric layers together
forming a reflector.
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| ayer 18, a subsequent dielectric |ay ~layer 10 and D
possi bl e protective layer 21. In the enbodl ment _of ﬁEﬂS‘ecord carri shown

%4 t he radi ati on beam 3 is incident throug un‘ “ﬂ 5:on the stack of!
i layers. The recording |layer 18 consists

e material which .

3 can Ipgpewisiigied by neans of heatingsby a radiation beam beppggnogast ate

3 with an anorphous structure and a state with a crystalline structure. The
: |nfo§£2¥mgg can be recorded in such a recording | ayer in-a series of
-%inforna Ion areas, with the one structure in an environement with the other
‘structure. The infornatlon areas are preferably ordered in juxtaposed
"tracks. The scanning spot 6 scans the track by noving the scanning spot 6
with respect to the record carrier 1. The information areas can be read by
maki ng use of the difference in reflection between the two states of the
phase-change material. The scanning beamreflected by the recording |ayer
then has an-intensity which is nodul ated by the succession of information

nalect 1 o1 odlt SOIRRH Pl s BARIBS 2 e Bnl B ARG i g,

. 32 SKehi6h devied torfpridel @ ragiafonl soiicé orSgendrating lalradiidBort bedih 3ot $dafning
the record carrier, and a pulse generator for generating write pulses and erasing pulses,
the output of said generator being connected to an'input of a modulator for modulating

5 the intensity of the radiation beam, said record carrier having a recording layer in which
information can be written by changing an area of the recording layer having an |
amorphous structure by means of write pulses of said radiation into an information area -
having a crystalline structure, and in which information can be erased by heating an
information area above the melting point of the recording layer by means of erasing

10 pulses of said radiation, characterized in that the pulse duration of the erasing pulses
and the cooling time of the recording layer are so short that the areas of the recording
layer which are heated during erasing to a temperature which is higher than the
crystallization temperature and lower than the melting point remain above the
crystallization temperature of the recording layer only during a period of time which is
15 shorter than the crystallization time.

2. A system as claimed in Claim 1, characterized in that the erasing pulses

have such a pulse duration that the cooling time plus half the pulse duration of the

erasing pulses is shorter than the crystallization time of the recording layer.

3. A system as claimed in Claim 1 or 2, characterized in that during erasing -

the pulse generator generates a series of erasing pulses having such a duration between

the erasing pulses that the areas in the recording layer successively heated by the
radiation overlap each other.

4. A device for use in a system as claimed in Claim 1, 2 or 3, characterized
in that the device comprises a detection system for generating a read signal from the
radiation originating from the record carriér, which read signal is applied to an input of
the pulse generator, and in that the pulse generator is adapted to generate erasing pulses
only at those periods of time when the read signal indicates the presence of an |

information area.
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be acbf ewsesahning spot formed by the radiation beam to track a path on the recording layer
substantially midway between neighbouring tracks for recording information areas.

10 7. A record carrier for use in a system as claimed in Claim 1, 2 or 3,
characterized in that the recording layer has tracks in which the written areas are
ordered and in that there are more crystallization nuclei proximate to the centreline of
the tracks than right between the tracks.

8. A record carrier as claimed in Claim 7, characterized in that there are

15 grooves in the middle of the tracks in which sharp interfaces in the profile of the tracks
constitute crystallization nuclei.

9. A record carr_ier for use in a system as claimed in Claim 1, 2 or 3,
characterized in that the reflection of the record carrier with the recording layer in the
amorphous structure is larger than that with the recording layer in the crystalline

20 structure. |
10. A device for use in a system as claimed in Claim 1, 2 or 3, with a record
carrier as claimed in Claim 9, characterized in that the amplitudes of the write pulses
and erasing pulses are substantially equal.
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=3t hat the tenperature of the area to be witten remains |ong enough above

‘from the anorphous to the crystalline state. In this way an infor i on
area 23 as shown in Fig. 3a can be- witten. For areas having a ljarger

| engt s information area 24, .a wite pulse having a pul se
duratwrigh]l]?ed whi ch keeps a Ioner area | ong enough abo@L‘qu@bz
_crystm tenperature to crystallize it conpletely. In order to erasg
the i areas, the crystalline structure of these areas nust be
conveqﬁg@mw&ps@fhgargggmous structure again. To this end the recording

| ayer is heated above the nelting point [err] by an erasing pul se, so that
the layer nelts and subsequently cools so rapidly at the end of the erasing
pul se that the area solidifies in the anmorphous state. The tenperature

profile of the recording layer at the end of the erasing pulse is |nd|cated
by the profile 32 in Fig. 3b. An area having a dlaneter 33 is

" the crystallization tenperature so as to cause the entire area to ?hange

A device for optically scanning a record carrier (1) with a recording layer
of phase-change material is described. The radiation beam supplied by a radiation | ;
~ source (4) is focused on the recording layer by an objective system (5). Crystalline _
information areas may be written by means of the beam in the initially amorphous
5 recording layer. The information areas are erased by means of pulses of the radiation
beam, while according to the invention the erasing pulses have such a short duration
that the areas of the recording layer heated during erasing to a temperature lower than
the melting point of the recording layer remain above the crystallization temperature of
the recording layer for a period of time which is shorter than the crystallization time.

10
~ Fig. 1.

‘.\
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¥l ted by this pulse. This diameter is preferably slightly larger than the
di ameter 31 of the information area in order to nmelt the conplete (?

i nformation area. The rate at which the |ayer cools down to the C
crystallization tenperature after the end of the erasing pul se may be given
a high value by manufacturing thin dielectric layers 17 and 19 of a
satisfactorily thermally conducting material and by giving t tal layer
20 such a thickness that. it can ragldly di ssi pate the heat 'CIE nductlon in
t he plane of the netal |ayer. conti nuous radi ati on beam were used for

erasing a track, the relaflvely TR/NQ perrod of i uring which the beam
remai ns above each por the-recording | ayer to be
heated for a | ongd&y ne wéﬂ{ aboye tYQe crystallization tenperature so that
the track to be e?ésad yory C | ze. conpl etely. To avoid this, the
recording | ayfT—tF hegteq W rasi | ses having a pul se duration which
I's shorter thhn twet the wilte ses as is known, inter alia fromsaid
article in thg | BM Te ~cal_Di BBul I eti n. However, after the
publ i cati or—sd i - nty /At has becone known that pul sed erasing of"
crystalline afeas in$ nmor pho eniy onnent does nak '
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32

#*t 0 the desired situation of a fully anorphous recording | ayer. For
‘xeason the record carriers in which crystalline effects are witten in
0 phous layer have hitherto been predom nantly used for wite-once ’
¥ d carriers in which the erasing problens do not occur. The Applicant
gcone to the conclusion, confirned by experinments, that the

e-menti oned net hod of pul sed erasing leads to results as shown in Fig.
The Figure shows a recording |ayer
a series of erasing pulses, in which the consecutive heated areas

| ap each other. Instead of a uniform anorphous track, a series of
phous_ar eas 8surrounded by narrow crystal l'ine areas 35 i s obtained.
size &4~ THe ystatrtime areas dep
itions and properties of the record carrier

in which a‘track has beEdErased

somr——{errigT9 Theer asi ng
At a subsequent wite
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a sefies of |nformat|on areas is witten over the series of narrow 7%o#3 rres
crystal 3\"{?@ agF@af \ iWhi ch action the crystalline areas 35 may subsi st
conpl et ¢ ‘-w:n“% Il en or on the edges of the newly witten

i nformagi ¢n areas. Oonsaq ently, when the newly witten information is

being rgad, ©BMARS7si pnhl exhibits so nuch noise, caused by the narrow
difficult to process. The origin of the narrow

areas 349 can be explained|with reference to Fi g—S | T

the end of the erasing pulse is represented by %SCB,?t‘qnn a vj qu‘;%ﬂ
€

central ar gefohnition Stbmgkspdtémg scanni ng spot 6 %gl
mel ting point over a dianeter 33. A surrounding,®* a'r%?ér?e tgﬁgg ~
i nner di aneter 33 and an outer diameter 36 is e t“é@t‘i‘lﬁt a tRAEp r'at'g r%age """

between the crystallization tenperature and the nelting point. The annul ar
area Will remain in this tenperature traj ector)lf M&@&R}EQEIP’BL.E’ - Puhse
duration of the erasing pulse and the cooling tThme of the recordi ng |ayer.
In the known erasing nmethods this tinme is longer than the crystallization
time. Consequently, the annular area will thus be entirely or partly change

fromthe The invention relates to an information storage system comprising a

areas, tthat this signal{i

device and a record carrier, which device comprises a radiation source for generatiﬁg a
radiation beam for scanning the record carrier, and a pulse generator for generating
write pulses and erasing pulses, the 6utput of said generator being connected to an input
of a modulator for modulating the intensity of the radiation beam, said record carrier
having a recording layér in which information can be written by changing an area of the
recording layer having an amorphous structure by means of write pulses of said
radiation into an information area having a crystalline structure, and in which
information can be erased by heating an information area above the melting point of the
recording layer by means of erasing pulses of said radiation. The invention also relates
to a device and a record carrier for use in such a system. '

The modulator may be a separate optical element arranged in the
radiation beam, or it may be integrated with the radiation source to a radiation source

. which can be modulated and directly supplies an intensity-modulated radiation beam.

i

A systeii; of this type is known from the article "Optical memory" by P.
~ Chaudhari and C.B. Zarowm in the IBM Technical Disclosure Bulletin, vol. 16, no. 2,
Iuly 1973, pp. 568 and 569. In this system a crystalline information area in an initially
amorphous material is written by means of a pulsed and focused radiation beam. The
information area is erased by rendering the material amorphous again by means of an
erasing pulse at said area. ‘Th'e erasing pulse has a shorter pulse duration and a larger -
amplitude than the write pulse. However, it has been found that upon reading
information which has been written after erasure a read signal is obtained which is not

optimum and has a too low signal-to-noise ratio.
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melting point remain above the crystallization temperature of the recording layer only
during a period of time which is shorter than the crystallization time.

The invention is based on the recognition that due to the erasure the
recording layer does not entirely return to the amorphous state. It is found that small
non-amorphous areas are left behind. After a subsequent write action these small areas
between the information areas which have then been written impede reading of the
record carrier. These small areas arise as follows. During erasure, the recording layer
is heated by the pulsed radiation beam which is focused to a radiation spot, which spot

locally heats the recording layer with a bell-shaped temperature profile. An area around
the centre of the profile is heated above the melting point. This central area is generally
as large as or slightly larger than the crystalline information area. After the beam has
been switched off, the area cools dowtt so rapidly that it solidifies in the amorphous
structure. However, the radiation beam also heats an annular area, which is in the
amorphous state, of the recording layer around the central area, namely up to a
temperature which is lower than the melting point but higher than the crystallization
temperature. The crystallization temperature is the temperature above which an area
crystallizes within a period of time commonly used for writing in optical information
storage systems, i.e. of the order of 1 us. The initially amorphous annular area will
entirely or partly crystallize due to this heating. Outside the annular area the
temperature of the recording layer remains below the crystallization temperature, so that
" this layer will not change its structure at that area. These annular areas produce the
above-menttoned read problems.

To crystallize an amorphous area, not only the temperature of the area
should be raised above the crystallization temperature, but the area should also remain

at this temperature for a sufficiently long time to enable the atoms in the recqrding layer
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beIow the meltmg point will hereinafter be referred to as the crystallization time. The
crystallization time is dependent, inter alia on the material of the recording layer. The
time during which the annular area is above the crystallization temperature is mainly
determined by the pulse duration of the erasing pulse and the cooling time, i.e. the time
in which the area cools down from a temperature just below the melting point to the
crystallization temperature. Accbrding to the invention, an erasing pulse having such.a .
short pulse duration is used during erasing in combination with such a short cooling
time that said-annular area is heated above the brystallization temperature but only for a
period of time which is shorter than the crystallization time so that there will be no
crystallization. The area thus remains amorphous so that after erasing there are no
completely or partly crystailine areas left which may impede reading of the newly
written information at a later stage.

Different recording materials have such a crystallization temperature and
rﬁelting point that the témperature of the recording layer halfway through the erasing
pulse is approximétely equal to the crystallization temperature when the recording layer
at the end of the erasing pulse locally has a temperature which is just below the melting
point. The time during which the recording layer is above the crystallization
temperature is equal to half the pulse duration of the erasing pulse, supplemented with
the cooling time. A particular embodiment of the system according to the invention is
therefore characterized in that the erasing pulses have such a pulse duration that the
cooling time plus half the pulse duration of the erasing pulses is shorter than the
crystallization time of the recording layer.

A preferred embodiment of the system according to the invention is
characterized in that during erasing the pulse generator generates a series of erasing
pulses having such a duration between the erasing pulses that the areas in the recording
layer successively heated by the radiation overlap each other. Due to the area overlap
the radiation beam will render a path in the recording layer amorphous so that each area
written in this path is erased.

A special embodiment of the device for use in the system according to
the invention is characterized in that the device comprises a detection systeni for

generating a read signal from the radiation originating from the record carrier, which

rqack can be
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‘adapted to convert an information signal to be written, and applied to an input of the

pulse generator, into a-series of erasing pulses interrupted by one or more write pulses

at those periods of time when in accordance with the information signal an information

~ area is to be written. It is then possible to erase the previously written information in

the recording layer and to write new information in one operation.

In spite of the short pulse duration of the erasing pulses, crystallization
may still occur under certain circumstances after frequent erasing in the areas between

the tracks in which the information areas are written. During erasing, areas of the

recording layer will melt around the centreline so that possibly present crystalline areas
are effectively erased. However, the areas midway between the tracks will at most be
heated below the melting point and will consequently not be erased. Such a creeping

crystallization can be inhibited by means of a device which comprises means for causing
the centre of a scanning spot formed by the radiation beam to track a path on the
recording layer substantially midway between neighbouring tracks for recording

information areas. This provides the possibility of performing an extra erasing action

after a given number of erasing actions on the tracks, with the scanning spot extending

between the tracks so as to erase the crystalline areas formed in that area.

A record carrier in which the creeping crystallization is inhibited is
characterized in that the recording layer has tracks in which the written areas are
ordered and in that there are more crystallization nuclei proximate to the centreline of
the tracks than right between the tracks. The low number of crystallization nuclei
between the tracks considerably slows down the crystallization in that area. However, 2

sufficient number of crystallization nuclei should be present around the centreline of the

tracks so that the crystallization of the information areas to be written can be effected

sufficiently rapidly during writing.

A record carrier in which additional crystallization nuclei are provxded in

a simple manner is characterized in that there are grooves in the middle of the tracks in
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convent i onal A particular embodiment of the record carrier for use in the system

according to the invention is characterized in that the reflection of the record carrier
with the recording layer in the amorphous structure is larger than that with the
recording layer in the crystalline structure. A higher power must be absorbed in the
.recor'ding layer for erasing a crystalline information area than for writing such an aréa,
because the recording layer must be heated above the melting point during erasing,
whereas the recording layer is heated below the melting point during writing. By
ensuring that the record carrier has a low reflection, hence a high absorption, when the
largest quantity of radiation is to be absorbed, viz. during erasing, the power to be
supplied by the radiation source may remain limited. ’

' A special embodiment of the device is characterized in that the
amplitudes of the write pulses and erasing pulses are substantially equal. Since a
relatively high power must be absorbed by the recording layer during erasing, at which
the record carrier has a relatively low reflection, and since a relatively low power must
be absorbed by the recording layer during writing, at which the record carrier has a
high reflection, it will become possible to render the power of the write pulses and
erasing pulses approximately equal. This simplifies the construction of the pulse
generator.

These and other aspects of the invention will be apparent from and
elucidated with reference to the embodiments described hereinafter. In the drawings:

Fig. 1 shows diagrammatically an information storage system,

Fig. 2 is a cross-sectional view of a record carrier,

Fig. 3a shows an initially amorphous recording layer with written
crystalline areas,

Fig. 3b is a graphic representation of temperature profiles in the
recording layer as a function of the location during writing and erasing in an initially

amorphous recording layer,
Fig. 3c shows a recording layer erased by means of the known method,
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carrier 1 and a device 2 for writing information in the record carrier and for reading

and erasing this information. In the device a radiation beam 3 is generated by a
radiation source 4, preferably a diode laser. An objective system 5 focuses the radiation
beam to a scanning spot 6 on a recording .layer in the record carrier. At least a part of
the radiation reflected by the record carrier is directed towards a detection system 8 by
a beam splitter 7, for example a partially transparent mirror. The detection system
generates a read signal S;” from the reflected radiation, which signal represents the
information which is stored on the record carrier. The device also comprises a pulse
generator 9 which generates pulses in dependence upon the signals at its inputs 10, 11
and 12. An information signal S; in which the information to be recorded is coded may
be applied to input 10. A mode signal S,, is applied to input 11, which signal indicates
whether the pulse generator must supply the constant signal at its output 13 for reading
the record carrier, or write pulses in accordance with the information signal, or erasing
pulses for erasing the information, or a combination thereof. The read signal S;’ may be
applied to input 12 so as to make the pulse generator function in dependence upon the
information stored on the record carrier. As is shown by means of broken lines in Fig.
1, the output 13 of the pulse generator may be connected to a modulator 14 arranged in
the path of the radiation beam 3, which modulator modulates the intensity of the
radiation beam with the signals supplied by the pulse generator. Since the radiation
beam of a diode laser can be satisfactorily modulated by means of the current through
the diode laser, the pulse generator can also directly control the diode laser as is
diagrammatically shown in Fig. 1. In that case the modulator is integrated with the laser
to a radiation source which can be modulated.

The record carrier 1, a portion of which is shown in a cross-section in
Fig. 2, comprises a transparent substrate 15 on which a stack of the following thin
layers is provided: a semi-transparent metal layer 16, a dielectric layer 17, a recording
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structure. The information areas are preferably ordered in juxtaposed tracks. The
scanning spot 6 scans the track by moving the scanning spot 6 with respect to the record
carrier 1. The information areas can be read by making use of the difference in
reflection between the two states of the phase-change material. The scanning beam
reflected by the recording layer then has an intensity which is modulated by the
succession of information areas. The intensity modulation is converted in the detection
system 8 into an electric read signal S;” which can be processed in known manner.

Fig. 3a shows a part of the recording layer 18 with two crystalline
information areas 23 and 24 in an amorphous environment 28. The centrelines 25, 26
and 27 of three juxtaposed tracks are indicated by broken lines. The width of the tracks
is equal, for example to the width of the information areas, the tracks being separated
by informationless intermediate areas. When such an information area is written, the
recording layer is locally heated by the radiation beam from room temperature T, to a
temperature above the crystallization temperature T, and jﬁst below the melting point T,
of the layer. The temperature of the recording layer as a function of the location then
has a bell-shaped profile 13 as is shown in Fig. 3b. An area in the recording layer with
a diameter 31 will thus crystallize, i.e. the atoms in the amorphous structure will order
themselves in a crystalline structure. The crystallization time is the minimum time
required for this ordering procedure. The power in the radiation beam, the period of
time of the write pulse and the rate of cooling of the recording layer determine how
long the layer will remain above a given temperétute. The cooling rate is determined by
the thermal properties of the layers at both sides of the recording layer. By correct
choice of the pulse duration of the write pulse and the cooling rate it can be achieved
that the temperature of the area to be written remains long enough above the _
crystallization temperature so as to cause the entire area to change from the amorphous

to the crystalline state. In this way an information area 23 as shown in Fig. 3a can be
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In order to erase the information areas, the crystalline structure of these

areas must be converted into an amorphous structure again. To this end the recording
layer is heated above the melting point T, by an erasing pulse, so that the layer melts
and subsequently cools so rapidly at the end of the erasing pulse that the area solidifies
in the amorphous state. The temperature profile of the recording layer at the end of the
erasing pulse is indicated by the profile 32 in Fig. 3b. An area having a diameter 33 is
melted by this pulse. This diameter is preferably slightly larger than the diameter 31 of
the information area in order to melt the complete information area. The rate at which
the layer cools down to the crystallization temperature after the end of the erasing pulse
may be given a high value by manufacturing thin dielectric layers 17 and 19 of a
saﬁsfactorﬂy thermally conducting material and by giving the metal layer 20 such a
thickness that it can rapidly dissipate the heat by conduction in the plane of the metal
layer. If a continuous radiation beam were used for erasing a track, the relatively long
period of time during which the beam remains above each point of the track would
cause the recording layer to be heated for a long time well above the crystallization
temperature so that the track to be erased would crystallize completely. To avoid this,
the recording layer is heated §vith erasing pulses having a pulse duration which is
shorter than that of the write pulses, as is known, inser alia from said article in the IBM
Technical Disclosure Bulletin.

However, after the publication of said IBM document it has become
known that pulsed erasing of crystalline areas in an amorphous environment does not
lead to the desired situation of a fully amorphous recording layer. For this reason the
record carriers in which crystalline effects are written in an amorphous layer have
hitherto been predominantly used for write-once record carriers in which the erasing
problems do not occur. The Applicant has come to the conclusion, confirmed by
experiments, that the above-mentioned method of pulsed erasing leads to results as
shown in Fig. 3c. The Figure shows a fecording layer in which a track has been erased
with a series of erasing pulses, in which the consecutive heated areas overlap each
other. Instead of a uniform amorphous track, a series of amorphous areas 34 surrounded
by narrow crystalline areas 35 is obtained. The size of the crystalline areas depends on
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spot at the end of the erasing pulse is represented by means of the curve 32. The central
area below the heating scanning spot 6 will be heated above the melting point over a
diameter 33. A surrounding, annular area 35 with an inner diameter 33 and an outer
diameter 36 is heated to a temperature between the crystallization temperature and the
melting point. The annular area will remain in this temperature trajectory during a part
of the pulse duration of the efasing pulse and the cooling time of the recording layer. In
the known erasing methods this time is longer than the crystallization time.
Consequently, the annular area will thus be entirely or partly change from the
amorphous structure to, the crystalline structure. After the radiation beam has been
switched off, the annular area cools down in this crystalline structure. However, the
central area, which is in its molten state during the erasing pulse, solidifies at the end of
the erasing pulse due to the high cooling rate in the amorphous structure. After erasing,
narrow crystalliné areas are left on the recording layer within an area having a width of
approximately diameter 36 minus diameter 33.
The present invention utilizes the above-mentioned recognition of the

cause of the poor erasibility of the recording layer and provides the possibility of

. erasing such a recording layer satisfactorily. According to the invention, a relatively
long crystallization time should be combined with a relatively short erasing pulse and a -

| rapid cooling so that the annular area is above the crystallization temperature for a time

which is shorter than the crystallization time. Within the duration of the short erasing |
pulse an annular area 35 will be heated above the crystallization temperature, likewise
as with the known, long erasing pulses. However, before the atoms have been able to
order themselves in this area in a crystalline structure, i.e. within the crystallization

time, the erasing pulse is already switched off and the recording layer cools down to
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completely.

Whereas for unwanted crystallization of the annular areas 35 the duration
of the erasing pulse as well as the cooling time is important during erasing, only the
cooling time is important for rendering the central area with diameter 33 amorphoué,
and the time spent in the molten state is not important. Consequently, the designer of
the record carrier will have the freedom to adapt the cooling rate to the requirements
for rendering the central area amorphous by the choice of the layers around the
recording layer, while the crystallization time can be adapted, by choosing the
parameters of the recording layer, to the minimum pulse duration of the erasing pulses
to be realised by means of the device.

In addition to said crystallization time, the heating time of the recording
layer is important for the pulse duration of the erasing pulses. Fig. 3d shows the
temperature variation T of the recording layer as a function of time t during efésing.
This variation holds true for the part of the annular area 35 heated to the highest
temperature, i.e. the part adjoining the inner diameter 33. The pulse duration of the
erasing pulses denoted by t,. Before the erasing pulse, the recorcliing layer is at room
temperature T. At the end of the erasing pulse the part of the recording layer adjoining
the inner diameter 33 of the annular area 35 is heated to just below the melting point.
The temperature variation during erasing pulse is shown as a straight line, which is a
reasonable approximation for heating with a short pulse. At the end of the erasing pulse
the layer cools down again to ambient temperature, along the curve shown. The
temperature of the recording layer will be higher than the crystallization temperature T,
during a time t; during the erasing pulse and a time t, from the start of the cooling
period. According to the invention, the sum of these times t, and t, should be smaller
than the crystallization time of the recording layer so as to prevent the layer from
crystallizing. The time t, is the previously defined cooling time. For different recording
materials it holds that (T,-T,) = 2(T,-T,). For, for example many GeTeSb alloys it |
holds that T,, = 630° C and T, ~ 300°C. It will be evident that for such materials t,
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structure: a transparent substrate 15 with refractive index n = 1.52, a metal layer 16 of
11 n.m'thick gold with n = 0.33 - i6.2, a dielectric layer 17 of 142 nm Ta,0s with n = |
2.1, a recording layer 18 of 10 nm Ge,;Te,,Sbyg with n = 4.53 - 11,17, a dielectric
layer 19 of 10 nm Ta,Q;, a metal layer 20 of more than 30 nm thick gold and a
protective layer 21. If the metal layer 20 is more than 30 nm thick, the transmission of
the layer for the radiation is negligibly small. The reflection of this record carrier with
the recording layer in the amorphous state is 71%, and 27% with the recording layer in
the crystalline state. The information areas are written by means of a write pulse having
a minimum pulse duration of 770 ns and a power which is sufficient to heat the
recording layer just below the melting point. By taking a crystallization time of, for
example 400 ns, the recording layer has sufficient time within the write pulse to
crystallize so that a crystalline information area is written. The crystallization time is
dependent, inter alia on the chemical composition of the recording layer. For a layer
of, for example GeSb,Te, the crystallization time can be varied by adding Sb. Without
additional Sb the crystallization time is 50 ns, and with the material GeSb,Te,, hence
with additional Sb, the crystallization time is 1 us. The cooling rate of the recording
layer 18 can be varied by means of the thickness of the type of metal of the metal layer
20 and the thickness and thermal conduction of the dielectric layer 19. For the given

" structure of the record carrier and a thickness of 30 nm of the gold layer 20, the
cooling rate is 20 K/ns, and 30 K/ns at a thickness of 100 nm. If the temperature varies
linearly with time during the time t,, as is shown in Fig. 3d, and if T, and T, have the
previously mentioned values of 630°C and 300°C, the cooling rate for a gold layer of
30 nm thick is approximately equal to 16 ns. By erasing with the pulses of 30 ns, the
- period of time when the inner portion of the annular amorphous area 35 is above the

crystallization temperature, is approximately equal to %4*30+30 = 45 ns, which is
shorter than the crystallization time. Consequently, the inner portion of the annulaf area

35 will not crystallize and remains amorphous. The portion surrounding it has a lower
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obtained.

Previously written information can be directly overwritten with new
information by supplying a write pulse during the time when an information area must
be written and by supplying a series of erasing pulses between successive write pulses.
Fig. 4, which indicates the poWer P in the radiation beam as a function of time t, shows
a write pulse 40 preceded and succeeded by a series of erasing pulses 41. In the case of
direct overwriting, the write pulse can be advantageously started with a preheating pulse
42, i.e. a short pulse having a higher power than the subsequent part of the write pulse.
The preheating pulse ensures that the recording layer is rapidly heated so that writing
starts earlier than in the case of a write pulse without a preheating pulse. This leads to a
shorter transition between an erased and a written area and provides the possibility of
incréasing the information density. With a satisfactory ratio between the power in the
prehéating pulse and the subsequent part of the write pulse, the written information area
acquires a uniform width over the length of the information area. The latter can also be
realised by means of a write pulse comprising a series of pulses.

The intermediate areas located just outside the tracks on the recording
layer, i.e. outside the diameter 33 in Fig. 3¢ will be heated above the crystallization
temperature during erasing, but only for a short time so that these intermediate areas do
not change to the crystalline state during an erasing action. However, the phase-change
material has a memory so that crystallization may still occur after repeated erasing. This
memory does not lead to problems around the centreline because, due to the layer
melting, the memory is erased during each writing action. The unwanted crystallization
of the intermediate areas may be obviated by erasing the recording layer once after a
given number of erasing actions, at which the scanning spot 6 does not scan along .the
centreline of the tracks but between the tracks. Such a change of the path of the

scanning spot can be realised in known manner by means comprising a control loop 37
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realised by ensuring that there is a minimum number of crystallization nuclei between
the tracks, so that there is a maximum crystallization time. This can be realised by
taking a recording layer material having fewer crystallization nuclei. To be able to write
such a layer sufficiently rapidly, the number of crystallization nuclei around the
centreline of the track should be increased. To this end a narrow groove may be
provided on the centreline, which groove has a width of, for example one third of the
track period and a V-shaped cross-section. It has been found that the sharp bottom and
- the edges of the groove function as crystallization nuclei. |
'The unwanted crystallization of the intermediate areas during erasing,

caused by the memory of the recording layer, will occur earlier when the pulse duration
of the erasing pulse is of the same order as the crystallization time. To prevent areas in
their still amorphous state from becoming crystalline in that case, it is recommendable-
to generate the erasing pulses in such a case only if the scanning spot is present in
crystalline areas which must be erased, and not generated the erasing pulses if the spot
is present in the areas which are already amorphous. In the period between successive
erasing pulses it is iaossible to read the record ‘carrier. Dependent on the state, either
crystalline or amorphous, of the area where the scanning spot is present,' erasing pulses
are generated or not generated. An advantage of this erasing strategy is that the laser is
subjected to a smaller load. For the purpose of reading, a radiation beam having a low
intensity must be incident on the recording layer between the erasing pulses. If this
method of reading-before-erasing is not used, it is recommendable to switch off the
beam completely between the erasing pulses, because this will increase the cooling rate
of the recording layer at the end of an erasing pulse. _

| As will be evident from the foregoing, the power absorbed by the
recording layer during erasing should be higher than during writing because the layer
must be heated to a higher temperature during erasing than during writing. In’

accordance with the further aspects of the invention the maximum power to be supplied



of 'the record carrier in the two states it is possible to wite and erase
.Wth wite and erasing pul ses of the same power. The pul se generator 9 of
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duration and equal value. This nmethod is quite suitable for directly
overwriting information in a systemin which the possible positions of the
i nformation areas in the recording | ayer are fixed. During overwiting it
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a diel ecgrg'llorcphlogg setzrxtfeewrn?ﬂaceeat!sg%%crl Tﬁ)e wer of the erasing pulses is optimally utilized -
by maximizing the absorption of the radiation in the recording layer in the state in
which the highest power in the recording layer is required, i.e. during erasing. It is true
that the power of the write pulses is utilized less optimally, but this is not a drawback
because less power is required for writing. With a satisfactory choice of the reflection
of the record carrier in the two states it is possible to write and erase with write and
erasing pulses of the same power. The pulse generator 9 of the device should then be
able to generate only pulses of different pulse duration and equal value. This method is
quite suitable for directly overwriting information in a system in which the possible
positions of the information areas in the recording layer are fixed. During overwriting it
can then be avoided that the scanning spot is located at an interface between an
amorphous area and a crystalline area during a pulse, so that the reflection, averaged
across the scanning spot, would have an undé_:ﬁned value and the pulse would not yield
the desired write or erasing result.

A record carrier which initially, i.e. in the amorphous state, has 2 high

reflection, is compatible. with record.carriers of the compact disc type in the case of a
suitable choice of the amorphous and crystalline reflections. The values of the
reflections can be satisfactorily realised in record carriers having a stack of layers
which, viewed from the radiation entrance side, comprise MIP, PIM, DIPIM or
MIPIM, in which M is a metal layer, I is a dielectric interference layer, P is a
recording layer of phase-change material and D is one or more dielectric layers together

forming a reflector.
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1. An information storage system comprising a device and a record carrier,

which device comprises a radiation source for generating a radiation beam for scanning
the record carrier, and a pulse generator for generating write pulses and erasing pulses,
the output of said generator being connected to an input of 2 modulator for modulating
the intensity of the radiation beam, said record carrier having a recording layer in which
information can be written by changing an area of the recording layer having an
amorphous structure by means of write pulses of said radiation into an information area
having a crystalline structure, and in which information can be erased by heating an
information area above the melting point of the recording layer by means of erasing
pulses of said radiation, characterized in that the pulse duration of the erasing pulses
and the cooling time of the recording layer are so short that the areas of the recording
layer which are heated during erasing to a temperature which is higher than the
crystallization temperature and lower than the melting point remain above the
crystallization temperature of the recording layer only during a period of time which is
shorter than the crystallization time.

2. A system as claimed in Claim 1, characterized in that the erasing pulses
have such a pulse duration that the cooling time plus half the pulse duration of the
erasing pulses is shorter than the crystallization time of the reéording layer.

3. A system as claimed in Claim 1 or 2, characterized in that during erasing
the pulse generator generates a series of erasing pulses having such a duration between
the erasing pulses that the areas in the recording layer successively heated by the
radiation overlap each other.

4, A device for use in a system as claimed in Claim 1, 2 or 3, charactenzed
in that the device comprises a detection system for generating a read signal from the
radiation originating from the record carrier, which read signal is applied to an input of
the pulse generator, and in that the pulse generator is adapted to generate erasing pulses
only at those periods of time when the read signal indicates the presence of an

information area.
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in Claim 4 or 5, characterized in that the device comprises means for causing the centre

of a scanning spot formed by the radiation bearh to track a path on the recording layer
substantially midway between neighbouring tracks for recording information areas.
7. A record carrier for use in a system as claimed in Claim 1, 2 or 3,
characterized in that the recording layer has tracks in which the written areas are
ordered and in that there are more crystallization nuclei proximate to the centreline of
the tracks than right between the tracks.
8. A record carrier as claimed in Claim 7, characterized in that there are
' grooves in the middle of the tracks in whiéh sharp interfaces in the profile of the tracks
constitute crystallization nuclei.
9. A record carrier for use in a system as claimed in Claim 1, 2 or 3,
characterized in that the reflection of the record carrier with the recording layer in the
amorphous structure is larger than that with the recording layer in the crystalline
structure. '

™

10. A device for use in a system as claimed in Claim 1, 2 or 3, with a record
carrier as claimed in Claim 9, characterized in that the amplitudes of the write pulses
and erasing pulses are substantially equal.
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radi ati on overlap each other. 4. A device for use in a system as

. clainmed in daim1l, 2 or 3, characterized in that the device conprises a
detection systemfor generating a read signal fromthe radiation
originating fromthe record carrier, which read signal is applied to an

I nput of the pul se generator, and in that the pul se generator is adapted to
generate erasing pulses only at those periods of tinme when the read signal

i ndi cates the presence of an infornati dd area. 16 5. A devi ce
for use in a systemas clainmed in Caiml1, 2 or 3, or as clainmed in Caim
4, char acﬁ&ﬂ&gﬂﬂn that the pul se generator is adapted to convert an

I nf ormat i,Q ' bhe witten, and applied to an i nput of the pulse-'
generator[f‘a’lrﬁ‘%g&ghgg%leégs%?'erasi ng pul ses interrupted by one or nore wite
pul ses at those periods of tine

A device for optically scanning a record carrier (1) with a recording layer
of phase-change material is described. The radiation beam supplied by a radiation . |
source (4) is focused on the recording layer by an objective system (5). Crystalline
information areas may be written by means of the beam in the initially amorphous
recording layer. The information areas are erased by means of pulses of the radiation
beam, while according to the invention the erasing pulses have such a short duration
that the areas of the recording layer heated during erasing to a temperature lower than
the melting point of the recording layer remain above the crystallization temperature of
the recording layer for a period of time which is shorter than the crystallization time.

Fig. 1.
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when in accordance with the information signal an inforpmation area is to be
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structure. 10. A device for use in a systemas clained in daiml,
. 2o0r 3, with arecord carrier as claimed in daim9, characterized in that
the anplitudes of the wite pulses and erasing pul ses_are-substantially
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