OPTI CAL RECORDI NG METHOD AND OPTI CAL RECORDER FI ELD OF THE | NVENTI ON
This i'nvention relates to an optical recording nethod and an optical 5
recording device in which information is recorded as | engths of marks and
'spaces at high density by irradiating optical beans onto a recording thin
film fornmed on a substrate. BACKGROUND OF THE | NVENTI ON 10
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10 Recently, optical recording media capable of recording, reading and

erasing information have been commercialized. Furthermore, high-density
rewritable optical recording media capable of recording qualified animation
have been actively researched and developed.

Well-known rewritable optical recording media include phase-

15 change optical recording media with recording layers either of chalcdgenide
thin films or semimetal thin films on a disc-shape substrate. The
chalcogenide thin films comprise Te or Se, for example, Ge-Sb-Te, In-Se, or
the like, as a base. The semimetal thin films comprise In-Sb or the like.
Magneto-optical recording media having metal thin films such as Fe-Tb-Co

20 as their recording layers also are well known. Further, there are also
write-once-type optical recording media using pigment materials.

In phase-change optical recording media, recording thin films
comprising the above-mentioned phase-change materials are instantly
irradiated with laser beams focused on submicron-order size optical spots to

25 heat the irradiated parts partially. When the temperature of the irradiated
portion becomes equal to or higher than the crystalline temperature, the
irradiated portion is changed to the crystalline state. When the irradiated
portion is melted at a temperature higher than its melting point and is
quenched, its state is changed to the amorphous state. Once eitliler the

30 crystalline state or the amorphous state is determined so as to correspond to
the recording state, and the other to the erasing state (unrecorded state),
information can be recorded reversibly by forming a pattern changing
between the amorphous state and the crystalline state corresponding to
information signals. Since the crystalline state and the amorphous state

35 are different from each other in their optical characteristics, recorded signals
can be read by optically detecting such different characteristics as a
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can be recorded by setting amorphous regions as marks and crystalline

regions as spaces.

15 In order to record information at higher density, it is necessary to
shorten the mark lengths and the space lengths to be recorded. However,
when the space lengths become shorter, the heat of a recorded mark-end
affects the temperature increase at the starting-end of a mark to be recorded
next. The position shift of a recorded-mark front-edge from the proper

20 position caused by such thermal interference contributes to the aggravation
of BER (bit error rate) when reading the information.

Examples of the method for improving the problem mentioned above
are described, for example, in Unexamined Japanese Patent Application
Tokkai Hei 5-234079 and Tokkai Hei 7-129959. In the applications

25 mentioned above, a method of recording information by delaying the
starting-end position of a recording pulse beforehand so as to compensate for
the shift quantity of a mark-front-end position due to thermal interference is
proposed. This recording method will be explained with reference to FIG.
9(a)-(e).

30 FIG. 9(a) shows a pulse shape of data to be recorded. Levels of
logic 1 and logic O correspond to marks and spaces, respectively. In
accordance with the data shown in FIG. 9(a), the recording pulse shown in
FIG. 9(b) is generated, thus forming the recording marks shown in FIG. 9(c)
on an optical recording medium,

35 As shown in FIG. 9(c), when the recording density increases and
therefore a space length between marks becomes shorter, the heat of a
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2 15  the front-edge shift quantity. Especially, the mark length in front of the
space directly in front of the mark to be recorded affects greatly. This is

because a long mark length requires a correspondingly long heating time by

laser beams, and therefore the larger amount of heat is conducted to the

front-edge of a mark to be recorded next. Thus, it is preferable that the

20 delay quantity of the front-edge of a recording pulse is determined based on

the lengths of a space directly in front of the mark to be recorded and of a

mark in front of the space. When determining the delay quantity

considering the lengths of a mark and a space further ahead, the front-edge

shift can be corrected more precisely. Considering recording density,

25 allowable error rate, processor capacity used in a device, cost, and the like, it

will be decided how many spaces and marks before the mark to be recorded
should be taken into account.

As described above, conventionally, a recording method 1n which

front-edge shift is corrected considering the relation between a space length

30 and a mark length directly in front of a recording mark and the front-edge

shift of the recording mark is suggested. However, the position-shifts of not

only the front-edge but also the end-edge of the mark cause the deterioration

in the error rate when reading signals. It was found that the end-edge

position of the recording mark was affected not only by space and mark

35 lengths in front of the recording mark but also by space and mark lengths

behind the recording mark. It can be conceived that this is because a



recorded mark 90 affects the front-edge of a mark 91 to be recorded.
Consequent |y, the front-edge tenperature becormes higher than that when
the space length is sufficiently long. As a result, the front-edge of the
mar k 91 expands greatly as shown with a reference nunber 92, and
therefore the 5 front-edge is fornmed ahead of the proper position.

When a space (a period at level 0) in the data to be recorded is short,
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the recording mark and of a mark behind the space. According to this
15 recording method, the edge shift of the mark-end caused by heat interference
is corrected, thus preventing the error rate when reading signals from

deteriorating.
The position of a mark-end at the end of recording may be changed
according not only to the lengths of the space directly behind the recording
20 mark and of the mark behind the space but also the lengths of at least one
space and one mark further behind. In combination with this, the
recording-start position of the starting-end of the mark may be changed
according to the length of the mark to be recorded and a space length directly
in front of the mark (and the length of a mark in front of the space).
256  Further, by modulating the irradiation power of optical beams between a
recording level and an erasing level lower than the recording level, the power
of the optical beams irradiated to a portion behind a mark is made lower
than the erasing level for a predetermined period. It is also preferable to
combine this method. It is effective to restrain the heat interference
30 between marks.

In another optical recording-reading method according to the
present invention, the optical beam power corresponding to the starting-end
and the end of a recording mark is changed. For example, the optical beam
power is reduced so as to compensate for the increase in temperature due to

35 heat interference. Specifically, when irradiating the optical beams to a
recording thin film, the power of the optical beam irradiated to the starting-
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Also in this case, the optical beam power corresponding to the

10  starting-end or the end of a recording mark may be changed according to not
only the lengths of a space and a mark directly in front of and behind the
recording mark but also the lengths of at least one space and one mark
further ahead and behind. In addition, it is also preferable to combine the
method of lowering the power of the optical beam irradiated to a portion

15  behind the mark for a predetermined period compared to the erasing level by
modulating the irradiation power of the optical beam between the recording
level and the erasing level lower than the recording level.

A first configuration of an optical recording-reading device according
to the present invention to realize the optical recording-reading method

20 mentioned above comprises: a basic pulse generator that generates a
starting-end pulse corresponding to the starting-end of a mark, an end pulse
corresponding to the end of the mark, and at least one intermediate pulse
corresponding to the intermediate portion of the mark; a recording mark
detector that detects the length of a recording mark; a back space detector

25  that detects the length of a space directly behind the recording mark; a back
mark detector that detects the length of a mark behind the space directly
behind the recording mark; an end pulse delaying circuit that generates a
delayed end pulse that is obtained by delaying the end pulse so as to
compensate for the delay quantity determined from the output signals from

80 the recording mark detector, the back space detector, and the back mark
detector; a pulse synthesizer that generates a recording pulse that is
obtained by synthesizing the starting-end pulse, the intermediate pulse, and
the delayed end pulse; and a laser driver that modulates the optical beam
power based on the recording pulse.

35 A second configuration of an optical recording-reading device
according to the present invention comprises: a basic pulse generator that



correcting fhe front- and end-edge shifts of recording marks caused by heat
interference, thus obtaining high-quality reading signals. 10 I n
an optical recording-reading nmethod of the present invention, when
recording information on a recording thin filmas |engths of marks and
spaces, the position of a mark-end at the end of recording is changed
according to the lengths of a mark to be recorded, of a space directly
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4 space detector that detects the length of a space directly behind the recording

mark; an end power setting circuit that sets the optical beam power

corresponding to the end pulse based on output signals from the recording

20 mark detector and the back space detector; and a laser driver that modulates
the optical beam power based on output signals from the basic pulse
generator and the end power setting circuit.

BRIEF DESCRIPTION OF THE DRAWINGS
25 FIG. 1 is a block diagram showing an optical recording device
according to Embodiment 1 of the present invention.
FIG. 2 is a timing chart for the optical recording device of FIG. 1.
FIG. 3 is a block diagram showing an optical recording device
according to Embodiment 2 of the present invention.
30 FIG. 4 is a timing chart for the optical recording device of FIG. 3.
FIG. 5 is a block diagram showing an optical recording device
according to Embodiment 3 of the present invention.
FIG. 6 is a timing chart for the optical recording device of FIG. 5.
FIG. 7 is a block diagram showing an optical recording device
35 according to Embodiment 4 of the present invention.
FIG. 8 is a timing chart for the optical recording device of FIG. 7.



end is changed according to the length of a recording mark and the | ength
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generator 60 includes a starting-end pulse generation circuit 2, a burst gate

generation circuit 4, and an end pulse generation circuit 6.

15 A data-length detector 61 is a circuit for detecting recording marks
and the lengths of spaces and marks in front of and behind the recording
marks from data 1. The data-length detector 61 comprises a front mark
detector 40, a front space detector 41, a recording mark detector 42, a back
space detector 43 and a back mark detector 44. A timing controller 62 is a

20  circuit that determines the delay quantity of a starting-end pulse and an end
pulse according to output signals from the data-length detector 61 and
generates each pulse that has been delayed. The timing controller 62
comprises a staring end pulse selecting circuit 14, a starting-end pulse
delaying circuit 19, an end pulse selecting circuit 21, and an end pulse

25 delaying circuit 25.

A pulse synthesizer 63 is a circuit that generates a final recording
pulse 30 for forming marks based on output signals from the timing
controller 62. The pulse synthesizer 63 comprises an AND gate 27 and an
OR gate 36. A laser driver 64 is a circuit that drives a laser unit 31

30  corresponding to the recording pulse 30. The laser driver 64 comprises an
erasing bias current source 32, a recording current source 33, and a switch
34. An optical head 65 forms recording marks by focusing the beams of the
laser unit 31 on an optical recording medium 66.

In the Data 1, an H level and an L level are changed at a clock

35  length unit. Particularly, there are EFM having an H level period and an L
level period with at least three clock periods respectively, and a code signal of



corresponding to the internediate portion of the mark; a recording mark
detector that detects the length of a recording mark; a back space detector
25 that detects the length of a space directly behind the recordi ng mark;
a back mar k detector that detects the length of a mark behind the
space directly behi nd the recording mark; an end pul se del ayi ng
circuit that generates a del ayed end pul se that is obtained by
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combination.
The data 1 is input to the starting-end pulse generation circuit 2,
the burst gate generation circuit 4, and the end pulse generation circuit 6
that are comprised in the basic pulse generator 60. The starting-end pulse
156  generation circuit 2 generates a starting-end pulse with one clock period (see
FIG. 2 (c)) at the starting-end of the H level period in the data 1 shown in
FIG. 2 (b). The burst gate generation circuit 4 generates a burst gate signal
5 with a length of (a mark length — three clock periods) as shown in FIG. 2 (d).
In this case, when the mark length has three clock periods or less, the burst
20  gate signal 5 is not generated. The end pulse generation circuit 6 generates
an end pulse 7 with one clock period (see FIG. 2 (e)) at the end of the H level
period in the data 1.
The data 1 is further input to a front mark detector 40, a front space
detector 41, a recording mark detector 42, a back space detector 43 and a
25 back mark detector 44 that are comprised in the data-length detector 61.
The front space detector 41 outputs a detection signal 9 corresponding to a
space length in front of a recording mark, i.e. corresponding to the L level
period of three, four, or five clock periods or more in the data 1. The
detection signal 9 is then provided to the starting-end pulse selecting circuit
30 14. Similarly, the front mark detector 40 and the recording mark detector
42 provide a detection signal 8 corresponding to the front-mark length and a
detection signal 10 corresponding to the recording mark length to the
starting-end pulse selecting circuit 14, respectively.
The starting-end pulse selecting circuit 14 determines the delaying
35 time of the starting-end pulse based on each of the detection signals 8, 9, and
10, for example, aceording to Table 1.
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beam power co res,tﬁ%dinajp e end pul S& based o @st put signals from
the recording 20 paris-tEFectior add t he [back 3¥pace |detecther; and a | aser
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fromthe basic pule gener at @i and [T he 4¢ poyer Se |ng circuit.

BRI EF DESCRI PTI ON W%DRKVJF NGSE%S :33?—‘#(3 1 é s 9] ﬂCk di agram
showi ng an opti cal J""E"T. Ageev—€ -acCaatngTto ..uud. ment 1 of the
present invention. EEG 2 s rminglchaft Bfor the optica
recordi ng device of FI&T] 4T FIG3T3 is|a bkod® di agram showi ng
an optical recordijng @&ViTe dfcordijng t 8TEnbodi nent n® of |t he present

i nvention. 30 3G |4 is4g timing gham for thengptical recording
device of FIG 3. 4T FI S EEERE Qllqg« di agrgmnghowl ng an opti cal
recordi ng device s Tdimg 1 bodi neg_'fy_j», of Lm-,'1 Pr Eb I nventi on.
FIG 6 is a timng—chgf or—t-he—opti-cal—recorgrngrdey eI G 5.

FIG 7 is a block maérlgishow_aélginpf i caPYecordi ngmdﬂnﬁ 35 according

to Enbodi ment 4 of

t he present

i nventi on.

FIG 8 is a timng

chart for the optiggl 115&88&9 W e HohE sﬁ:ﬁceﬁbx@gthﬁs 3T, the delaying times a-f
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(ns) of a starting-end pulse are determined according to the combination of a
front mark length and a recording mark length. "When the front space
length is 4T, the delaying times a-f (ns) of the starting-end pulse are
determined according to the combination of the front mark length and the
recording mark length. When the front space length is at least 5 T, the
delaying time m (ns) is determined regardless of the recording mark length
and the front mark length.

The starting-end pulse delaying circuit 19 delays a starting-end
pulse 3 according to a delay signal 16 that is determined as mentioned above
and is output from the starting-end pulse selecting circuit 14 and outputs the
delayed starting-end pulse 20 shown in FIG. 2(f). Consequently, the delay
quantity of the starting-end pulse can be changed flexibly according to the
recording mark length, the front mark length, and the front space length.

The delay quantity of the end pulse also is determined in the same
way. The back space detector 43 outputs a detection signal 11
corresponding to a space length behind a recording mark, i.e. corresponding
to the L level period of three, four, or five clock periods or more in the data 1.
The detection signal 11 is then provided to the end pulse selecting circuit 21.
The back mark detector 43 provides a detection signal 12 corresponding to a
back mark length and the recording mark detector 42 provides a detection
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6 . _ FIG 9 is a drawing showing a recording nethod in

a conventi onal optical recording device, D DESCRI PTI ON
OF THE INVENTION 5 Pref erabl e enbpdiiSeBHEETOHAS BEERT esent

i nvention will be explai ned in detail based REPLAGEDr awi figs as

fol | ows. Enbodi ment 1 FI T Shows—abtock’ di agr am of
an optical recording-reading device according to Enbodi nent 1 of the

present invention. FIG 2 is a timng 10 chart show ng the operation of
each circui tsigoabrlOseatresponding épttheatecordingrmank dengthr ¢adhagentbyiuise | n
FIG 1, a baﬁl&t%agcﬂggfggg&;m@g is acircuit that generates basic

pul ses for formng, recordin The basi c pul se gener at or 60

i ncl udes a st arti ngterpdnulse S@@Q@P&t@éﬁﬁ“‘bﬂ@@ rijines, the delayieg sime of
gener ati on ciHecehd p‘hls@lbds@ﬁ 08NehdbUbS ehe) R ool OsighihlsCL0,t 18- add 12, for A

dat a-1 en h det ect a cyit for detecting recording mar ks and
the I engt Bt é’gcggcog}mgrifgﬂ%yq# front of and behind the recording

mar ks fron1data 1. The data-length detector 61 conprises a front mark
detector 40, a front space detector Q%A%giafcording mar k detector 42, a
back space detector 43 and a bac detector 44. A timng
controller 62 is a

Back Mark Back Space Recording Delaying
Length Length Mark Length Time d2
3T 3T 3T n ns
4T 3T 3T 0 ns
5-11T 3T 3T p ns
3T 3T 4-11T q ns
4T 3T 4-11T r ns
5-11T 3T 4-11T S ns
3T 4T 3T t ns
4T 47T 3T u ns
5-11T 4T 3T vV _ns
3T AT 4-11T W ns
4T 4T 4-11T X ns
5-11T 4T 4-11T y ns
3-11T 5-11T 3-11 Z ns
10 For instance, when a back space length is 3T, the delaying times n-s

(ns) of an end pulse are determined according to the combination of a back
mark length and a recording mark length. When the back space length is
4T, the delaying times t-y (ns) of the end pulse are determined according to
the combination of the back mark length and the recording mark length.
15 When the back space length is at least 5 T, the delaying time z (ns) is
determined regardless of the recording mark length and the front mark
length.
An end pulse delaying circuit 25 delays an end pulse 7 according to a
delay signal 22 that is determined as mentioned above and is output from
20 the end pulse selecting circuit 21 and outputs the delayed end pulse 26
shown in FIG. 2(g). Consequently, the delay quantity of the end pulse can
be changed flexibly according to the recording mark length, the back mark
length, and the back space length.
The AND gate 27 in the pulse synthesizer 63 determines the AND of
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20 circuit ;that determ nes the delay quantity of a starting-end pul se and

an end pul se according to output signals fromthe data-length detector
61 and generates each pul se that has been del ayed. The tim ng
controller 62 conprises a staring end pul se selecting circuit 14, a
starting-end pul se delaying circuit 19, an end pul se selecting circuit
21, and an end pulse 25 delaying circuit 25. A pul se
synthesizer 63 is a circuit thai:generates a final recording pul se 30
for form ng rfhelsirshgate signalibpnt IG @{d) and thencldek 2§ in RIG. 2(a) andntheal | er

62. The pul SQ)u%iz!ﬁﬁé"@ﬁ h?t%f’m@&a%’ ?P?;t qg tﬁygam 2671:}?9%?? é?l%h iFgoate

36. A |laser dri ver circ rives aser uni
cor r espondi n@rtl8s% ﬁ@cfeégé&’dﬁr I%@?’é@ istrdhe dslevely the intesmedigtppidses an
gzasuAng bi as :zfgmsegg irs thy Leeaea @hé @R)ngteﬁge %ferrfﬁﬁhessﬁiérgtﬁho?@he%@aﬁfds‘t’\ﬂht ch

n op i ca ea r ocC n e e
| aser uni t%&‘%ﬁﬁ%‘%?“@%% &58%8? grf‘g’a Q}ﬂf%éG nid the 9ntermeg’l e PHECDat a
1, an H | evel29emdi thren oy tpubd th,ermccmhnpdlsaw(}mmﬂ&@(iﬁ |l ength unit.
Particularly, there n I vel

y TRE Qagf"\{hxpg\cﬁkl rie 0@1 s &Y %&asﬁ?é \;)gﬁze?q)g g{é bias currdrit

period with at Ieast thre S respec code signal of
7 source $ FR=§ ennreste poyree i3disageaneeted|in pazalleb g aoseries t he

data corres pQMuitoof the recordmg current source 33 and the switch 34. Through the

10  on-off control by the switch 34, the laser unit 31 can be switched between the
recording power and the erasing power as shown in FIG. 2(1').‘ Consequently,
by controlling the switch 34 with the recording pulse 30, the emission power
of the laser unit 31 is controlled. As a result, marks and spaces can be
formed on the optical recording medium 66 as shown in FIG. 2(k).

15 In the optical recording device of the present embodiment, the
positions of the starting edge and the end-edge of a recording mark are
changed according to the lengths of the recording mark and of spaces and
marks in front of and behind the recording mark, thus correcting the edge
shift due to heat interference. Consequently, signals with small bit errors

20 when being read can be recorded.

In the optical recording device of the present embodiment, the delay
quantity of a recording pulse starting-edge is determined based on a
recording pulse length, a front space length, and a front mark length. The
delay quantity of the recording pulse end is determined based on a recording

25 pulse length, a back space length, and a back mark length. However, the
present invention does not always require delaying both the starting-end
and the end. Either end may be delayed as mentioned above, and the other
may not be delayed or may be delayed by another method.

- In the present embodiment, when the front space length is at least

30 5T, the delay quantity is constant. However, the present invention is not
limited to this. The delay of the starting-end pulse and the end pulse may
be controlled at each space and each mark according to the extent of the edge
shift.

In the present embodiment, marks are recorded by a plurality of

35 pulse trains. However, the present invention is not limited to this. The
delay of the front-edge and the end-edge can be controlled by applying the

11



mar ks and spaces, respectively. Each of the detectors 40-44
In the data-length detector 61 detects mar k | engths or space | engths
at the clock length unit respectively. For 5 exanple, when a space |length
is 3T or 4T in high-density recording, the heat i nterference between
mar ks causes edge shift. In addition, the edge shift results in the
deterioration of the error rate due to the frequency characteristics
in a reading system In fact, the jnfluence on the error rate S

det er mi ned bYTESRBL AB¥eRtioR | Ao g Ebe rrasar Wheen gratken gre pieserdedn v hone o
Therefore, tretashdyrgubetity of each pulse is determ ned according to each
conbi nat i on. . The data IS _iLhput. to the starting-e ul se
géneration circuit By detectmg%otbo&&%ttﬁaé?%gtgxgr?&sagf%agé aarks ,recgfydﬁ} he end
pul se gener afrooh of iandudiredly behintiithe recerdingpmadetiut nlshtheblesgthypoaf st
generatorg 6 t L gz | i 44C W es a
Jrart ng-encl el S° aPee aaa e B duichor iARGNAUAS Bofidd i SRR
starti ng- endSt@rtipgend nuseand the ool PHise10f acracording mawk ay be contrplied. o (b).
The burst gate generation circuit 4 generates a burst gate signal 5
with a Iengtzg é.a ggék | ength - three clock periods) as shown in FIG 2
(d). I > when the mark |l ength has three clock periods or

| ess, the burst 20 FIfaSehowgreablosk dsgram ofcareopticad recindingrmtaguigsdevice
generat i Cl ks g L Wit n I i od
(aoe Fi G0 gt ibe tupBafieghipny 2 of (33 GRReMY idvenliolt | RIENE & 2 bl

The data 1 i<artshawing the eperstion; elopachneirquiti comprised 4p this dedee. shbke
detector 41, déviteedrtHe RresBttkedBbdedct biaprisddag datRasmstiedaetior 613 and a

25 back det ect 44 1 hat ' di th ta-l. t ect
6. " TheUrIBRESLIRNE BRotid BPUE DINIpBTLeLonas B TB R URGIL YovE
correspondi nigp FiGal. A basippodsel gamgtrdtor 30Drcontprizes a hottom gulsg gemekation e.

[ : b f [ l.ack
cory eSpong Nk 568 b 45keby to ;RIS O0yl AMSr Ry e 11 VA BUOEK
to the startdmyeeds pamprsesa bettpmopwlse eurnenggoure 308jand abetfom: gyeitel ont

mar k det ect 0303 ¢h additidiEtd EROIfbeP GriR 6B FEGON. A botfen¥d delsFing
det ecti on signal

. orres ding to the front-mark.l engt.h and a
ot ecti on o Rt 305 SPIRRAar Rerteeliisde Sep Hering PEheSgtor eulesse
starting-end pul seladheciicaitscommptised lid, thedsysic pulsel generation circuit 300,
20 each circuit with the same name as in the basic pulse generator 60 in FIG. 1

has the same function. The newly added bottom pulse generation circuit
301 generates a bottom pulse 306 shown in FIG. 4(f) from the end position of
the H level period in data 1. The data detector 61, the timing controller 62,
and the pulse synthesizer 63 have the same function as in Embodiment 1 of
25 FIG. 1 respectively. The bottom pulse delaying circuit 305 generates the
delayed bottom pulse 307 (FIG. 4(k)) obtained by delaying the bottom pulse

306 directly behind the delayed end pulse (FIG. 4(h)).
A laser unit 31 generates an erasing power by a bias current source
32. The bias current source 32 is connected in parallel to a series circuit of a
30 recording current source 33 and a switch 34 and further to a series circuit of
the bottom pulse current source 302 and the switch 303. The switch 34 and
the switch 303 control the current of the recording current source 33 and the
current of the bottom pulse current source 302 so as to be on either on or off
status respectively. Therefore, by controlling the switches 34 and 303 by
35 the recording pulse 30 and the delayed bottom pulse 307 respectively, the
laser beam 31 can be switched between the recording power, the erasing

12



The starting-end pul se selecting circuit 14 determ nes the del aying 35
time of the starting-end pul se based on each of the detection signals 8, 9,

and 10, for exanple, according to Table 1.

8 TABLE 1

Front Mark Front Space Recor di ng Del ayi ng Length
Length Mar k Length Ti me dl 3T 3T

3T a ns 4T 3T 3T b
ns power, orsthelbbttom power GEe FIG. 4(D). 3T c ns

3T 3T In thi . . .

3T a-117 M this eéfb#?sﬁl;nent, a botﬁi?np-ﬁulse. 1%§1§<_1Le|d to Embodu%é[‘r& 1. For
4-11T example, by recording charactgmistics, linear wglocity when regrprding
g ﬁ T 1nformat10n #ntl the l1ke of tHel optical recordidf medium 66,NtheNdelay
451:I' 5 A]IIf.il-?lty of the ?ndngulse is reduced and thergfere the end porfjen of the
4-11T iktewmediate pulse and the end pulse overlap in some cases. When the end

portion of the intermediate pulse and the end pulse overlap, the power
density of laser beams irradiated to the mark-end increases. Therefore, the
temperature increases greatly, thus weakening the effect of reducing the

10  heat interference between marks. In the case of the present embodiment,
the power level of the laser beams irradiated to a portion behind the
recording mark is made lower than the erasing power by the bottom pulse.
Therefore, the heat interference caused by conducting heat of the mark-end
astern can be suppressed.

15 _ The allowable power level of the laser beam corresponding to the
bottom pulse is the level lower than the erasing power level. When setting
the power level to the reading power level or the off level, the configuration of
the laser driver 304 is simplified.

In the optical recording device of the present embodiment, the

20 positions of the starting-edge and the end-edge of a recording mark are
changed according to the recording mark length, the space lengths and the
mark lengths in front of and behind the recording mark. Therefore, the
edge shift due to the heat interference is corrected, and the irradiation power
of the laser beams irradiated to a portion behind the recording mark is made

25 lower than the erasing power level for a predetermined period, thus
suppressing the heat interference. Consequently, signals can be recorded
with small bit errors when being read.

FEmbodiment 3

30 FIG. 5 shows a block diagram of an optical recording-reading device
according to Embodiment 3 of the present invention. FIG. 6 is a timing
chart showing the operation of each circuit comprised in this device. The
device of the present embodiment comprises a basic pulse generator 60 and a
data-length detector 61 as in Embodiment 1 shown in FIG. 1. A power

385 setting part 70 in FIG. 5 is a circuit for setting the power of a starting-end
pulse and an end pulse corresponding to a recording mark. The power

13



5-11T | . 4T 4- 11T 1 ns 3-11T

5-11T 3-11T m ns For instance, when a front
space length is 3T, the delaying times a-f 5 (ns) of a starting-end pul se
are determ ned according to the conbination of a front mark | ength and
a recording mark | ength. Wen the front space | ength is 4T, the
delaying tines a-f (ns) of the starting-end pul se are det er m ned
according to the conbination of the front mark | ength and the recordi ng

mar k | engt h. sephiag phet filogomppisee 4 ctgrting-endt piﬂsasseléctilhg tclmzuito 14ded ayi ng
time m(ns) ét%rﬁﬁkfe"n'&[‘ mﬂ&qﬁﬁglcﬁ%aﬁ%z tameeﬁfgars@! | o i 0D i n,g nd and

the front mark ﬁ dtartin cuit
19 del ays a 8¢ &P |H‘?§’eéﬁ8ttmg°1ﬁ‘i}}1§é53 according to a deI ay signal 16 that is

delt ertm ned as mstnt wﬁpﬁlieadmmng pe;rﬁm‘k irs FOGt BuUis 4 l’cﬁ@hittf‘l@r %bﬁfrbllﬂﬁg EIE@'OIOU' se
sel ectin c Ui e ar Sg

shown in ?g)o% ég?‘fg %’ﬁf??}ls ehg ad’e‘frﬁﬁp‘% qi%‘h?? s§%5$a3{1ﬂ£part 72
starting- endcqmubls&escaﬁtMHgqubédaYir@(mmm %8 anddimend delalying circuieddr di ng
mark | ength, Atlg%eerf(frwgr 'ﬁel ﬁﬂﬂf Bor dﬁpgné Bfe géggf'hnﬁpﬁﬁy h‘?@pﬁmng of the

The delay quantity of he end pul se also”is erm ned
The back spa® Sﬁ@?&&%ﬁoméhs@ﬁwt@%eweé@tqrm andgath %@S?Opo%@rm&ndl ng

to a space |@tginhtlb@|®b%r6hetﬁﬁ9rﬁlrﬂgomlﬁ thle Esexcﬂi'ﬁ@?pﬂndi Bihs currteﬁtthe L

| | d
e el ol Portlepd, A21IS confilied 3h oo oSt et A Bl pultee PRrBRL Y cui ¢
21. The dvaxrke 40 and alewetch @8, dBapivierthediate pedsecturoentssogpmed 412nd a

cor respondi nyisgh 87 and BE Ka-drNRe BRFehDEo6s 35kt pitkn 88t cctor 42
P s in Embodiment 1, an H level and an L level are changed at a

clock length unit in Data 1. Particularly, there are EFM having an H level
15 period and an L level period that are at least three clock periods, and a code
signal of (2-7). The H level period and the L level period in the data
correspond to marks and spaces, respectively.
Each of the detectors 40-44 in the data-length detector 61 detects
mark lengths or space lengths at the clock length unit respectively. For
20 example, when a space length is 3T or 4T in high-density recording, the heat
interference between marks causes edge shift. In addition, the edge shift
results in the deterioration of the error rate due to the frequency
characteristics in a reading system. In fact, the influence on the error rate
is determined by the combination of each mark length and space length.
26  Therefore, the laser power corresponding to each pulse is determined
according to each combination. The basic pulse generator 60 has the same
operation as in Embodiment 1.
The starting-end pulse selecting circuit 14 determines the laser
power (for instance, a peak value) corresponding to a starting-end pulse
30 based on each of the output signals 8, 9, and 10 from a front mark detector 40,
a front space detector 41, and a recording mark detector 42 respectively, for
example, according to Table 3.

35
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signal .10 corresponding to the recording mark length to the end pul se
selecting circuit 21 respectively.

circuit 21 determ nes the delaying tinme of

The end pul se sel ecting

t he end pul se based on each

of the detection signals 10, 11, and 12, for 5 exanple, according to
Tabl e 2. TABLE 2 Back
Mar k Back Space Recor di ng Del ayi ng Length
Lengt h Mar k Length Time d2 3T 3T
3T n ns 4T Table 3 3T 3T 0
ns 5- 11T 3T 3T p ns
3T 3T Front Mark 4{' Front Spacel ”bRecordé'n M_ Laser Power, [
3T 4-111 Length ™S Length __ | Mark Le > - pl st
4-11T S Nns o1 T 3T
t ns 3 ST 47 ST 3y a mW ns
5-11T 4T 4T 31 38T |y nedT b mW [ 37
4T 4- 11T 5-11Tv _nis 3T 3T 4T ¢ mW 4T
4- 1T X Nns 3T S58T1T 4-114T d mW- 10T y ns
3-11T 5- 11T 4T 3-[1T 3T 7 ns4 149 e mWOr|instance,
when a back space [fengg S 3T, 1 der gy ng_ {GHITES [N- (ms) of an end
pul se are determn cr%tnqﬂ’r:ﬁi gt u%fi"uc canbt glfl{;;. ‘ff ;t%‘gy— mark | ength
and a recording k—tehgth—\When-theback—sBace—tengBh P8 AT, the
delaying tines t-y(ns)*of t endpul s areddeter i nBd B¢ or ing to
the conbination of| t hé-B&k nark M&ngt hland 8Ke redordi mWar k | engt h.
3T 4T 4-11T j mW
4T 4T 4-11T k mW
5-11T 4T 4-11T 1 mW
3-11T 5-11T 3-11T m mW

10

15

20

For instance, when a front space length is 3T, the laser powers (peak
values) a-f corresponding to a starting-end pulse are determined according to
the combination of a front mark length and a recording mark length. When
the front space length is 4T, the laser powers g-1 corresponding to a starting-
end pulse are determined according to the combination of the front mark
length and the recording mark length. When the front space length is at
least 5 T, the laser power m corresponding to a starting-end pulse is
determined regardless of the recording mark length and the front mark
length. The starting-end power setting circuit 52 controls the starting-end
pulse current source 42 so that the laser unit 31 emits beams at the laser
power determined as mentioned above.

Similarly, the end pulse selecting circuit 21 determines the laser
power (for instance, a peak value) corresponding to an end pulse based on
each of the output signals 10, 11, and 12 of the recording mark detector 42, a
back space detector 43, and a back mark detector 44 respectively, for example,
according to Table 4.

15



15 Wen the back space length is at

| ea

st 5 T,

the delaying time z (ns)

i's

determ ned regardl ess of the recording mark | ength and the front mark
An end pul se delaying circuit 25 delays an end pul se 7
is determ ned as nenti oned above

| engt h.
according to a
and is output from

del ayed end pul se 26

del ay si gnal
the end pulse selecting circuit 21 and out puts the
showmn in FIG 2(g9).

20

gquantity of the end pul se can

recordi ng mark | ength,

t he back nark

22 t hat

be

TABLEeh

Consequent |y,
changed flexibly according to the
gth, and the back space

t he del ay

| engt h. The AND gate 27 in the pul se synthesizer 63 determ nes
t he AND of fre T aterstgnat \,.1FIG ”"“ and the
clock 28 in FIG 2(a)Baéc:r§(]jMi I%er Hatk 5] ‘i&eputj\f%ﬁ{di"ﬁhe ’:ag se 29. In
t he case where the war'ngg YeH—-S U?r.r§§t, 5ireePt he hrst gate
signal5isinthegl—e-\§glp_t-l: j rrndmfn%rlqp n MWiishis inthe L
| evel . The OR gate [36 deé#ffer i es tBE OR of t héTdel ajedo 5nBtarki ng- end
pul se 20, the del ayjed éridThul de 263Tand | he i8Ternedi ape pW se 29 and
t hen outputs the regcordigmy pulifse 387Tin FIG 2GiT. qg mW The | aser
unit 31 generates dn eragl ng POwer ghy the DI 291 §UT T BN,y SOUrce 32. The
bi as current sourcg 3Zzl; ;ICOIIIECLE(aTi T parat Lﬁi’l,‘tu A Ser S circuit of
t he recordi ng curr gnt—=Sgirce—33—ant-the—SwtEh-34- Tﬁug’;@* thet 10 on-off
control by the switich-3%~>the Iacn;Tllnif 31 c3h be bwibcha het ween t he
recordi ng power and _the4drasing po#®r as|showdlin F| Gu2mW Consequently,
by controlling the swi 6€1T34 with #Be reg¢ordi 3 pul se B0,m¥Whe [en ssi on
power 3T 4T 4-11T w_mW

4T 4T 4-11T x mW

5-11T 4T 4-11T y mW

3-11T 5-11T 3-11T z mW

For instance, when a back space length is 3T, the laser powers (peak
value) n-s corresponding to an end pulse are determined according to the

combination of a recording mark length and a back mark length. When the

back space length is 4T, the laser powers t-y corresponding to an end pulse

are determined according to the combination of the recording mark length
and the back mark length. When the back space length is at least 5 T, the

laser power n corresponding to an end pulse is determined regardless of the

recording mark length and the back mark length. The end power setting

circuit 55 controls the end pulse current source 40 so that the laser unit 31

emits beams at the laser power determined as mentioned above.

timing for generating starting-end pulses.

In FIG. 6(1), the peak value of the intermediate pulse 29 is fixed to a
A starting-end delaying circuit 73 in FIG. 5 controls the
In FIG. 6, the delay quantity is

set to 1.5T. An end delaying circuit 74 controls the timing for generating

5
10
15
suitable value.
end pulses.
20

In FIG. 6, the delay quantity is set to 1T.
A laser driver 71 in FIG. 5 comprises series circuits of a starting-end

pulse current source 42 and a switch 56, of an intermediate pulse current

source 41 and a switch 57, and of an end pulse current source 40 and a

switch 58, and a bias current source 32 connected in parallel to the series

circuits.,

The starting-end pulse, the intermediate pulse, and the end pulse

16



of the laser.unit 31 is controlled. As a result, marks and spaces can be
formed on the optical recording nedium66 as shown in FIG 2(k). 15

In the optical recording device of the present enbodi nent, the

positions of the starting edge and the end-edge of a recording mark are
changed according to the lengths of the recording mark and of spaces and
marks in front of and behind the recording mark, thus correcting the edge
shift due to heat interference. Consequently, S|gnals with small bit errors
20 when bei wgnirehdhe dhréseswisclrsds6). 57, and 58, respectively.heCapeueantly,eher di ng

device of t hQasEHrQﬁﬁf‘Bl %Eﬂ@ﬁhﬂﬁ@%}’ b‘%)as egﬁ'loql\é recordlrfgjﬁ%:k gy ¢4 stg lﬁg .4 g

pul se startin pg edgeh det erm ned I"ength, a
front space [PON§Ehthe iptermediate nomier redghe enfhpower, eadblqiyw énhﬁ& gnof t he

recor di ng pulmée;mmenspé@kememmmpmas({)ecor ding 25 pulse length, a

back space | ength, an we sent

i nvent Pongdoesgnot %% WY @Eﬁ?‘ioégld’gl %@'ﬂ%f%ﬁr?%t@qdﬂ%ngﬁ epeak ,

the end. Eit tvatuesnef theyldser geiway ddr acecanintg nnaeﬂs alve entmiidd tatethet hark

may not be d In the
y %ﬁ?ﬁfﬁ% Qﬁv&]n@b’ tﬂ@ ﬂf‘érﬁ}’eﬂgatla t%[}nd*%% h:?g end 1n%eé)engﬂmtly

present enbodi ne ront spac
del ay quant i QT l%ﬁ%ttbﬂtrecmé@ar @'éint ¢ Spas iemgth% amdt mark

limted to tRémgthdhe fﬂﬁxk%faﬁ& bbhﬁldsﬂmrrbemI@ﬂlawl SThéniforeeneediheitige mMay
be contr%l e% attoe}ale?;}t te eacE mar k accordi,ng to t1 e extlent of the
edge shift, rerenc? € SHBDESTe nbéalarré?ﬁu nHBER_ISFAN P& or ded
by a plurali tgcopfledwitlpsingl hit erroms whiembeing retlde present invention is not

L'Om ﬁ g?l teg LD' Z pprhﬁl the ﬁ)réjs%kﬁiyeﬁl;odlﬁgn{ " A 1580 Dot LEGnEHafigs «GEN ?e

and at the end are set to be constant as to data with a space of at least 5 T.
 However, the present invention is not limited to this.

15 In the optical recording device of the present embodiment, the laser
power at the starting-end of a recording pulse is changed according to the
recording pulse length, the front space length, and the front mark length.
The laser power at the end of the recording pulse is changed according to the
recording pulse length, the back space length, and the back mark length.

20 However, it is not always necessary to change the laser powers at both the
starting-end and the end in the present invention. The laser power only at
either end may be changed as mentioned above, and the laser power at the
other end may be constant or may be changed by another method.

25 Embodiment 4
FIG. 7 shows a block diagram of an optical recording-reading device
according to Embodiment 4 of the present invention. FIG. 8 is a timing
chart showing the operation of each circuit comprised in this device. FIG. 7
comprises a data-length detector 61 and a power setting part 70 as in
30 Embodiment 3 shown in FIG. 5. The present embodiment further
comprises a basic pulse generator 300 in which a bottom pulse generation
circuit 301 is added, a pulse delaying part 700 in which a bottom pulse
delaying circuit 305 is added, and a laser driver 701 in which a bottom pulse
current source 302 and a switch 303 are added.
35 In the circuits comprised in the basic pulse generator 300, each
circuit with the same name as in the basic pulse generator 60 in FIG. 5 has



present, invention also in the case where marks are recorded by one

rect angul ar pul se. By detecting not only the | engths of spaces
and marks directly in front of and directly behind the recordi ng mark
but also the lengths of at 5 |east one space and one mark further ahead
and behind, the delay of the starting-end pul se and the end pul se of a
recordi ng mark nay be controll ed. Enbodi nent 2 FIG 3
shows a bl ock di agram of an optical recording-reading device 10 according
t o Enbodi menthe seme fingsioss e lihei marelpt ddded Bot@m4pulse generstion circuit GOAr t

showi ng the %Bﬁéfﬁtb@ﬁ &Eto%?ﬁﬁls%'l‘f%qﬁl’ﬁ)wgpfﬁpﬂ@ gé{t aﬁj?%ﬁhté eﬁgéiogﬂ:mn-rmhe

d f th t t t ,
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Enbodl ment 1 o{ 3 1 resPect Ive tom é | rcw t
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del ayi ng t he abdelag@dpbbitem pulse3@6nidb) ehé ! Mi-bﬁhsfﬂiilué hef ¢led Ayes mdc}msl se
(FIG 4 Ii%) " respectively. Therefore, the laser unit 31 can emit laser beams for one mark
at a starting-end power, an intermediate power, an end power and a bottom
power as shown in FIG. 8(k). Thus, the use of an optical head 65 containing
the laser unit 31 enables the marks and spaces shown in FIG. 8() to be
formed on an optical recording medium 66.

20 In the present embodiment, the bottom pulse is added to
Embodiment 3. For example, even if the power peak values at the starting-
end and at the end are decreased to the lower limit of the power for forming a
suitable mark by recording characteristics, linear velocity when recording
information, and the like in the optical recording medium 66, the heat

25  interference between marks can not be suppressed sufficiently in some cases.
In the case of the present embodiment, the laser power irradiated to a
portion behind the recording mark is made lower than the erasing power by
the bottom pulse. Therefore, the heat interference caused by conducting
heat of the mark-end behind can be suppressed efficiently.

30 An allowable power level of the laser beam corresponding to the
bottom pulse is the level lower than the erasing power level. When setting
the power level to the reading power level or the off level, the configuration of
the laser driver 701 is simplified.

In the optical recording device of the present embodiment, the peak

35 values of the laser power for recording marks are controlled at the mark
starting-end, the intermediate portion, and the end independently according

18



A laser. unit. 31 generates an erasing power by a bias current source

32. The bias current source 32 is connected in parallel to a series circuit
of a 30 recording current source 33 and a switch 34 and further to a
series circuit of t he bottom pul se current source 302 and the switch
303. The switch 34 and the switch 303 control the current of the
recordi ng current source 33 and the current of the bottom pul se
current source 302 so as to be on either on or off stat us

respect i vel yto thermetending iyankolemgth landgthen spanei lenbtis 24d anarlBlshdilis 38 t he

di ; 7 I; t
S0P e i SR PIMRORL SRR

12 t5REFICe P COFRECtsS: ABth the iradiation pewer of the laser beams

Int h: s enbodiradizted do koposivrpbékiadi theagderlihg xE?m;Ofél ﬂﬁ\illﬁ ldwef@han the
exanpl e, by recor di ristic inear velgcit en.recordi n

i nf or mat i %n, ?gcﬁsgﬁgﬁg%le? E%;egf% ﬁeﬁr S.Ffe’dcg_m cg&‘fflﬂﬁn %%‘fnﬁﬁe%%?g&ﬁgqbe@%ay 5
quantity of inferfenengsul Sonsequendlys sigralsl cahdeecfespalethwithneinpBrhit @mras t he

i nter medi at e yHahIRiREdedd’e end pul se overlap in some cases. Wen the end

portion of the interned ate pul se and the end glt;ése overl ap, the power
density of laser b eseribefl Ahoyer @ceqrding te- nrasemda deventipmer whene, t he

t enperat ure rewrdingesnfobaation, at hnarkeRkethd Gitt hf%]}ﬁf(feﬁﬁityofmrﬁﬂu htichlt he 10

heat int ?(5f e{'eec'?)%ginbgeltne i%Qn, t rekesd'ge ls?xiftc %?tﬁg %eeco%intg rga rsecsa% te gor{'tx)'gc Ie ogt '
controlled, thus reducing bit errors of read signals. Consequently, the data
recording density can be further increased and the capacity of an optical
recording medium can be increased.

The invention may be embodied in other forms without departing
15 from the spirit or essential characteristics thereof The embodiments
disclosed in this application are to be considered in all respects as illustrative
and not limitative, the scope of the invention is indicated by the appended
claims rather than by the foregoing description, and all changes which come
within the meaning and range of equivalency of the claims are intended to be

20 embraced therein.

25

30

35
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the power |evel of the laser beans irradiated to a portion behind the
recording mark is nade | ower than the erasing power by the bottom pul se.
Therefore, the heat interference caused by conducting heat of the mark-end

astern can be suppressed. 15 The al | owabl e power |evel of the
| aser beam corresponding to the bottom pulse is the level |ower than
the erasing power |evel. Wen setting the power level to the reading

power |level or the off |evel, the configuration of the | aser driver
304 is sinpl WHAJ IS CLAIMEDIS: |n the optical recording device of the
present enbodi nent, the 20 positions of the starting-edge and the end-edge
of a recording mar chan ed ac a to the recording mark

| ength, the space Ilen%’i‘h@ tigaly lieﬁ‘é" mg mﬁtg}" pl AeoRding, 1mfppmatign ek Atbehi nd

the r feCOF di n@ﬂiﬁ&ﬂ I@ecdi*dézligfm’h’d@uamt heving a é&@gd?mghﬂhfiﬁ filteoh @ L‘tﬁl%tfﬁ@ll the
interference t t r.radi at i on, power. e_| aser
beans i r‘r%;d eﬁ%ﬁ%?%ﬁhlﬂe@%he?ﬁe 8§%‘$B? ﬁ’é’ﬂ?g %p(%ﬁ;ﬁiige%s’ | ower
t han the erasi ng pwhareinewbbnfreq:ordm:g ﬁdaené'omam«m perthedecardirg thin film
suppr essi ng §0¢ 18Rk df%&f seéﬁ’('i‘%ﬁace@o@ﬁg%gﬁic g'rﬂgﬁi §%&%g he &iFefded

wth small bit errors bel ng_rea i ment
5 shows a bl BERTHNE S ﬁh%gedaﬁcceﬁdmgatp theé@mﬁahﬁg)f rae@arlﬁgo heveearded, of a

accor di ng t osgaEh dierElytbehind tn&ﬂapkeﬁﬂléfamé@nmeamd ﬁie%paeel s a timng
chart Shﬁ)WI ng the % A_@Lq}g ﬁerea h ci rct‘lg)é)g1 C ng a yg gldew ce. The
devi ce of” the pres KRS rTe Oh J8TOX e SEOFBANPR Y BD and a
dat a- | engt h cgiead trecording smadmBnhodhgentrecbrdingvihin Ml Gr alsubstpatepth8s
setting part ol

Start! ng end e b“}fs%%lﬁiaﬁ%%ﬁgﬁﬁd%ﬁ‘%ﬁg Benped by “S?Hﬁ%?%‘)ﬁﬁ#s%?%ﬂng mar k.

The power wherein when recording the information on tgg recording thin fil

FI G

as lengths of marks and spaces, the position of a mark-end at the end of

15 recording is changed according to the lengths of a mark to be recorded, of a
space directly behind the mark, of a mark behind the space, and of at least
one space and one mark further behind.

3. The optical recording method according to claim 1, further
comprising a step of changing a recording-start position of a starting-end of

20 the mark according to the lengths of a mark to be recorded and of a space
directly in front of the mark when recording the information on the recording
thin film as lengths of marks and spaces.

4, The optical recording method according to claim 1, further
comprising a step of changing a recording-start position of a starting-end of

25 the mark according to the lengths of a mark to be recorded, of a space
directly in front of the mark, and of a mark in front of the space when
recording the information on the recording thin film as lengths of marks and
spaces.

5. The optical recording method according to claim 1,

30 wherein by modulating an irradiation power of the optical beams
between a recording level and an erasing level lower than the recording level,
the power of an optical beam irradiated to a portion behind the mark is made
lower than the erasing level for a predetermined period.

6. An optical recording method of recording information on an

35 optical recording medium having a recording thin film on a substrate, the
state of the recording thin film being changed by irradiating optical beams,

(T, i



setting part 70 conprises a starting-end pul se selecting circuit 14, a
starting-end power setting circuit 52, an end pul se selecting circuit 21,
and an end power setting circuit 55. A pul se del ayi ng
part 72 in FIG 5 is a circuit for controlling the 5 timng of a
starting-end pul se and an end pul se. The pul se del aying part 72
conprises a starting-end delaying circuit 73 and an end delaying circuit
74. A | aser drlver 71 is a circuit for driving the laser unit 31 by

the timng of the Wheregiinerdgtipreacord tha infemptsinopthestecorstiog shiorfilop and
by the |aser a@%‘ﬁé‘bHsh@ﬂ niai'ks and % hcdsN Wt POWRTatSRY Bbﬁ&hlpﬁéémg Qn tRe t he
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| ength. 25 guke dfaireindidingas starpimgesnd; G astpomddiage tportiad hapd lancend

determ nf§ according to the lengths of the marks and spaces, the power of an optical
beam irradiated to the starting-end is changed according to the lengths of a
mark to be recorded, of a space directly in front of the mark, and of a mark in
front of the space.
8. An optical recording method of recording information on an

20 optical recording medium having a recording thin film on a substrate, the

state of the recording thin film being changed by irradiating optical beams,
wherein in order to record the information on the recording thin film
as lengths of marks and spaces, when irradiating optical beams on the
recording thin film, the power of the optical beams being modulated in the

25 pulse train including a starting-end, an intermediate portion, and an end
according to the lengths of the marks and spaces, the power of an optical
beam irradiated to the starting-end is changed according to the lengths of a
mark to be recorded, of a space directly in front of the mark, of a mark in
front of the space, and of at least one space and one mark further ahead.

30 9. An optical recording method of recording information on an
optical recording medium having a recording thin film on a substrate, the
state of the recording thin film being changed by irradiating optical beams,

wherein in order to record the information on the recording thin film
as lengths of marks and spaces, when irradiating optical beams on the

35 recording thin film, the power of the optical beams being modulated in a
pulse train including a starting-end, an intermediate portion, and an end

21
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accordi ng to each conbi nati on.
operation as in Enbodi nent 1. .
circuit 14 determ nes the |aser power (for instance, a peak val ue)

corresponding to a starting-end pulse 30 based on each of the output
signals 8, 9, and 10 froma front mark detector 40, a front space
detector 41, and a recording mark detector 42 respectively, for
according to Table 3. 35

exanpl e,
14

Front Mark

Length
3T
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15

20

25

30

35

according to the lengths of the marks and spaceBabhe pdwer of an optical

The basic pul se generator 60 has the sane
The starting-end pul se sel ecting

b%éﬁf‘frrﬁﬁﬁf’é?i to Bﬁi&{rpisn&angjeaﬁ%orﬁwg)ﬁhe lengths of asﬁnarkl’b%ngt h

Mark L t
a'iwwgor}:%ed and of a s%ace dirgqtly behind the mgrk. 3T

10. An optical recording method of recording information on an
optical recording medium having a recording thin film on a substrate, the
state of the recording thin film being changed by irradiating optical beams,

wherein in order to record the information on the recording thin film
as lengths of marks and spaces, when irradiating optical beams on the
recording thin film, the power of the optical beams being modulated in a
pulse train including a starting-end, an intermediate portion, and an end
according to the lengths of the marks and spaces, the power of an optical
beam irradiated to the end is changed according to the lengths of a mark to
be recorded, of a space directly behind the mark, and of a mark behind the
space.

11. An optical recording method of recording information on an
optical recording medium having a recording thin film on a substrate, the
state of the recording thin film being changed by irradiating optical beams,

wherein in order to record the information on the recording thin film
as lengths of marks and spaces, when irradiating optical beams on the
recording thin film, the power of the optical beams being modulated in a
pulse train including a starting-end, an intermediate portion, and an end
according to the lengths of the marks and spaces, the power of an optical
beam irradiated to the end is changed according to the lengths of a mark to
be recorded, of a space directly behind the mark, of a mark behind the space,
and of at least one space and one mark further behind.

12. The optical recording method according to claim 10,

wherein an irradiation power of the optical beams is modulated
between a recording level and an erasing level lower than the recording level,
and the power of an optical beam irradiated to a portion behind the mark is
made lower than the erasing level for a predetermined period.

13. An optical recording method of recording information on an
optical recording medium having a recording thin film on a substrate, the
state of the recording thin film being changed by irradiating optical beams,

wherein in order to record the information on the recording thin film
as lengths of marks and spaces, when irradiating optical beams on the
recording thin film, the power of the optical beams being modulated in a
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Tabl e 4. according to the lengths of the marks and spaces, the power of an optical

15  beam irradiated to the starting-end is changed according to the lengths of a
mark to be recorded, of a space directly in front of the mark, and of a mark in
front of the space, and the power of an optical beam irradiated to the end is
changed according to the lengths of a mark to be recorded, of a space directly
behind the mark, and of a mark behind the space.

20 15. An optical recording device in which in order to record
information on an optical recording medium having a recording thin film on
a substrate, the state of the recording thin film being changed by irradiating
optical beams on a substrate, the information is recorded on the recording
thin film as lengths of marks and spaces by optical beams, the power of the

25  optical beams being modulated in a pulse train, the device comprising:

a basic pulse generator that generates a starting-end pulse
corresponding to the starting-end of the mark, an end pulse corresponding to
the end of the mark, and at least one intermediate pulse corresponding to the
intermediate portion of the mark;

30 a recording mark detector that detects the length of a recording
mark;

a back space detector that detects the length of a space directly
behind the recording mark;

a back mark detector that detects the length of a mark behind the

35 space directly behind the recording mark;

an end pulse delaying circuit that generates a delayed end pulse

e
e —————
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TABLE4

synthesizing the starting-end pulse, the intermediate pulse, and the delayed
end pulse; and

a laser driver that modulates the optical beam power based on the
recording pulse.

16. The optical recording device according to claim 15, further
comprising:

a front space detector that detects the length of a space directly in
front of the recording mark; and

a starting-end pulse delaying circuit that generates a delayed
starting-end pulse obtained by delaying the starting-end pulse so as to
compensate for the delay quantity determined from output signals from the
recording mark detector and the front space detector,

wherein the pulse synthesizer generates a recording pulse by
synthesizing signals of the delayed starting-end pulse, the intermediate
pulse and the delayed end pulse.

17. The optical recording device according to claim 15, further
comprising:

a front space detector that detects the length of a space directly in
front of the recording mark;

a front mark detector that detects the length of a mark in front of
the space directly in front of the recording mark; and

a starting-end pulse delaying circuit that generates a delayed
starting-end pulse obtained by delaying the starting-end pulse so as to
compensate for the delay quantity determined from output signals from the
recording mark detector, the front space detector, and the front mark
detector,

wherein the pulse synthesizer generates a recording pulse by
synthesizing signals of the delayed starting-end pulse, the intermediate
pulse and the delayed end pulse.

18. The optical recording device according to claim 15, further
comprising a bottom pulse delaying circuit that generates a delayed bottom
pulse obtained by delaying a bottom pulse with a predetermined width

L )
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For instance, when a back space length is 3T, the |aser powers (peak 5

val ue) n-s corresponding to an end pul se are determ ned according to the
conbi nation of a recording nmark | ength and a back mark | ength. Wen the
back space length is 4T, the | aser powers t-y corresponding to an end pul se
are determ ned according to the conbination of the recording mark |ength
and the back mark | ength. \Wen the back space length is at least 5 T, the
10 | aser power n corresponding to an end pulse is determ ned regardl ess of
t he r ecancdidigg wathe Helagtof thednd paldeack mark |ength. The end power

SRR U R Bl B RHSE SIEESAL ARUHERAD s "
nment i oned ablghdnd the recording mark, smdzheslaisyr driver modulages the @pthaﬂ é)eam

i nt er medi at epdvdrSaséd dnsthfe'réé‘&diﬂ)% @ulse analthte @Qla@e&%%m puibar ting- end
delaying circuit 7 |n Fl G

, for eneratlng
starting-2nd pul se An,:p@maé r¢qes ‘EPgl gﬁ"’cﬁ’ﬁa}ﬂl‘f’g}‘ﬂs in or ét tq gregoxdy  an
end del ayi ngmcfcbnma,mtbn ¢4 anoopitioal sedobdinigi b digin hav@grrereabrdmg thin ﬁgﬂ qul ses.
In FIG 6, t a river
in FIG 5 coér]rgr?sg%%%sggq alté Xfrt‘:ht? fgérgﬁr?%h%?ﬁp R%mgncganged %ﬁ? bafﬁx}gant
source 42 arpticadheants @rﬁa otbstiate,nther imfetinzatiorpid sasordadr emthe recaardmg:e 41
and a swi t chypd fi1aN5s RingdRs 6P thalkld §ﬁd(‘s555é°sn$ ﬂ%eﬂﬁsa'ﬂﬂe Bower ofthd Ch 58,

and a bias curt source 32 ne In paralle the serjes
circuit st0 THPt Eﬁa-ii’%’ﬁ‘ﬁ éﬁtgﬁﬁﬁ‘s‘g ‘fﬁéalpr\‘tl‘?r%méh% ﬁUF%éomHﬁ‘émtg'ne end pul se
16 a basic pulse generator that generates a starting-end pulse

corresponding to the starting-end of the mark, an end pulse corresponding to
the end of the mark, and at least one intermediate pulse corresponding to the
intermediate portion of the mark;

15 a recording mark detector that detects the length of a recording
mark;

a front space detector that detects the length of a space directly in
front of the recording mark;
a starting-end power setting circuit that sets the optical beam power

20 corresponding to the starting-end pulse based on output signals from the
recording mark detector and the front space detector; and

a laser drniver that modulates the optical beam power based on
output signals from the basic pulse generator and the starting-end power
setting circuit.

25 20. The optical recording device according to claim 19, further
comprising a front mark detector that detects the length of a mark in front of
the space directly in front of the recording mark,

wherein the starting-end power setting circuit sets the optical beam
power corresponding to the starting-end pulse based on output signals from

30 the recording mark detector, the front space detector, and the front mark
detector.

21. An optical recording device in which in order to record
information on an optical recording medium having a recording thin film on
a substrate, the state of the recording thin film being changed by irradiating

35 optical beams on a substrate, the information is recorded on the recording

thin film as lengths of marks and spaces by optical beams, the power of the

———
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control. tshe.three switches 56, 57, and 58, respectively. Consequently, the

| aser unit 31 can emt |aser beans for one recording mark at the

starting-end power, the internedi ate power, and the end power, each of

whi ch has an I ndependent peak value as shown in FIG 6(i). 5

In the optical recording device of the present enbodi nent, the peak

val ues of the | aser power for recording marks are controlled at the mark

starting-end, at the internediate portion, and at the end independently

accordi ng t ooRticaliheamsdieings modulateddn la pulee triadn, dhadevice egmipsisimgd mar k

l engths in front ofyg idadiil Ok Rl The . e

shift 10 due to he w?t%%e%%%rigg Egéﬂsqgulgegrefeés(tgséqgg %girgih eesu E‘glﬁ%lggnal S

can be FErEesneegding 1o thestarting-end pf g’resm\%ﬁér?%%ﬂ Bulse gerresponding to I'n

the present thead oftthie matle ahdaeleqsdvae Snirmiedate paldeicogrespohding to 8hel at

t he end e ﬁl%rrhgd'l?aeﬁgﬂf%a&thgﬁn%%data with a space of at least 5 T.
he™p [ on'r's

However , resen ventl o limted to this. 15 ~In the
optical recording devcoediog maek slesenton thabdetectmthe lengthaefea recordiggwer at
the startingggpy- of a recording pulse is changed according to the

recording pul se 1engih, the front space |ength, and the front rk | ength.
The | aser power at ath%d%ﬁﬁa‘iﬁ d?‘i?étqre@@@ﬁqu@cgtﬁﬂ@elepgﬂbﬁgﬁgwcﬁc Beehhg to
t he r ecbeldindghpubcrdirgn@bbk; t he back space | ength, and the back mark
| engt h. However, it ;is not always.necessary .to,change . the |aser powers
at both the star f %1%913%%%1‘ SR S R %eézspmsgﬂﬁcﬁlng%%i 8R7%The

| aser power earrgspanding to the eed pahse basedomn ohtpwfeuignads from itbegdcerding, and

the |aser poughk Wetddiér and thePbdi! spaldd dBRtHeafi@nst ant or may be changed by
anot her nethod. 25 En%z(l)(gi,rren 4Sp% '8 7 shows a bl ock di agram
r

t Fl|
of an optical recoldiasgT r@aeaTnEhatepodulates th&c%%“gl h§amy Pewsb hasent o of
the present outpemntdigmals frém fhel badic tpulddgeneratorCHad tthe el pawbheettpeg at i on

of each rc(g‘it .conprised in this device. FIG 7 conprises a
dat a- | engih &8t or 61 and a power setting part 70 as in
22. The optical recording device according to claim 21, further

comprising a back mark detector that detects the length of a mark behind
the space directly behind the recording mark,

wherein the end power setting circuit sets the optical beam power

20 corresponding to the end pulse based on output signals from the recording
mark detector, the back space detector, and the back mark detector.

23. The optical recording device according to claim 22, further
comprising a bottom pulse delaying circuit that generates a delayed bottom
pulse obtained by delaying a bottom pulse with a predetermined width

25 according to the delay of the end pulse,

wherein the basic pulse generator generates the bottom pulse
behind the recording mark, and the laser driver modulates the optical beam
power based on an output signal from the basic pulse generator, an output
signal from the end power setting circuit, and the delayed bottom pulse.

30

35
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30 Enmhodiment 3 shown in FIG 5. The present enbodi nent further

conprises a basic pul se generator 300 in which a bottom pul se generation
circuit 301 is added, a pulse delaying part 700 in which a bottom pul se
delaying circuit 305 is added, and a | aser driver 701 in which a bottom

pul se current source 302 and a swtch 303 are added. 35 In
the circuits conprised in the basic pul se generator 300, each circuit
with the sane nanme as in the basic pul se generator 60 in FIG 5 has

17 t he same functi on. ABBEFRAGTY added bottom pul se
generation circuit 301 generates a bottom pul se 306 shown in FIG 8(f)
fromthe end position of the H level period in data 1. The data

detector 61 and thépepkicalseacordey which ias a basitpulser generatingfumitt®6h as in
Enbodi ment %ﬁmh“%dlﬁdé;é § leadiss I%%ﬁt MI%ley ne?atﬁ[?eclﬁ%ﬁ @9, p&"b?ﬁsﬁ%’a?é’ I'ng

circuit 305 contrals t he delayed

bot t om pu Segg;waflpgglrcg{q Waﬁ}gtaapﬁé]ﬂn%ﬁn “g%ﬁ ng‘eE"ﬂEHS(S‘ErtCH’rﬁ (65 dgta se 306
i s gener at edlejngth dbwletiod vnie (613 wehiel nﬁﬂddéwé ﬁ%n(; M4k dtBjtion circuit (40), A

| aser unit 31 er erasin ia rrent so
This bias cufr %{} ?g’ug qae%eo“fmlnsc%%‘ﬁt Z@e& ’fe\r/?"%a%rge‘?e%?cc;‘msne?rgy g@?)dw ts of
a 10 startiregrespicpdesectionr cizenit 43) and 40 reardmark wetedtid6eirofit {44), a
i nt er medi at etlmm% c@ﬁ'ér%?uﬁ r(@?ﬁv ?&ﬁfrfcﬁufe% a{“fé‘i{iﬁ'xgg hd ﬁlslé?sel&ftm‘i\rhf‘d?ﬁt pul se
current souré: ? cu .rent .soyrce 302
and a swd ch lﬁ)? lqumg en startmg position setting circuit (15), a leading end pulse
delay circuit (19), a trailing end pulse selection circuit (21), a trailing end
starting position setting circuit (85) and a trailing end pulse delay circuit
(25), a pulse synthesizing unit (63) which includes an AND gate (27) and an
OR gate (36) and a laser driving unit (64) which includes an erasing current

15  source (32), a recording current source (33), and a switch (34).

FIG. 1

27



del ayed«st:ar4¢i ng-end pul se, an internedi ate pul se, a del ayed end pul se, and
a del ayed bottom pul se control the on-off status of the four switches 15
respectively. Therefore, the laser unit 31 can enmt |aser beans for one

mar k at a starting-end power, an intermnedi ate power, an end power and
a bottom wer as shown in FIG 8(k). Thus, the use of an optical head
65 contai ni ng the laser unit 31 enables the marks and spaces shown in
FIG 8(1) to /be formed on an optical recording nmedium 66. 20

In the present e ment, the bottom pulse is added to Enbodi ment 3.
For exanple,jevenjif t power peak values at the starting- end and at
the end are fdefy epsed ?? the lower Iimt of the power for formng a

sui tabl e mar ecording characteristics, linear velocity when recording

g nmedium 66, the heat 25
sufficiently in sone
—thre-Faser pewer

i nt erferencel bet S_an npt
cases. n the f ot e
I

i nformation,| and jt hey | JKg T e} opfli cal recor
3|

irradiated to a —5e+E1 pn beh mafle Ipmer t han
the erasing p r by the ba u @gat

i nterference caused gzy conguct i ng pehi pd can be
suppressed efficienyy. | of| the | aser

I blat ¢ : ower thas the
f he reldi©hg powver
drivler 701 is

beam corresponding to the
erasi ng power |evel. Wen setti{n
| evel or the off level, the co fgbujation of
sinplified. | n t he opticat recordi devi-ce- ef—+he-dpr esent
enbodi nent, the peak 35 val ués_of e | aser pewer for recording marks are
controlled at the mark - t/ngend, the FAternediate portion, and the

end i ndependently accordi ng : I 18
=
| l
- t
I i ! (o) .
~N
(‘C\JDN ! | N =]
I | co
&~
N l 37 -
! I
v © L L
Ll o
B N S R I N
! ' _"}/LD
i :géﬁ ’E';':‘%’ﬁ D 2 Q @ !
a5 ] | (SREYT w2 ks N | EEs—
L Es NYA&RE £88 !
| ggfo £ 3% g3 B o2 !
g2 E] |82 W [88° <189 |
I A | ™
O I I S - | -
/\—'
h Ll
o | -
r————‘—-———_———l —————— — — r——-i———'—-l ——————————————— P —
[ = I 1
. |
EEx g g 2 & = 8 8 -
f SHEELTIREL B EHERIR TR IEE IR PRI R
FSS 1CEE |S8E VIS5 28 (|EES| 2] =8 |!
by |EES |zES| V) BE || ES || SSE|| €5 g5 |1
O™ |E2Z2| |28 =3 | 11| ER ]| E8 |]& g8 1 &9 |
| ] ] j I i I
/ m b:[r-l ~/ T e/ S
I N/I \ri co/ | K < ~ I\r ~r !
i _J

1./9



to the.recotding mark |l ength and the space | engths and mark | engths in
front of and behind the recording mark. Therefore, the edge shift due to

t he heat interference is corrected, and the irradi ati on power of the
| aser beans irradiated to a portion behind the recording mark i s nade
| ower than the 5 erasing power |evel for a predeterm ned period, thus
suppressing the heat interference. Consequently, signals can be
recorded with small bit errors when bei ng read. As
descri bed above, according ! q i i H 19 Wrep qey di ng

i nformation as (meilkekZ8ngt h i g [OEAS IV lon Lak | ol A i1 etldt Hi ng
medi um the edge shift of the recording marks can be corrected or

control l ed, thus reducing bit |erfPrd—QT=eagdTsigsal §TLogpaquently, the

dat a recor@hgg gensity cgm be fjurth sed amd-rq? capacity of an
opti cal ré ?ng mediumjcan ba incIeased. The invention

may be enbodi ed in other forng mIth?ut deartin9115 flon1the spirit or

dilsclosed in this

essential characteristics theneof. The
and

application ar&) onsi derje intall

enbodinedts

0 he
not limtative, Eﬁgﬁa%gﬁ h 0 nded

claims rather thafs6y the for going}desqription,{and aljl chlanges whi ch cone
wi thin the meaning and range qf equival ency of the claiins are intended to
be 20 enbrace@)tlg&ﬁkﬂé | 25
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wher ei = when recording the information on the recording thin film as
| engt hs of marks and spaces, the position of a mark-end at the end of
recording i s changed according to the lengths of a mark to be recorded, of

a space directly behind the mark, and of a mark behind the space. 10
2. An optical recording nmethod of recording information on an opti cal
recordi ng nediugg?gying a recording thin filmon a substrate, the

state of the re k@8t hi n T chanaath RN hah tical

beans, wher ei n Nk HHor il mme recordi ng
thin film as |l engths of marks, auq e nositlon a mar k-end
at the end of 16)Datadordi ng i s cha mgﬁ%ﬂ’?ﬁﬁmj"&qﬁ'ﬁb{fﬁngt hs of a mark

to be recorded, of a Space dirécﬁly bghi nd the ngrk,iof a mark behind
t he space, and of at | east —ome S e—and onerer f ukH-her—behi nd.

3. The optical(aqgggg&qgﬁnethod according to claim1, (further

conprising a steppgf.£hanging a rec rQing-E{grt positian of a starting-end
of 20 the mark according to Lhe_ﬂeﬁgnhs_gf marx to d and of a
space directly in front of the mark when recbrding the information on
the recording @ Burgtiffatefi| m as |engtlpg ofl mamks—and dpaces.

4. The optical reée®@iPng met hod accordiing ko ¢laijm 1, Ifurther

conprising a step of changing™a recordi ng-stant posttion of a starting-end

of 25 the marke)@nddullertgy to the ljenglhs of a: k to|be_recorded, of a
space directly in front of the K, pnd,of mank lijn front of the
space when recordi ng the— i f —=—f i | m as

| engt hs of ”ar%ﬁB@&QnPuhe spaces. | { 5. The|ogdtical recording

met hod according togsglaimi1, 30 | eil ggating an
irradi ati on power of the opti ] | evel and
an erasing Iev?I Ifme t han the regcordijng | ev IJ, It HE power of an
opti cal beami @é?*g%%ﬁt & por tilagmpehi e [mark iLsgade | ower
than the erasing Pavésedr a predet bdf i dd. i 6. An
optical recordi ng nethod of recorarndil Ton '35“ﬁprrcal

|
recordi ng medi (hhDedayediBnd recordi ngithin fil
state of the rec®ubbedg§ thin filn1beinﬁtqhange¢
beans, ’ |

a subsﬂrate, t he
irra i ng optical

(1) Intermediate
Pulse 29

|
I
|
I
() Recording | i
Pulse 30 J-[ “ ' n””r
(k) Delayed Bottom . =11 =
Pulse 307 “ﬂ

() Laser Recording r
Power _] f

(m) Recorded State L- 4T X b 6T 3‘41. ,Igla

]
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wherein in order to record the information on the recording thin film

as lengths of marks and spaces,
recording thin film the power of the optical
pul se train including a starting-end, an internediate portion,
5 according to the I engths of the marks and spaces,

when irradiating optical

beans on the
beans being nodulated in a

and an end

t he power of an optical

beam irradiateq to the starting-end is changed according to the |engths of

a mar k o?e

ecorded and of a space directly in front of the mark

——— e — —— —— tu— ——

7. An opticdl r@cmoding method of recprding 1 nformation on an 7 opti cal
recordi ng mgdi uth having a recording thin filmon a substrate, the 10 state
of the recof djng thﬁ% film being chanbed by irradiating optical beans,
wherein in ore to | eeord—the—ihioramiqd on on the recording thin fjilm
as | engths gl ks -apdspaces, when jiriradi ati ng optical beans on it he
recording t filu, he power of the gptical beass being nodulated in the
pul se train\inc -:'srl 6" arting-end,; dn internmed’aty—portj on, and & end
15 according o t & gths of the nmar aE—Sspace Q}*:oo of¥ an
opti cal gam iTThRdiated to the stgrting-end i s thanged according to
the lengths of a mark to be recqarded. of a spac irectly infront of
the mark, and of aNxark|in fro,u d—-Eh 8. An
optical recording method of recordi®d 1T opt i'cdl
recordi ng nedi um havi ng{ a r eeerdi-rg—th t e:
state of the recording thin [film beirg jcal 1O
beans, wherein fin or dggTt< n;the
recording thin film as (| engths of irradiating
optical beams on the o ! .
; I o0
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recordlng,thln film the power of the optical beans being nodul ated in the
25 pulse train including a starting-end, an internediate portion, and an

end according to the lengths of the marks and spaces, the power of an
opti cal beamirradiated to the starting-end is changed according to
the lengths of a mark to be recorded, of a space directly in front of
the mark, of a mark in front of the space, and of at |east one space
and one mark further ahead. 30 9. An optical recording nmethod of
recording information on an optical recordi ng nedi um having a
recording thin filmon a substrate, the state of the recording thin
fil mbeing changed by irradj.a | 0 OR pherein in
order to rec@)ldcke |nfor il b ; i l 4 1! | £l b Es | engt hs
of marks and spaces, whe ’ ..|E 8 %9 Sl 1 ecor di ng
thin film the power of the op I ing ul a in a pul se
Hl Sﬂ ' =“pbY Brosland an end

train includkﬂﬂ)% starting-
' of tithe nmar

21 %accordi ng to the | nd spaces, the
power of an opti cal F: d teo the—erdHs c cording to
the lengths of a mark to { be'ﬂecorhed and df a sﬁace directly behind
the mark. 10. (An QbQ|caI recérdi ng nmet hod of recording

i nformation & StartingEgd; i cal
on a substratef¥se
irradiating optical beans, |
(d) Burst Gate I

Signal

recording thin film

ddun1haV|ng
} f changed by

(e) End Pulse

(f) Delayed Starting- H
End Pulse i

1
W IV R

=
Sk
e

(g) Delayed End
Pulse

—1

. 1]
__{ —— e e e — e ———

—_—— e e e o
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whereim kn erder to record the information on the recording thin film

as lengths of marks and spaces,
recording thin film the power of the optical
pul se train including a starting-end, an internediate portion,
according to the Iengths of the nafks-aﬂdnspaees-—+he—peme#-Qt-an_opLL
beamirradiated to the end is chadged accordl n :

when irradiating optical

n-e Iengths of

beans on the
beans being nodulated in a 10
and an end

?fto

be recorded, of a sp v . i nd {he
space. 15 41. An opti call recordlng p od ofcgecordlng !
information o optical regqrding nediun1gii;§?' recordi ng thinl
filmon a sulst ES t he st at) t nghin filmbej
changed by i ing opti ¢al beq , © erein in orderJto |
record the i tidqn on the recqgfding thtm film &gt hs of nalks
and spaces, ”dnatlng optig@gl b n_the 20 egOrding thinilm
t he power of i beans bei'ng %Q in a ul se train |
i ncl udi ng a ist g4ehd, ap inter i @t ¢ pondy on, _and ancend |
according td the | dndi s of | t he malks a&nd ages,/ thepowsh of an tic
bean1|rrad|a‘ed“4|(?- end |s chah§ed acdol<N t\Q the | engths of nar? to
be recorded, \of § e di rectly behi ng tlhe &% of a mark pek{nd h-l
Ll
space, 25 ans/ofyat |eqst pne spa -O1e hép ,
12. The optical rge +Ag net hod accor |fg tjo cl af S
wherein an irradiation power of the optigal |beansehs dukat el bqlpeen
a recording Iev | _and an erkhsing I'evél Fiﬁéﬂ'fhaﬁ—fﬁé“éEUFHFTg‘IeV§F
and the powe an optical beamirradjatedto a portipn behind theEgark is
30 nmade lo SLthan the lerasing Tevel for a|predetegLm ped perjod. &
13. An opticalidecording nmetHod of recording informat~pn on ah opti cal
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pul se train including a starting-end, an internedi ate portion, and an end
according to the lengths of the marks and spaces. the powes=pf an opti cal
beamirradiated to the starting-end is cha s@ﬁﬁic}mﬁgﬁﬁﬂ he | engt hs of

a mark to be recorded and of a space dj rect Ingpf gpepr ont Pf the mark,
and the 5 power of an optical beamirradi hi- +he—end="S changed
according to the | engths of a mark to be recorded and of a space
directly behind the mark. 14. An optical recording nmethod of
recording information on an optical recordi ng nedi um having a
recording thin filmon a su ding thin
fil mbei ng cleaflyed2dy | rradmwwmwmgei nin
order to record the informafion on the rtecordl ng in as | engths
of marks and spaces, when irradi at$ 3T Heab ThesrdT-el3THe recordi ng
thin film t@eDpeder of the optical bepns [being fodul pted in a pul se
train including a starting- - i nt edi at e pert+on, Lawrd—an- end

pbmer of an opti cal
rding to the | engths

according to the lengths of the
15 beamirrgdsaiesk-£ t he starti ng-end i §jchanged ac
of a mar kptyre Be record f ' lv in|front of the mark,

and of a mark in front of the space, jand the power of an optical beam

i rradi at ed t&. het dis chahge ccor di g4 0 the lengths of a mark to
be recor ded, 6&95 Yce directly ! ehilnd f he|mark! and of a mark behind
the space. 20 “B% 15. | ng v Ee—mwhiTh in or der

to record information on an opti,cal neco#dihg medi um havi ng a
recordi ng thj i 0 a substrdtie, recording thin
film being ckgﬁ%%gg%ﬁeirrad' Subp ate, the
information is recorded on the reporqing I |t ii1mas | engths of marks

and spaces by gRid£Blusbeans, the Poweir f:the:

rks| and!spaces, the
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25 opt#eal ~beans being nodul ated in a pulse train, the device conprising:
a basic pul se generator that generates a starting-end pul se

corresponding to the starting-end of the mark, an end pul se correspondi ng
to the end of the mark, and at |east one internedi ate pul se
corresponding to the internedi ate portion of the mark; 30 a
recording mark detector that detects the length of a recording mar Kk;
a back space detector that detects the length of a space directly

behi nd the recordi ng mark; a back mark detector that detects
the length of a mark behind the 35 space directly behind the recording
mar Kk; an end pul se delaying circuit that generates a del ayed
end pul se 23 that i s obtained by del aying
the end pulse so as to conpensate for the del ay gquantity determ ned
fromoutput signals fromthe recording mark detector, t he back space
detector, and the back mark detector; a pul'se synthesizer that

generates a recording puIsq_gQLnged b 5 synthesizing the starting-end
pul se, the inhemdrgdi ate pulse, andltﬁe Eela]ed erld pul se; and
a laser driver that nodul af) ptic pam power oq_%he

He———

(b) Storage Pulse L- |

9 i 1| |

] I
(c) Storage Mark \O
|

|
|
|
(d) Storage Pulse —>{——b—3—9
]
|
|
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(e) Storage Mark '
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recordi ng pul se.
further

cl aim 15,

and
del ayed
so as to 15

pul se and { he del ayed end pulse

devi ce according to tﬁﬁgg;r—;?

front space detector g{g eqgts ﬂyﬁp &h
front of the recordi

detects the length o= “‘.k =
t he recordi ng mark;

10 conpri sing:

16. The optical recording d O}aﬁif@g&ﬁﬁrdi'ﬁg to
a front space detq@®f that

detects the length of a space directly in front of ™I
a starting-end pul se del aying circuit tﬁg.Légﬁﬁﬂﬁi gEET

starting-end pul se obtai ned® by del ayi ng tHe
conpensate for the delay quantity determ ned
signals fromthe
wherein the pul se synthesizer generates a recordi ng pu
synt hesi zi ng signals of the delayed st

st ar t i ng-end
ﬂr@m@ﬁtz@nﬂt
nt space det ekt
se by

recordi ng mark detector and the fr

nd pul se

"K

se

DI,

theiMeHmmauﬁ

17. The opti cal

P&l | |
Lo o

record ng

Lcejgﬁ?gﬁly 2

a 11 N UTtL TUL Ul

frofl of d5 ¢ lo—df
8Ta starti n§T9nd pul ;! dH ayi

in
t hat
in front

b 1 m

ng—

nd 4T

of

ng circuit

that generates a dellayed-11T it arti8Ay- end pul 8F' obt i ned ms dellayi ng t he
starting-end pul se sjo as 3B cogensat|e fdr1iflhe del ag quantijty

determ ned from out put sigmal s |f r omggne wegar di ng ngrk,gdetgctor, the
front space detectorj wherein

t he pul se synt hesi zef
signal s of the del ayed—starting—end
t he del ayed end pul se 4
according to claim 15, fatther
circuit that generaties a 3l aydd botdflTom
bottom pulse with a

10

15

20

a%ulf@? firont :,ﬁarK_ 30 Q'ef]ﬁ(:[ (0]

get

f&i,

alty a1 IUTI

||| o
oot

8 THe nnBﬂPal necao dﬂﬁﬁ devi ce
35 ddhpriging 8Thottam pdl g8 deljayi ng

9 Pre oY

nfnrr

]
L=~ 2

predefer m ned wggt h 4-11124 k ns
5-11T 4T 4-11T 1 ns
3-11T 5-11T 3-11T m -ns

For instance, when a front space length is 3T, the delaying times a-f
(ns) of a starting-end pulse are determined according to the combination of a
front mark length and a recording mark length. When the front space
length is 4T, the delaying times a-f (ns) of the starting-end pulse are
determined according to the combination of the front mark length and the
recording mark length. When the front space length is at least 5 T, the
delaying time m (ns) is determined regardless of the recording mark length
and the front mark length.

The starting-end pulse delaying circuit 19 delays a starting-end
pulse 3 according to a delay signal 16 that is determined as mentioned above
and is output from the starting-end pulse selecting circuit 14 and outputs the
delayed starting-end pulse 20 shown in FIG. 2(f). Consequently, the delay
quantity of the starting-end pulse can be changed flexibly according to the
recording mark length, the front mark length, and the front space length.

The delay quantity of the end pulse also is determined in the same
way. The back space detector 43 outputs a detection signal 11
corresponding to a space length behind a recording mark, i.e. corresponding
to the L level period of three, four, or five clock periods or more in the data 1.
The detection signal 11 is then provided to the end pulse selecting circuit 21.
The back space detector 43 provides a detection signal 12 corresponding to a
back mark length and the recording mark detector 42 provides a detection

pul se and

gullge oht ai hedisby del aying a



according to the delay of the end pul se, wher

pul se generator generates the bottom pul se behi nd tihey di ng.-natk,
and the laser driver nodul ates the optical beam power..ha oh ‘the:
recordi ng pul se and the del ayed bottom pylse. 5 by, 19, An optica
recording device in which in order to reg8rd i nf or nati '6n- on ‘& opt i cal
recordi ng medi um having a recording thin filmon ‘a.substrate, the |
state of the recording thin filmbeing changed by irradiating opti cal

beams on a subiinadt 80 dobRshohdibEBEd @Re irechRIERE dBEXIONAAR -EEGREILN- pulse
thin filmas Iepig%.hs of ks and. sqrfp?ces by optical beans, the powepr of the
10 optical b&ESFEVBEICHEH CPEANSYa pul se train, the device conprising:

a basi c pul se gener alThe enigiulgepeeeting carcaita?l de@rendeptites delaying time of
correspondi ng r{ing- . e;L€0 ILng
49 S RRIAL A 0L 0T SRR S YL B

to the en i one i dl se
cor r espondp ng exkamphe accordingteTallgiZat e portion of the mark; 15 a
recording mark detector that detects the length of a recording mar k;

a front space detector that detects thw of a space directly in
front of the recordi ng mark; arting-end power setting
circuit that sets the optical beam power 20 corresponding to the

starting-end pul se Hagpadk MurRUTPBhcISSERAT $ THRPERE Delafn@l dl ng mark
detector and the fragnt F&g@ d%t eqtedbih and Mark Length Téné @€r | driver that
nodul ates the opticgl begip povweT baged on 3T L ns
4T 3T 3T 0 _mns
5-11T 3T 3T p ns
3T 3T 4-11T q ns
4T 3T 4-11T r ns
5-11T 3T 4-117 s _ns
3T 4T 3T t ns
4T 4T 3T u_ ns
5-11T 4T 3T vV _ns
3T 4T 4-11T W _ns
4T 4T 4-11T X ns
5-11T 4T 4-11T y ns
3-11T 5-11T 3-11T Z 1ns
10 For instance, when a back space length is 3T, the delaying times n-s

{(ns) of an end pulse are determined according to the combination of a back
mark length and a recording mark length. When the back space length is
4T, the delaying times t-y (ns) of the end pulse are determined according to
the combination of the back mark length and the recording mark length.
15 When the back space length is at least 5 T, the delaﬁng time z (ns) 1s
determined regardless of the recording mark length and the front mark
length.
An end pulse delaying circuit 25 delays an end pulse 7 according to a
delay signal 22 that is determined as mentioned above and is output from
20 the end pulse selecting circuit 21 and outputs the delayed end pulse 26
shown in FIG. 2(g). Consequently, the delay quantity of the end pulse can
be changed ﬂe);ibly according to the recording mark length, the back mark
length, and the back space length.
The AND gate 27 in the pulse synthesizer 63 determines the AND of

\‘,’5



out put signals fromthe basic pul se generator and the starting@}ﬁqgﬁf P ==

setting circuit. 25 . 20. The optical .recording device accordi Ag*to
claim 19, further conprising a front mark detect etects fﬁq:
length of a mark in front of the space directly i REPLATHY 7-h Ber |
recordi ng mark, wherein the starting-end power-selfti BF rcui t
sets the optical beam power corres ding to th tarding-end ppl ge
based on output signals from30 the re(I%Zr@di ng mark det e?t%rg,?gf HEA% r pn
space detector, and the front mark detector. 1 n

optical recording device in which in order to record I nformation jon an
optical recording nediumhaving a recording thin film
the state of the recording thin film.being changed_hy_irradiating 35
optical beanms on a substrate, thé inforngiion is recorded on the recol di ng
thin filmas lengths of marks andl spaceschy ppTical beans, the fgower bf the
optical beans uwigg odutated—T & putse 5 ' 0

a basic pul s¢ garfer’atlor that genefates a star
starting-endlof the mark, an end pul esnonbing
to t he jend pf tHhe rk, and, gt_least one inter '
correspondi olthe i nt er medj

recordi ng det ect
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behind the recording mark; 10 an end power setting circuit that
sets the optical beam power corresponding to the end pul se based on
out put signals fromthe recording mar k det ect orrand-t.he. hack space
detector; and a laser driver that nodul:ated Adgapt ical"beam
power based on out put signals fromthe basic pul se-generat gl “and;t he
end power setting 15 circuit. 8/3 22. The;optcal- recording

devi ce according to claim 21, further conpri si hgla“back mark detiector
that detects the length of a mark behind t he space-di-+ectly behiind the
recordi ng mark, wherein the end power lsetting circuit sets the
optical beam power 20 corresponding to the end pul seé based-en-out put
signals fromthe recording mar k detector, the back space detector, and

t
t he back mark dsat Q. < AN e vi ce
according to c?@icﬁn&%Z? furthetmuum [ ) i i - M‘ani ng
qytse o) %ﬂed by delaying a

circuit that generates a del ayed botft '
53T $'The delay of the

botton1pu|se\M@ﬂbﬁhpredeternined e+ ¥
end pul se, wherein the|badijc pdl se gepheratlor [generates the

bott om pul se behi nd the record}ng,mark, and thne€ Tgser drrver nodul ates

the optical beam ) %oxer based o aq out put sigpal firom t he basic pul se
generator, an R mg-tne  sj gnal frF}1nhe eF¥ powe sedﬂing circuit, and

the del ayed bottdmBd se. 30
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