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by the non-linear optical.medium Scanning may: be understood to mean both
scanning during witing and scanning during reading an information plane
of, for exanple, an optical record carri er. A device of the type described

in the openin ar agr i s kno fr
P g parag ﬂ%t}nvenuon relates to an optical device in which electromagnetic -

radiation is raised in frequency, which device comprises a diode laser for supplying
radiation to be raised in frequency and a non-linear optical medium having an
acceptance bandwidth, which medium ensures the frequency raise.

5 The mvennon also relates to an apparatus for opticaily scanning an
information plane, comprising such a device.

The acceptance bandwidth is understood to mean the width of the
wavelength band, around a nominal wavelength, of the radiation which can efficiently
~ be raised in frequency by the non-linear optical medium.

10 Scanning may be understood to mean both scanning during writing and

scanning during reading an information plane of, for example, an optical record carrier.

A device of the type described in the opening paragraph is known from

15 the publication "Blue-light laser ups CD density” in " Electronics” August 1988, page'
48. The device described in this publication is used in an apparatus for reading an
optical record carrier in which an audio program is stored. By doubling the frequency,
or in other words, halving the wavelength, of the radiation of a conventional diode

- laser, the diameter of the read spot formed by this radiation can be halved.

20 Consequently, information details can be read whose dimensions are half those of the
information details which can be read without using frequency doubling. The frequency
doubling has the great advantage that the information density in optical record carriers
can be conslderably increased, for example by a factor of four.

To improve the efficiency of the frequency raise, use has to be made of a

25 relatively long non-linear optical medium. Most media have, however, a relatively small
acceptance bandwidth so that relatively stringent requiremehts must be imposed on the
diode laser in such devices. The most important requiiements are:

1) The wavelength band of the radiation emitted by the diode laser is to
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radiation entted byPa}rtqgular'lo e lla e{eqlln'%er}lent may be difficult to meet in practice
because both the diode laser and the non-linear opucal medium must be stabilized in
temperature very accurately, for example, up to 0.5°C, because both the diode laser

10 and said medium have a strong temperature-dependent behaviour.

If temperature variations lead to a change of the output spectrum of the
diode laser, giving its radiation a different wavelength, substantially no radiation with a
doubled or raised frequency is emitted from the non-linear optical medium and the
device has become ineffective.

15 |

The present invention has for its object to provide a device of the type
described in the opening paragraph which is considerably less sensitive to temperature
variations and comprises means with which a minimum required quantity of radiation
having a raised frequency is invariably obtained and in which the quantity of the last-

20 mentioned radiation can be raised considerably.

There are various embodiments of the device according to the invention,
which embodiments have the common characteristic feature that the diode laser is a
pulsed diode laser and in that feedback means are provided for setting the radiation
supplied by the diode laser at a wavelength within the acceptance bandwidth of the non-

25 linear optical medium. | |

Combination of a diode laser emitting pulsed radiation with the feedback
means provides the possibility of correcting at small deviations of the desired diode
laser wavelength or of influencing the noise behaviour so that radiation having the
raised frequency is invariably obtained. _

30 A first principal embodiment of the device is characterized in that the
feedback means are formed from an active control system comprising a detector which
is sensitive to the frequency-raised radiation and a control unit controlled by the output
signal of said detector for influencing at least one parameter determining the quantity of ‘
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consi derabl e extent. 2) The diode | aser nust have a very stable em ssion
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very accurately, for exanple, up_to 0.5[err]C because bot h the di ode | aser

and said newmmmlmngt ﬂéfy@ﬁavaypbn daser ragliation will be
doubled in frequency when at least one mode is wnthm the acceptance bandwidth of the
5 non-linear optical medium or when the average wavelength of two simultaneously
present modi is within the acceptance bandwidth. In these cases there i_s always
frequency-raised radiation which can be detected. With reference to this detection the
quantity of frequency-raised radiation can be influenced via feedback.

It is to be noted that the use of a pulsed diode laser in which the

10 frequency is raised is known from the publication "Second-harmonic generation with
Gaj_,Al,As lasers and KNbQj crystals” by P. Giinter et al. in Applied Physics Letters
35 (6), 15 September 1979,
However, this publication describes an experimental set-up with which the
influence of temperature variations on the frequency-doubling behaviour of the
15 combination of diode laser and non-linear optical medium is determined. A pulsed diode
laser is used because such a laser can supply a higher power. The publication does not
disclose the recognition that useful use can be made of the different wavelengths
supplied by such a diode laser. The publication does not describe a device, applicable in
practice, having a considerably reduced temperature sensitivity, but in contrast, both the
20 diode laser and the non-linear optical medium are arranged in an oven.

Since the power in a pulsed diode laser is distributed over a number of
modi, for example ten, the power of the frequency-doubled radiation is smaller than the
power of this radiation which could, in principle, be obtained in a device witha
continuously emitting, monomode diode laser if this device were very well stabilized in

25 temperature. This loss of pdwer is, however, limited because, as already noted,
radiation of two laser modi whose average frequency is within the acceptance bandwidth
of the non-linear optical medium is doubled in frequency, provided that said modi are
simultaneously present. As is known, the power per pulse of a pulsed diode laser may
be further considerably higher than the continuous power of a monomode diode laser.

30 - In accordance with a second aspect of the present invention the power of
the frequency-raised radiation can be raised considerably by using an optical instead of
an opto-electronic feedback.

A second principal embodiment of the device relating to this aspect is
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acceptance bangWfing 1-nienfiol'mears! 33'a &em,qehs Wmt the pulsed diode laser
will behave as a monomode laser all of whose radiation is suitable to be raised in
frequency. .
.Due to the measure taken in the second principal embodiment the quantity
10 of frequency-raised radiation can be increased considerably with respect to the quantity
of frequency-raised radiation obtained by means of the first principal embodiment. An
advantage is that the single mode is selected in another way than by changing the diode
laser current and the diode laser temperature.
The second principal embodiment is preferably further characterized in
15 that the wavelength-selective feedback means comprise an at least partially reflecting
feedback element which is arranged at a distance d from the diode laser, said distance
satisfying the condition | | |

d = _‘2:'.::1' - %.e’(pmp)

in which p is the pulse duration of an emitted laser pulse, T is the pulse period, n is an
integer, c is the light velocity in a médium-traversed by the radiation beam, Ap is the
20 build-up time of a pulse LP in the diode laser and e is a real number which satisfies 0
< € < 1 and increases or decreases within these limits at a decreasing or increasing
energy E(P,), respectively, of a radiation pulse reflected by the feedback element, so
that at the instant when this radiation pulse enters the diode laser the following
condition is satisﬁed:
25 - E@®,) > E(LP)
in which E(LP,) is the radiation energy built up in the diode laser at the relevant instant.

Due to this measure the behaviour of the diode laser is prevented from
being influenced by reflections of the laser radiation on optical elements of the device or

30 of the apparatus in which the device is used. ___.”———————-”"—
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unwanted effects such as an increase of the linewidth, a higher noise or a shift of the

Jaser wavelength and hence variations in the output spectrum. It has been found that the
pehaviour of a pulsed diode laser is mainly determined by events occurring within the
laser in the time intervals in which a new optical pulse is generated and that due to the |
arrival of a sufficiently large number of extra photons as a result of the feedback in
exactly such a time interval th'esé eitra photons mainly determine the behaviour of _the
10 laser by adapting the energy of a reflected radiation pulse and its delay time. As a
result, the diode laser can be controlled in a defined way by the deliberately provided
feedback and the influence of other, unwanted feedbacks can be reduced by ensuring
that the radiation pulses arrive in the diode laser at such instants as a result thereof, or,
as a result of the deliberately provided feedback, have such a low intensity with respect
15 to the pulses that they do not influence the diode laser behaviour. _
The feedback element may be arranged at the same side of the diode laser
as the non-linear optwal element. The distance d is then the distance between the
feedback element and the exit face of the diode laser. For stabilization, use may also be
made of the radiation emitted from the rear face of the diode laser. The distance d is
20 then the distance between this face and the feedback element. From the point of view of
efficiency and freedom of deslgn for optical apparatusu, the latter possibility is '
preferred.
_ A further embodiment of the device according to the invention is
characterized in that the wavelength-selective feedback means comprise a grating.
25 A grating is a very suitable wavelength-selective element.
| A further embodiment of the device according to the invention is
characterized in that the grating is a holographic grating.
A further embodiment of the device according to the invention is
characterized in that the grating is a planar grating which is present in a fibre
30 succeeding the medium. |
. ~An alternative embodiment of the device accordmg to the invention is
characterized in that the grating is a planar grating arranged in the medium.
The advantage of the last-mentioned two embodiments is that the grating
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wavelength-selective.
By combining the two functions of partial reflection and wavelength
10 selection in one element, the number of components can be reduced, thus saving space.
This embodiment of the device according to the invention may be further
characterized in that the element is an etalon.
' An etalon is a very suitable element for realising a wavelength-selective
_ reflection. An etalon is understood to mean an element comprising two partially

15 reflecting flat or curved facing surfaces arranged at a given distance from each other.
Some medium such as air may be present between these two faces. The etalon may
alternatively be a light-conducting fibre or optical waveguide having a given length.

Alternatively, the last-mentioned embodiment may be charactenzed in that
the element is a partially reﬂectmg grating.

20 A further embodiment of the optical device accordmg to the invention is
characterized in that folding means for folding the radiation path are arranged between
the diode laser and the feedback means.

| The distance d between the diode laser and the feedback element required
' forﬂwspectralstabxhzauonofthelaserbeamcanthenbemhsedmttnnasmall

25 volume so that the device may be compact.

The folding means may be constituted, for exampie by two facing
reflecting surfaces between which the light beam propagates.

A preferred embodiment of the optical device according to the invention is
characterized in that the folding means comprise a folding body of optically transparent

30 material having at least two reflecting surfaces and being provided with an entrance
window and an exit window, and in that one of the reflecting surfaces is provided with
a third window for transmitting the diode laser radiation to and from the feedback
means.
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the device will become even more compact.

The entrance window and the exit window may both be provided in the

10 first surface of the folding body and coincide with each other. In this case the diode
laser radiation and the frequency-raised radiation are to be separated from each other
between the location where the frequency raise is effected and the folding body. This
may be effected by means of a wavelength-selective element, for example a beam
splitter, so that also the frequency-raised radiation can be coupled out of the device.

15 Alternatively, the entrance window may be provided in the first reflecting
surface and the exit window may be provided in the second reflecting surface. In that
case the frequency-raised radiation need not be coixpled out of the device by means of
an extra element, but the exit window may be formed as a partially transmissive
reflector.

20 | The partially transmissive reflector is then preferably a wavelength-

 selective reflector which reflects the diode laser radiation and transmits the frequency-
raised radiation.

The optical device accordmg to the invention is preferably characterized

in that the feedback means are integrated in the third window.
'25 Due to this combination, the number of components can be reduced.

A possible embodiment of the optical device according to the invention is
characterized in that each reflecting surface is provided with a layer having a high
reflection coefficient.

. Due to the presence of a layer having a high reflection coefficient,

30 intensity loss in the folded light path is limited.

If the folding body is present behind the frequency-ransmg medmm, this
embodiment is preferably further characterized in that the high-reflection layer has a
higher reflection coefficient for the radiation supplied by the diode laser and a lower
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reflecting surface and the second reflecting surface are located opposite and parallel to
5 each other. . |
An alternative embodiment of the optical device according to the
invention, in which no high-reflection layers are necessary on the folding body, is
characterized in that the folding body is present in a medium having a refractive index
which is smaller than that of the body material, in that the folding body has at least two
{0 surfaces which totally and internally reflect radiation incident thereon and in that the
radiation is reflected at least once by each one of said two surfaces when it traverses a
coplanar radiation path in the folding body.
 The optical device may be further characterized in that an optical prism is
arranged on the entrance window and on the exit window, the surface of said prism,
15 through which a radiation beam enters and leaves the prism, being transverse to the
chief ray of the beam. - '
The optical prisms prevent faise reﬂectlons from occurring when the
radiation beam enters and leaves the folding body.
| A further embodiment of the optical device according to the inventioh is
20 characterized in that one of the reflecting surfaces is provided with a fourth window on
which a retro-directive element is arranged by which the radiation, after having
traversed a first radiation path extendmg to the reﬂectmg surfaces via a number of
reflections, is captured in a first plane within the folding body and is reflected parallel
to itself, and re-enters the body so as to traverse at least a second radiation path
25 extending to the reflecting surfaces via a number of reflections in a plane parallel to the
first plane.
~ The retro-directive element ensures that an incident radiation beam, which
ispropagatedthroughthebodyalongaﬁrstradiaﬁbnpathinaﬁrstplaneperpendicular
to the first and second reflecting surfaces, is converted into a reflected radiation beam
30 which is propagated through the body in a second radiation path in a second plane
parallel to the first plane. In this way the third dimension of the body is also utilized for
folding the radiation path. The retro-directive element may be, for example a prism
having an apex angle of 90°, arranged on the folding body. The prism may alternatively
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' Since the wavelength-resolving power of a grating is also determined by
me. diameter of the beam which is incident thereon, this resolving power can be
improved by causing the beam to be incident on the grating ata larger angle so that the

10 diameter of the radiation spot on the grating is increased.

A further embodiment of the optical device according to the invention is
characterized in that for the purpose of changing the wavelength of the radiation
reflected towards the diode laser, the folding body is arranged rotatable over a smalil
angle with respect to the radiation beam supplied by the diode laser. |

15 A given wavelength can be selected by orienting the body and
consequently the wavelength-selective element integrated therein in a different way with
respect to an incident radiation beam.

A further embodiment of the device according to the invention is
characterized in that the optical wavelength-selective feedback means are supplemented

20 by an active control system comprising a detector which is sensitive to the frequency-
raised radiation and a control unit controlled by the output signal of said detector for
influencing at least one parameter determining the quantity of frequency-raised

. The addition of an active control system to the optical feedback means
25 provides the possibility of allowing larger temperature variations or of tuning the diode
- laser wavelength and the acceptance bandwidth of the non-linear optical medium to each
other with an even greater precision: |

Dependent on the choice of the wavelength-selective element, the
preference shifts as regards the parameter to be influenced.

3 ~ The embodiment using the additional active control system may be
characterized in that the parameter is the electric current through the diode laser and in
that the control unit controls this current.

Altemanvely, this embodiment may be characterized in that the parameter
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:' absolutely, while an etalon periodically defines a wavelength in combination with the

5
output spectrum of the diode laser, such a control has more effect in a device using an

etalon than in a device using a grating. In a device using a grating this implies a fine
control within the mode distance in the output spectrum of the diode laser, while in a
device using an etalon it is possible to stabilize at another mode.

10 The embodiment using the additional active control system may be further
characterized in that the parameter is the temperature of the non-linear optical medium
and in that the control unit controls its temperature. : .

This embodiment of the device may be further characterized in that the
parameter is the refractive index of the non-linear optical medium and in that the
15 control unit controls the magnitude of an electric field across this medium.
Both controls provide the possibility of shifting the acceptance band of the
non-linear optical medium and are suitable for a device using a grating as well as a
device using an etalon. The advantage of an opto-electronic control over a temperature
control is the great speed of adaptation.

20 A further embodiment of the device according to the invention is
characterized in that the diode laser is a self-pulsing diode laser.

Any pulsing diode laser is suitable for such an application. Self-pulsing
diode lasers are known per se, inter alia, from British Patent Application
GB 2 221 094.

35 An embodiment of the device according to the invention is characterized
in that the non-linear optical medium comprises a waveguide formed from a non-linear
optical material.

A further embodiment of the device according to the invention is -
characterized in that the non-linear optical medium comprises a non-linear optical

30 crystal,

The choice between these two possibilities is also determined by the
Tequirements imposed on the device and its cost price. A crystal has the advantage that
°°“P1ing in is simpler and mechanically more stable than in a waveguide, whereas a
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a defihed way by the Adprhst w &&I% vige-Apcardin KH&FH%VQ“HPT‘%nce of -
ot her,  unwant ed feedh & I?r?iteﬁ#@l("l?d

pul ses_arri vgha M@qgﬁeﬁ?asg‘?z‘%t S&gﬁnl nstan s as a result erzﬁpeglor

as a result gr];{-l épdel | berately provided feedback, have such a | ow
intensity respect _to the, pulses. t of...nfluence the.diode
| aser behaviour. The Kgm‘& fanyl Fﬂfyhﬁg' éhmﬂmﬂ@@ﬁﬁ‘?;‘ Df
the di ode | aser a Litdhié matitialCfor gqﬂé i stance d is then
t he di st anceﬂﬂ@ﬂ%@%e%g 3 ma rdisf fre;ﬂiﬁlc?
A further embodiment of the device according to the invention is

characterized in that the non-linear optical crystal is KNbO3 or KLiNbO;.

KNbO; (potassium niobate) and KLiNbO; (potassium lithium niobate) in
the form of a crystal are eminently suitable as a non-linear optical material for raising

the frequency.
The invention also relanes to an apparatus for optically scanning an

10

information plane, which apparatus comprises a radiation source unit and an optical
15 system for focusing the radiation supplied by the radiation source unit to a scanning spot
in the information plane. |
Such an apparatus, which is suitable for writing as well as for reading a
record mrﬁer and further comprises a radiation-sensitive detection system for _
converting radiation from the information plane into an electric signal is characterized in
20 that the radiation source unit is constituted by an optical device as described
hereinbefore. |
An apparatus which is particularly suitable for writing a record carrier
and further comprises an intensity switch for switching the intensity of the beam
supplied by the radiation source unit in conformity with the information to be written is
25 characterized in that the radiation source unit is a device as described hereinbefore and
in that the intensity switch is constituted by means for setting one of the following
parameters:
- the repetition frequency of the diode laser pulses;
- the optical path length of the radiation pulses returning to the diode laser
30 - the energy of the radiation pulses returning to the diode laser;
- the acceptance band of the non-linear optical medium.

is Sheet TsTeen Re 1aced The invention will now be described in greater detail by way of example




nent and the exit face of the diode |aser. For stabilization,

‘use Bl so be made of the radiation emtted fromthe rear face of the

di od Aser .

The distance d'is then the distance between this face and the
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ating is a planar rath%F‘\i/\hlﬁh is present in a fibre succeeding
%@h}ﬁr\ﬂhlﬂhﬂﬂ ce according to the

Fig. 3 shows a second embodiment of an optical device according to the
in which opto-electronic feedback takes place,
_ Fig. 4 shows a first embodiment of an optical device accordmg to the
in which optical feedback takes place, and
Fig. Sa shows a diode laser spectrum of a device in which wavelength-
selective feedback is used,
Fig. 5b shows the same diode laser spectrum without feedback,
Fig. 6 shows a pulse series emitted by the diode laser,
Fig. 7 shows an embodiment of a planar grating suitable for use in an

invention,

invention,

optical device according to the invention,

Figs. 8 to 15 show a number of different embodiments of an optical
device according to the invention, in which optical feedback takes place,

| Figs. 16 and 17 show two embodiments of an optical device according to

the invention, in which opto-electronic and optical feedback are combined,

Figs. 18, 19 and 20 show embodiments of an optical device according to
the invention in which the intensity of the frequency-raised radiation is switched,

Figs. 21a, b and ¢ show some embodiments of an optically transparent

| body in the form of a plane-parallel plate for folding the light path in an optical device

according to the invention, .

Figs. 22a and 22b show in a plan view and in a side elevation,
respectively, a part of a second embodiment of an optically transparent folding body for
folding the light path in three dimensions in an optical device accordmg to the
invention,

Fig. 23 shows a third embodiment of an optieelly transparent body in the
form of a bar for folding the light path in an optical device according to the invention.

Corresponding components in the dtfferent Fxgum have identical
reference numemls
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Frzed in that the grating is a planar grating arranged in the

F The advantage of the |ast-nentioned two enbodi nents is that the

) 6 conmponent of- the device, but forns part of a conponent already
ated with g devi ce. The device igs which the wavel engt h- s@lgcigg@e
Ack maplﬂ W6tprise a partially reflecting element at the

nmenti oned- di stﬁgczﬂ showslia@Rnthatitally af appdtitis A0fOP optically seaiting he

ting el enent and a separate wavel en t h-sel ective_ el ement. However,
the §evice |@ t;lplane @n@pgsd3m r3. Acanning i, understeod to mean
wavekengt h-B8 ect

bot hiparti adchning U | \P{lg fﬁ%&ﬁ“ﬁ%%ﬁﬁf@m%&ﬁﬁ?ﬂm%m;h is .

! record carrier 3, which is partly shown in a radial cross-section, is formed from a
: g ransparent substrate 5 and a reflecting information layer 7. This layer 7 comprises a
arge number of information areas (not shown) which are optically distinguished from
their surroundings. The information areas are arranged in a large number of tracks 9,
for example quasi-concentric tracks which jointly constitute a spiral track. These tracks
9 are scanned by means of a scanningspot 11. To this end the apparatus comprises an
10 optical device 2 with a radiation source unit 13 which supplies a radiation beam 15, an
optical system 17 for focusing this radiation beam 15 to a scanning spot 11 on the
‘record carrier 3 and a detection system 19 for converting the reflected radiation 21 from
the record carrier 3 into an electric signal. The beam 15 generated by a radiation source
12 and emitted by the radiation source unit 13 is focused by an objective system 16
{§ shown diagrammatically by means of a single lens element to a read spot 11 in the
information plane which reflects the beam 15. When the record carrier 3 is. rotated by
means of a shaft 23 which is driven by a motor 25, an information track is scanned. By
moving the record carrier 3 and the device 2 with respect to each other in the direction
denoted by the arrow 27, the entire information plane can be scanned. |
20 During scanning the reflected beam 21 is modulated in intensity in
accordance with the information stored in the succession of information areas. In order
o separate the reﬂected beam 21 from the projected beam 15, the optical system 17
may be provided, for example with a partially transparent mirror (not shown) which
reflects a part of the reflected and modulated beam 21 towards the radiation-sensitive
25 detection system 19. However, the combination of a polarization-sensitive beam splitter
28 and a M4 plate 30 as shown in Fig. 1 is preferably used. It is then ensured that the
laser beam 15 has such a direction of polarization that this beam is completely passed
by the beam splitter 28. On its path to the record carrier 3, this beam traverses the M4
plate 30 a first time and after reflection by the record carrier it traverses this \/4 plate a
© 30 second time so that its direction of polarization is rotated through 90° before it enters
the beam splitter 28 again. Consequently, the beam 21 is completely reflected towards
the detection system 19.
Forﬁmherdetailsofthereadappamtusreferencgismadetomearﬁcle
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the two functions of partial reflection and wavel ength

sel ec I n one elenent, the nunber of conponents can be reduced, thus

ace.

Thi s embodi nent of the device according to the invention may

ner charactepi zed in that the elenpnt is an etalon. An et
very t abl l-ml r;égt for realising a wavel engt h-sel ective reflegdtg?g?nwgz;jl1
et al orgEi s unders t 0od ey Dmmigmpnﬁdlgolgprmsgn gagn? ah@f'pcti ng
flat cur veget B, g surfaces arranged at a given di stance from each’
ot her .J Sore S'f‘@ sphilips Technisch Tiidgchnidt 40,:267-272, J98L/82, ndvcBe two faces. The
etal orf may a rnatively ndu fibre or waewde
havi ngg a gi ven | engt Mgﬂ"ﬂa‘k%ﬁpﬁ&ﬁfﬁe&t &W%’Piﬁﬁéﬁgﬁbfmﬁﬁ
characferized jin t t12¢e Fatthérmivre,| such appdratudes péquiré b S ’Eﬂatﬁﬁ:?é
furthef enbomdi Jaglf‘cet he opti cal ‘devi ce accord| ng to lftﬂﬁlel I nve |on |s
characteri ze &maymmmMsenManopnwmrdmmma are

arranged bét
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o erabis ekt By db36ling 64 theiiedy S A& SadlBifA o a conventional diode

[aser OF, if other words, by halving the wavelength, a desired reducnon_ of the scanning
spot can be realised. Frequency doubling can be realised by passing the diode laser
radiation through a non-linear optical medium. One of the characteristic parameters of a
non-linear optical medium is the acceptance bandwidth. This is the wavelength band
within which the medium ensures frequency doubling of the supplied radiation. The
Jocation of the acceptance band is, however, greatly temperature-dependent. At a given
temperature the crystal determines which wavelengths contribute to the frequenéy-
doubled radiation. |

On the other hand, diode lasers have the drawback that the wavelength is
also greatly temperature-dependent. Moreover, diode lasers are very sensitive to laser
light which returns in the active layer of the laser due to reflections in the optical

* system. Consequently, the output spectrum of the laser as well as the intensity of the

20

laser beam may be influenced considerably.

In order to generate sufficient frequency-doubled radiation, the laser _
wavelength and the location-of the acceptance band of the medium should be and remain
attuned to each other. This could be achieved by stabilizing the diode laser as well as
the non-linear optical medium very accurately in temperaturé, which is a relatively
difficult and expensive solution. According to the invention the envisaged object can be
realised in a considerably simpler manner by making use of a pulsed diode laser in
combination with feedback means. It can then be ensured that the diode laser radiation

~ is set to a wavelength which is within the acceptance bandwidth of the non-linear optical

medium,

The desired feedback can be realised in different ways. A first possibility
18 the opto-electronic way, as is shown in Figs. 2 and 3. In this case use is made of the
fact that the spectrum of a pulsed diode laser consists of different modi and that there

-are thus different wavelengths, at least one of which is invariably within the acceptance

~ bandwidth or two of which have an average wavelength which is within the acceptance

. This Sheet Has Been Re laced




e d between the diode |laser and the feedback el enent required
gpectral stabilization of the | aser beam can then be realised
smal| volune so that the device nay be conpact. The fol di ng neans
constitute for exanple by two fgging reflecting surface n
eligﬂﬂl m propagates. A preferred enbodi nent of the o%?.?JP9§

according, t | Wégg‘m di ng.
onpr iygmd: gﬁ"?’%ﬂ%‘?& g‘%%?%%‘?f‘ﬁﬁ t tanspar ent materl a ﬁ‘;e?v. ng at

| east Fwo refl dtévaﬂ asmlatelelyslasgeolemenglrp rvariations, withrwhich eadiationcthe \diodéow
and arg exit ow, ne of the reflecting surfaces is provided
wth thierﬂdﬂ‘!‘g E’ﬁ ﬁﬂaﬁ m | aser radiation to and from
the fepdback means. g the radiation source umt 13 shown in Fig. 2 the radiation beam 15

genermd by the diode laser 12 is focused by means of a first lens system 29
comprising: for example two lens elements, on a non-linear optical medium 31 in which
this radiation is doubled in frequency. The radiation 33 emerging from the medium 31 |
is concentrated by a second lens system 35, for example comprising a single lens
clement, on a detector 39 which is sensitive to the radiation raised in frequency. This -
Jetector forms part of an active control system 37 which further comprises a comparator
41 and a control unit 43. A part of the frequency-doubled radiation is converted by the
detector 39 into an electric signal Sp. This signal is compared in the comparator with a
reference signal which is representative of the desired quantity of frequency-doubled
radiation. ‘The difference between the signals Spy and S.¢ is converted into a control
{5 signal S¢ with which the control unit 43 is controlled. With reference to the detector
output signal Sp, which is a measure of the intensity of the frequency-doubied
radiation, the wavelength of the radiation supplied by the diode laser 12 can thus be set
by varying one of the adjustable parameters of the diode laser. Dependent on the
i parameter with which the quantity of frequency-raised radiation can be influenced, the
20 control unit 43 has a different implementation. The adjustable parameters are, for
. example the laser current and the laser temperature. This means that the control unit 43
may be adapted to set the electric current or the diode laser temperature. The choice
~ between the two alternatives is represented by I/T in the Figure. Since the laser
: wavelength varies with the temperature, the wavelength supplying a maximum power of -
+ 35 frequency-doubled radiation can be accurately set by varying the temperature of the
| diode laser.
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Fig. 3 shows a further embodiment of the opto-electronic feedback in
which the control unit 43 influences the non-linear optical material. This control may
be, for example a temperature control. By varying the temperature of the non-linear

%0 optical material, the acceptance band of the non-linear optical material can be shifted in
Such a way that an optimum overlap with the wavelength band of the diode laser is
Produced,

A further opto-electronic feedback is to provide the non-linear optical
This Sheet ‘Has Been Repl : : ' .
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¥ for folding the light path preferably conprise a body forned in
* In this way the tolerances are only determ ned when this body is
red, rather than by the nutual positioning of the two reflecting
as ist case with two separatyg, facing surfaces. TheO?qu

. gl ass which may have a relatively high refractive

be
I = j ' p t d d
ctor @J& with ppgttodes. BY3pPRRIEEd VoiERle veflein g blechodbs dilhehte &P\ U700

= 1 sdgthat the ?gmi&mwithd narelinear optical meadiem dn apeordance twitte therdetector\signdbw
and t exi teleffidow may , bot h Rﬁgprovi ded |b2 'h;\r;a first surface of th -
fol di rfy body, ap refeackivé indeR;of this mediyp can be changed so thatats; aceeptance band san
radi at§ on ar‘?@’t.he frequency-raised radiation are to be separated from each
ot her bet weqe siiR®-| ocati on where the frequency raise is effected and the
fol ding body. This nhe optoeléatronicifeedback ay also be nealised:dyniamicallye Tloi this

el enen flor exanple a b '

end, the Intensity of the. frequency-raised radiation is modulated with a small amplitude .

and 2 phase-synchronous detection of this radiation is used, i.e. the phase of the

f  modulated signal Spy is compared with the phase of the control signal with which the |

: modulation is established. In this way a small variation in intensity of the frequency-

raised radiation can already be detected and corrected. The intensity of the frequency-

raised radiation may be modulated, inter alia, by varying, for example the DC
component of the electric current through the diode laser or by electro-optically varying
the acceptance band of the non-linear medium.

For controlling the maximum quantity of frequéncy-raised radiation by

{5 means of the opto-electronic feedback 37, only a small part of this radiation is to be

used so that the rest is available as useful radiation for use in an opticél'apparatus such
as the scanning apparatus shown in Fig. 1. The useful radiation RU may be split from
the devices according to Figs. 2 and 3 by means of, for example a partially transparent
element such as a partially transparent mirror 44 which is arranged at an arbitrary

20 position between the non-linear optical element 31 and the detector 39.

~ Instead of the lens systems 29 and 35 for imaging the exit face of the
diode laser on the non-linear optical element and for concentrating the radiation emitted
by this element, optical fibres or planar waveguides may alternatively be used.

- ‘A considerable increase of intensity of the frequency-raised radiation may
: 23 be obtained by realising an optical feedback which is wavelength-selective instead of an
. opto-electronic feedback. |

Fig. 4 shows an embodiment of a device in which this is realised. This

device utilizes the aspect that the pulsed diode laser behaves as a monomode laser due
1o selective feedback of that wavelength which is within the acceptance bandwidth of the
Y non-linear optical medium 31. Since it has been ensured that this wavelength is within
s2id acceptance bandwidth, the quantity of frequency-raised radiation is considerably
raised, for example a factor of fifteen under certain circumstances, with respect to this
Quantity in the devices shown in Figs. 2 and 3. -
" This Sheet Has Been Reilaced
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at also the frequency-raised radi ation can be coupl ed out of
t he de "Al ternatively, the entrance wi ndow may be provided in the first
reflec 'surface and the exit wi ndow may be provided in the second

- refl ect “surface. In that case the freqpency-raised radiation be
coupl e t offf#29evice by means of an extra elenent, but the exii“W ndow

b L o o fi inT ' :
transi [ ve rof| act ot @ikl SARAT TeideRE & MBEHAMY in PRADP Wd 30 Tig 5y, o

transm

which r@1lects trghe ﬂWapm&mmﬂi&tfeﬁbaehdwhﬂaﬁigﬁ&b&hbm the spretromy -
rai sed di atpows. e optical devigce according to the.inyenfion_ is
preferaly chszh;‘["fq b Uiezdi@qmrélmttﬁ?ef‘ééﬂﬁgé’%@?ﬁpﬁpgeﬁ?a fnthese, ( he
third wighdow.eflie to thi | plaitédoon tHe WoriXoftaF hxi8 and M i
reduced.§ A POg rdsﬂl?‘ﬁ’fgigggtﬁreqr? %lf the optical device accorﬁgytlfoﬂ? e .
I nventi i's charagtefsl zed in that each reflecting surface is provided with
a layer favg n@‘ﬁmﬁl gh . - . .

In order that the optical feedback has the desired maximum effect and that

e influence of unwanted feedbacks due to reflections of diode laser radiation on optical
lements in the apparatus in which the frequency-raised radiation is to be used is |
minimized, it should be ensured that the radiation puise reflected by the selective
feedback means 37 in Fig. 4 has such an energy and arrives at the diode laser at such
an instant that it can maximally influence the diode laser radmtxon This intensity
; condition and delay time condition which a reflected laser pulse portion LP, must
. gtisfy, can be derived with reference to Fig. 6. In this Figure a number of pulses LP;
of the laser pulse series is shown, withi = 1, 2, ..., N. It has been assumed that the
s pulse duration of the laser pulse is p and the period of the series is T. In order that a
reflected pulse LP, could influence a pulse LP; emitted by the diode laser, the delay
time R, of the reflected pulse should be within a given range. Moreover, the effect
thereby produced is greatly dependent on the radiation energy of the reflected pulse with
respect to the radiation energy of the pulse building up.
X The delay time range limits are given by:
. R =T
RR=T-p-4p
_ Since, in principle, it is also possible that a reflected laser pulse LP, ;
_ does not drive the next laser pulse LP, but the second next pulse LP; or one of the
. 35 subsequent pulses LP;, the above-mentioned limits can be generalized to:
R,=nTwithn=1,2, ..,
Ry=nT-p-Apwithn=1,2,.. .
The radiation energy condition may be formulated as follows:

10
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at an instant t, ; within the build-up time of the i-th pulse, at which instant the reflected
Rdiation pulse enters the laser.

This means that the radiation energy of the reflected pulse must be larger
an the radiation energy built up at that instant in the laser for the next pulse to be
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n coefficient,

e ot EHEP

coefficient. Due to the presence of a |layer having a high

radi at i on. A possi bl e enbodi nent of the optical device
ge,tm\nml’eﬂ&t mstast bjjar act erized in that the folding body is a
I

ref | egting surf gl:gt gf' e Idg@!{ﬁlrc?i r‘gp‘falsrlr ?Ea“’é'ﬁg‘kgﬁdgpg}ﬁsﬂ%ﬁfgdﬂ‘& {hge- second

eflected radiation pulse would coincide with the instant when the next pulse to be
emitted iS completely built up so that the reflected pulse no longer has any influence on
the pulse O be emitted. If the lower limit R, = nT - p - Ap were satisfied, the leading _
edge of the reflected pulse would coincide with the instant when the bulld-up of a new
pulsehasnotyetstartedsothatltcannotbemﬂuenced

Said limits are not absolute limits. Under circumstances some effect may
still occur when these limits are slightly exceeded.

| ~ On the other hand, the delay time, i.e. the time required by a radiation

pulse LP; to cover the path from the exit face of the diode laser and back to the diode

 aser, is given by 2d/c in which d is the distance between the diode laser 12 and the

feedback element 27 and ¢ is the speed of propagation of the light in the medium
traversed by the radiation beam. In combination with the two limiting conditions, this
yields the following delay condition:

nT-p-4p < Ecg < nt

so that the distance d is thus given by:

d-= iz’;nr- .g.e(p+Ap)

in which e is a number larger than zero and smaller than one whose value is determined
by the energy of the reflected pulse. If this energy is relatively large, the reflected pulse
may arrive at a later instant within the build-up time so that e is then closer to zero than
to one. If the energy of the reflected pulse is lower, this pulse should arrive at an
carlier instant within the build-up time so that e is then closer to one than to zero. ¢ is
therefore inversely proportional to the reflected pulse energy.

The optical feedback can be realised by arranging an at least partially
reflecting element 45 having a suitable reflection coefficient at a distance d from the
diode laser 12. By ensuring that all other elements which may reflect radiation are

- This Sheet Has Been Replaced

MR

intensity loss in the folded light path is limted.
ol ding body is present behind the frequency-raising medium this

' of¢erably further charactl@rized in that the hi ghgggRl @i on

reflection coefficient for the radiation supplied by the

aserm@g 39 thédiode lase; in Wrldercthitothe ¢efdciedoputse cduld irifluence the diode




each
~the i
foldin
medi u
materi
and in

# An alternative enbodi nent of the optical device according to
ion, in which no high-reflection |ayers are necessary on the
ody, is characterized in that the folding body is present in a

Vi ngﬂ]ﬁ je99active index which isi®nmaller than that of .th9,1nd992
, at the folding body has at |east two surfaces which totally

r'?alj ly ie?fgtgqﬁsmlmcbuoemtdmfy thecatove-mentionsd géial (dofdition ifed | On
cte

is ref east 384' each one, of  said two surfaces when it
traver é rﬂ‘% ﬂ@dﬁéﬂ-‘%r@ M?‘ theiparameters anddevi ce
may be urth r ch ugﬂygﬁfé; mgrpﬁﬁ
entran ﬁgﬁgln t he eX|t vm ow, * t surrtace %ﬂd sal %%ﬁ’gugh
whi ch radlﬁt sia the firstsmentibned element 4%, pri sm being transverse to the
chi ef y of e bea The opt i.cal SIS ve t false reflections from

g yhen the r B‘E mﬁ r‘%‘!’ﬁ\‘? geletiye element 44 isaat; .

occurri
g cssential as long as the above-mentioned delay time condition is satisfied by the
ceflecting element 45.

In practice the feedback means 37 may be implemented in different ways.

A first possibility is shown in Fig. 4 in which the wavelength-selective

|0 element 47 is a grating. This grating reflects the incident laser radiation towards the
reflecting element 45, for example a mirror. The radiation reflected by the mirror is
reflected by the gmting towards the diode laser 12. The direction at which the grating
reflects radiation is determined by the wavelength of the radiation and the period of the

 grating, i.e. the distance _be_tween. two equal grating strips. This period may be chosen in

s such a way that only the radiation having the wavelength within the acceptance
bandwidth of the non-linear optical medium enters the diode laser.

In a realised embodiment of the device in which the diode laser emits
radiation at a wavelength of approximately 850 nm (red light), and in which the non-
linear optical medium is a KTP (potassium titanyl phosphate) waveguide in which the

20 frequency of the diode laser light is doubled, the grating has a period of 1.67 um, i.e.
600 strips per mm. The average laser power is of the order of 20 mW at a ratio of
1:3.5 of the emitted pulse width and the pulse repetition frequency and the power of the
frequency-doubled light (blue light) is approximately 150 4W. A temperature
stabilization need not be performed.

5 ~ Since the different laser modi are close together, for example at 0.3 nm,
as can be derived from Fig. 5a, the grating must have a large dispersive power so that
the radiation portions of different wavelengths are spatially well-separated. The |
dispersive power is dependent on the number of grating periods covered by the incident
radiation beam. If radiation diffracted in a second or higher order is used for the

0 feedback, the grating with the desired dispersive power may have a larger grating
period so that it can be manufactured in a simpler manner.

The grating may be manufactured in known manner by a mechanical
Process (scratching) or via ia a lithograp ___hi_c_mss Such a grating may also be obtained
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enbodi ment of the optical device according to the invention is
M zed in that one of the reflecting surfaces is provided with a
ndow on which a retro-directive elenent is arranged by which the

n, aftﬁ VI ng traversed a firspQradi ati on path extendi08312.099e
ng il ﬁges viaq a nunber of reflections, is captured in a first

i thin the fglgiblfie batiiationwaves to Gitesferecsh aphabgnbhic meanafuy and
rst SO as to traverse at | east a, SQCOI’]d ra a'[IOI’lac&ﬂ
tx%Spl ane.

ng t 84’%‘ fing esd ewshing ghis platecAholographic, gFasias iy then gbtaiped. By

t ra bwﬁ & r%e%%@%%%agap%g% rouSﬁm[arr]6 %my a ong ; ?lnrst

on path %&&Eﬁtﬁ'ﬁdﬁoﬂi carebe givenndiitine holographit fgrating. st and second
i ng diMTPACes, is converted.into a ref|ect e%ﬁr di,atjon heam which is
ted t hr ough t Adargeumber of inexpeRsIVeAAPIAS|CaR ;Q%FF"F By using ASUpPOrh e

: i g@;i\r\]re b 2} Sttm%n%q’?ﬁ"’é Mpa?% %Wr ecﬁ‘ygt‘%l&;(r)rgﬁt 'S
for 63k Feplicarprocess.

The grating mayalsobeaplanargratmgSOwhnch is shown in Fig. 7. In
his Figure 2 light-conducting layer 52 is prov1ded on a substrate 51 of, for example
glass, 2 transparent synthetic material, a semiconductor material or a crystal such as
ithium niobate. The layer 52 consists of a transparent material whose refractive index is

higher than that of the substrate so that the greater part of the energy of the beam
entering at the left-hand side remains enclosed within the layer. The layer 52 is
provided with a two-dimensional periodical structure of meandering elongate areas 53
{§ which alternate in the X direction with elongate intermediate areas 54. The areas 53
 may be located at a higher or lower level than the intermediate areas 54 of the layer 52.
It is also possible that the areas 53 and 54 are located at the same height but have a
different refractive index. The structure 53, 54 reflects the radiation coupled into the
layer 52 in a certain direction, dependent on the wavelength of this radiation, which is
20 shown in Fig. 7 by means of by, by and bs. For further particulars about the
construction and operation of the planar grating 50, reference is made to US Patent
4,746,136 in which the use of such a grating in a multiplexer for optical waveguide
communication systems is described.
: Theplanargranngmaybeusedasanaltemanvetothegranng47mthe
%5 device shown in Fig. 4. However, the device may be simplified if use is made of the

10

reflection properties of the grating 50 as is shown in Fig. 8. The lens system 35’ must
now ensure that the radlanon from the non-linear element is focused in the light-
conducting layer 52. The planar grating clement 50 can be positioned in such a way that
the normal on the front face 56 extends at a small angle to the chief ray of the entering

2 beam so that the direction of the reflected beam component b’ with the desired
wavelength is exactly opposite to the direction of the diode laser beam b.

An even simpler embodiment of the device is the embodiment in which

the grating is integrated in the non-linear optical medium 31°, as is shown in Fig. 9.
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his Figure only three grating portions with penods Py, P and P; have been shown for
he sake of clarity and the difference between the periods is exaggerated. Actually, the
grating comprises more grating portions and has more different periods and the
differences between the periods are smaller. Each one of the grating portions located
one behind the other in the direction of propagation of the radiation beam b will reflect
cadiation at a wavelength which is specific of the relevant portion in the diode laser. By
adjusting a specific value of the laser pulse repetition frequency it can be ensured that
the delay time condition is satisfied by a radiation pulse originating from that grating
portion which reflects radiation in the diode laser and whose wavelength is within the
acceptance bandwidth of the non-linear optical element. '

‘In a device in which one or more lens systems are replaced by one or
more optical fibres, the grating may be arranged in such a fibre. An embodiment in
which this is the case is shown in Fig. 11. In this Figure the reference numeral 60
denotes a special envélope developed for fibre communication systems, incorporating a
diode laser 12 and a lens system 62 for imaging the diodé laser output on the entrance
face of a fibre 71. The wiirelength—selective fibre element 70 may be implemented as '
described in British Patent Application GB 2,161,648. In this element a part of the fibre
71 is provided in a curved duct of a block 73 of, for example glass. The upper portion
of this fibre piece has been ground away as far as the core 72 on whichagrating 74 is
provided. The remaining space between the grating and the fibre piece is filled with a
liquid having a suitable refractive index. A part of the radiation propagating through the
fibre core is scattered towards the liquid and reaches the grating which deflects the
radiation whereafter it enters the fibre core. The period of the grating determines the
wavelength of the radiation which, after interaction with the grating, constructively
interferes with the directly passed light. For further details about the element 70
reference is made to German Patent Application DE-3254754 describing such an
element for stabilizing a diode laser via wavelength-selective feedback.

An optical fibre with an integrated grating may alternatively be obtained

-by etching a periodical structure in the cladding of the fibre.

In the embodiment of Fig. 11 the wavelength-selective element is arranged
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|ty S94f5e Brating 74 the Component 70 is preferably a reflecting grating

ohich reflects @ part of the radiation propagating through the fibre 71 towards the diode
jaser. If this grating is arranged at such a position that the above-derived delay time
condition applies to the radiation pulse reflected by this grating, the reflector 45 may be
dispensed With.

Another embodiment of the radiation source unit 13 provided with a
component 70 with a reflecting grating is illustrated in Fig. 13. The embodiment shown
i this Figure does not comprise a reflector 45 and a fibre 75. This embodiment has the
advantage that no frequency-raised radiation traverses the fibre 71 so that this fibre can
5 be optimized for the diode laser radiation. The frequency-raised radiation can then be

directly taken from the non-linear optical medium 31. :
This also holds for the device shown in Fig. 9. In the devices shown in
Figs. 11 and 12 the frequency-raised radiation can be coupled out of the device by
implementing the reflector 45 as a dichroic mirror which passes this radiation but
% reflects the laser radiation. In the device according to Fig. 8 the frequency-raised
radiation can be coupled out by arranging a dichroic mirror 58, which reflects this
radiation and passes the laser radiation, between the non-linear optical medium 31 and
the planar grating 50. In the device according to Fig. 4 the reflector 45 may be
implemented as a dichroic mirror which passes the frequency-raised radiation. If the
3 reflecting grating 47 is arranged at the position of the reflector 45 so that this reflector
¢an be omitted, a dichroic mirror for coupling out the frequency-raised radiation should
be arranged between this grating and the non-linear optical element.
" The required functions of wavelength selection and reflection towards the
diode laser may not only be fulfilled by a reflecting grating but also by a Fabry-Pérot
¥ ealon a i shown in Fig. 14. Such an etalon comprises two partially reflecting, flat or
Curved surfaces enclosing a medium such as, for example air or glass. Since multiple
"eflections occur on the surfaces, there will be constructive and destructive interferences
between beam portions. By suuable choice of the distance w between the surfaces |
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unit cofitro %fmunmahneaﬂlopawaedmhm t his enmbodi ment may be
charactgriz nth t ara ter t. he di,ode Iaser t enper ature and
in thatfthe control %ﬁleﬁ@g s“%?’kﬁ »8}8 hown in Fig. 14, but also in

nwm,sﬂon, as is shown in th 15 which does not require any further explananon A
4 mmsﬂm;s;anr.-.talon mayalsobeusedmthedevnceshownml’xg 14. In that case a
ceflector should be arranged at the distance d behind this etalon This reflector may be a
dichroic mirror which completely passes the frequency-doubled radiation.

The etalon may alternatively consist of an optical fibre of a given length.

[ order that the reflected radiation pulse returning in the diode laser can determine at
which wavelength this laser is emitting, the energy of this radiation pulse will have to
pe larger than the radiation energy built up at the instant of return in the diode laser, as
has been noted hereinbefore. The energy of the reflected radiation pulse may be
influenced by the reflection coefficient of the reflecting element 45 or the element (50,
1§ 31, 80) combining the functions of wavelength selection and reflection.

Notably for high-power diode lasers with which, for example optical
record carriers can be written and whose exit face has a low reflection coefficient, the
reflection coefficient of the feedback element, for example, element 80 in Figs. 14 and
15 plays an important role. In fact, it has been found that the diode laser with a low

¥ reflection coefficient of the exit face emits at a shorter wavelength than such a diode
laser with a high reflection coefficient of the exit face, presumably as a resuit of the
larger charge carrier density in the first-mentioned laser during the laser action. As it
were, the reflection coefficient of the exit face of the diode laser and hence the
wavelength can be set due to the choice of the reflection coefficient of the feedback

S5 eclement 80. When a grating is used as a feedback element, this effect does not play a
role because this grating fixes the diode laser wavelength. However, if an etalon is used
% a feedback clement, the diode laser wavelength can be fixed by the reflection
coefficient of this element.

Inpractlcethedlstancedbetweenthedlodelamrandthefeedback

Y clement, which distance is required to obtain spectral stabilization of the diode laser,
M3y be relatively long, which is a drawback due to the desired compactness of the
Optical device. For example, for a pulse period p of 1 ns, a distance d of approximately
150 mm is required,

0

This Sheet Has Been Replaced

(VA IIr




ses the behaviour of the diode |aser is influenced and the |aser
h can be accurately corrected. By varying the |aser current or
erature, the output spectrumw || shift. Since a grating defines
ngt / :
nat®On with the output spectrum of the diode |aser, such a control
ef fect in In adecordance siithca further aspeot ofthe present iwention the ilight path

fas299ut el y, while an etal o24periodical ly defines a092ei992gt h

Toie Ot angesnive (P62 2he FrbabaciCelermtne 70 Rlded To s &80 e dovi co

n etal on iJ cdnipri¥es fd Blcin r&?,p% thel R odi ment -
he aﬁm‘tq'%f]?ﬂ active con %oﬁfystgzn?ﬂn%wﬁe urt ‘gm@r%er%? erized in

that tf§e par treflected a humbemefctimes. rRowever,nduertorthé stability, cqmiei bodly 120dfum and

in thag the®Ccontrol unit controls its . tenperatyre. This, .enbodi nent, of the
devicefray picaby rtveRTent, miteBel tof exniple i s ooy 6 sed, FSVhigh P48 i ve
i ndex @f the,n '

ARe reflebtifigso ﬂﬁﬂhmsﬁtﬁ: béni Eﬂ&nﬁ% [i9 Irefibitdd

controlgs tif@i"ﬁagnltude of an electric field across this nmedium

10

15

eril

many times. The tolerances are then determined during manufacture of the body. The
folding body may not only be made of glass but also of other optically transparent
materials having a sufficiently high refractive index, such as transparent synthetic

There may be different embodiments of such a folding body 120. A first
embodiment is shown in Fig. 21a and comprises a plane-parallel plate 121, of which a
first surface 123 and a second surface 125, which surfaces are located opposite each
other, are provided with a reflection layer 127 having a high reflection. The first

surface 123 further has an entrance window 129 and the second surface 125 has an exit
window 131. A radiation beam 15 emitted by the diode laser 12 enters the plane-parallel
plate 121 through the entrance window 129, for example vig a collimator lens 132 and,
since the beam is incident on the surfaces 123 and 125 at a small angle, it is reflected
many times by these surfaces. The beam then reaches a wavelength-selective reflecting
element 27 which is arranged in or behind a third window 128 in one of the surfaces.
Subsequently, the beam traverses the plate 121 in the reverse direction so as to leave it
via the window 129 on its way to the diode laser.

The exit window 131 is used for coupling the frequency-raised radiation
out of the optical device and to this end it is formed as a beam separating mirror. The
window 131 is preferably provided with a layer 134 which has a high reflection for the |
fundamental wavelength and a low reflection for the generated higher harmonic wave,
as may also be the case for the layer 127 on the first surface 123 and the second surface
125. In that case the layers 127 and 134 on the second surface 125 may constitute one
uninterrupted layer. .

The wavelength-selective feedback element 27 may be a 'separate
Component. However, this element is preferably integrated with the plane-parallel plate
121, i.e. it is arranged at the location of the window 128. This element may be, for
¢xample a prism. The prism may be arranged on the window or formed by a recess in
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acc ng to the |nvent|on 'S characterlzed in that (t’he non- Ilnear

P GiphiatechOMRONE Prthe, d dolding-eady. Asother possibility is to provide

syntheﬂc material layer on the folding body in which subsequently the grating is
pwvlded by means of a replica technique.
Due to folding, a radiation path having a length of, for example 130 mm
inairforaradlanonbeammthadmmeteroﬂ mm can be accommodated in a glass
0 plate having a thickness D of 8 mm and a length L of 13 mm, if the glass has a
refractive index of 1.8.
Folding may alternatively be effected three- dimensionally instead of two-
dimensionally. To this end a retro-directive element 133 may be arranged on a fourth
window 136 at the end of a first light path 135 on the glass body as shown in Fig. 22.
15 After the radiation beam has traversed the first light path 135, which is located in a first
plane perpendicular to the reflecting surfaces of the glass body, it is first reflected in the
direction perpendicular to the plane of the drawing and subsequently reflected in a
direction parallel to the direction of incidence on the element 133 so that the beam is
passed into the plane-parallel plate 121 again so as to traverse a second light path 137

20 located in a second plane parallél to the first plane. In this way the folded light paths
135, 137 and possibly further light paths are stacked and consequently a folding body
having a shorter length L can be used for realising a light path having a total length d
which is required for spectral stabilization. This embodiment is shown in Fig. 22. Fig.
22a is a plan view and Fig. 22b is a side elevation. |

A A very suitable example of a retro-directive element 133 is a prism having
an apex angle of 90°. The top rib of this prism is perpendicular to the chief ray of the
beam. The prism has been ground in such a way that the base face 139 located opposite
the top rib is parallel to the surface 125 so that there are no reflection losses.

In another possible embodiment the folding body 120 according to the

¥ invention has a rectangular or square cross-section as is shown in Fig. 23. In this
embodiment the surfaces 145, 146, 148, 149 are oriented with respect to the incident
l'adiationbwninsuchawa_ythatthereistotalintemalreﬂectionofthebeamoneach
surface. In the embodiment of Fig. 23 this is effected twice for each surface before the
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The frequency-raised radiation leaves the optical device via the surface

149. At the position where this is realised a wavelength-selective reflection layer 151 is
v;ded which layer has a high reflection for radiation from the diode laser and is
yansparent to the frequency-ralsed radlanon Moreover, a prism 147 is preferably

prowded at said position and its surface 150 is perpendicular to the chief ray of the

peam. A similar prism 143 with a perpendicular surface 152 is also preferably arranged
on the surface 145 at the location where the diode laser beam enters the folding body.

Both prisms may be made of, for example the same material as the glass body.

similarly as in the embodiment including the plane-parallel plate, the feedback element

727 may be a prism or an etalon which is aﬁanged in or behind the window 153 in the

15 glass body..

In the same way as is shown in Figs. 22a and 22b for the plane-paraliel
plate, the folding body of Fig 23 may comprise a plurality of folded light paths in
parallel planes within the glass body which are stacked by means of a retro-directive
element so as to realise folding in three dimensions.

. Both embodiments 121, 122 of the folding body may alternatively be
implemented in such a way that the entrance window and the exit window are located in
the same surface and coincide. In that case the frequency-doubled radiation is to be
separated from the diode laser radiation by means of an additional wavelengm-sélecﬁve
element, for example a waveléngth-sensitive beam splitter, between the frequency-

5 doubling medium and the folding body, and is to be coupled out of the device.

In each one of said embodiments of the folding body with a grating as a
feedback element it is possible to arrange the grating at an acute angle with respect to
the surface 125 or 149, as is shown for a grating in Figs. 21b and 21c for a folding
body in the form of a plane-parallel plate. In fact, the wavelength-resolving power is

% dependent on the number of grating periods falling within the radiation beam and hence

on the diameter of this radiation beam. By tilting the grating with respect to the surface

of the glass body, a larger surface of the grating is covered by the same radiation beam
ad consequently a larger wavelength-resolving power can be achieved.

—
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yre considerably less sensitive to temperature variations than known devices for
supplying frequency-raised radiation. The stability of the novel devices is mainly
determined by the temperature dependence of the non-linear optical medium. This
variation is of the order of 0.05 nm/°C if this medium is constituted by a segmented
waveguide of KTP. For an acceptance bandwidth of 0.3 nm of the non-linear optical
medium, temperature variations of several degrees Celsius are then allowed.

A relatively large tolerance as to the position of the wavelength-selective
jesdback element is further allowed. If radiation pulses having a pulse duration of the
order of 350 psec and a pulse repetition frequency of 900 MHz are used, which
corresponds to a pulse period of approximately 1110 psec, displacements of the
feedback element of the order of 10 to 20 mm corresponding to a delay time chﬁnge of
the order of 100 psec will influence the behaviour of the device.

As the desired acceptance bandwidth is smaller, the temperature
dependence of the device increases. A further embodiment of the device utilizing this
aspect has an opto- electronic feedback in addition to an optical feedback. Such an
embodiment is shown in Fig. 16.

A part of the frequency-raised radiation is detected by the detector 39 and
its output signal is compared with a reference signal S i in a comparator 41 which
supplies a control signal S, for the temperature control unit 43 of the non-linear optical
medium 31. It is ensured by means of the feedback element 80 that the wavelength of
the laser radiation is maintained constant. At larger temperature variations at which the
acceptance band of the medium 31 will vary, the acceptance band is corrected vig the
opto-electronic feedback 39, 41, 43 in such a way that the laser wavelength is within
this acceptance band.

The left-hand portion of Fig. 15, which corresponds to Fig. 14, with an
ctalon as a feedback element is only shown by way of example. The combination of
Wavelength-selective optical feedback and opto-electronic feedback is also possible if the
optical feedback is realised with a grating as is shown in Figs. 4, 8, 9, 11, 12 and 13.
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detail b Waﬁ/;ch Jomgmw of Figs. 2 and 16 and does not require any further explanation.
ﬂ“’ combination 'only makes sense if the feedback element is an etalon, because the
wavele"g‘h is then periodically fixed by cooperation of the distance between the two
Woftheemlon and the output spectrum of the diode laser. When a grating is used as
 feedback element, the laser wavelength is fixed and it does not make sense to use the
jeedback of Fig. 17, at least not for corrections at large temperature variations.
gowever, when a grating is used, the diode laser current or temperature can be
corrected with reference to the detected frequency-doubled radiation so as to obtain a
fine tuning between the diode laser wavelength and the acceptance bandwidth of the
qon-linear optical medium, for example, within the mode distance of the output
~ spectrum of the diode laser. |
i : It is further possible to arrange the grating on a piezo-electric element to
which a signal is applied which corresponds to the detected frequency-doubled radiation.
The fixed wavelength of the grating can thus be corrected by feedback to the grating
angle.

A pulsed laser beam can be obtained by operating the diode laser with a
Y periodically varying electric current. This may be a pulsed current but, for example,
also a sinusoidal current. A diode laser 'having such a structure that it supplies a pulsing
beam may alternatively be used. Such a laser, which is commonly referred to as self-
pulsing laser, is known from, for example British Patent Application 2 221 094.
If the frequency-raised, for example frequency-doubled radiation Ry is
3 used for, for example writing an optical record carrier, it must be possible to_switch the
intensity of this radiation rapidly, in accordance with the information to be written,
between a maximum level at which a change is brought about in the radiation-sensitive
layer of the record carrier, and a minimum level at which this does not take place. The
Present invention provides the possibility of switching the electric current through the
Y diode laser in a different manner than in the known method. A first possibility is o
Switch the repetition frequency of the electric current and hence that of the laser pulses
between a value at which said delay time condition is satisfied and a value at which this
“ondition is no longer satisfied. This possibility is illustrated in Fig. 18. The device
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tically an apparatus for optically scanning an information pl ane,
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giode laser 12, which circuit 91 comprises a current source 92 as well as a sub-circuit
fof switching the repetition frequency between two values in conformity with the series
of 26708 and ones of the signal Sy4. '

Fig. 19 shows a second posstbmty of switching the intensity of the

frequency-raised radiation between a maximum and a minimum. The device shown in

§

this Figure, which is based on the principle of that of Fig. 8, comprises an electronic

circuit 95 for converting the signal §; to be written into a voltage between the output

rerminals 96, 97, which voltage is switched between two levels in conformity with the

signal S; to be written. This voltage is applied to the electrodes 101, 102 of an electro-

optical element so that its refractive index is switched between two values. Thus, the

5 optical path length covered by a radiation pulse from the diode laser 12 to the
wavelength-selective reflectors can be switched between a value at which the delay time
condition is satisfied, and hence radiation with a raised frequency is generated, anda
value at which this is not the case. _ |
_ A third possibility of switching the intensity of the frequency-raised

2 radiation is to switch the energy of the radiation pulse returning to the diode laser
between a first and a second value which is larger or smaller, respectively, than the
energy built up in the diode laser at the instant of return. To this end the device must
comprise a reflector having a rapidly adjustable reflection coefficient. Such a reflector
may consist of a reflector component having a fixed reflection coefficient in

%5 combination with a component whose transmission is adjustable. This component may
consist of a liquid crystalline element and a polarization analyzer. In Fig. 20 these
clements are denoted by 110 and 114, respectively. The device in accordance with this
Figure is based on that of Fig. 14 and comprises an electronic circuit in which the
signal S; to be written is converted into a voltage between the output elements 106 and

% 107, which voltage is switched between two levels in accordance with the information

10 be written. This voltage is applied between the electrodes 111, 112 of the liquid

Crystalline cell 110. The state of polarization of the radiation propagating through the

cell is switched by means of this voltage and the analyzer converts the two states of
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ows an enbodi nent of a planar grating suitable for use in an
evice according to the invention, Figs. 8 to 15 show a nunber of
differ enbodi ments of an optical device according to the invention, in
whi ch 1#099ack takes place, Figs3gl6 and 17 show two enbgglisgeés of
an opt il vice according to the invention, in which opto-electronic and

opti cal Woﬁrﬁt@wm ty v, 18, 19 and 20 show enbodi nents of an
opti cal gde e according to the invention in which the intensity.of the

frequendy-rai sed r adingtead of liquid\arystalling nmategial, another ielegtra-optical hirefrimgent

ol ane-p F‘éfmﬁimi m‘&#ﬁﬁ%‘rmﬁﬁﬁ biseEingentriten 30 s mnslyags ay be
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si de el respectlve Y. rt of a second enbodiment of an-optically
transpa elrgt “ﬁtdidl aﬂﬁmgn: o€ the branchest h in three dinensions in

an opt | device acﬁ%&‘tﬁ%&sﬁb&f} of switching the intensity of the frequency-raised

radiation is to switch the refractive index of the non-linear optical medium electro-
optically, i.e. by means of an electric field across this mediuni, betwecn two values.
These values are chosen to be such that the acceptance band of the medium associated

0 with the one value comprises the laser wavelength and the acceptance band associated

with the other value does not comprise this wavelength.

All of the dlffcrent.possxblht;es of switching the intensity may be used in
the various embodiments of the device. This is illustrated by Figs. 18, 19 and 20 each
showing different embodiments of the device.

15 As already noted, the choice of the non-linear optical medium depends on
the desired acceptance bandwidth. Moreover, the medium may have different shapes.
The medium may be a waveguide 31 (Figs. 2, 3, 8-15, 17, 18, 20) whose radiation-
conducting layer comprises a non-linear optical material. Suitable materials are, for
example KTP, LiNbO, or LiTaO4. The medium may also be a non-linear optical |

2 crystal 31a (Figs. 4, 16, 19). Suitable materials are, for example KNbO3 or KLiNbO;.
As compared with a waveguide, a crystal has the advantage that coupling' inis
mechanically more stable. However, a higher conversion efficiency of the diode laser
radiation in spite of the loss upon coupling in can be achieved with a waveguide.

The description of the invention is based on an optical apparatus for

5 reading and/or writing an optical disc in which the frequency of the radiation of a diode
laser is preferably doubled. The temperature-independent and feedback-insensitive
halving of the wavelength realised in accordance with the invention also provides
advantages in other apparatuses such as, for example printers and scanners or projection
ﬂmmmm&u1brphuohmmgnmhmauynmehmunnguqumwdcumnm,hqwdcxyﬂﬂhne

0 display panels, etc

Halving the wavelength in, for example printers provides the poésibility of
using other radiation-sensitive materials which have a greater sensitivity than the
Materials hitherto used so that less radiation energy is required for printing, or a better
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Fig. 23 shows a third enbodi ment of an optically transparent
e formof a bar for folding the light path in an optical device
to the invention. Correspondi ng conponents in the different

Fi gures ve i dentjcal reference nuner ali : 13 Fig. 1 ‘shows

di agra ?ﬂllio apparatus 1 for opti EI | y scanni ng an |nforn%|1%-r19%?ane
of an op@ c record ca ri e 3 Sc ing 1§ understood to nmean scanni ng
during Wil ti aging dﬂ"r gF“S?BYa record carrier. The

record c@rr¥er 3, W I

formed f om a transparent s sftsrngt’tt ghﬁwgr%?raea‘rlée@?ect | ngé) E*%Mﬁ?ér 7.
This | ay§r mymsoslnmsed for realising another extent of raising the radxatlon of a radiation -
sourcﬂ or for obtaining radiation of a given frequency by mixing the radiation of two

jjation sources having different frequencies.
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| ar unber of information areas (not shown) which are optically 7
di stig@ui shed fromtheir surroundings. The information areas are arranged

i'n a rge nunber of tracks 9, for exanple quasi-concentric tracks whi ch
jointll c 14,200 a spiral track. Thesyp tracks 9 are scanned Ic?? fogp of a
scannifhg Spot 11. To this end the apparatus conprises an optical device 2

W th ra n source unit 13 which supplies a radiation beam 15, an

opti cai sg‘gémms‘h for focusing this radiation beam 15 to a scanning spot 11

on thefrecord carrier 3 and. a detection syﬁlmlﬁmnﬂmmﬂnwrtl ng the
reflected radiation 21 fromthe record car ectric signal.

The bepm 15 generated by a radiation source *12° arfd &ni fted by the radiation:
sourcejunit 13 is focused by an objective system 16 shown di agrammatically .

by meaps of a 'single lens elenent to a read spot 11 in the information
- plane phich reflects the beam 15. When the record carrier 3 is rotated by

scanneh. By movi ng A PYAL UM I BhicR escbertRagiesic YagRlion B e h copect 1o

each of heﬁ%q néyﬂavlﬁcli devite Borfiprises Adibde lasér ﬁi'rsﬁﬂblﬁ?ng rhdigtiéi'id b raisdliGhMaL | ON

pl ane can be scanned .
frequency and a non-lmem_' optical medium having an acceptance bandwndt_h, which
medium ensures the freﬁhency raise, characterized in that the diode laser is a pulsed

5 diode laser and in that feedback means are provided for setting the radiation supplied By
the diode laser at a wavelength within the acceptance bandwidth of the non-linear
optical medium.
2. An optical device as claimed in Claim 1, characterized in that the
feedback means are formed by an active control system comprising a detector which is

|0 sensitive to the frequency-raiséd radiation and a control unit controlled by the output
signal of said detector for influencing at least one parameter determining the quantity of '
frequency-raised radiation.

3. An optical device as claimed in Claim 2, characterized in that the

parameter is the electric current through the diode laser. .

15 4. An optical device is claimed in Claim 2, characterized in that the
parameter is the temperature of the diode laser. ‘ '
5. An optical device as claimed in Claim 1, characterized in that the
feedback means are formed by optical wavelength-selective feedback means.
6. An optical device as claimed in Claim 5, characterized in that the

20 wavelength-selective feedback means comprise an at least partially reflecting feedback
element which is arranged at a distance d from the diode laser, said distance satisfying
the condition | |

d= _Z..nr - _.e(p+Ap)

in which p is the pulse duration of an emitted laser pulse, T is the pulse period, n is an
5 integer, ¢ is the light velocity in a medium traversed by the radiation beam, Ap is the
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anning the reflected beam 21 is rmdul at ed |
acco ce with the information stored in t ﬁ nforrratlon
ar eas n order to separate the reflected b proj ected beam

Optl-lﬁ1 4. 209stem 17 may be provi dgg, f of exarrpl e wth a pe9iiRalony
rror (not shown) which reflects a part of the reflected and

‘modul atged agﬁ é oPa pitel P in o diddeoRséraindi ¢ iis eredleafbérovhicly sitiied 9.
Howevery t I nati on of a polari zat i on-sensitive beamgsplitter 28 and a
| ag& 30< alsanghingreases qr decreasesswithinithese dinits atcadecreasing arripereasiagir ed

o oo BB R R DR e RO et 1
carrier ‘b@é@hﬁﬁﬁﬁéﬂ mm&MWéﬁtbﬂméamewﬁtﬁemmdmne and after
refl ect e record carrier 1t_traverses this [err]/4 plate a second

tine soithat its direction of pol arE@ PoE@B)rot ated through 90 before it

ot L o b b P35 i B Bt i, b o DR e L)

appar atys rﬁ%ﬁﬂg@ﬂs made to the article

7. . An optical device as claimed in Claim 5 or 6, characterized in that the
wavelength-selective feedback means comprise a grating.
10' g. An optical device as claimed in Claim 7, characterized in that the gratmg
isa holographic grating.
9, An optical device as claimed in Claim 7, charactenzed in that the grating
is a planar grating which is present in an optical fibre succeeding the medium.
10. An optical device as claimed in Claim 7, characterized in that the granng
13 is a planar grating arranged in the medium.
11. . An optical device as claimed in Claim 6, characterized in that the

wavelength-selective feedback means are formed from one element which is both
partially reflecting and wavelength-selective,. '
12. An optical device as claimed in Claim 11, characterized inthat the
0 element is an etalon. _
13. An optical device as claimed in Claim 11, characterized in that the
element is a partially reflecting grating.
14. An optical device as claimed in any one of Claim 1, 5, 6, 7, 8, 11 or 12,
characterized in that folding means for folding the radiation path are arranged between
35 the diode laser and the feedback means.
15. An optical device as claimed in Claim 14, characterized in that the folding
means comprise a folding body of optically transparent material having at least two
reflecting surfaces and being provided with an entrance window and an exit window,
and in that one of the reflecting surfaces is provided with a third window for .
0 transmitting the diode laser radiation to and from the feedback means.

16. An optical device as claimed in Claim 14 or 15, characterized in that the
feedback means are integrated in the third window.
17, An optical device as claimed in Claim 15 or 16, characterized in that each
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14 " teem "Conpact Disc Digital Audio™ by MG Carasso, J.B.H Peek

and J. injou in Philips Technisch Tijdschrj r V‘ 1981/ 82, no.
9. Fo&_ sake of corzrpact neﬁs of such appar aumutmglsﬂug‘ﬁé er is chosen
1 . F - 1 . - at et . .
gia:\ﬁglng g;ﬁgﬁg‘%g&e t hi grﬁragrrggfeaggcﬁggﬁﬁggﬁg;t [ onegeln;i t? isdr??ioiﬁ}%al
, L : _ [ .
et o] ofeeckng RAER OF RIOVHR e 43Rk navihe HBh kbR SBGRETY, 0 {102

wavel ength, dg desi r edAn eptical devicohs tlafméd nCiaiifl 1) characterized inthad the digh-
Frequencyj dodibl i ng can be realised by passing the diode |aser radiation
t hr ough a nGeneciionlayenhas & bigher:refleationpneffigicnt for the-mdigtion supplied byrtherdiode s

of a non

oo o Hmaandd lobil (SRR doSerlclife 761168 G GEHIANY Hidhuriohl S ' tNe

' ;19 An optical device as claimed in any one of Claim 15, 16, 17 or 18,
characterized in that the folding body is a plane-parallel plate in which the first
reflecting surface and the second reflecting surface are located opposite and parallel to
each other. .

0. An optical device as claimed in Claim 15 or 16, characterized in that the

0 folding body is present in a medium having a refractive index which is smaller than that
of the body material, in that the folding body has at least two surfaces which totally and
internally reflect radiation incident thereon and in that the radiation is reflected at least
once by each one of said two surfaces when it traverses a coplanar radiation path in the
folding body. :

15 21. An optical device as claimed in Claim 15, 16, 17, 18, 19 or 20,
characterized in that an optical prism is arranged on the entrance window and on the
exit window, the surface of said prism, through which a radiation beam enters and
leaves the prism, being transverse to the chief ray of the beam.

2. An optical device as claimed in Claim 15, 16, 17, 18, 19, 20 or 21,

N characterized in that one of the reflecting surfaces is provided with a fourth window on
which a retro-directive element is arranged by which the radiation, after having
traversed a first radiation path extending to the reflecting surfaces via a number of
reflections, is captured in a first plane within the folding body and is reflected parallel
to itself, and re-enters the body so as to traverse at least a second radiation path

5 extending to the reflecting surfaces via a number of reflections in a plane parallel to the
first plane. . :

4. An optical device as claimed in any one of Claims 15 to 22, in which the
feedback means comprise a grating, characterized in that the grating extends at a small
angle different from 0° to the third window.

b 2%, An optical device as claimed in any one of Claims 16 to 23, characterized
in that for the purpose of changing the wavelength of the radiation reflected towards the
diode laser, the folding body is arranged rotatable over a small angle with respect to the
radiation beam supplied by the diode laser. o -
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Wi t hi h the nedi um ensures frequency doubling of the—supptied

radi ati The | ocation of the acceptance band is, ho atly
t énper at Yle- dependent. At a given tenperature m“m \@iﬁmﬂg‘ﬁrm nes whi ch
wavel engtils contriaﬁte to the frequency- ggubl ; | S t he ot her

i ) ave the drawback that3?he wivefength is al so 98421992

t enper at uge- dependent, Mor.e di ode | asers are very sensitive to |aser

ver, S ]
light whidh geturns iﬁ"@ﬁ@cﬁ@ﬁmaﬁm%f“ Claims J<tor24; ¢hanacterized incthawthe i n

the opticdl sys SEIEEN | aser wel |
as the.i nt‘en@%?’;wéyel&)%ﬁ I"aser éb%?r#rergy%plg#ﬁ ?ﬁ@@%&‘ﬁ%‘%ﬁ‘ggﬂ’ﬁﬁwﬂi’aﬁ or der
to generatje sufdicomprising acdptectorywhichlis sehsitiveite theofrequenCy-raised radiakon ahdah
and the | dca¥ion of the acceptance band of the nmedi um shoul d be and renain
attuned t ¢ e@mpld&nné%onﬂ?ﬁ?ébg&ﬂ Qutpyt of said detestos for influencing, at leass oae

tomper at u) g, riiih Seielinng BRARaABy SFtredlRRby- A Bl TS on
According:t Opdt he i nven iopticdl ldevice as slajmed b Ciait 25 chracterized in that the
: parameter is the electric current through the diode laser and in that the control unit
i controls said current. '
Do An optical device as claimed in Claim 25, characterized in that the
0 parameter is the diode laser temperature and in that the control unit controls said

! temperature. _

28.  An optical device as claimed in Claim 25, characterized in that the parameter is
the tempemture of the non-linear optical medium and in that the control unit controls its
temperature.

5 2. An optical device as claimed in Claim 25, characterized in that the
parameter is the refractive index of the noix-linw optical medium and in that the
control unit conn_'ols the magnitude of an electric field across said medium.

30. An optical device as claimed in any one of the preceding Claims,
characterized in that the diode laser is a self-pulsing diode laser.

» 3L An optical device as claimed in any oné of the preceding Claims,

i characterized in that the non-linear optical medium comprises a waveguide formed from

a non-linear optical material. _ _

3. An optical device as claimed in any one of Claims 1 to 30, characterized
in that the non-linear optical medium comprises a non-linear optical crystal.

5 33, ~ An optical device as claimed in Claim 31, characterized in that the
waveguide is formed from KTP, one of the materials LINbO; or LiTaO3.

. An optical device as claimed in Claim 32, characterized in that the non-
linear optical crystal is KNbO; or KLiNbO;.
3. An apparatus for optically scanning an information plane, comprising a

_ 0 radiation source unit, an optical system for focusing the radiation supplied by the

tadiation sourée unit to a scanning spot in the information plane, and a radiation-
sensitive detection system for converting radiation from the information plane into an
electric signal, characterized in that the radiation source unit is constituted by an optical
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real i
| aser i
di ode |
bandw dt
realised
as is sh
spectrum
are thus

t he accep
is wthin
frequency{d

a considerably sinpler manner by—maang use of a pul sed di ode
onbi nation with feedback neans. m mm“ ed that the

r radiation is set to a wavel engt hﬁm&\m“ T\l he accept ance
of the n -linear optical mediu he cesitred fé&edback can be

n pfN t ways. Afirst possitlity is the opto-el ectiR-¢9%ay,

|n Flgs 2and3 é&]s case use is nade of the fact that the
f dﬂé‘“b’é@ﬁt"f Breceding, Claimss cr ent nodi and that there

v
i fferent hﬁ&gﬁ fe %ﬁﬁﬁbﬁ s}éari V.. t hin
arﬂée band or i t.m‘c?)‘? ﬁﬁo aveﬂaurll aver age sé\gfvav 'ﬁg%‘ on\\:éﬁi ch
t h I g;empg:sug a mdiﬂlohaodrce@nmmtenmt)as\dmmﬁirawmhmyam ity of

t
mtenSletY or ?l\el @uh\o?up\fﬁxeé by the radiation source unit in conformity with the
formation to be written, characterized in that the radiation source unit is a device as

§ in

cJaimed in any one of Claims 3-34 and in that the intensity switch is constituted by

means for setting -one of the following parameters:

. the repetition frequency of the diode laser puises;

. the optical path length of the radiation pulses returning to the diode laser;
g - the energy of the radiation pulses returning to the diode laser;

i . the acceptance band of the non-linear optical medium.
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.prese ven at relatively large tenperature variations, with which g
I n

radi ati the di ode | aser wavel ength can be optinmally set via feedback.
the radiggtion source unit 13 shown in Fig. 2 the radiation beam 15
"~ generate by de laser 12 is focused,by neans of a first ystem
29 conpr ﬁ%‘gngarrpl e two lens el erreﬂ? on a non-Iinear opt B@Jt& %2

nedi um 3 w} E;i his radiation is doubl ed i n frequency. The radiation 33
ener gi ng r ium 31 is concentrated by a second |ens system 35, for

exanpl e ' rﬁﬂ?ﬂiﬂ ,@g@@ '
sensitive t e ra lat %@:ﬁ%ﬁg@l n reqﬁgﬁlégdﬂ% E:{'ecto orkngorpart of
an active cptically ssynmingra infatmationf plane; cxompeisingi ssels aalevigepar at or 41 and a
contrel unit 43. A part of the frequency-doubled radiation is converted by
the detector 39 into an electric signal SD. This signal is conpared in the
conparatar with a reference signal which is representative of the desired
quantity of frequency-doubl ed radiation. The difference between the signals
SD and Sref is converted into a control signal S[err] with which the

control uUnit 43 1s coptl Dtical device () Isdestribedin' which Cletfomsgneric radiation is
| '~ raised in frequency. To this end the device (2) comprises a diode laser (12) and a non-
finear optical medium (31), which medium (31) ensures that the frequency of the
_ radiation emitted by the diode laser (12) is raised. The diode laser (12) is a pulsed diode
"5 faser and feedback means (37) for setting the radiation emitted by the diode laser to a
wavelength within the acceptance bandwidth of the medium are arranged in the optical
device (2). The feedback may be realised opto-electronicaily or optically.
Furthermore, an apparatus for optically scanning an information plane,
comprising such an optical device as a radiation source unit is described.
10
Fig. 1.

. m ar AN MBS e sp- et e = o n s
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gnal SD, which i's a neasure of.thé intensity of the
-doubl ed radi ati on, the wavel ength of the radiation supplied by

.out put
frequen

the dio | aser 12 can thus be set by varying one of the adjustable
paranetefs of the diode | aser. Dependent on the paraneter with which the
guantityj of frequency-raised radiation can be inf|luenced, the control unit

43 has afdifferent inplenentation. The adjustable paraneters ar for

exanpl e fhe |laser current and the | aser tenperature. This neanéﬁghat t he

control unit 43 may be §Sapted to set the electric current or the diode
oi ce between thél twd altgdrnatives i s represented

| aser tenperature. E?ﬁT/

by I/T in the | = es with the
tenmperature, the ag elfength supplying a I mum power [ ofe—f+eguency- doubl ed
"radi ati on can be acjcurjatery set—ty varyt at ure oOf the di ode

| aser. Fig. 3 sho a Tyrther embodi nent foffIHe optdd- el ectronic feedback in
whi ch the control{unit 43 influences thef noRMjgnear optical material. This

control may be, forygxanple a tEnperaturfe coptTor—By varyrmg t he
tenperature of the Ton-1inear B
16 17
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material, the acceptance band of the non-linear optical materi al
hifted in such a way that an optinmmoverlap with the wavel ength
band of} the diode laser is Produced. A further opto-electronic feedback is
to provy de the non-linear optical 16 material with el ectrodes. By

appl ying a voltage between the el ectrodes and hence an electric field
across the non-linear optical nediumin accordance with the defector signal
the refractive index of this mediumcan be changed so that its?d@ieptance
band can be shifted The opigp-el ectronic feedbai;¥£ay al so be realised

dynam cally. To this end, e intensity of the * quenc%-raised radi ation
is modulated with a snalu/hnplitude u :

&5

A 31

4 1 39

-]

12 15 310’

A -y Py

E(LP);

***** ' FIG.6
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I nt ensi

nodul at ed,

dul at ed si gna

ase-synchronous detection of this radiation is used, i
SD is conpared with the phase of the control
with whlch the nodul ation is established.
y of the frequency-
corrected. The intensity of the frequency-
inter alia, by varying,

for exanple the DC conpone
el ectric current through the diode |aser or by electro-optical
t he acceptance band of the non-linear

.e. the phase
si gnal

In this way a snmall variation in

rai sed radiation can already be detected and

rai sed radi ati on may be
of the
varyi ng

nmedi um For controlling the maxi mum

guantity of frequency-raised radiation by nmeans of the opto-electronic

f eedback 375 only
rest is avadrable
as the scanning

split fromthe de
a partially trans
which is arrange
el ement 31 and th

a small part of this
as useful radiation fd
paratus shown in Fig.

I ces according to Figg.

arent el enent such as
at an arbitrary p05|t|
det ect or 39.

adiation is to be used so that the
r use in an optical apparatus such
1. The useful radiation RU may be
2 and 3 by nmeans of, for exanple
a partially transparent mrror 44
on between the non-1linear optical
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| nsteaq'of the Il ens systens 29 and 35 for imaging the exit face of the

di ode | &ser on the non-linear optical elenent and for concentrating the
rddiation emitted by this element, optical fibres or planar wavegui des may
alternatively be used. A considerable increase of intensity of the
frequency-rai sed radi ati on may be obtai ned by realising an optical feedback
which is wavel engt h-sel ective instead of an opto-electronic feedback. Fig.
4 shows an enbodi nent of a device in which this is realised. Th fﬂbevice
utilizes the aspect that the pul sed diode | ager behaves as a nononode | aser
due to selective feedback of ‘that wavel engtfi"which is wthin the acceptance

bandwi dt h of the non-Ilinear optichr-fﬁ Um 31. Since it has been ensured-
tsance bandwi dt h, gghe quantity of

that this wavelength is wthin-
frequency-raised radiatiq = ¥ sed, for |l e a factor of
fifteen under certajrBrT ¢t toThis quantity in the
devi ces shown Lk s

- - =
-
—
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17 The !fect of selective feedback is illustrated in Figs. 5a and 5b. Fig.
5a shows' t he di ode | aser spectrumwi th feedback, while Fig. 5b shows the
spectrumemtted by the diode | aser when there is no wavel engt h-sel ective
feedback. In these Figures the wavelength [err] is plotted on the
horizontal axis and the intensity is plotted on the vertical axis. In order
that the optical feedback has the desired maxi numeffect and t hafa he
i nfl uence of unwanted feedbacks due to reflections of diode |as / adi ation
on optical e -J-n_:.h.a.a.ppa.r.a.Lus_J_n_WniJh_t_rleJ_riqlﬁncy-rai sed
radiation istto be used is mnimzegy it should be ensuted that the
radi ati on pu|se refl ected by the séfective feedback nmeabs 37 in Fi g. 4 has
such an enerpy and arrives at the drodelaser at such ah instant that it
can maxi mal I}/ infl Lﬁnce t he di diation. Thislintensity
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.conditio! and delay tinme condition which a reflected |aser pulse portion
LP[err] nust satisfy, can be derived with reference to Fig. 6. In this
Firgure a nunber of pulses LP[err] of the | aser pulse series is shown, wth
i =1, 2, ..., N It has been assuned that the pul se duration of the |aser
pulse is p and the period of the series is T. In order that a reflected
pul se LP[err] could influence a pulse LP[err] emtted by the dioge | aser,
the delay tinme Rlerr] of the reflected pulse should be within a gl{k
range. Moreover, .the effect the28by produced is greatly dependent on the
radi-ation energy of the: refleq?ed pul se wth respect to gge radigti on

ener gy of t he pulse » ey delay time range |imts are=given by:

Rerr] =T R[eggz = 83bl e

that a reflect | fa : pul se
LP[err] but th becond NEXYS-PL HUhses
LP[err], the abbve- nentloned/I|n1ts can be generalized to* L 82
13 : -qwh_
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T — "
‘R err] ! NT wwth n = 1, 2, Rlerr] =nT - p- [err]pwthn=1, 2,

The radiation energy condition may be fornul ated as fol | ows: E(P[err]) >
E(LP[err]) at an instant t[err] within the build-up tine of the i-th pul se,
at which instant the reflected radiation pulse enters the |aser. This neans
that the radiation energy of the reflected pul se nust be larger than the
radi ati on energy built up at that instant in the laser for the next pul se
18 enmitted by the diode |aser, in order that the refleﬁygd pul se
could i nfl uence the dlode | aser behaV|our at the instant t[err].
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If the upper limt Rerr] = n. T were satisfied, the trailing edge of the
refl ected radiation pul se would coincide wth the instant when the next
pul se to be emitted is conpletely built up so that the reflected pul se no
~longer has any influence on the pulse to be emtted. If the lower limt
Rierr] = nT - p - [err]p were satisfied, the | eading edge of the reflected
pul se woul d coincide with the instant when the build-up of a ne ul se has
not yet started so that i ﬁlz influenced. Said limts arﬁ/ t
absolute Iimts. Under ci

e -ottrer—lvandr -t del ay e, i.e. the
Bhkerr] to cover the pay mthe exit

time requir oems
92d/c in

face of the T

which d is t¥ 4% c Q% T h) el dback el ement
27 and ¢ is the REBPale fdt he |ight 5 L AEeed U7t r aver sed
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el ement 45 having a suitable reflection coefficient at a distance d from
the diode laser 12. By ensuring that all other elenents which may reflect
radi ation are

The invention relates to an optical device in which electromagnetic
radiation is raised in frequency, which device comprises a diode laser for supplying
radiation to be raised in frequency and a non-linear optical medium having an
acceptance bandwidth, which medium ensures the frequency raise.

The invention also relates to an apparatus for optically scanning an
information plane, comprising such a device.

The acceptance bandwidth is understood to mean the width of the
wavelength band, around a nominal wavelength, of the radiation which can efficiently
be raised in frequency by the non-linear optical medium. _

Scanning may be understood to mean both scanning during wﬁting'and_ :

' scanning during reading an information plane of, for example, an optical record can'i_ef..

A device of the type described in the opening paragraph is known from
the publication "Blue-light laser ups CD density" in " Electronics” August 1988, page |
48. The device described in this publication is used in an apparatus for reading an
optical record carrier in which an audio program is stored. By doubling the frequency,
or in other words, halving the wavelength, of the radiation of a conventional diode

- laser, the diameter of the read spot formed by this radiation can be halved.
Consegquently, information details can be read whose dimensions are half those of the
information details which can be read without using frequency doubling. The frequency

| ‘doubling has the great advantage that the information density in optical record carriers
can be considerably increased, for example by a factor of four.

To improve the efficiency of the frequency raise, use has to be made ofn
relatively long non-linear optical medium. Most media have, however, a relatively small
acceptance bandwidth so that relatively stringent requirements must be imposed on the
diode laser in such devices. The most important requirements are:

1) The wavelength band of the radiation emitted by the diode laser is to
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t owar ds tb@;‘{‘?%-éim'el enent 45, for exanple a mirror. The radiation

reflected he mirror is.reflected by the grating, towards the diode |aser
12. The direction 20 The digde sy haye a very stable emission wavelength so that

this wavelength is always within the acceptance bandwidth of the non-linear optical
medium. This implies that the output spectrum of the diode laser must not change.
Particularly the latter requirement may be difficult to meet in practice
because both the diode laser and the non-linear optical medium must be stabilized in
temperature very accurately, for example, up to 0.5°C, because both the diode laser
and said medium have a strong temperature-dependent behaviour.
If temperature variations lead to a change of the output spectrum of the
diode laser, giving its radiation a different wavelength, substantially no radiation with a
qouﬁled or raised frequency is emitted from the non-linear optical medium and the
. device has become ineffective.

The present invention has for its object to provide a device of the type
described in the opening paragraph which is considerably less sensitive to temperature
variations and comprises means with which a minimum required quantity of radiation

~ having a raised frequency is invariably obtained and in which the quantity of the last-
mentioned radiation ‘can be raised considerably. |

There are various embodiments of the device according to the invention,

 which embodiments have the common characteristic feature that the diode laser is a
pulsed diode laser and in that feedback means are provided for setting the radiation
supplied by the diode laser at a wavelength within the acceptance bandwidth of the non-.
linear optical medium. ' ' |

Combination of a diode laser emitting pulsed radiation with the feedback
means provides the possibility of correcting at small deviations of the desired diode
laser wavelength or of influencing the noise behaviour so that radiation having the
raised frequency is invariably obtained.

A first principal embodiment of the device is characterized in that the
feedback means are formed from an active control system comprising a detector which
is sensitive to the frequency-raised radiation and a control unit controlled by the output’
signal of said detector for influencing at least one parameter determining the quantity of
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frequency-raised radiation which can be detected. With reference to this detection the

quantity of frequency-raised radiation can be influenced via feedback.

It is to be noted that the use of a pulsed diode laser in which the
frequency is raised is known from the publication "Second-harmonic generation with
Gaj_,Al,As lasers and KNbO; crystals” by P. Giinter et al. in Applied Physics Letters
35 (6), 15 September 1979.

| However, this publication describes an experimental set-up with which the

~ influence of temperature variations on the frequency-doubling behaviour of the

combination of diode laser and non-linear optical medium is determined. A pulsed diode
laser is used because such a laser can supply a higher power. The publication does not
disclose the recognition that useful use can be made of the different wavelengths
supplied by such a diode laser. The publication does not describe a device, applicable in
practice, having a considerably reduced temperature sensitivity, but in contrast, both the
diode laser and the non-linear optical medium are arranged in an oven.

Since the power in a pulsed diode laser is distributed over a number of
modi, for example ten, the power of the frequency-doubled radiation is smaller than the
_power of this radiation which could, in principle, be obtained in a device with a
continuously emitting, monomode diode laser if this device were very well stabilized in_
temperature. This loss of power is, however, limited because, as already noted, h

 radiation of two laser modi whose average frequency is within the acceptance bandwidth
of the non-linear optical medium is doubled in frequency, provided that said modi are .
simultaneously present. As is known, the power per pulse of a pulsed diode laser may ~
be further considerably higher than the continuous power of a monomode diode laser.

In accordance with a second aspect of the present invention the power of "
the frequency-raised radiation can be raised considerably by using an optical instead of .
an opto-electronic feedback. | |

A second principal embodiment of the device relating to this aspect is



the radiation portions of different wavel engths are spatially

wel | -separated. The di spersive power is dependent on the nunber of grating

periods covered by the incident radiation beam If radiation diffracted in

a second or higher order is used for the 30 feedback, the grating with the

desired dispersive power may have a larger grating period so that it can be
manuf actured in a sinpler nanner The grating may be nanufactured in known
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waves to |} Eqreens)n a photographic plate and by devel opong and etching

this plat A hol ographic grating is then obtained. By adapting the
vvavefronts certain optical properties such as a given extent of

convergence or A part of the radiation of that mode of the diode laser radiation whose
wavelength is within the acceptance bandwidth of the non-linear optical medium is fed
back by the last-mentioned means. As a result, it is achieved that the pulsed diode las_er
will behave as a monomode laser all of whose radiation is suitable to be raised in
frequency.

Due to the measure taken in the second principal embodiment the quantity
of frequency-raised radiation can be increased considerably with respect to the quantity
of frequency-raised radiation obtained by means of the first principal embodiment. An
advantage is that the single mode is selected in another way than by changing the diode
laser curreat and the diode laser temperature.

The second principal embodiment is preferably further characterized in
that the wavelength-selective feedback means comprise an at least partially reflecting
feedback element which is arranged at a distance d from the diode laser, said distance
satisfying the condition '

d=_g..nr-—_;:'.e(p+Ap)

in Mﬁch p is the pulse duration of an emitted laser pulse, T is the pulse period, n is an
integer, c is the light velocity in a medium traversed by the radiation beam, Ap is the
build-up time of a pulse LP in the diode laser and ¢ is a real number which satisfies 0

< e < 1 and increases or decreases within these limits at a decreasing or increasing
‘energy E(P,), respectively, of a radiation pulse reflected by the feedback element, so

that at the instant when this radiation pulse enters the diode laser the following

condition is satisfied:

E(P,) > E(LP)
in which E(LP,) is the radiation energy built up in the diode laser at the relevant instant.

Due to this measure the behaviour of the diode laser is prevented from _

being influenced by reflections of the laser mdiﬂggrﬁﬁm}demens&f the device or
AGEMENT SHEET : -

of the apparatus in which the device is used.
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pehaviour of a pulsed diode laser is mainly determined by events occurring within the
laser in the time intervals in which a new optical pulse is generated and that due to the
arrival of a sufficiently large number of extra photons as a result of the feedback in
exectly such a time interval these extra photons mainly determine the behaviour of the
laser by adapting the energy of a reflected radiation pulse and its delay time. As a
result, the diode laser can be controlled in a defined way by the deliberately provided
feedbeEk and the influence of other, unwanted feedbacks can be reduced by ensuring
that the radiation pulses arrive in the diode laser at such instants as a result thereof, or,
as a result of the deliberately provided feedback, have such a low intensity with respect
to the pulses that they do not influence the diode laser behaviour.

The feedback element may be arranged ‘at the same side of the diode laser
as the non-linear optical element The distance d is then the distance between the
feedback element and the exit face of the diode laser. For stabilization, use may also be
made of the radiation emitted from the rear face of the diode laser. The distance d is
then the distance between this face and the feedback element. From the point of view of -
efficiency and freedom of design for optical apparatuses, the latter possibility is
preferred.

A further embodiment of the device according to the invention is
characterized in that the wavelength-selective feedback means cofnprise a grating.

A grating is a very suitable wavelength-selective element.

A further embodiment of the device according to the invention is

-characterized in that the graﬁng is a holographic grating.

A further embodiment of the device according to the invention is
characterized in that the grating is a planar grating which is present in a fibre
succeeding the medium. |

An alternative embodiment of the device according to the invention is
characterized in that the grating is a planar grating arranged in the medium.

The e.dvantage of the last-mentioned two embodiments is that the grating
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feedback means are formed from one element which is both partially reflecting and

wavelength-selective.

By combining the two functions of partial reflection and wavelength
selection in one element, the number of components can be reduced, thus saving space.

This embodiment of the device according to the invention may be further
characterized in that the element is an etalon.

An etalon is a very suitable element for realising a wavelength-selective
reflection. An etalon is understood to mean an element comprising two partially
reflecting flat or curved facing surfaces arranged at a given distance from each other.
Some medium such as air may be present between these two faces. The etalon may
alternatively be a light-conducting fibre or optical waveguide having a given length.

Alternatively, the last-mentioned embodiment may be characterized in that .
the element is a partially reflecting grating.

' A further embodiment of the optical device according to the invention is
. characterized in that folding means for folding the radiation path are arranged between
" the diode laser and the feedback means. '
The distance d between the diode laser and the feedback element required
- for the spectral stabilization of the laser beam can then be realised within a small
volume so that the device may be compact.
| The folding means may be constituted, for example by two facing
~ reflecting surfaces between which the light beam propagates.

A preferred embodiment of the optical device according to the invention is
characterized in that the folding means comprise a folding body of optically transparent
material having at least two reflecting surfaces and being provided with an entrance |
window and an exit window, and in that one of the reflecting surfaces is provided with
a third window for transmitting the diode laser radiation to and from the feedback
means.
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The folding body may be made of glass which may have a relatively high
refractive index, for example n = 1.8. The geometrical pathlength can then be reduced
by a factor of 1.8 with respect to the geometrical pathlength in air with n = 1 so that
the device will become even more compact.

The entrance window and the exit window may both be provided in the
first surface of the folding body and coincide with each other. In this case the diode
-laser radiation and the frequency-raised radiation are to be separated from each other
between the location where the frequency raise is effected and the folding body. This
mﬁy be effected by means of a wavelength-selective element, for example a beam
splitter, so that also the frequency-raised radiation can be coupled out of the device.

Alternatively, the entrance window may be ﬁmvided in the first reflecting
surface and the. exit window may be provided in the second reflecting surface. In that
case the frequency-raised radiation need not be coupled out of the device by means of -
an extra element, but the exit window may be formed as a partially transmissive
reflector.

The partially transmissive reflector is then preferably a wavelength-

 selective reflector which reflects the diode laser radiation and transmits the frequency- '-

raised radiation.

The optical device accordifg to the invention is prcferably characterized
in that the feedback means are integrated in the third window.

Due to this combination, the number of componeants can be reduced.

A possible embodiment of the optical device according to the invention is
characterized in that each reflecting surface is provided with a layer having a high
reflection coefficient.

Due to the presence of a layer having a high reflection coefficient,
intensity loss in the folded light path is limited.

If the folding body is present behind the frequency-raising medium, this
embodiment is preferably further characterized in that the high-reflection layer has a
higher reflection coefficient for the radiation supplied by the diode laser and a lower
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invention, in which no high-reflection layers are necessary on the folding body, is
characterized in that the folding body is present in a medium having a refractive index
which is smaller than that of the body material, in that the folding body has at least two
surfaces which totally and internally reflect radiation incident thereon and in that the
radiation is reflected at least once by each one of said two surfaces when it traverses a
coplanar radiation path in the folding body.

The optical device may be further characterized in that an optical prism is
arranged on the entrance window and on the exit window, the surface of said prism,
thi_ough which a radiation beam enters and leaves the prism, being transverse to the

- chief ray of the beam.

~ The optical prisms prevent false reflections from occurring when the
radiation beam enters and leaves the folding body. '
' A further embodiment of the optical device according to the invention is

characterized in that one of the reflecting surfaces is provided with a fourth window on

which a retro-directive element is arranged by which the radiation, after having

- traversed a first radiation path extending to the reflecting surfaces vig a number of

réﬂecﬁons, is captured in a first plane within the folding body and is reflected parallel
to itself, and re-enters the body so as to traverse at least a second radiation path
extehding to the reflecting surfaces vig a number of reflections in a plane parallel to the
first plane.

" The retro-directive element ensures that an incident radiation beam, which

) is propagated through the body along a first radiation path in a first plane perpendicular
" to the first and second reflecting surfaces, is converted into a reflected radiation beam

._'Z"ivhich is propagated through the body in a second radiation path in a second plane

_ parallel to the first plane. In this way the third dimension of the body is also utilized _foi' :
- folding the radiation path. The retro-directive element may be, for example a prism

having an apex angle of 90°, arranged on the folding body. The prism may alternatively
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which the feedback means comprise a grating, is characterized in that the grating
extends at a small angle different from 0° to the third window.

Since the wavelength-resolving power of a grating is also determined by
the diameter of the beam which is incident thereon, this resolving power can be

improved by causing the beam to be incident on the grating at a larger angle so that the'

diameter of the radiation spot on the grating is increased.

A further embodiment of the optical device according to the invention is
characterized in that for the purpose of changing the wavelength of the radiation
reﬂected towards the diode laser, the folding body is arranged rotatable over a small
angle with respect to the radiation beam supplied by the diode laser.

A given wavelength can be selected by orienting the body and
consequently the wavelength-selective element integrated therein in a different way with
respect to an incident radiation beam.

A further embodiment of the device according to the invention is
characterized in that the optical wavelength-selective feedback means are suppleménted
by an active control system comprising a detector which is sensitive to the frequency-
raised radiation and a control unit controlled by the output signal of said detector for
influencing at least one parameter determining the quantity of frequency-raised
radiation.

The addition of an active control system to the optical feedback means
provides the possibility of allowing larger temperature variations or of tuning the diode
laser wavelength and the acceptance bandwidth of the non-linear optical medium to ench
other with an even greater precision:

_Dgpcndeni on the choice of the wavelength-selective element, the
preference shifts as regards the parameter to be influenced.

The embodiment using the additional active control system may be
characterized in that the parameter is the electric current through the diode laser and in
that the control unit controls this current. _ _

Alternatively, this embodiment may be characterized in that the parameter
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output spectrum of the diode laser, such a control has more effect in a device using an

etalon than in a device using a grating. In a device using a grating this implies a fine
control within the mode distance in the output spectrum of the diode laser, while in a_
device using an etalon it is possible to stabilize at another mode.

The embodiment using the additional active control system may be further
characterized in that the parameter is the temperature of the non-linear optical medium
and in that the control unit controls its temperature.

This embodiment of the device may be further characterized in that the
parameter is the refractive index of the non-linear optical medium and in that the
control unit controls the magnitude of an electric field across this medium.

Both controls provide the possibility of shifting the acceptance band of the
non-linear optical medium and are suitable for a device using a grating as well as a
device using an etalon. The advantage of an opto-electronic control over a temperature
control is the great speed of adaptation.

A further embodiment of the device according to the invention is
characterized in that the diode laser is a self-pulsing diode laser. _

Any pulsing diode laser is suitable for such an application. Self-pulsing
diode lasers are known per se, inter alia, from British Patent Application
GB 2 221 094.

| An embodiment of the device according to the invention is characterized .
in that the non-linear optical medium comprises a waveguide formed from a non-linear
optical material.

_ A further embodiment of the device according to the invention is
 characterized in that the non-linear optical medium comprises a non-linear optical
crystal, |

The choice between these two possibilities is also determined by the
Tequirements imposed on the device and its cost price. A crystal has the advantage that
Coupling in is simpler and mechanically more stable than in a waveguide, whereas a
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(lithium tantalate) are suitable materials for raising the frequency.

A further embodiment of the device according to the invention is

characterized in that the non-linear optical crystal is KNbO3 or KLiNbO4.

KNbO; (potassium niobate) and KLiNbO3 (potassium lithium mobate) in
the form of a crystal are eminently suitable as a non-linear optical matenal for raising
the frequency.

The invention also relates to an apparatus for optically scanning an
information plane, which apparatus comprises a radiation source unit and an optical
system for focusing the radiation supplied by the radiation source unit to a scanning spot
in the information plane.

Such an apmms, which is suitable for writing as well as for reading a .
record carrier and further comprises a radiation-sensitive detection system for _
converting radiation from the information plane into an electric sigxial is characterized in
that the radiation source unit is constituted by an optical device as described
hereinbefore. . .

_ ~ An apparatus which is particularly suitable for writing a record carrier
and further comprises an intensity switch for switching the intensity of the beam
suppﬁed by the radiation source unit in conformity with the information to be written is
characterized in that the radiation source unit is a device as described hereinbefore and .
in that the intensity switch is constituted by means for setting one of the following
| parameters:
- the repetition frequency of the diode laser pulses;
- the optical path length of the radiation pulses returning to the diode laser;
- the energy of the radiation pulses returning to the diode laser;
- the acceptance band of the non-linear optical medium.

The invention will now be described in greater detail by way of example
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invention, in which opto—electromc feedback takes place,
Fig. 4 shows a first embodiment of an optical device according to the
invention, in which optical feedback takes place, and _

Fig. 5a shows a diode laser spectrum of a device in which wavelength-
selective feedback is used,

Fig. 5b shows the same diode laser spectrum without feedback,

- Fig. 6 shows a pulse series emitted by the diode laser,

Fig. 7 shows an embodiment of a planar grating suitable for use in an
optical device according to the invention,

Figs. 8 to 15 show a number of different embodiments of an optical
device according to the invention, in which optical feedback takes place, _

Figs. 16 and 17 show two embodiments of an optical device according to

" the invention, in which opto-electronic and optical feedback are combined,

Figs. 18, 19 and 20 show embodiments of an optical device accordmg to

| the invention in which the intensity of the frequency-raised radlatxon is switched,

Figs. 21a, b and ¢ show some embodiments of an optically transparent . _
body in the form of a plane-parallel plate for folding the light path in an optical devme
according to the invention, |

' Figs. 22a and 22b show in a plan view and in a side elevation,
respectively, a part of a second embodiment of an optically transparent folding body for
folding the light path in three dimensions in an optical device according to the
invention, .
' ~ Fig. 23 shows a third embodiment of an optically transparent body in the’
- form of a bar for folding the light path in an optical device according to the invention.’

Corresponding components in the different Figures have identical
reference numerals.
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3'23, surroundings. The information areas are arranged in a large number of tracks 9,

for example quasi-concentric tracks which jointly constitute a spiral track. These tracks
9 are scanned by means of a scanning spot 11. To this end the apparatus comprises an
optical device 2 with a radiation source unit 13 which supplies a radiation beam 15, an
optical system 17 for focusing this radiation beam 15 to a scanning spot 11 on the
record carrier 3 and a detection system 19 for converting the reflected radiation 21 from
the record carrier .3 into an electric signal. The beam 15 generated by a radiation source
{2 and emitted by the radiation source unit 13 is focused by an objective system 16

.shown diagrammatically by means of a single lens element to a read spot 11 in the

information plane which reflects the beam 15. When the record carrier 3 is rotated by

means of a shaft 23 which is driven by a motor 25, an information track is scanned. By .

moving the record carrier 3 and the device 2 with respect to each other in the direction
denoted by the arrow 27, the entire information plane can be scanned.
During scanning the reflected beam 21 is modulated in intensity in

" accordance with the information stored in the succession of information areas. In order

to separate the reflected beam 21 from the projected beam 185, the optical system 17
may be provided, for example with a partially transparent mirror (not shown) which
reflects a part of the reflected and modulated beam 21 towards the radiation-sensitive
detection system 19, However, the combination of a polarization-sensitive beam splitter
28 and a M/4 plate 30 as shown in Fig. 1 is preferably used. It is then ensured that the -
laser beam 15 has such a direction of polarization that this beam is completely passed
by the beam splitter 28. On its path to the record carrier 3, this beam traverses the /4 °
plate 30 a first time and after reflection by the record carrier it traverses this /4 plate a '_
second time so that its direction of polarization is rotated through 90° before it enters
the beam splitter 28 again. Consequently, the beam 21 is completely reflected towards
the detection system 19. '

For further details of the read apparatus reference is made to the article

e of a given length. In order that
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jaser OF, in other words, by halving the wavelength, a desired reduction of the scanning
spot can be realised. Frequency doubling can be realised by passing the diode laser
radiation through a non-linear optical medium. One of the characteristic parameters of a
non-linear optical medium is the acceptance bandwidth. This is the wavelength band
within which the medium ensures frequency doubling of the supplied radiation. The
jocation of the acceptance band is, however, greatly temperature-dependent.- At a given
temperature the crystal determinés which wavelengths contribute to the frequency-
doubled radiation.

On the other hand, diode lasers have the drawback that the wavelength is
also greatly temperature-dependent. Moreover, diode lasers are very sensitive to laser

light which returns in the active layer of the laser due to reflections in the optical

- system. Consequently, the output spectrum of the laser as well as the mtenslty of the

- wavelength and the location-of the acceptance band of the medium should be and remain’
attuned to each other. This could be achieved by stabilizing the diode laser as well as K

laser beam may be influenced considerably.
In order to generate sufficient frequency-doubled radiation, the laser

~ the non-linear optical medium very accurately in temperature, which is a relatively

difficult and expensive solution. According to the invention the envisaged object can be
realised in a considerably simpler manner by making use of a pulsed diode laser in
combination with feedback means. It can then be ensured that the diode laser radiation

is set to a wavelength which is within the acceptance bandwidth of the non-linear optical
. medium, :

The desired feedback can be realised in different ways. A first possibility

i’_ the opto-electronic way, as is shown in Figs. 2 and 3. In this case use is made of the .

fact that the spectrum of a pulsed diode laser consists of different modi and that there
are thus different wavelengths, at least one of which is invariably within the acceptance
bandwidth or two of which have an average wavelength which is within the acceptance
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In the radiation source unit 13 shown in Fig. 2 the radiation beam 15

g enerated DY the diode laser 12 is focused by means of a first lens system 29

comprising, for example two lens elements, on a non-linear optical medium 31 in which

his radiation is doubled in frequency. The radiation 33 emerging from the medium 31

is concemrated by a second lens system 35, for example comprising a single lens
clement, on a detector 39 which is sensitive to the radiation raised in frequency. This
detector forms part of an active control system 37 which further comprises a comparator
41 and a control unit 43. A part of the frequency-doubled radiation is converted by the
detector 39 into an electric signal Spy. This signal is compared in the comparator with a
reference signal which is representative of the desired quantity of frequency-doubled
radiation. The difference between the signals Sp and S_,¢ is converted into a control

: signal S¢ with which the control unit 43 is controlled. With reference to the detector
output signal Sp, which is a measure of the intensity of the frequency-doubied
radiation, the wavelength of the radiation supplied by the diode laser 12 can thus be set .
by varying one of the adjustable parameters of the diode laser. Dependent on the
parameter with which the quantity of frequency-raised radiation can be influenced, the
control unit 43 has a different implementation. The adjustable parameters are, for '-
example the laser current and the laser temperature. This means that the control unit 43
may be adapted to set the electric current or the diode laser temperature. The choice |

 between the two alternatives is represented by I/T in the Figure. Since the laser
wavelength varies with the temperature, the wavelength supplying a maximum power of

. frequency-doubled radiation can be accurately set by varying the temperature of the

diode laser. ' | :

Fig. 3 shows a further embodiment of the opto-electronic feedback in ..
which the control unit 43 influences the non-linear optical material. This control may
be, for example a temperature control. By varying the temperature of the non-linear
optical material, the acceptance. band of the non-linear optical material can be shifted in
Such a way that an optimum overlap with the wavelength band of the diode laser is
Produced. '

A further opto-electronic feedback is to provide the non-linear optical



material. There may be different enbodi nents of such a folding body 120. A
first enbodinment is shown in Fig. 2la and conprises a plane-parallel plate
121, of which a first surface 123 and a second surface 125, which surfaces
are | ocated opposite each other, are provided with a reflection |ayer 127
having a high reflection. The first surfgace 123 further has an entrance

wi ndow 129 and the second surface 125 has an exit w ndow 131. A radiation
beam 15 emi tted by efebtodbsOBS a g;yﬁ-[ d%o0 q;eg,,ghemglm te 121
t hrough thﬂwéﬂlt\yﬂ%ce Wi ndow?l or el;uaEc le via a col |%ratﬁ{(§irﬁlinenéﬁ132 and,
since the beamfies acmsﬁd%ﬂorbhnm@pgmlﬂa@bemmacmrdaqwuh the detedtor signale, it

is reflecté urfac The b then reach
wavel engt? é%%‘%‘égﬁdfep)ebgwggﬁﬁm %thmeérﬁ%a‘g]a ‘a"%eg’&ﬁ B8hi nd a
third win 8 in one of the surfaces. Subsequently, the beam traver ses

t he pl atebi |n the reverse direction so as to leave it via the w ndow 129

on its way to the @hegBtorelectronicrfeedhackimay alse he realised dymampically. Tothis i ng t he

frequency et: dal Sediehdtl 6 te'trequency-raised radiation is modulated with a small amplitude

and 3
modulated signal Spy is compared with the phase of the control signal with which the

phase-synchronous detection of this radiation is used, i.e. the phase of the

modulation is established. In this way a small variation in intensity of the frequency-
raised radiation can already be detected and corrected. The intensity of the frequency-
raised radiation may be modulated, inter alia, by varying, for example the DC
component of the electric current through the diode laser or by electro-optically varying
the acceptance band of the non-linear medium. |
_ For controlling the maximum quantity of frequency-raised radiation by
" means of the opto-electronic feedback 37, only a small part of this radiation is to be
used so that the rest is available as useful radiation for use in an opncal apparatus such
as the scanning apparatus shown in Fig. 1. The useful radiation RU may be split from .
the devices according to Figs. 2 and 3 by means of, for example a partially transparent
element such as a partially transparent mirror 44 which is arranged at an arbitrary
position between the non-linear optical element 31 and the detector 39.
- Instead of the lens systems 29 and 35 for imaging the exit face of the
diode laser on the non-linear optical -element and for concentrating the radiation emitted
| by this element, optical fibres or planar waveguides may alternatively be used.
A considerable increase of intensity of the frequency-raised radiation may
. - be obtained by realising an optical feedback which is wavelength-selective instead of an .
~ opto-electronic feedback. :
i Fig. 4 shows an embodiment of a device in which this is realised. This
devxce utilizes the aspect that the pulsed diode laser behaves as a monomode laser due
. 10 selective feedback of that wavelength which is within the acceptance bandwidth of the
) .__ﬂon-linw optical medium 31. Since it has been ensured that this wavelength is within
. saxd acceptance bandwidth, the quantity of frequency-raised radiation is considerably
Rised, for example a factor of fifteen under certain circumstances, with respect to this
Quantity in the devices shown in Figs. 2 and 3. | REPLACEMENT SHEET
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In order that the optical feedback has the desired maximum effect and that
ihe influence of unwanted feedbacks due to reflections of diode laser radiation on optical
clements in the apparatus in which the frequency-raised radiation is to be used is
minimi”dv it should be ensured that the ;-adiation pulse reflected by the selective
feedback means 37 in Fig. 4 has such an energy and arrives at the diode laser at such
an instant that it can maximally influence the diode laser radiation. This intensity
condition and delay time condition which a reflected laser pulse portion LP, must
g.ﬁsfy, can be derived with reference to Fig. 6. In this Figure a number of pulses Lp,
of the laser pulse series is shown, with i = 1, 2, ..., N. It has been assumed that the
pulse duration of the laser pulse is p and the period of the series is T. In order that a
reflected pulse LP, could influence a puise LP; emitted by the diode laser, the delay
time R, of the reflected pulse should be within a given range. Moreover, the effect
thereby producéd is greatly dependent on the radiation energy of the reflected pulse with'
respect to the radiation energy of the pulse building up.

. The delay time range limits are given by:
R,=T
Re=T-p-4p

. Since, in principle, it is also possible that a reflected laser pulse LP, ¢
does not drive the next laser pulse LP, but the second next pulse LP; or one of the
subsequent pulses LP;, the above-mentioned limits can be generalized to:

R =nTwithn=1,2, ...,
t=nT-p-Apwithn=1,2, ...

The radiation energy condition may be formulated as follows:

E(P,) > E(LP) . .
4 an instant t, ; within the build-up time of the i-th pulse, at which instant the reflected

. Rdiation pulse enters the laser.

. This means that the radiation energy of the reflected pulse must be larger .
the radiation energy built up at that instant in the laser for the next pulse to be

with feedBdokaRaile Iﬁ%.h 5b'8hd e Biel spactAfmt he w ndow

e prismmay be arranged-on
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el ement 134l anged on a fourt ow 136 at t a first

| i ght pat r; mﬁé@ iscompietelyl ik upcdythatsthe haﬂa:techptnscgno fohger has any influence on
the pulse tO be emitted. If the lower limit R, = nT - p - Ap were satisfied, the leading
edge of the reflected pulse would coincide with the instant when the build-up of a new
pulse has not yet started so that it cannot be influenced.

Said limits are not absolute limits. Under circumstances some effect may
«till occur when these limits are slightly exceeded.

On the other hand, the delay time, i.e. the time required by a radiation
pulse LP; to cover the path from the exit face of the diode laser and back to the diode
laser, is given by 2d/c in which d is the distance between the diode laser 12 and the
feedback element 27 and c is the speed of propagation of the light in the medium
raversed by the radiation beam. In combination with the two limiting conditions, this
yields the following delay condition:

nT-p-Ap < 2—: < at

so that the distance d is thus given by:

in which ¢ is a number larger than zero and smaller than one whose value i is determmed

by the energy of the reflected pulse. If this energy is relatively large, the reﬂected pulse

may arrive at a later instant within the build-up time so that ¢ is then closer to zero than

to one. If the energy of the reflected pulse is lower, this pulse should arrive at an
 carlier instant within the build-up time so that e is then closer to one than to zero. eis

therefore inversely proportional to the reflected pulse energy.

The optical feedback can be realised by arranging an at least partially

"reflecting element 45 having a suitable reflection coefficient at a distance d from the

diode laser 12. By ensuring that all other elements which may reflect radiation are
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In practice the feedback means 37 may be implemented in different ways.

A first possibility is shown in Fig. 4 in which the wavelength-selective
elemeht 47 is a grating. This grating reflects the incident laser radiation towards the
reflecting element 45, for example a mirror. The radiation reflected by the mirror is 4
reflected by the grating towards the diode laser 12. The direction at which the grating
reflects radiation is determined by the wavelength of the radiation and the period of the
grating, i-e. the distance between two equal grating strips. This period may be chosen in &
{5 such a way that only the radiation having the wavelength within the acceptance '
pandwidth of the non-linear optical medium enters the diode laser.
In a realised embodiment of the device in which the diode laser emits
radiation at a wavelength of approximately 850 nm (red light), and in which the non-
linear optical medium is a KTP (potassium titanyl phosphate) waveguide in which the
20 frequency of the diode laser light is doubled, the grating has a period of 1.67 um, i.e.
600 strips per mm. The average laser power is of the order of 20 mW at a ratio of
. 1:3.5 of the emitted pulse width and the pulse repetition frequéncy and the power of the
frequency-doubled light (blue light) is approximately 150 uW. A temperature
stabilization need not be performed.
5 Since the different laser modi are close together, for example at 0.3 nm,

10

as can be derived from Fig. 5a, the grating must have a large dispersive power so that -
the radiation portions of different wavelengths are spatiaily well-separated. The
dispersive power is dependent on the number of grating periods covered by the incident
radiation beam. If radiation diffracted in a second or higher order is used for the
feedback, the grating with the desired dispersive power may have a larger grating -
period so that it can be manufactured in a simpler manner.

The grating may be manufactured in known manner by a mechani.cal _
Process (scratching) or via a lithographic process. Such a grating may also be obtained -
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A large number of inexpensive copies can be obtained by using a support

on which 2 grating structure is provided in one of the manners.described above as a
palsix in a seplica process.

The grating may also be a planar grating 50 which is shown in Fig. 7. In
his Figure a light-conducting layer 52 is provided on a substrate 51 of, for example
glass, 2 transparent synthetic material, a semiconductor material or a crystal such as
jithium niobate. The layer 52 consists of a transparent material whose refractive index is  #
higher than that of the substrate so that the greater part of the energy of the beam
entering at the left-hand side remains enclosed within the layer. The layer 52 is
provided with a two-dimensional periodical structure of meandering elongate areas 53
which alternate in the X direction with elongate intermediate areas 54. The areas 53
may be located at a higher or lower level than the intermediate areas 54 of the layer 52.
It is also possible that the areas 53 and 54 are located at the same height but have a
different refractive index. The structure 53, 54 reflects the radiation coupled into the
.layer 52 in a certain direction, dependent on the wavelength of this radiation, which is
shown in Fig. 7 by means of by, b, and bs. For further particulars about the '
construction and operation of the planar grating 50, reference is made to US Patent
4,746,136 in which the use of such a grating in a multiplexer for optical waveguxde
communication systems is described.

The planar grating may be used as an alternative to the grating 47 in the

" device shown in Fig. 4. However, the device may be simplified if use is made of the
reflection properties of the grating 50 as is shown in Fig. 8. The lens system 35" must
now ensure that the radiation from the non-hnw element is focused in the light- N
conducting layer 52. The planar grating element 50 can be positioned in such a way that
the normal on the front face 56 extends at a small angle to the chief ray of the entermg

* beam so that the direction of the reflected beam component b’ with the desired
Wavelength is exactly opposite to the direction of the diode laser beam b.

An even simpler embodiment of the device is the embodiment in which .

the grating is integrated in the non-linear optical medium 31°, as is shown in Fig. 9.
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differences between. the periods are smaller. Each one of the grating portions located

one behind the other in the direction of propagation of the radiation beam b will reflect
radiation at @ wavelength which is specific of the relevant portion in the diode laser. By
 adjusting 2 specific value of the laser pulse repetition frequency it can be ensured that
the delay time condition is satisfied by a radiation pulse originating from that grating

W

portion which reflects radiation in the diode laser and whose wavelength is within the
acceptance bandwidth of the non-linear optical element. '
In a device in which one or more lens systems are replaced by one or ' 2
more optical fibres, the grating may be arranged in such a fibre. An embodiment in
which this is the case is shown in Fig. 11. In this Figure the reference numeral 60 3
denotes a special envelope developed for fibre communication systems, incorporating a
diode laser 12 and a lens system 62 for imaging the diode laser output on the entrance
face of a fibre 71. The wavelength-selective fibre element 70 may be implemented as
described in British Patent Application GB 2,161,648. In this element a part of the fibre
71 is provided in a curved duct of a block 73 of, for example glass. The upper portion
- of this fibre piece has been ground away as far as the core 72 on which a grating 74 is
provided. The remaining space between the grating and the fibre piece is filled with a
liquid having a suitable refractive indek. A part of the radiation propagating through the
fibre core is scattered towards the liquid and reaches the grating which deflects the
radiation whereafter it enters the fibre core. The period of the grating determines the
wavelength of the radiation which, after interaction with the grating, constructively
interferes with the directly passed light. For further details about the element 70
reference is made to German Patent Application DE-3254754 describing such an
element for stabilizing a diode laser via wavelength-selective feedback.
_ An optical fibre with an integrated grating may alternatively be obtained
by etching a periodical structure in the cladding of the fibre.
In the embodiment of Fig. 11 the wavelength-selective element is arranged
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which reflects 2 part of the radiation propagating through the fibre 71 towards the diode
jaser, If this grating is arranged at such a position that the above-derived delay time
condition applies to the radiation pulse reflected by this grating, the reflector 45 may be
gispeased with,
Another embodiment of the radiation source unit 13 provided with a 4
omponent 70 with a reflecting grating s illustrated in Fig. 13. The embodiment shown
i this Figure does not comprise a reflector 45 and a fibre 75. This embodiment has the
Jdvantage that no frequency-raised radiation traverses the fibre 71 so that this fibre can ~ #
be optimized for the diode laser radiation. The frequency-raised radiation can then be
directly taken from the non-linear optical medium 31.
This also holds for the device shown in Fig. 9. In the devices shown in
"Figs. 11 and 12 the frequency-raised radiation can be coupled out of the device by
' implementing the reflector 45 as a dichroic mirror which passes this radiation but
" reflects the laser radiation. In the device according to Fig. 8 the frequency-raised
* radiation can be coupled out by arranging a dichroic mirror 58, which reflects this
" radiation and passes the laser radiation, between the non-linear optical medium 31 and
the planar grating 50. In the device according to Fig. 4 the reflector 45 may be
implemented as a dichroic mirror which passes the frequency-raised radiation, If the
reflecting grating 47 is arranged at the position of the reflector 45 so that this reflector
can be omitted, a dichroic mirror for coupling out the frequency-raised radiation should
be arranged between this grating and the non-linear optical element.
The required functions of wavelength selection and reflection towards the |
diode laser may not only be fulfilled by a reflecting grating but also by a Fabry-Pérot
®alon as is shown in Fig. 14. Such an etalon comprises two partially reflecting, flat or
Curved surfaces enclosing a medium such as, for example air or glass. Since multiple

reflections occur on the surfaces, there will be constructive and destructive interferences
between beam portions. By suitable choice of the distance w between the surfaces



27 In each enbodi nent of the glass body, and both for a grating and an
etalon and for a prismas a feedback el enent, the body can be arranged in
the optical device 1 to rotate with respect to the incident beam 15 so that
the wavel ength to be reflected can be changed. The above-descri bed devices
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tﬂn,;mission, as is shown in Fig. 15 which does not require any further explanation. A
msmissm“ etalon may also be used in the device shown in Fig. 14. In that case a
reflector should be arranged at the distance d behind this etalon. This reflector may be a
gichroic mirror which completely passes the frequency-doubled radiation.

The etalon may alternatively consist of an optical fibre of a given length.
[ order that the reflected radiation pulse returning in the diode laser can determine at
which wavelength this laser is emitting, the energy of this radiation pulse will have to 5
pe larger than the radiation energy built up at the instant of return in the diode laser, as
has been noted hereinbefore. The energy of the reflected radiation pulse may be
influenced by the reflection coefficient of the reflecting element 45 or the element (50, £
31°, 80) combining the functions of wavelength selection and reflection.

Notably for high-power diode lasers with which, for example optical
record carriers can be written and whose exit face has a low reflection coefficient, the
reflection coefficient of the feedback element, for example, element 80 in Figs. 14 and

1§ plays an important role. In fact, it has been found that the diode laser with a low

: reflection coefficient of the exit face emits at a shorter wavelength than such a diode
laser with a high reflection coefficient of the exit face, presumably as a result of the
larger charge carrier density in the first-mentioned laser during the laser action. As it
were, the reflection coefficient of the exit face of the diode laser and hence the
wavelength can be set due 'to the choice of the reflection coefficient of the feedback
clement 80, When a grating is used as a feedback element, this effect does not playa
role because this grating fixes the diode laser wavelength. However, if an etalon is used
% a feedback element, the diode laser wavelength can be fixed by the reflection
coefficient of this element.

In practice the distance d between the diode laser and the feedback
clement, which distance is required to obtain spectral stabilization of the diode laser,
May be relatively long, which is a drawback due to the desired compactness of the
Optical device. For example, for a pulse period p of 1 ns, a distance d of approximately

150 mm is required. REPLACEMENT SHEET
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folding body may not only be made of glass but also of other optically transparent
materials having a sufficiently high refractive index, such as transparent synthetic
material.

There may be different embodiments of such a folding body 120. A first 5
embodiment is shown in Fig. 21a and comprises a plane-parallel plate 121, of which a
first surface 123 and a second surface 125, which surfaces are located opposite each
other, are provided with a reflection layer 127 having a high reflection. The first 2
surface 123 further has an entrance window 129 and the second surface 125 has an exit
window 131. A radiation beam 15 emitted by the diode laser 12 enters the plane-parallel
plate 121 through the entrance window 129, for example vig a collimator lens 132 and', )
since the beam is incident on the surfaces 123 and 125 at a small angle, it is reflected
many times by these surfaces. The beam then reaches a wavelength-selective reflecting
element 27 which is arranged in or behind a third window 128 in one of the surfaces.
Subsequently, the beam traverses the plate 121 in the reverse direction so as to leave it
via the window 129 on its way to the diode laser. '

The exit window 131 is used for coupling the frequency-raised radiation
out of the optical device and to this end it is formed as a beam separating mirror. The
window 131 is preferably provided with a layer 134 which has a high reflection for the .
fundamental wavelength and a low reflection for the generated higher harmonic wave,
as may also be the case for the layer 127 on the first surface 123 and the second surface
125. In that case the layers 127 and 134 on the second surface 125 may constitute one
uninterrupted layer.

The wavelength-selective feedback element 27 may be a separate .
Component. However, this element is preferably integrated with the plane-parallel plate |
121, i.e. it is arranged at the location of the window 128, This element may be, for
¢Xample a prism. The prism may be arranged on the window or formed by a recess in
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examples the grating may be directly etched in a glass folding body or arranged as a

geparale component on the folding body. 4nother possibility is to provide a thin
syntheﬁc material layer on the folding body in which subsequently the grating is
pmvided by means of a replica technique.
Due to folding, a radiation path having a length of, for example 130 mm
in air for a radiation beam with a diameter of 3 mm can be accommodated in a glass
plate having a thickness D of 8 mm and a length L of 13 mm, if the glass has a
refractive index of 1.8. ' 5
Folding may alternatively be effected three- dimensionally instead of two-
dimensionally. To this end a retro-directive element 133 may be arranged on a fourth
window 136 at the end of a first light path 135 on the glass body as shown in Fig. 22. 2
After the radiation beam has traversed the first light path 135, which is located in a first
plane perpendicular to the reflecting surfaces of the glass body, it is first reflected in the .
direction perpendicular to the plane of the drawing and subsequently reflected in a '
direction parallel to the direction of incidence on the element 133 so that the beam is
'passed into the plane-parallel plate 121 agam so as to traverse a second light path 137
located in a second plane parallel to the first plane. In this way the folded light péths _
135, 137 and possibly further light paths are stacked and consequently a folding body
having a shorter fength L can be used for realising a light path having a total length d - - -
which is required for spectral stabilization. This embodiment is shown in Fig. 22. Fig.
22a is a plan view and Fig. 22b is a side elevation.
' A very suitable example of a retro-directive element 133 is a prism having
an apex angle of 90°. The top rib of this prism is perpendicular to the chief ray of the
‘beam. The prism has been ground in such a way that the base face 139 located opposite
the top rib is parallel to the surface 125 so that there are no reflection losses.
In another possible embodiment the folding body 120 according to the
" invention has a rectangular or square cross-section as is shown in Fig. 23, In this
embodiment the surfaces 145, 146, 148, 149 are oriented with respect to the incident
radiation beam in such a way that there is total internal reflection of the beam on each
surface. In the embodiment of Fig. 23 this is effected twice for each surface before the
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spectrum of the diode laser. It is further possible to arrange the grating
on a pi ezg. gltdhe positian where: thisois realised a wavelength-selective reflection layer 151 is

provided’ which layer has a high reflection for radiation from the diode laser and is

gansparent 10 the frequency-raised radiation. Moreover, a prism 147 is préfembly

provided at said position and its surface 150 is perpendicular to the chief ray of the

peam. A similar prism 143 with a perpendicular surface 152 is also preferably arranged

on the surface 145 at the location where the diode laser beam enters the folding body. d
Both prisms may be made of, for example the same material as the glass body.

similarly as in the embodiment including the plane-parallel plate, the feedback element

77 may be a prism or an etalon which is arranged in or behind the window 153 in the 3
glass body.

In the same way as is shown in Figs. 22a and 22b for the plane-parallel
plate, the folding body of Fig. 23 may comprise a plurality of folded light paths in
parallel planes within the glass body which are stacked by means of a retro-directive
clement 50 as 1o realise folding in three dimensions.

Both embodiments 121, 122 of the folding body may alternatively be
implemented in such a way that the entrance window and the exit window are located in
the same surface and coincide. In that case the frequency-doubled radiation is to be
separated from the diode laser radiation by means of an additional wavelength-selective
elemgut, for example a waveléngth-sensitive beam splitter, between the frequency-
doubling medium and the folding body, and is to be coupled out of the device.

In each one of said embodiments of the folding body with a grating as a
feedback element it is possible to arrange the grating at an acute angle with respect to
the surface 125 or 149, as is shown for a grating in Figs. 21b and 21c for a folding
body in the form of a plane-parallel plate. In fact, the wavelength-resolving power is
dependent on the number of grating periods falling within the radiation beam and hence
On the diameter of this radiation beam. By tilting the grating with respect to the surface
of the glass body, a larger surface of the grating is covered by the same radiation beam -
and consequently a larger wavelength-resolving power can be achieved.
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possi bi | i geycansidemPYlEsipnsitike o Larmparatugs yarations Hag gewnrdevices for
qupplying frequency-raised radiation. The stability of the novel devices is mainly
determined by the temperature dependence of the non-linear optical medium. This
yariation is of the order of 0.05 nm/°C if this medium is constituted by a segmented
waveguide of KTP. For an acceptance bandwidth of 0.3 nm of the non-linear optical
medium, temperature variations of several degrees Celsius are then allowed.

A relatively large tolerance as to the position of the wavelength-selective
feedback element is further allowéd. If radiation pulses having a pulse duration of the
order of 350 psec and a pulse repetition frequency of 900 MHz are used, which ?

¢ corresponds to a pulse period of approximately 1110 psec, displacements of the
_ feedback element of the order of 10 to 20 mm corresponding to a delay time change of
the order of 100 psec will influence the behaviour of the device.

' As the desired acceptance bandwidth is smaller, the temperature
dependence of the device increases. A further embodiment of the device utilizing this
aspect has an opto- electronic feedback in addition to an optical feedback. Such an
embodiment is shown in Fig. 16.

A part of the frequency-raised radiation is detected by the detector 39 and
its output signal is compared with a reference signal S..¢ in a comparator 41 which
supplies a control signal S, for the temperature control unit 43 of the non-linear optical
medium 31. It is ensured by means of the feedback element 80 that the wavelength of
the laser radiation is maintained constant. At larger temperature variations at which the
acceptance band of the medium 31 will vary, the acceptance band is corrected via the

opto-clectronic feedback 39, 41, 43 in such a way that the laser wavelength is within
this acceptance band.

QO

The left-hand portion of Fig. 15, which corresponds to Fig. 14, with an
ctalon as a feedback element is only shown by way of example. The combination of
wavelength-selective optical feedback and opto-electronic feedback is also possible if the
optical feedback is realised with a grating as is shown in Figs. 4, 8, 9, 11, 12 and 13.
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his combination only makes sense if the feedback element is an etalon, because the
waveleﬂgth is then periodically fixed by cooperation of the distance between the two

 paces of the etalon and the output spectrum of the diode laser. When a grating is used as.
4 feedback element, the laser wavelength is fixed and it does not make sense to use the

feedback of Fig. 17, at least not for corrections at large temperature variations.
However, when a grating is used, the diode laser current or temperature can be
corrected with reference to the detected frequency-doubled radiation so as to obtain a
fine tuning between the diode laser wavelength and the acceptance bandwidth of the
non-linear optical medium, for example, within the mode distance of the output
spectrum of the diode laser. ,

It is further possible to arrange the grating on a piezo-electric element to -
which a signal is applied which corresponds to the detected frequency-doubled radiation.
The fixed wavelength of the grating can thus be corrected by feedback to the grating
angle. |
' A pulsed laser beam can be obtained by operating the diode laser with a
periodically varying electric current. This may be a pulsed current but, for example,
also a sinusoidal current. A diode laser having such a structure that it supplies 2 pulsing
beam may alternatively be used. Such a laser, which is commonly referred to as self-
pulsing laser, is known from, for example British Patent Application 2 221 094.

If the frequency-raised, for example frequency-doubled radiation Ry; is -
used for, for example writing an optical record carrier, it must be possible to_switch the
intensity of this radiation rapidly, in accordance with the information to be written,
between a maximum level at which a change is brought about in the radiation-sensitive
layer of the record carrier, and a minimum level at which this does not take place. The
Present invention provides the possibility of switching the electric current through the -
diode laser in a different manner than in the known method. A first possibility is to
$witch the repetition frequency of the electric current and hence that of the laser pulses
between a value at which said delay time condition is satisfied and a value at which this
Condition is no longer satisfied. This possibility is illustrated in Fig. 18. The device
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selective refle

wavel eng ctors can be swtched between a valflue aﬁ whi ch
the del a erréﬂv(ﬂ\!@lttlst@al 8pof thefcirguit 99ria applmbtqaammmncmtsm fer thei sed

frequency i r hIS s not, t he A third
pOSgI bi | %1104’ 6%?231 {'Cchi ncd&(%ﬂeﬁl ﬁ%ﬁgﬁ)’ WE@; tura%% '?%ﬁ!ﬁ“at ionis
to switch Lipchinpethe)repdtition drdqency meauhﬁ@vﬂawmm&hﬁh%@%ekaser
of zeros and ones of the signal Sy. _
Fig. 19 shows a second possibility of switching the intensity of the

frequency-raised Tadiation between a maximum and a minimum. The device shown in

tis Figure, which is based on the principle of that of Fig. 8, comprises an electronic

circuit 95 for converting the signal §; to be written into a voltage between the output §
terminals 96, 97, which voltage is switched between two levels in conformity with the

signal S; to be written. This voltage is applied to the electrodes 101, 102 of an electro-

optical element so that its refractive index is switched between two values. Thus, the 3
optical path length covered by a radiation pulse from the diode laser 12 to the
wavelength-selective reflectors can be switched between a value at which the delay time
condition is satisfied, and hence radiation with a raised frequency is generated, anda
value at which this is not the case.

A third possibility of switching the intensity of the frequency-raised
radiation is to switch the energy of the radiation pulse returning to the diode laser
between a first and a second value which is larger or smaller, respectively, than the
energy built up in the diode laser at the instant of return. To this end the device must
comprise a reflector having a rapidly adjustable reflection coefficient. Such a reflector
may consist of a reflector component having a fixed reflection coefficient in '
combination with a component whose transmission is adjustable. This component may
consist of a liquid crystalline element and a polarization analyzer. In Fig. 20 these
clements are denoted by 110 and 114, respectively. The device in accordance with this
Figure is based on that of Fig. 14 and comprises an electronic circuit in which the
signal §; to be written is converted into a voltage between the output elements 106 and
107, which voltage is switched between two levels in accordance with the information
10 be written. This voltage is applied between the electrodes 111, 112 of the liquid
Crystalline cell 110. The state of polarization of the radiation propagating through the
Cell is switched by means of this voltage and the analyzer converts the two states of



between a first and a second value which is larger or smal | er, '
respectively, than the energy built up in the |nstant of
return. To this end the device nust conpri egg:*LﬁgEd;&ENI (SIHEE'BV ng a rapidly

adj ustabl e reflection coefficient. Such a fe nsj st of a

refl ector conponent having-a fixed reflgctiito .cient | ni conbination
with a conponent whose transmni ssion is -adj gst & i corrp_nent my
consi st of a_liqui stal lLi | enent ang  apal yzer. In.
Fig. 20 tbahﬂa“@ 4@%&13 AtEn ’tﬂgﬁﬁ\'é& by 110 ly. The device

in accordance w t hijsfeag dfllgﬂ{@cxlygtahﬁﬁe,ﬁa@ﬁ" ses an

electronic circuit in which the“signal S[err]o be wrltenls comverted
into a voh‘@@mﬂmnw beiusad. ’Bieehm&lsgenoelemwtmmmmwniayage i s

swi tched t ween cprda cevm ht f.rmat on tqQ be
written. %“ﬁ@f "?H}ya@ﬂ? %5@59@ Eihe‘s Vﬂ'l e"l"ﬂ?ﬂ%?f t he
l'i quid crysk bl@&r&@%ﬁcall?(% al Nasebid 6f B lﬂﬂid\&é zation of the radiation
propagat i ﬂﬂ rough e céll_is switched by neans of this voltage and the
anal yzer converts #hfourthcpossibiligy of switching the intensity of the frequency-raised

radiation is to switch the refractive index of the non-linear optical medium electro-

optically, i.e. by means of an electric field across this medium, between two values.

These values are chosen to be such that the acceptance band of the medium associated

with the one value comprises the laser wavelength and the acceptance band associated

with the other value does not comprise this wavelength. $
All of the different possibilities of switching the intensity may be used in

the various embodiments of the device. This is illustrated by Figs. 18, 19 and 20 each

showing different embodiments of the device. ' 2

As already noted, the choice of the non-linear optical medium depends on
the desired acceptance bandwidth. Moreover, the medium may have different shapes,
The medium may be a waveguide 31 (Figs. 2, 3, 8-15, 17, 18_, 20) whose radiation-
conducting layer comprises a non-linear optical material. Suitable materials are, for
example KTP, LiNbO; or LiTa0O3. The medium may also be a non-linear optical
crystal 31a (Figs. 4, 16, 19). Suitable materials are, for example KNbO; or KLiNbO;.
T As compared with a waveguide, a crystal has the advantage that coupling in is
mechanically more stable. However, a higher conversion efficiency of the diode laser
radiation in spite of the loss upon coupling in can be achieved with a waveguide.
. The description of the invention is based on an optical apparatus for
reading and/or writing an optical disc in which the frequency of the radiation of a diode - -
laser is preferably doubled. The temperature-independent and feedback-insensitive
. halving of the wavelength realised in accordance with the invention also provides
advantages in other apparatuses such as, for example printers and scanners or projection
dpparatuses for photolithographically manufacturmg mtegrated circuits, liquid crystalline '
display panels, etc.
Halving the wavelength in, for example printers provides the possibility of
using other radiation-sensitive materials which have a greater sensitivity than the
Materials hitherto used so that less radiation energy is required for printing, or a better



30 polarization into two intensity levels. Instead of liquid crystalline
mat eri al, another electro-optical birefringent material may alternatively
be used. The birefringent el enent and the anal yzer nay be replaced by a
preferably planar interferoneter in which the refractive index can be
switched electro-optically in at |east one of the branches. A fourth
possibility of swtching the intensity 3ff the frequency-raised radiation is
to switch the refractive index of the non-linear optical nedium electro-
optically, 'ﬂpﬁ"m cansrsachieved witle tier safnef fa@iallo @hérgy. t hi s medi um  bet ween
two val ueg®THese val yes are chosen to be such that. the acceptance band of
the medi um associ atf88 IpyantoR isnefémited ta-frequesey doubling-on wavelength, balvings h and
Lhe acoept ance, gt 85°fok Hedifing drdbehei exBbol BF rathy o' AR o S MHREKSY 1 S
qource Of for obtaining radiation of a given frequency by mixing the radiation of two

qadiation sources having different frequencies.
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Al of the%@_ﬂ%ﬁés of switching the intensity may be used
I n the various enbodi nents of the device. This is illustrated by Figs. 18,
19 and 20 ea m“mnu“‘ent enbodi ments of the_device. As already
noted, the c l‘ mm | i near optical nediu qu_g\@gmw Sq_mg-fdesi red
accept ance bandwfdth. Wbreover the rre%?um may haye pe-H-er~ent—shapek.. The
medi um may be a wavegui de 31 (Fp gs. 8-15, 17,1 20) whose '
radi at i oném?ti ng | ayer conprises a non-lineaf ép & MARAIH i hal |
Sui t abl e |s are, for exanple KTP, LiNoQerf] {or LiTaderr]i [The

medi um may al so be a non-linear optical crystal 3}a (Figs. 4, 16, 19).
Suitable materials are, for exanple KNb(err] or i npar ed
with a wavegui de, a crystal has the advantage that coupling inis

mechani cal ly nore stable. However, a higher conversion efficiency of the

di ode | aser radiation in spite of the |oss upon coupling in can be achi eved
with a wavegui de. The description of the invention I s based on an opti cal

a aratusfor readi n rowiti an optical, c.in ,which . the frequenc

frequency, which device comprises a diode laser for supplying radiation to be raised in

frequency and a non-linear optical medium having an acceptance bandwidth, which

medium ensures the Mmcy raise, characterized in that the diode laser is a pulsed

diode laser and in that feedback means are provided for setting the radiation supplied by

the diode laser at a wavelength within the acceptance bandwidth of the non-linear - g
optical medium.

2. An optical devxoe as claimed in Claim 1, characterized in that the

feedback means are formed by an active control system comprising a detector which is ¥
sensitive to the frequency-raised radiation and a control unit controlled by the output

signal of said detector for influencing at least one parameter determining the quantity of

frequency-raised radiation.

3. An optical device as claimed in Claim 2, characterized in that the
parameter is the electric current through the diode laser.

4. An optical device is claimed in Claim 2, characterized in that the
‘parameter is the ﬁemperamre of the diode laser. ' '
5.. Anopualdmceascla:medmCIa.\m 1 characterized in that the
feedback means are formed by optical wavelength-selective feedback means.

6. An optical device as claimed in Claim 5, characterized in that the

wavélengﬂl-selecﬁve feedback means compﬁse an at least partially reflecting feedback
element which is arranged at a distance d from the diode laser, said distance satisfying
the condition | |

d = .g.nr- _g.e(p-c-Ap)

in which p is the pulse duration of an emitted laser pulse, T is the pulse period, nisan
integer, ¢ is the light velocity in 2 medium traversed by the radiation beam, Ap is the
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| aser s preferably doubled. The tenperature-i ndepei,ﬁd%E I;.%an‘d e

111 1T TV AT Rl e S e A e
exanpl e prifters "and séanners or projection apparatjuses for . ‘ _
i spl 2y panel &, etc. Halving i he vavel dAgth in, forlexample printers]
Rave o grmieciht Siibeis profted SR BYechavidics Rla RHERHD Golfid®. chat 1 coe
radi ationgener gy i Anfopticalidedice@s diimed in CTlaif 17 dhakdcfirized i fhaP tHe HikfR9 .
resul t caﬁ' be achi eved with the sane radiation energy. zﬁle I nventi gn I S not
linited tpgfidctiodIAYSE Pasia highen seflaction goetfisignt forhe radigtion supplied by the diode
jaser and a lower reflection coefficient for the frequency-raised radiation.
9. An optical device as claimed in any one of Claim 15, 16, 17 or 18,
characterized in that the folding body is a plane-parallel plate in which the first
reflecting surface and the second reflecting surface are located opposite and parallel to
cach other. | .
20. An optical device as claimed in Claim 15 or 16, characterized in that the
folding body is present in a medium having a refractive index which is smaller than that
of the body material, in that the folding body has at least two surfaces which totally and 5
internally reflect radiation incident thereon and in that the radiation is reflected at least °
once by each one of said two surfaces when it traverses a coplanar radiation path in the
folding body. N | 9
1. An optical device as claimed in Claim 15, 16, 17, 18, 19 or 20,
characterized in that an optical prism is arranged on the entrance window and on the
exit window, the surface of said prism, through which a radiation beam enters and
leaves the prism, being transverse to the chief raj of the beam. ,
22, An optical device as claimed in Claim 15, 16, 17, 18, 19, 20 or 21,
~ characterized in that one of the reflecting surfaces is provided with a fourth window on
‘which a retro-directive element is arranged by which the radiation, after having
traversed a first radiation path extending to the reflecting surfaces via a number of
reflections, is captured in a first plane within the folding body and is reflected parallel
to itself, and re-enters the body so as to traverse at least a second radiation path
" extending to the reflecting surfaces via a number of reflections in a plane parallel to the -
first plane. ' '
-5, An optical device as claimed in any one of Claims 15 to 22, in which the
feedback means comprise a grating, characterized in that the grating extends at a small
angle different from 0° to the third window. :
L, An optical device as claimed in any one of Claims 16 to 23, characterized
in that for the purpose of changing the wavelength of the radiation reflected towards the
diode laser, the folding body is arfanged rotatable over a small angle with respect to the
fadiation beam supplied by the diode laser.




but may al so be used for realising another extent of taising the radiation
eh-at1 0 .F urce or for obtaining radiation \ ncy by

MRBALAGEMENT SH BFatl on of two radiation sources ha\lmunmuﬂulnwulﬂmgquenci es.

3t ptical device in which electromagnéti &€ radisati*on is.. :

r di sed i gzquenty, which device conppises a diode |aser for supplying.
r d?(ggi%%k :‘% bei{rai sed in frequency angsa non-1inear optical nedi um havi ng

K 8ol v el TR AR o B4y Gt Tt e e
2l watelengthaeledtivk feadbatkirhédng akd) euppiéthétited By an RBlivE ool L he di ode

| aser at ® Wavel ength within the acceptance bandw dth of the non-linear -
opt i cal nggiému gpmprising a detector which is sensitive to the frequency-raised radiation and a

conﬂ"’l unit controlled by the output signal of said detector for influencing at least one

1)mmeter determining the quantity of frequency-raised radiation.
26. An optical device as claimed in Claim 25, characterized in that the
parameter is the electric current through the diode laser and in that the control unit
controls said current.
1. An optical device as claimed in Claim 25, characterized in that the
parameter is the diode laser temperature and in that the control unit controls said
emperature. d
28. ~ An optical device as claimed in Claim 25, characterized in that the parameter is
the temperature of the non-linear optical medium and in that the control unit controls its
temperature. _ o _ ?
, 9. An optical device as claimed in Claim 25, characterized in that the
parameter is the refractive index of the non-linear optical medium and in that the
control unit controls the magnitude of an electric field across said medium.
30. An optical device as claimed in any one of the preceding Claims,
characterized in that the diode laser is a self-pulsing diode laser. |
3. An optical device as claimed in any one of the preceding Claims, |
characterized in that the non-linear optical medium comprises a waveguide formed from
a non-linear optical material. _ - .
32. An optical device as claimed in any one of Claims 1 to 30, characterized
in that the non-linear optical medium comprises a non-linear optical crystal.
1. An optical device as claimed in Claim 31, characterized in that the
waveguide is formed from KTP, one of the materials LiNbO; or Li"I'aO3.
34, An optical device as claimed in Claim 32, characterized in that the non-
linear optical crystal is KNbO3 or KLiNbO;.
3. An apparatus for optically scanning an information plane, comprising a
~ radiation source unit, an optical system for focusing the radiation supplied by the
fadiation source unit to a scanning spot in the information plane, and a radiation-
sensitive detection system for converting radiation from the information plane into-an
electric signal, characterized in that the radiation source unit is constituted by an optic;al



2. An optical device as claimed in Caim1l, characterized in that
t he feedback neans are forned by an active control SysS tSi-Rg a
detector which is sensitive.to the frequency-rai sgﬁ gt cont rol
unit controlled by the output signal of said dete tmnﬂm"ﬁmmmng at

| east one paraneter determ ning the quagt Ity of freguency-raise di ation.

3 An optical device as clained fn T aim 2, characterized in that

t he paraneter is the eglectric current through the diode |aser. 4.
An opt i cal gdenaceaimedonAnyQne of the rofeding Haiket eri zed in that the

aranmeter 1s the te | : st s | cal :
8evi ce as ¥t ai ned i%ﬂgﬁ%&%ﬁéwﬂiﬁgg%@?@g Iﬁ{%ﬁﬁlat%%ésepgg\é@ghﬁp% ns are
for _medI bé {r,C@Impnising 2 ;ghiumedom&e%mt %mbaib&nh;sitpgwitch Gﬂr switctllling thén
optica Ice ag clainmed in Cai , .characterized in that t
wavel engt st OF 14555458 vpRlied Y- the PR Sres Uit Iy onformity yiththg
reflecting Fgog,zgilag% bRI\GHRE, chRtaeferized 3 (AP #ROradiatidn SiicBRAR if afdedit hbe

di ode | asé di stance sati sfying
claimed in any one of Claims 3-34 and in that the intensity switch is constituted by

means for setting one of the following parameters:

. the repetition frequency of the diode laser pulses;

. the optical path length of the radiation pulses returning to the diode laser;
. the energy of the radiation pulses returning to the diode laser;

. the acceptance band of the non-linear optical medium.
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the condition [err] in which p is the pulse duration of an enitted | aser
pulse, T is the pulse period, nis an integer, c is the light velocity in a
medi um traversed by the radiation beam Ap is the build-up tine of a
pul se LP in the diode |aser and [err] is a real nunmber which satisfies 0 <
[err] < 1 and increases or decreases within these limts at a decreasing or
I ncreasing energy E(P[err]), respective#y, of a radiation pulse reflected
by the feedback el enment so that at the rhstant when said radiation pul se

enters tthgjgmaser the condition E(P[err]) > E(LP[err]) is satisfied,

I n which _ ) is the radiation energy built up in the diode | aser at
the rel evpevice irs whith electromagnetic radiation is raised in frequency and apparatus for '

optically scanning an information plane, comprising such a device.

An optical device (2) is described in which electromagnetic radiation is
raised in frequency. To this end the device (2) comprises a diode laser (12) and a non-
linear optical medium (31), which medium (31) ensures that the frequency of the
radiation emitted by the diode laser (12) is raised. The diode laser (12) is a pulsed diode
laser and feedback means (37) for setting the radiation emitted by the diode laser to a
wavelength within the acceptance bandwidth of the medium are arranged in the optical
device (2). The feedback may be realised opto-electronically or optically.

Furthermore, an apparatus for optically scannmg an information plane,
comprising such an optical device as a radiation source unit is described.

Fig. 1.
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7 An optical device as clainmed in Claim AP,
that the wavel engt h-sel ective feedback neans conpri

An optical device as clainmed in daim7, charactgri [ efgrating
is a hol ographic grating. 9. ° An opti cal ' In Claim
7, characterized in that the grating isla;planar gfating which i resent
in an optical fibre succeeding the nedium 10. i vi ce as
claimed in Qaim?7, characterized in that the gratd is a planar {grating
arranged in the nmedium 11. An optical device as clai 4 Claim 6

ctive fe dback neans are forned

characterized in that tﬂg mavelength-selﬁ
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from one el enent ' th partially
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element is a partially reflecting grating. 14. An optical device as
claimed in any one of Claiml, 5 6, 7, 8 11 or 12, characterized in that
fol ding neans for folding the radiation path are arranged bet ween t he di ode
| aser and the feedback neans. 15. An opti cd gevice—as—ed din
Claim 14, characterized in that the foldi.ng neans [coh Mw*ﬁm&ﬂiﬁﬂn(i body
of optically transparent material having at |east jtvo ref eé’t‘“‘ﬂ'g“sgurfaces'
and being provided with an entrance w ndow and an {eXi tggi m%gfm in that
one of the reflecting surfaces is provided with aift ;lrd W n

transmitting the diode |aser radiation to and frog t eapns. 16.
An optical device as clained in Caim1l4 or 15 C_;;aracterlzed in that the

f eedback means are integrated in the third w ndow. [ 20— ~opt i cal
device as cl-ained in d ai nalS or 16, characterized in that each
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35 An optical device as clainmed in Clainms 5 to 24, characterized in that
the optical wavel engt h-sel ective feedback neans are suppl enented by an
active control system conprising a.detector which is sensitive to the
frequency-rai sed radiation and a control unit controlled by the output
signal of said detector for influencing at | east one paraneter determ ning
the quantity of frequency-raised radiation. 26. An optical device as;
claimed in Caim?25, characterized in that the paranmeter is the electric .
current through the diode laser and in that the control unit controls said

current. 27,4 An optical device as, clained acterized
in that theI Far anmgter is the diode | aserjtenperal LRWLA@WE tthe
control unitlcontdyols said tenperature. 8. An optpral™device as} ciained in

Gl aim 25, characterized in that the parajreter is

1] L] | 1 Jl k 1} L]
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the tenperature of the non-linear optical nmediumand in that the control
unit controls its tenperature. 29. An optical device as clained in
Claim 25, characterized 'in that the paraneter is the refractive index of
t he non-linear optical mediumand in that the control unit controls the
magni tude of an electric field across, sgid nmedium 30. An optica
device as clained in any one of the preceding d ains, characterlzed (n that -

the diode laser is a self-pulsing diode |aser. 31. | pgg devi ce
as claimed in any one of the preceding d ains, charjaGk t t fthe
non-1inear optical medi um conprises a wavegui de for d froma non- i mear
optical material. 32. An optical device as RAAY one | of
Clains 1 to 30, characterized in that the non-line - medi u

conpri ses a nhon- | i near opti cal. crystal. 33. n optical devicejas
clainmed in Caim31l, characterized in that the wavegui s-f-ormed-+#om

KTP, one of the materials LiNoQerr] or LiTaJerr].
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34. An optical device as claimed in Caim32, characterized in that
the non- linear optical crystal is KNoG3 or KLi NoGB. 35" o\
apparatus for optically scanning an,information pla eL-gQ%Eﬁﬁﬁﬁﬁ1=%?’
radi ati on source unit, an optical systemfor focusingfthe radiation
supplied by the radi ati on source unit_tg a scanni ng [spot Qig"MAREPSNT Qr rfat i on
pl ane, and‘a radiation- sensitive detection system flor{ converting rddijation

fromthe information plane into an electric signal, fchafra Th tihat
the radiation source unit is constituted by an opti cpgl 36_device_ad
clainmed in any one of the preceding Cains. 36.x An apparatus for

e~Tayer on a carrier, conprisi-ng
INch for switching the
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intensity of the beam supplied by the radiation so@rﬁ%ﬁﬁhmgﬁgg@ gﬁﬂﬁo
wth the information to be witten, characterized §ngat--t-hetadiat

source unit is a device as clained in any one of Cla ng, 3-34 .and i

the intensity switch is constituted by nmeans for set{i
following paraneters: - the repetition grgquency o]

897t h’re
ne _di ode |ase
- the optical path length of the radiation pulses feturning to the di
| aser; - the energy of the radiation pul ses returnkFag=te-t-he-dL.

t he acceptance band of the non-linear optical nedi um
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puild-up time of a pulse LP in the diode laser and ¢ is a real number which satisfies
g<e< 1 and increases or decreases within these limi;s_ at a decreasing or increasing
energY E(Pr)s respectively, of a radiation pulse reﬂected_':by the feedback element so that
ot the instant when said radiation pulse enters the diode laser the condition

E®,) > E(LP) |
i satisfied, in which E(LP;) is the radiation energy built up in the diode laser at the
relevant instant.

1. An optcal device as claimed in Claim 5 or 6, characterized in that the
wavelen.gth-selective feedback means comprise a grating.

% An optical device as claimed in Claim 7, characterized in that the grating
-is a holographic grating. |

9. An optical device as claimed in Claim 7, characterized in that the grating
is a planar grating which is present in an optical fibre succeeding the medium.

10. An optical device as claimed in Claim 7, characterized in that the grating
is a planar grating arranged in the medium.

1l An optical device as claimed in Claim 6, characterized in that the

wavelength-selective feedback means are formed from one element which is both
partially reflecting and wavelength-selective.

12. An optical device as claimed in Claim 11, characterized in that the
element is an etalon.

13. An optical device as claimed in Claim 11, characterized in that the
element is a parually reflecting grating.
14,

AnopumldeuceasclmmedmanyoneofCIaxml 5,6,7,8, 1lor 12,

characterized in that folding means for foiding the radiation path are arranged between
the diode laser and the feedback means.

15 . An optical device as clmmed in Claim 14, characterized in that the folding

means comprise a folding body of optically transparent material having at least two
reflecting surfaces and being provided with an entrance window and an exit window,
and in that one of the reflecting surfaces is provided with a third window for

transmitting the diode laser radiation to and from the feedback means.

16. An optical device as claimed in Claim 14 or 15, characterized in that the

feedback means are integrated in the third window.
17. An optical device as claimed in Claim 15 or 16, characterized in that each



