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A device for raising the frequency of electromagnetic radiation of the type
described in the opening paragraph is known from the article "Stable blue second-harmonic
generation in a KTP waveguide with a diode laser in an external cavity" by F. Laurell in

" Electronics Letters, September 1993, vol. 29, no. 18, pp. 1629-1630. 3
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Since most non-linear optical materials used for raising the frequency
have, however, a relatively small aeceptance bandwidth imposing relatively stringent
requxrements on the diode laser, a relanvely small number of diode lasers is readily suitable
for this application. Acceptance bandwidth is understood to mean the width of the wavelength
band, around a nominal wavelength, of the radiation which is efficiently raised in frequency

By the non-linear optical material. The paramount' requirements imposed on diode lasers for

20

25

such applications are:

' 1) the wavelength band of the radlauon emitted by the diode laser should
be wnhm the acceptance bandwidth of the non-linear optical matenal This requu'ement hmts
the number of usable lasers ' '

2) the emission wavelength of the diode laser should be very stable with
respect to the acceptance bandwidth, so that this wavelength is always within the acceptance
bandwidth of the non-linear optical material.

In the device described in said amcle the wavelength of the diode laser is
stabilized at a given valué by means of an external resonant cavity which is provided with a

* grating. By varying the orientation of the grating, a different wavelength will be fed back to
the diode laser. In this way the wavelength of the diode laser can be adapted to the
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It is an object of the invention to provide a device for raising t_he ‘
frequency of electromagnetic radiation, in which the fundamental wavelength can be
stabilized at a value which is also adapted to the wavelength at which the frequency is
efficiently raised for the non-linear optical material, in other words in which there is phase

15 matching between the fundamental wave and the frequency-raised wave. Such a device can
be used to great advantage in, inter alia optical recording jsystems in which a scanning beam
having a short wavelength is desired for obtaining a high information density on the record

To this end the device according to the invention is characterized in that

20. the wavelength stabilizer is constituted by a second optical waveguide in a medium
comprising a refracﬁve- index grating which extends in the longitudinal direction of the
second optical waveguide, and an electrode structure by means of which the seiection
wavelength of the refractive index grating is electrically controllable.

A refractive index grating is understood to mean a succession of domains

25 across which the refractive index varies periodically.

Since the selection wavelength of the refractive index grating can be
varied, the wavelength of the fundamental wave of the diode laser can be adapted to the
wavelength at which the frequency is raxsed efficiently in the non-linear optical material.
Moreover, it is possible to compensate for variations of the wavelength of the diode laser and

30 of the acceptance band of the non-linear material due to temperature fluctuations. Both the
wavelength at which the fteqdency is raised and the diode laser wavelength are actually very

- much dependent on temperature sothat a considerable improvement in the efficiency of
raising the frequency can be realised by means of the wavelength stabilization described. The
stabilizer section thus ensures that the wavelength of the fundamental wave of the diode laser
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' | By means of the acoustic wave, a periodical refractive index variation is
provided in the material in which the stabilizer section is present. The écoustic wave varies
15 the refractive indexofthismaterialinsﬁctrawaythatapartoftheradiaﬁonemitted by the
diode laser returns at a well-defined wavelength from the waveguide to the diode laser. In
other words, there is feedback between the waves emitted by the diode laser and the
ultimately returning waves. In fact, a refractive index grating is induced which serves as a
wavelength-selective mirror. Consequently, the wavelength of the ﬁlndam_enfal wave can be

20 fixed at a given value. By varying the wavelength of the acoustic wave, the period of the
refractive index grating and hence the wavelength of the fundamental wave can be varied.
An alternative embodiment of the device according to the iﬁventiori is
characterized in that the refractive index grating is constituted by a relief gratmg and in that
‘the electrode structure comprises two facing electrmlly conducting electrodes whxch enclose
25 the relief grating and between which an electric field can be applied.

' A further embodiment of the device according to the invention is
characterized in that the refractive index grating is a segmented channel structure and in that
the electrode structure comprises two facing electricaily cdndncting electrodes which enclose
the channel structure and between which an electric field can be applied. |

30 Both embodiments utilize the electro-optical effect at which the average
refractive index of the waveguide in the stabilizer section and hence the operatxon of the
permanent grating present therein and hence the wavelength of the fundamental wave
supplied by the diode laser can be varied by variation of the applied voltage between the
electrodes. Irrespective of the axis aiohg which the non-linear optical material is cut, the
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15 A first modification of this embodiment of the device according to the
invention is characterized in that the means is a bend formed between the two waveguides.

A second modification of this embodiment of the device according to the
invention is characterized in that the means is an element reflecting or absorbing the acoustic
wave,

20 In said embodiments in which the ret_‘ractive‘indéx grating is induced by
means of an acoustic wave, the acoustic wave should have a relatively high frequency, for
example several GHz. A wave having such a high frequency may be subject to attenuation.
Moreover, for obtaining the high-frequency acoustic wave the higher tones of the transducer
resonance will have to be used, which is accompanied ny a lower electric-acoustic conversion

25 than in the case where the fundamental tone of the transducer resonance can be used. Both
aspects cause a relatively low efficiency. |

An embodiment of the device according to the invention, in which an
acoustic wave with a lower frequency can be used, is characterized in that the first optical
waveguide and the second optical Wa_\ieguide are juxtaposed in the same non-linear optical

30 medium and have different widths, each.of the two waveguides having a section in a
coupling area where the acoustic wave can be induced, said sections being located so close
together that propagating radiation in the waveguides in the coupling area can be transferred
between these two sections at a given frequency of the acoustic wave, while the diode laser
is coupled in at the entrance face of the first waveguide and a reflecting element is present at
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radiation is coupl ed | chis way the device can be given a considerably more compact

structure. _ _ .

15 ‘Another embodiment of: the device according to the invention, in which an
acoustic wave with a lower frequency.can be used, is characterized in that the first
waveguide and the second waveguide at least partly coincide, the exit face of the optical
waveguide facing away from the diode laser being provided with an at least partial reflector
which reflects the linear polanzanon mode perpendicular to the linear polarization mode

20 suitable for frequency doubling towards the diode laser and passes the polarization mode

" suitable for frequency doubling. | | _ '

Since the first and the second waveguides at least partly coincide, the
device can be given an even more compact structure. Moreover, losses of the laser light,
which occur before it can be raised in frequency, are limited in this way.

25 - ‘The linear polarization mode suitable for frequency doubling is
determined by the non-linear optical material used for frequency doubling. For example, for
KTP the polarization mode suitable for frequency doubling is the TM mode.

| Due to the presence of the acoustic wave, TE-polarized radiation is
converted into TM-polarized radiation, and conversely. When the two directions of

30 polarization are reflected towards the diode laser, the diode laser will consequently also emit
radiation which cannot contribute to the_ freq_uency doﬁbling, which resuits in a limitation of
the efficiency of the device. . | _

A further embodiment of the device according to the invention is
characterized in that the reflecting element is implemented as an exit face ground at a
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In this way, the unwanted polarization mode is prevented from

propagating in the waveguides and from returning to the diode laser due to reflection on the
15 exit face of the waveguide facing away from the diode laser, so that the diede laser would
emit more radiation in the unwanted linear polanmnon mode. _

A further embodiment of the device aeeordmg to the mvenuon is
characterized in that an extra waveguide having a length L’ is arranged between the diode
laser and the wavelength stabilizer, where L' > > A\, %/2nAX,,, with AN, being the

20 acceptance bandwidth for raising the frequency, n being the refractive index of the
waveguide and ), being the wavelength of the fundamental wave of the diode laser.

By extending the resonant cavity of the diode laser with a passive
waveguide having a length L’ satisfying said condition, it is possible to reduce the distance
between the modi of the diode laser, so that the possibility of adapting the wavelength of the

25 fundamental wave to a wavelength within the aeeeptanee bandwidth of the non-linear optml
material increases considerably.

The device according to the mvennon is preferably characterized in that
the exit face of the diode laser has an anti-reflecting eeanng.

By providing the exit face of the diode laser with an anti-reflecting

30 coating, the diode laser is prevented from supplying radiation at a wav_eleng;h which suits the
length of the diode laser itself insteed of the waveiength which is imposed by the external
wavelength-selective mm'or o |

A further embodiment of the devxee accordmg to the invention is

characterized in that the entrance face of the wayegmde has an anti-reflecting coating.
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for frequency -doubling,_, For:exanple, for KTP the pal arizatjon npde suitable
for frequency doublingFi& kit persnepiive elevational view of an embodiment of a device for

raising the frequency according to the invention, in which the refractive index grating is

15 generated by means of an acoustic wave; -

' Figs. 2 to 5 are plan views of a number of embodiments of a device for
raising the frequency according to the invention, in which the wavelength stabilization is
realised in an acousto-optical manner; _ |

Fig. 6a is a plan view and Fig_S.. 6b and 7 are front elevational views of

20 several e_inbodiments of a device for raising the frequency according to the invention, in
which the wavelength stabilization is realised in an electro-optical manner;

n  Figs. 8 and 9 are plan views of several embodiments of a device for
raising ihe frequency according to the invention, in which the refractive index grating is
induced by a surfa.c_e-acbustic wavé performing a forward coupling;

25 _ Figs. 10(a) to 10(f) are plan views (a, ¢, €) and side elevational views (b,
d, f) of three embodiments of a device fbr raising the frequency according td the invention,
in which the frequency-raising waveguide and the refractive index grating coincide; and

| Fig. 11 illustrates the the principle of an optical scanning device with
reference to one embodiment. - B _

30 ' The invention will be explained with reference to frequeﬁcy doubling.
However, the invention need not be limited to second harmonic generation,' but may also be
used for higher harmonic generation, provided that a suitable choice of material and |
fréquency of the surface acoustic wave or the strength of the electric field is made.

The device 1 shown in a perspective elevational view in Fig. 1 comprises
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fundamental wavelength is and remains within the acceptance band of the non-linear optical (

medium, even when varying the ambient parameters, the present invention proposes to
provide the device 1 with an adjustable wavelength stabilizer 5. The wavelength stabilizer 5
thus ensures that the wavelength of the fundamental wave is adapted to the acceptance band

15 of the non-linear optical material. This means that the diode laser 3 can be adjusted at a
wavelength for which the frequency is efﬁéienﬂ}' doubled. The stabilizer functions as a new,
adjustable diode laser mirror which is now wavelength-selective. |

Both the frequency-doubling section 7 and the wavelength stabilizer 5 can
be implemented and combined in different manners.

20 The frequency-doubling section 7 may be a segmented waveguide which is
arranged in the non-linear optical material, for example by means of proton exchange or
proton implantation as described for the materials LiNbO, and LiTaO; in United States
Patent US-A 5,218,661, In this way periodical domains are provided in the waveguide with a
lower second-order susceptibility and a higher refraétive index with respect to the non-linear

25 optical material. For materials such as KTiOPO, (KTP) and KTP-like materials such as
MTiOXO, in which M is partly K, Rb-, Tl, NH, or Cs and X is partly P or As, reference is
made to United States Patent US-A 5,157,754. For the description of the method of
providing waveguides in the above-mentioned materials, further reférence is made to the
article "Blue second harmonic generation in KTP, LiNbO, and LiTaO, waveguides” by M.J.

30 Jongerius, R.R. Drenten and R.B.J. Droste in Philipé Journal of Research, vol. 46, pp- 231-
265, 1992. | - | -

The wavelengtli stabilizer 5 can be implemented as a refractive index

grating in a second optical waveguide. Such a refractive index grating may also be realised in

different manners.
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wavelength which means that one of the mirrors of the diode laser is replaced by a DBR
(Distributed Bragg Reflector). The diode laser 3 is thereby forced to generate radiation at a
wavelength which is substantially equal to the reflection wavelength of the DBR mirror. By

15 varying the frequency of the acoustic wave,-the reflection wavelength of this DBR mirror can
be véried, because a variation of the acoustic wave frequency involves a variation of the
pitch A of the refractive index grating. According to the invention, the frequency of the
acoustic wave is chosen to be such that the wavelength of the fundamental wave falls within

 the acceptance bandwidth of the non-linear optical material of the frequency doubler 9. The

20 refractive index modulation thus realised is typically of the order of 103. The refractive
index grating acts as a .wavelength-selective mirror.

| The wavelength stabilizer 5 and the frequency doubler 7 may be
constituted by discrete elements made of the same or different material. However, these
elements are preferably mteglated in one waveguiding structure in the same non-linear

25 optical material, as is shown in Fig. 1.In 'this way the number of separate components is
limited. The two waveguides 13 and 9 may adjoin each other. To prevent the surface-
acoustic wave from penetrating the frequency-doubling waveguide 9 in this case, so that the

| average refracnve index in the wavegmde 9 is influenced and no or less efficient frequency
doubling will occur, extra measures will have to be taken. A first manner of stopping the

30 acoustic wave is to provide an element 19 reflecting or absorbing the acoustic wave between

| the waveguide 13 of the stabilizer section 5 and the waveguide 9 of the frequency doubling
section 7, as is shown in Fig. 2. Such an element may be, for example a block of epoxy to
which, for example silver or silica has been added which is provided on top of the medium
in which the surface-acoustic wave propagates.
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the acceptance bandwidth of the non-linear optical material is increased considerably. A
typical mode distance for a semiconductor laser of 250 um length is approximately 4 A. By
15 extending the resonant cavity of the diode faser by L’, a mode distance of less than 2 A can
be realised, i.e. smaller than the acceptance bandwidth of the frequency-doubling medium.

In Fig. 4, a bend 21 is provided between the waveguides 25 and 13 of
length L’ and L, respectively, and Fig. 5 shows an elernent 19 reflecting or absorbing the
acoustic wave so as to prevent the acoustic wave propagating in the waveguide 25. In fact,

20 this would result in a refractive index grating being induced in the passive waveguide 25 so
that an unwanted grating reflection would occur. |

. An aiternative manner of realising a refractive index grating is shown in

Figs. 6a, 6b and 7 and consists in providing the non-linear optical material with a permanent
periodical structure 27 which is subsequently enclosed between two electrically conducting

25 electrodes 29 between which an electric field can be applied. Using the electro-optical effect,
a variation of the applied voltage may vary the average refractive index of the waveguide 13
in which the periodical structure 27 is present and hence the value at which the wavelength
of the fundamental wave of the diode laser 3 is stabilized. The periodical structure 27 may be
provided, for example by etching in combination with lithographic techniques. In this way a

30 relief grating is obtained. In the case of a waveguide obtain_ed by ion exchange or indiffusion
or outdiffusion at the surface of a crystal, the structure 27 is provided by means of a
diffusion mask having a segmented channel structure.

Figs. 6a and 6b show a plan view and a front elevational view,

respectively, of a device according to the invention in which the stabilizer section 5
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thin electrode, i.e. of the order of 1 nm is used, the conductor 28 can be dispensed with.
15 - Since both the wavelength of the diode laser and the location of the
acceptance band of the non-linear optical material are highly temperature-sensitive, it is
 possible to compensate for temperature variations by varying the selection wavelength of the
refractive index grating so that the fundamental wavelength will be outside the acceptance
band. For example, to this end the intensity of the second harmonic radiation generated by
20  the device is measured on the exit face of the waveguide 9 by means of a detector 12 as is
illustrated in Fig. 1. Via the feedback circuit 14 the frequency of the acoustic wave or the
strength of the electric field applied between the electrodes 29 can then be adjusted at the
maximum value of this measured intensity. Thus it is ensured that the stabilized single mode
wavelength of the diode laser is within the acceptance band of the frequency doubler by
25 means of the stabilizer.

' Figs. 1 10 7 show the opucal wavegmde 13 funcuomng as a stabilizer as
the wavegmde in which the diode laser radiation is radiated. However, the sequence in whxch
the stabilizer section 5 and the frequency-doubhng section 7 succeed each other is not
important for the invention and censequently the frequency-doubling section 7 may comprise

30 the waveguide in which the diode laser radiation is radiated.
In the embodiments described so far, in which the refractive index grating
. is induced by means of an acoustic wave, the acoustic wave should have a relatively high
frequency, for example several GHz. Such a high—frequency wave may be subject to |
attenuation. 'Moreover, for obtaining the high;freque'ncy acoustic wave it will be necessary to
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In Fig. 8 the fundamental wave co'ming from the diode laser is introduced
into the waveguide 33. This waveguide comprises a frequency-doubling section 35. Moreover
the same non-linear optical material 11 comprises a second waveguide 37. Both waveguides

15 33 and 37 comprise a section 39 and 41, réspectively, which run parallel and are located so
close together that radiation can be transferred from one w’aﬁeguide to tﬁe other Waveguide
The area in which the sections 39 and 41 extend is the eouplmg area. The fundamental wave
will consequently be transferred partly at the location of the couplmg area, on the condition
that the refractive index of the non-linear optical material allows the transfer between these

20 two waveguides 39 and 41. To this end, a penodlcal reﬁacuve index variation is provided at
the location of the coupling area 39, 41 by generatmg an acoustxc wave by means of the
transducer 15. The transducer 15 is positioned in such a way that the acousnc wave covers
the coupling area 39, 41. The frequency of the acoustic wave deternunes the wavelength at
which transfer will occur between the two waveguide sections 39 and 41. By varying the

25 frequency of the acoustic wave, the Wavelength at which transfer is desu'ed can be chosen.
At the end of the waveguide 37 there is a reflecting element 43 which reflects the wave
propagating in the waveguide 37 at the wavelength selected by the acoustic wave to the
coupling area 39, 41. Since the frequency of the acoustic wave allows transfer at this
wavelength, this wave is partly transferred into the conductor 39 at this coupling area so as

30 to subsequently propagate towards the diode laser 3 and ensure stabilization of the
fundamental wave emitted by the diode laser at the wavelength for which the coupling is
realised. '

It is to be noted that the first and second waveguides 33, 37 have different
widths w, and w,. In that case there is generany no transfer of radiation between the two

(
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of at externally imposed modi. Moreover, the entrance face of the waveguide 13- may also be
.provided with an anti-reflection coating 47 so as to prevent unwanted reflections on the diode
laser mirror and to promote a saﬁsfactofy coupling. To avoid ﬁ'oublesome reflections on the
20 exit face of the waveguide 9, an anti-reflecting coating 48 may also be provided on this exit
~ face. | |
The frequency-doubling section 7 and the stabilizer section 5 may be
" implemented in one and the same waveguide instead of as waveguides adjoining each other in
one and the same waveguiding structure as is shown in Figs. 1 to 7. Here again it is
25  sufficient to use an acoustic wave of low frequency. An embodiment in which the stabilizer 5
and the frequency doubler 7 are combined in one and the same segmented channel waveguide
is shown in Figs. 10a to 10f. The device 1 can thus be given a considerébly more compact
structure. The stabilizer section $ has the shape of a channel waveguide which can be
realised in the manners already mentioned; The surface-acbustic wave generauéd by means of
30 the transducer 15 is radiated into the thus realised frequency-doubling section 7 in the
niam;er described above. The diode laser 3 is arranged in front of the waveguide in such a
way that predominantly radiation having a given linear polarization mode, for example the
TM mode in accordance with the definition of the waveguide is emitted. The presented
acoustic wave ensures that there xs a coupling of the f_undamental or higher-o:dér polarization
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a result, the distance between the_nodi of the diode |aser 3 i s reduced

consi der abl §SRsSt thihe nosmalen theside fage of the deyice 1ofThervetlected polarization mpade (TE) (
spect rum ofistcBfvettedlipoh Pr6pagatidrtin th8YirkktidH O the diode laser 3 into a mode (TM) which
| is perpendicularly polarized thereon due to the presence of the acoustic wave. By feeding
back this wave into the diode laser, it is ensured that the laser will operate at the mode (TM)
15 which is suitable for frequency doubling. Because of the combination with the reflector 31,
the acoustic wave thus produces a wavelength stabilization. Fig. 10b shows a side elevation
of this embodiment. The element 19 reflecting or absorbing the acoustic wave can be
provided for the case where a travelling wave instead of a standing acoustic wave is desired.
To prevent radiation emitted by the diode laser in the mode (TE for KTP)
20 not suitable for frequency doubling from affecting the laser action, polarization means must
be provided which eliminate this mode from the radiation emitted by the diode laser. In fact,
the radiation emitted by the diode laser will generally also emit a small amount of radiation
in this mode. This part of the radiation will not be influenced by the acoustic wave and will
thus be passed unobstructed to the reflector 31. Consequently, the mode which is not suitable
25 for frequency doubling is reflected towards the diode laser and coupled into the diode laser
so that the diode laser will also partly operate in this mode again. The elimination of the
mode not suitable for frequency doubling from the diode laser radiation can be realised, for
example by providing a linear polarizer (not shown) between the diode laser and the -
waveguide. However, in this case the coupling can no longer be im'plemented as a butt
30 coupling but by means of an optical system. Another possibility is to provide the diode laser
3 with a separate element 49 which selects the polarization fnode suitable for frequency
doubling (TM mode for KTP) and eliminates the other mode (TE) from the radiation. This
embodiment is shown in Figs. 10c and 10d. Moreover, the rear mirror of the diode laser 3
should also be provided with an anti-reflecting coating 51 in order to prevent reflection of the
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struct ur ethié/diode Jasexrvi ded by means of a diffusion mask having a segnented
channel structure. Fig nd 6 show a Ian vi,ew and.a front el evational
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st abi | i zeinféRRdtionNayer of an optical record carrier 53. Scanning is understood to mean scanning

15 for the purpose of writing and scanning for the purpose of reading information. The

information layer may be an inscribed layer or a layer which may be completely or partly
filled with information. The record carrier 53, a portion of which is shown in a radial cross-
section in Fig. 11, compns&s a transparent substrate 55, a reflecting information layer 57 and
a coating 59. The information layer is divided into a large number of tracks 61 in which

20 information is provided or can be written in the form of information areas (not shown) which
are optically distinguished from their surroundings.

The scanning device compnses a radiation source unit 63 which supplies a

beam 65 having such an aperture angle that it optimally fills an objective system 67 so that

. this system forms a diffraction-limited radiation spot 69 on the information layer. This layer

25  reflects the radiation in a beam 71 which passes through the objective system again. To
separate the beam 71 spatially from the beam 65, a partially reflecting element is provided,

- for example a pnsm 73 having a pamally transparent face 75 which reflects a part of the
beam 71 towards a detector 77. An information track can be scanned by rotating the record
carrier. All information tracks can be scanned by moving the record carrier and the scanning

30 spot69maradxa1d1recnonw1threspecttouchother
During reading, the reflected beam is modulated in intensity in conformity
with the information stored in the succession of information areas. This modulation is

- converted into an electric sxgnal by the detector 77. The detector is generally composed of a

_ plurahty of detector elements, so that it supplies a plurahty of output signals which are



11 conprises a waveguide 13 with a refractive index grating which has a

per manent periodi cal structure in conbination with electro 6a .
shows an T4t in which the non- linear opti cal naterﬁgﬁwﬁgy%ﬁ%galong
the optical z axis. Here, the electrodes 29 are parallel to the

| ongi tudi nal direction of the wavegui de aléboth sides of the waveguide 13.
In this way the 5 electric field along the optical z axis is directed al ong
whi ch t he preoesséd ma;xgnﬂ momhngb&cﬁt@tﬂanmfenﬁamtsmiabsmmmmngam an

enbodi nment e non- Lln OptIC nat er i is.C dicularly
Co the opt 1Al & a5 o I0SsTHEer gusnaf B fo7 B fokbing ey frm o Lo CE AR HER |
along the z axis in thlSoﬁﬁsm«aaﬁlﬁémakr@mgspp@atﬁsﬁfm 8nddeRoQhe t he
waveguide 13, while the other electrode 29 is provided at the |ower side of

the cryst cArtigle "Heh Systeem 5 Compas WR@EAM@ "¢ 10¥cMe G Camssny Ji BoH. Reek gnd J.P
prevent gn I 89%i s arranged
betvveenstg&hﬁ.gvegw T ﬁfu ?h ectl’gg é@ﬁﬁs%%?&?or 28 may be, for
exanpl e a | ayer of |nd|61moodmﬂaomemmnommmnmmnmd uniti 3cis @ devireHfor
mat eri al s. uchala er may, al so.b Qv | di,pents shown in
Figs. 6a a m WM ‘hé‘e{ﬁ""ﬁﬁ%%ﬁ"g‘g% *1 nmis used,
the conductor 28 can beTké devicesforl raising thel frequency is very suitable foilaﬂWﬁnhg)HBuwe
wavel ength of the diode |aser and the |ocation of the acce tance band of

t he non- | i Witk Whigh, ifer.example.in 35 ablatve manney information; Gap becwr

vl ongy rCESIAREA D LY N of € FRghGI> Splea ESRl. Dt tﬁ“a#%%n‘%ﬁf%?ﬁ' ection

wavel engt hnodulatetb,efooswnple wm@mmtmapm midulatox anply enodutatingitbe end ‘
t he intensj C h radi ati on generated by 20 the device
IS rreasure&é%'ﬁg @Qﬁ@“&g&e W%@&?\BVGQUI de 9 by neans of a detector 12

as is illustrated in Filp thé casei of 4 dsvidectoripreqiterydoubling] 4hik ldevibe sappiiesy Of

t he acoustic wave or  the stre | i ed between the

t h_of eeletrl fleld p
el ect r ode<SC3YURE, Pean, bAVIRG 3 WAV 8@ ‘H@cglﬁ%%!ﬁ 'ﬁﬁgﬂpﬂl SQUECEHSur ed

i nt ensigy.cohldtitionhlly dsedTor iris!p . (Sifeethé Sizk of ﬁ:hﬂngh ﬁa KR RIGHAD of
t he di ode cIoaser ol S V\Athl n the accept ance band. o?qat é en §/’ &E rth
the wavelength of the scanning beam, a scanning spot whose size is only halfthat of the

scanning spot in a conventional device is formed in the new device. Consequently, smailer

information areas can be read with the new device so that this device is capable of reading

record carriers having an information density which is, for example four times the customary
20 information density. - |

Fig. 11 only illustrates the principle of an optical scanning device with
reference to one embodiment. There are numerous embodiments of this scanning device, and
the device for raising the frequency according to the invention can be used in each of them.
A special embodiment comprises a Laser Diffraction Grating Unit (LDGU). This is a very

25 compact unit in which a diode laser, a multiple detector and one or two gratings are
integrated, which unit is described in United States Patent US-A 4,924,079.

One of the gratings of the LDGU is used for deflecting the scanning beam
radiation reflected by the record carrier and having passed the objective system for the
second time from the path of the on-going scanning beam and to the composite detector. The

30 deflection angle of the grating is dependent on the wavelength of the sunmng beam. Since
the focus error signal and the tracking error signal are derived from the intensity distribution
across the composite detector, special steps have to be taken as du_cnbed in said United
States Patent so as to prevent said error signals from being influenced by a variation of the
wavelength. By providing the very compact device for frequency doubling according. to the



' 25 means of the stabilizer. Figs. 1 to 7 show t he opti cal maveguide 13
functi oniwe@ 9§46 st abi | i zer as the wavegui de in which the dr

_radiation is radi ated. However, the sequence in which the stabilizer

section 5 and the frequency- doubllng secy ?on 7 succeed each other is not

i npor t ant for the invention and consequently the frequency doubling section

7/ may cong mﬁ&u I}séas
radi at ed mh%'g Iment s gﬂscr:ﬁbn‘% %@G@%%ﬁhﬂi C 9 e re@r act | vénct
i ndex gr aonlyngm advanﬁgceﬂtﬂcysmﬂmeanmﬁg apotdmbalsommmmaamofl c wave

i gh- 1 r ocHAESREER 98 i yysteakty B Efalne b, 'R, U Rssofmep BT T

t he hi gh-lohgetued Yo be @ilehise thit\geeat frestidrh dﬂﬂeﬁgﬁﬁ&&hémm} is céateuaad; for

hi gher _t ones &f t he.transducer resonance, which |s ac anl e a | ower
el ectroc- possibijities jof generating the sprvosignal wiieh have b %1 “F%@’of
the transglug 8 T, S?’BEW‘P’ #fdes&

hi gh- frequen%ﬂgcougﬁggmge?grk! oetl‘ Jr?’e ively Iarg“ﬁq{‘?meqﬁggdﬁ?@s

pr opagah%ﬂtﬁwﬂhmmmmvsenMdged between the radiation enmitted by 5

wevequi de 13, 1 n the oBbA g ISOHleEabpl St b uled oSl gutie

whi ch i s scariing déviess, bothtina shfisifig md&swpddrh@atde&mffeﬁeﬁdnwmmhl ch
wil | I ter .return to the diode Iaser propagate_ in the sane direction. This
means 1€ haVritiRg 3 tapesshaped of dise:shaped recard,cEPEY MMChAS A6Rst ant is to be
bridged. The difference in propagation constant i's given by [err] = [err]

fromwhich it 10 appears that for a small [err] a large pitch A of the
refractive index grating is suffici ent This corresponds to a | ow frequency
of the acoustic wave. :



In Fig. 8 the fundanental wave com ng fromthe diode . laser is introduced
into the ﬁ@gﬁgy 33. This wavegui de conprises a frequencypEiHokongs

section 3 reover the sane non-linear optical nmaterial 11 conprises a
second wavegui de 37. Both wavegui des 15 33 and 37 conprise a section 39
and 41, repectively, which run parallel ad8 are Iocat

that radiation can be transferred from one wavegui de- t
wavegui de.Clpi@Siar ea in which the sections 39 and 41 ext ’M H!UH ﬂ;ﬂ,’]ng
area. The fundanental wave will consequently be transferxve

| ocation of the coupling area, on the condition that the refractive index
of the non-linear optical material allows the transfer between these 20
two wavegui des 39 and 41. To this end; a periodical refractive index
variation is provided at the |ocation of the coupling area 39, 41 by
generating an acoustic wave by means of the transducer 15. The transducer

15 is positioned in suc that t OUStIC ve .covers the .coupling
area 39, 4t. The freque& %@lsé% Qﬁ\gg"éﬂm G Fdiafighe engt h
at which td gd"ﬁiohe %Exufor Uﬂ%&ﬁﬁoﬂ‘ﬁé’ﬁﬂﬂhﬂ&r Opfitdl Mstivin B%F‘%

By varying the 25 frequenc he acoustic-wave, the vvavel ength a
transfer ifirsgepticabwavegyi OCmeammnnhmwofﬁedMgwmmmwm i s

vavegu de SPE Y REbnd Gahlenf whd¥, Bl st ipal Ealti AR 62 bl e ravelengn

coupl i n§) afeahe B.mdamtntaswama dllhmcﬁenzeﬂjmth;t the deelengmmnzenMeomhhmdSby a

t f { Q *\‘% I ,. th t t f d. tQ .th
C:’)ﬂ.gacte:’)r a Vel en I S ‘\Q@\C/P%glg)s ar rans er I’ e | gﬂg%%nds
towards thg thé wﬂguﬁcﬁﬁﬂrdxﬁcﬁ&ﬂoffﬂﬁ%&nﬂtéﬁﬁch \megﬁia £nd ﬂeel&mﬁ%%aim Byve

emtted by the d| ode | aser at the wavel ength for which the coupling is

real i sed. means of whichethaselectiomwavelengths of the refractivedndex grating)is elestriagly 37

have diff fi ths [err] and [err]. In that case there is generally no
transfer of radiation between the two
10 2. - ‘A device as claimed in Claim 1, charactenzedmthat the waveguides in

which the frequency is raised and in which the wavelength is stabilized are integrated in the
same non-linear optical medium.

3. A device as claimed in Claim 1 or 2, characterized in that the electrode
structure forms part of an electro-acoustic converter for generating a surface-acoustic wave in

15 the second optical waveguide by means of which a refractive index grating having a variable
period can be induced. |
4, A device as claimed in Claim 1 or 2, characterized in that the refractive
index grating is constituted by a relief grating and in that the electrode structure comprises
two facing electrically conducting electrodes which enclose the relief grating and between

20 which an electric field can be applied. ' _

5. A device as claimed in Claim 1 or 2, characterized in that the refractive
index grating is a segmented channel structure and in that the electrode structure comprises
two facing electrically conducting electrodes which enclose the chahnel structure and between
which an electric field can be applied. | ‘

25 6. A device as claimed in any one of the preceding Claims, characterized in
that the first optical waveguide and the second optical waveguide are in alignment with each
other, while for the refractive index grating induced by means of an acoustic wave, means
are provided between the two waveguides, which means prevent prbpagation of the acoustic
wave in the waveguide in which the frequency is raised.

(



* 13 wavegui des wit ho rreasures The transfer of radiation is

not nmade wapssiideis u i mm H!m, ﬁiﬁ ustic wave of suitabPETIBEYWdICy is
_induced in the coupl |*ngca case of equal widths, a coupling would
al.ready occur between the two wavegui desygi t hout the presence of a

surface-acoustic wave, so that the coupling would not result in a5

wavel engtfh sel ection. Lijghicdas Bgitfed iR IR 65 BRASIHSERH iR ftha e MHes i9aehdi Ng

to the invention, using .a directional coupl er. I'n-this case the section 39
of the MQ@MW@ mééuoe@"mldﬁe coupl ing area forms part of the

frequency doubl i ng sec "lém‘ﬁ?t %ﬁ{ﬂ? 41 now
t akes pl ﬁe fromthe equency- ou 1F‘ng seg?rén e vegw é‘iﬁ‘%@@ﬁk ‘9%8
advant agelenfent keﬂecmng)odabmrhmg ﬂletdcaustichmvdew ce 1 can be made shorter. The
ext ent_ of, coupling is al,sa determ ned hy. per, i C t he
frequehcy: doubl i ng sedt AEYice#s ¢ E‘FW' ?réﬁtjs g@?ﬁ %g‘f‘ﬁ?'?{'?t

di ode | agpticat wmgﬁiee and BleSecdnd éﬂiﬁalewwegaiae aiéljumpbsédm the! B£fs) Hewlinear

wavegui de by nmeans of an optical stem.or, as 1s shown in the Figures, by
neans of oaumtmedwu;andhg e different ths each of theTtwo wavegukigs having gsectiongna

I 3
251 2 ool Wk Yol Vbl o ot SSBRIGH AR b o s 10

ext er nal Itggeﬂrmdm@rmgaung\hdmmnm therwawgmdemneméa:ouplnfg drée cambes transfierredd3

(vl bRGeRn Hiest o dheuong 3uf Siven Eemuio, ot lof Schwstt g, oS g Gidde
sat i sf actipeotpledil dt ik entfande/ fice df&ﬁyﬁi’s?%%lﬁdﬁcm k&lééu@elbﬂ@nt%@ réSént at

face of the vvavegw de 9, an anti-reflecting coati ng 48 may al so be provi ded
on this &b exit face of thecsecondywayrgpid¢oubl i ng section 7 and the stabilizer

Soobaor Q"™ b E! SBASE BalR oS, BRI ol e Vi
constitutes the frequency-raising section. -

15 11. A device as claimed in Claim 1, 2 or 3, characterized in that the first
waveguide and the second waveguide at least partly coincide, the exit face of the optical
wai-eguide facing away from the diode laser being provided with an at least partial reflector
which reflects the linear polarization mode perpendicular to the linear polarization mode
suitable for frequency doubling towards the diode laser and passes the polarization mode

20 suitable for frequency doubling. _

12. A device as claimed in Claim 11, characterized in that the reflecting
element is implemented as an exit face ground at a Brewstef angle of the waveguide facing
away from the diode laser. |

13. A device as claimed in any one of the preceding Clainis, characterized in

25 that polarization means are provided between the diode laser and the subsequent waveguide,
which means substantially only pass the linear polarization mode, suitable for frequency
doubling, of the radiation emitted by the diode laser.

14, A device as claimed in any one of the preceding Claims, characterized in
~ that an extra waveguide having a length L’ is arranged between the diode laser and the

30 wavelength stabilizer, where L' > > A%/2nA\,,,, with A\, being the acceptance

~ bandwidth for raising the frequency, n being the refractive index of the waveguide and A,
being the wavelength of the. fundamental wave of the diode laser.
15. - A device as claimed in any one of the preceding Claims, characterized in
that the exit face of the diode laser has an anti-reflecting coating.



one and the sane wave as is shown in Figs. 1 to 7. Here
again it is 25 suffr | lm@! oustr c wave of low fr Sjo135"
enbodi nment ‘Pﬁ%ﬁ.‘%h t nd the frequency doubler 7 are

conmbi ned in one and the same segnented channel waveguide is shown in Figs.

10a to 10f. The device 1 can thus be giveRdQa considerably nore conpact
structure. The stabilizer section 5 has the shape of a channel waveguide

whi ch can Hs real i sed mmmmmmsdmmame@ﬁemmmi@ms, characterized in
surface-a ducer 15 is

radi at ed ?ﬁ%ﬁs&% us rea |s§%‘?¥e8€g%zm?%‘ %1 ﬁfgs‘te‘%Pﬂgn 7 in the manner
descri bed Hbove The drAdievicasasrclaﬁnecklman)aamufﬂxe ptwedngcﬂlandsechﬁaagmedani n
such a vvay redom i on_havi.n ven I[inear polarization
node, for Ig ? "IPI\’S gea@’éd?“d%!‘r?c@"ﬁ&"ﬁ &ﬂgnﬁiefr nition of the
wavegui gle 185 emtted. Th%m%e%lﬁﬂe@ﬁp b&dﬁ&ép&&dﬁh@ti&hﬁt chdi@dtérized i
coupling of the fundanental or hi gher or poI ari zation 14 nmode (TM

mode in t Hhat the sey-lingar optical medinmnis & KTP crystgher or der perpendr cul ar |inear

pol ari zatig@n node (TE Wﬁgﬁgg@ t hus
obt ai ned propagates tormﬁ| tel&é e wavegul %ﬂlre It 1sre é}:@ed on a

refl ector fedquehcy; anrabjéctive syswm fmfwumarmnwmmpphed by khe device to a
frequency doublin The de pend ol d thereon is
basaed.  SaEHng SRk 0Bk ires 18 be Rned and!a desersiol 3yl 15h opreine pminine
reflecygr mhiaweénnﬂgrﬁmﬁ&hé siirfdce t@fbetsbﬁmBE‘iﬁS \she2ticlighals, Rherablefibod/ indthat the
at a Brewster angl e Wth respect to the nornal on the surface of the device
1, for exdlepice fperaiging the frequeneyistadevieeras claimed de any; ope of therprecedingeQlaimsr o
non-linear optical material for which the TE node is the suitable node for
frequency doubling and for which the TM node is thus to 10 be reflected,

the exit face of the wavegui de 13 can be ground at a Brewster angle [err]
with



‘respect to the normal on the side face of the device 1. The reflected
pol-ari zat iapospydss (TE) i s converted upon propagation in t h@CEHBEAOLIBn of
the diode laser 3 into a node (TM which is perpendicularly polarized
thereon due to the presence of the acoustic wave. By feeding back this wave
into the diode laser, it is ensured that the laser will operate the node
(TM 15 which is suitable for frequency doubling. Because of the
conbination with the reflector 31, the ustic wave thus produces a
wavel ength stabilization. Fig. 10b shows a side elevation of this
enbodi nent. The el ement 19 reflecting or absorbing the acoustic wave can be
provi ded for the case where a travelling wave instead of a standing
acoustic wave is desired. To prevent radiation emtted by the diode |aser
in the node (TE for KTP) 20 not suitable for frequency doubling from
affecting the | aser action, polarization neans nust be provided which
elimnate this node fromthe radiation emtted by the diode laser. In fact,
the radiation emtted by the diode |laser will general J¥talso emt a small
anount of radiation in this node. This part of the i@gtion will not be
influenced by the acoustic wave and will thus bg-passedfdibobstructed to the
reflector 31. Consequently, the node which is#hot suitalple 25 for
frequency doubling is reflected towards the di ode | aser fand coupled into
t he di ode | aser so that the diode | ase i al so partly operate in this

2 frequency doubling
fromthe diode |laser radiatio eal i >alpl e by providing a
| i near pol arizer (not shown) W % i e wavegui de.
However, in this case the couf Zd as a butt
30 coupling but by means of. 3 Wpility is to

eagbos

provide the diode |aser 3 wt 49 whi ch s the

pol ari zati on node suitable fo . P) and

el imnates the other node (TEX § e ati on. TpwS enbodjnent is
shown in Figs. 10c and 10d R T of o i ode |aser 3
shoul d al so be provided RN ¢ i in order to

prevent reflection g



" 15 unwanted node (TE in the case of KTP) on this rear mrror. If a
TN sel eCyig\gRngi8MeENt is used, i.e. an element selecting tRGIBWAIE and |
. eimnating the TE node, the el enent 49 is preferably inplenented as a rear
mrror ground with respect to the original rear mrror at a Brewster angle,
for exanple [err] of the diode laser. A plan view and a side elevation 5
of this enbodi nent are shown in Flgs 10e and 10f. In the case of a | aser
mrror ground at a Brewster angle, 2!3 coupling can be used. Such a
pol ari zati on node selection in the rad on emtted by the diode |aser 3
can al so be perforned in the enbodi nents shown in Figs. 1 to 9. Also in the
enbodi nents of Figs. 6 to 10 agpassi ve wavegui de 25 h§V|ng 10 a length L'
can.be provi ded between the dléde | aser 3 and the stajilizer 5 so as to
extend the resonéhce caV|ty of the di ode | a¥er in order to reduce Y he node
distance between :
di agrammatically
optical record c
t he purpose of
The i nfornmation

2] deV|ce for optlcally scannlng an |nfornat|on | g¥er of an
A rier 53. Scanning is understood to mean scann|n-'15 for
ting and scanning for the purpose of reading |nf rmation.
y be an ins bed Iayer or a layer gwich :y be

conpletely " . The record carrier 98, a
. portion of } gl : ng npri ses
a transpar ¢ Bt gﬁﬂ:ﬁLEEJFIJQ 4 coating

59. The in a | arge nunber of track-i61 in
whi ch 20 inJ orkSa p e witten in the form of
information areafd (not shown) which aﬁe d&tlcally di sti ngui shed frﬂn1the|r
surroundi ngs. &t
whi ch supplies af
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*beam 65 having such an aperture angle that it optimally fills an objective
system 67w ushigs this systemforns a diffraction-1inited PEHEIOBMSspot 69
on the information layer. This layer 25 reflects the radiation in a beam
"71 which passes through the objective systemagain. To separate the beam 71
spatially fromthe beam 65, a partially reflecting element is provided, for
exanple a prism73 having a partially transparent face 75 which reflects a
. part of the beam 71 towards a detector LS An information track can be
scanned by rotating the record carrier. | information tracks can be
scanned by noving the record carrier and the scanning 30 spot 69 in a
radial direction wth respect to each other. During reading, the reflected
beamis nodulated in jintensity in conformty with the information stored in
the succession of menfermation areas. This nodulation is converted into an
el ectric S|gnaI25 g he detector 77. The detector is generally conposgd of a
plurality of dete oX, el ement 9] so that it supplies a plurality of offtput
signal s which”ar 16 _prosgssed in a signal processing circuit 79
information Bi

error signal a tracki nd m and a focus servosystem Hor
further detai t he readi ng aRPwy reference is made to the arjicle
"Het Systeem "Conppct Disc Digita \ ,; by MG Carasso, J.B.H Pegk and
J.P5 Sinjouin fDi | i ps Techni sch NZ#g&Zhrift 40, pp. 267-272, 1981482,
no. 9. Accordlng the invention th&%gaq| ati on source unit 30 is a flevice
for raising the frBguency as descri &g e mnth reference to Figs.yl to
10. The device for ng
device with which,. be

witten by surface
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"10 deformation or by way of a magneto-optical process. During witing the
beam 65 i aygosideag ed, for exanple by means of an acoust o- oRATABAFRMBHL or or
.by modul ating the electric current through the diode |aser. In the case of -
a device for frequency doubling, this device supplies a scanning beam
havi ng a wavel ength which is only half that of the radiation sources 15
conventionally used for this purpose. Since the size of the scanning spot

i's proportional to the wavel engt h of theﬁﬁ}anning beam a scanni ng spot
whose size is only half that of the scanning spot in a conventional device
is formed in the ] i i can be

read wth the newiyl g {49 |t ¢e i s capabl e of reading cord
carriers having affji ringt}ij g ¢h is, for exanple four tifres the
customary 20 ini? bHdd Ldddd, 'h+29lllustrates the pring}ple of
an optical scan J-peyi ce W to one enbodi nent. ghere e
numer ous e T sj gf JtHig ce, and the device fior railking

t he frequengy ¢ > ' A
speci al enbgeh eERpH3es : ¢ ; } Thi s
is avery 2% Ct qnlt i >—l3ser, a multiple detect and
one or two g¥ atfmgs are integ unit is described in Unit

St ates Patent US- QA4 atings of the LD&UJ is us for
defl ecting the I nd [ it i ected by the record carripper and
havi ng passed the dqt|i plsecond time fromthd path of the
on- goi hg scanni ng Gy ion
-angle of the grating is dependel8” on the mavelength of the scafni #8° beam
Since the focus error | ed from
the intensity distrib ?lon acrqks the conposite detectql, special steps

have to be taken as described in said United States Tg Q as to prevent
said error signals frombeing influenced by a variati Jigffi mavelength

By providing the very conpact dezligffor frequency doubling according to
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“17 invention as radiation source unit 63 in tthe LDAJ, instead of a
conventio okh | aser, not only the advantage of the snRCEIBIMMN3Ng spot
but. al so the additional advantage of stabilization of the wavel ength of the
‘'scanning beamis obtained. Said nmeasures then no |onger need to be taken so
that great freedom of design for the LDAUJ is created and, for 5 exanple
possibilities of generating the servosignal which have hitherto been | ess
attractive, such as the astigmatic foc rror detection nethod which is
described in said United States Patent, wl! become attractive indeed. The
devi ce descri bed above can be used to great advantage in optical scanning
‘devices, both in a scanning optical mcroscope or in a device for reading
and/or 10 witing f t ape- shaped or di sc-shaped record ﬁﬁrrier such as a
CD. 18 dains: X A device for raising e frequency of

el ectromagneti ¢ Lagyatom—CconpriSiTga dirote raser_ ror generatlng T
radiation, a ' op%gcal medi um having a first optical wavegupde for

gui ding.a fun f the diode |aser ‘.tgén ggpjfgfﬁgnq a
@ I~Zi

second har norjt

wavel ength 5 Ztized in that the waaad ength
stabilizer is3cons geiod DY _r—seeeny o wavegui de in a ned}:
conprising a refra ’\"I 4 i gt TTwhiCh ext ends

L
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‘in the longitudinal direction of the second optical wavegui de, and an
elrect r ode wonsrederse by neans of which the sel ection wavel erREFIBSS0Q1EE
refractive index grating is electrically controllable. 10 2.

‘A device as clained in daiml, characterizedin that the waveguides in
which the frequency is raised and in which the wavel ength is stabilized are-
integrated in the sanme non-linear optical_ nmedium 3. A devi ce
as claimed in daiml or 2, characteriﬁ#g in that the el ectrode structure
forms part of an el ectro-acoustic converter for generating a
surface-acoustic wave in 15 the second optical wavegui de by neans of which
a refractive index grating having a variable period can be induced. 4.

A device as clained in aim1l or 2, characterized in that the refractive
‘index grating is constituted by a relief grating and in that .the el ectrode

structure conprises two facing el ectrical |y, conducting el ectrodes ich
enclose the relief grating and between Zogj\hi ch an electric fi egan be
applied. 5. A devi ce as clai in daiml or 2, ch Cterized
in that the refractive index gratemg is gigﬁgnented channel. strucgtal e and
in that the electrode sfructure ¢ i se facing el ectfcall

conducting el ectrlodes which encl ose fhe dghgpnel structge betlyeen whi ch
an electric field can be applied. 25} 6. evi ce| as cl ai ned
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l'inear polarization node,
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of the preceding
| ength L'
stabilizer,

15.

where L'
for raising the frequency,
and [err] being the wavel ength of the.

: A device as clainmed in any one of the preceding d ains,
characterized in that the exit face of the diode |aser
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