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(57) ABSTRACT 
A method for producing a single-crystalline ?lm made of a 
single crystal of lithium potassium niobate-lithium potas 
sium tantalate solid solution or a single crystal of lithium 
potassium niobate, comprising the steps of preparing a target 
made of a material for the single-crystalline ?lm, preparing 
a foundation made of a single crystal of lithium potassium 
niobate-lithium potassium tantalate solid solution or a single 
crystal of lithium potassium niobate, irradiating upon the 
target, thereby gasifying molecules constituting the target by 
dissociation and evaporation thereof, and epitaxially groW 
ing the single-crystalline ?lm on the foundation. 
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METHOD FOR PRODUCING A 
SINGLE-CRYSTALLINE FILM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to a method for producing a 
single-crystalline ?lm made of a single crystal of lithium 
potassium niobate-lithium potassium tantalate solid solution 
or a single crystal of lithium potassium niobate. 

[0003] 2. Related Art Statement 

[0004] A device to generate a blue laser is suggested 
Which is made by forming an optical Waveguide having a 
periodically polariZation-inversed structure and in Which an 
infrared semiconductor laser is introduced into the optical 
Waveguide (US. Pat. No. 4,740,265, JP-A-5-289131, and 
JP-A-5-173213). For example, JP-A-6-51359 discloses a 
second harmonic generation (SHG) device in Which a polar 
iZation-inversed layer, an optical Waveguide, a dielectric 
?lm, and a re?ective grating layer are formed and a thick 
ness of the dielectric ?lm is de?ned into a given value. 

[0005] Although these techniques require high-precisely 
controlling of domains, it is very hard to do so. An alloWable 
temperature for the phase-matching must be controlled 
Within the precision range of +0.5° C. Moreover optical 
damage of the optical Waveguide may be recogniZed at 3 
mW and over of a light energy. Considering these phenom 
ena, it is pointed out that these techniques have a problem as 
a practical device. 

[0006] On the other hand, NGK Insulators, Ltd. suggested 
in JP-A-8-339002 a SHG device having little optical damage 
Without a quasi-phase-matching or controlling domains at a 
high-precision. In this literature, a ?lm made of a single 
crystal of a lithium potassium niobate-lithium potassium 
tantalate solid solution (often called as a “KLNT single 
crystal”) or a single crystal of lithium potassium niobate 
(often called as a “KLN single crystal”) Was groWn by a 
liquid phase epitaxial groWth method. 

[0007] Furthermore, it is suggested that a single-layered 
?lm or a double-layered ?lm made of a single crystal of a 
lithium potassium niobate-lithium potassium tantalate solid 
solution be formed on a substrate made of a single crystal of 
lithium potassium niobate by a metalorganic chemical vapor 
deposition method (MOCVD method) (JP-A-8-6083). Then, 
either one of these ?lms is employed as an optical 
Waveguide. 

[0008] In the case of groWing a ?lm of a KLNT single 
crystal or a KLN single crystal by the above liquid phase 
epitaxial groWth method, the melting point and the Curie 
temperature of the KLNT single crystal constituting a sub 
strate are about 1000° C. and about 500° C., respectively. 
Thus, because groWing a single crystal from a melt is 
required to be Within a temperature range of not melting the 
substrate, the ?lm actually has to be formed in a temperature 
range of 600° C. to 900° C. Accordingly, a composition 
range of the groWn ?lm is restricted. Moreover, because the 
?lm-forming temperature is normally 600° C. to 900° C. and 
higher than the Curie temperature of the substrate, the thus 
obtained ?lm has multi domain structure, therefore, after 
groWing the single-crystalline ?lm, the ?lm has to be con 
verted to a single domain structure. On account of this single 
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poling, a crystallinity of the single-crystalline ?lm is dete 
riorated and a light propagation loss is increased. 

[0009] Furthermore, in the MOCVD method, considering 
decomposition-temperatures of an organic metal oxide of 
each of k, Li, and Nb, a ?lm has to be formed in a 
temperature range of 500° C. to 800° C., so that the ?lm has 
multi domain structure. Consequently, the ?lm has to be 
poled and thereby a crystallinity of the ?lm is deteriorated. 

SUMMARY OF THE INVENTION 

[0010] It is an object of the present invention to obtain a 
single-crystalline ?lm having small light-propagation loss, 
in a method for groWing a KLN or a KLNT single-crystal 
line ?lm. 

[0011] This inventors conceived that, by a laser ablation 
method, a laser is irradiated to a target made of a single 
crystal of lithium potassium niobate-lithium potassium tan 
talate solid solution, lithium potassium niobate solid solu 
tion or sintered body comprising lithium, potassium, nio 
bium, oxygen etc., and thereby molecules constituting the 
target Were dissociated and evaporated to be gasi?ed, and 
thereafter the single-crystalline ?lm is epitaxially groWn on 
a substrate made of a single crystal of lithium potassium 
niobate-lithium potassium tantalate solid solution or lithium 
potassium niobate solid solution. Consequently, They found 
that the thus obtained ?lm had excellent characteristics With 
not much light-propagation loss, and they reached this 
invention. 

[0012] Generally, as a vapor phase groWing method of a 
?lm of a single crystal, a MOCVD method, a MBE method, 
and a laser ablation method are knoWn. As for the MOCVD 
method, many studies have been done and various ?lm 
formations have been carried out. On the contrary, the laser 
ablation is applied to a dielectric RAM memory Which is 
produced by ?lm-forming a PZT polycrystal on a silicon 
semiconductor, but hardly applied to producing a ?lm of 
single crystal oxide or producing a ?lm of an optical single 
crystal. 

[0013] As an example of applying the laser ablation 
method to optical single crystals or single crystal oxides, 
KaWai et al. tried to form a ?lm of lithium niobate on a 
lithium tantalate-substrate or a sapphire-substrate (Appl. 
Phys. Lett. 61(8), 1000(1992), 62, 3046(1993)). HoWever, 
the laser ablation method does not enable a ?lm having a 
small light-propagation loss usable for an optical Waveguide 
to be obtained. 

[0014] For example, a KLNT-single-crystalline ?lm 
obtained according to the present invention has a higher 
conversion ef?ciency of SHG than a KLNT-single-crystal 
line ?lm obtained according to a conventional MOCVD 
method does, by about 30%, as the light-propagation loss in 
the single crystal ?lm of the present invention is decreased. 

[0015] The reason is not clear, but it is presumed that, even 
though the crystallinity of a substrate is substantially the 
same, since in the MOCVD method, heating the KLNT 
substrate to a relatively high temperature under an oxidant 
atmosphere causes lithium atoms and potassium atoms 
Within the KLNT-substrate to be diffused outWardly toWard 
the surface of the substrate and oxidiZed at this surface, and 
scattered from the surface, so that the crystallinity in the 
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surface area of the substrate is deteriorated and character 
istics of the single-crystalline ?lm is in?uenced. 

[0016] Moreover, according to the present invention, the 
single-crystalline ?lm can be formed under the condition 
that the substrate is a temperature range of 200° C. to 600° 
C., particularly preferably 300° C. to 500° C. during the ?lm 
formation. Consequently, poling treatment for the single 
crystalline substrate is not required. 

[0017] Furthermore, in a SHG element, for shortening a 
phase-matching Wavelength of a KLNT-single-crystalline 
?lm or a KLN single-crystalline ?lm and increasing its 
conversion efficiency, a single-crystalline material Which is 
produced by doping rubidium into a KLNT- or a KLN-single 
crystal is demanded. HoWever, since a rubidium-containing 
metalorganic compound to be easily handled is not knoWn, 
a ?lm of a single-crystalline material can not be practically 
formed by the MOCVD method. According to the present 
invention, since an oXide poWdery mixture, a sintered body, 
or a single crystal can be freely selected as a target, a KLNT 
or a KLN-single-crystalline ?lm containing rubidium can be 
formed. 

[0018] The method according to this invention is suitable 
for manufacturing optical parts, particularly an optical 
Waveguide device. This method is preferred to produce an 
optical Waveguide layer, but also an underclad layer and an 
overclad layer may be formed by this method. 

[0019] Following the method of the present invention, the 
optical Waveguide layer can be formed on the underclad 
layer, and the overclad layer can be formed on the optical 
Waveguide layer. Moreover, folloWing the method of the 
present invention, the underclad layer, the optical Waveguide 
layer, and the overclad layer can be formed in turn. The term 
“underlayer” in this speci?cation means an underlayer to 
form the single-crystalline ?lm directly thereon according to 
the present invention. For eXample, the underlayer may be 
composed of the single-crystalline substrate, the underclad 
layer, or the optical Waveguide layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] For a better understanding of this invention, refer 
ence is made to the attached draWings, Wherein: 

[0021] FIG. 1 is a schematic vieW shoWing a preferred 
embodiment of an equipment for carrying out a method of 
the present invention, 

[0022] FIG. 2 is a plan vieW schematically shoWing a part 
of a SHG device 17 in an illustrative eXample of the present 
invention, 

[0023] FIG. 3 is a side vieW schematically shoWing a part 
of the SHG device 17 in the above eXample, 

[0024] FIG. 4(a) is a perspective vieW shoWing a part of 
a Wavelength-converting optical Waveguide in an enlarged 
scale (before forming a dielectric layer and a ?lm heater), 

[0025] FIG. 4(b) is a perspective vieW shoWing the same 
part as that in FIG. 4(a) (after forming the dielectric layer 
and the ?lm heater), and 

[0026] FIG. 5 is a transverse sectional vieW of FIG. 4(b). 

Oct. 18, 2001 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0027] The single-crystalline substrate is preferably 
formed by a micro pulling-doWn method Which is suggested 
in the speci?cations of JP-A-8-259375 and JP-A-8-319191 
by the inventors. 

[0028] In the case of forming an optical Waveguide for 
generating a second harmonic Wave from a fundamental 
Wave constituting a SHG element according to the present 
invention, the optical Waveguide preferably has a composi 
tion of a KLNT- or a KLN-single-crystalline material con 
stituting the optical Waveguide is preferably a fundamental 
Composition of K3Li2—2a(Nb1—bTab)5+5cO15—a+12.5c> here‘ 
upon, —0.5§a§0.625, 0§b§0.5, 0.8§(5—2a)/(5+5c)§ 1.2. 

[0029] In this case, each of the substrate, the underclad 
layer, and the overclad layer is preferably a fundamental 
composition of K3Li2_2X(Nb1_yTay)5+5ZO15_X+12_5Z, here 
upon, —0.5§X§0.625, 0§y§0.5, 0.8§(5—2X)/(5+5Z)§ 1.2). 

[0031] The reason Why the above composition has the 
range of —0.5§a, X§0.625 is that the KLN or the KLNT 
material may take a tungsten bronZe structure. If the amount 
of potassium in the material is larger than that in the above 
material having the composition of —0.5§a, X§0.625, the 
material become an ortho rhombic system of KNbO3. If the 
amount of lithium in the material is larger than that in the 
above material having the composition , the material 
become a hexagonal system of LiNbO3. 

[0032] The reason Why the above composition has the 
range of 02b, y§0.5 is that the Curie Temperature decreases 
as the amount of substituted Ta in the material increases, and 
the Curie Temperature is nearby room temperature if b,y= 
0.5, so that the material does not have a ferroelectric 
property and doesn’t generate second harmonic Wave. 

[0033] The composition range of 0.8§(5—2a)/(5+5c), 
(5—2X)/(5+5Z)§ 1.2 represent a range in Which the single 
crystal having only the tungsten bronZe structure can be 
obtained by controlling the ratio of (K+Li) to (Nb+Ta) in the 
pull-doWn method. The composition range, in Which a 
uniform single crystal can be groWn, is Wider than that 
attainable by a Kyropoulos method. 

[0034] In the above fundamental composition of the KLN 
or the KLNT material, a refractive indeX in the single crystal 
made of the material decreases as the amount of substituted 
Ta in the material increases and the value of “b” or “y” 
becomes large. Moreover, in the above fundamental com 
position, a refractive indeX in the single crystal increases as 
the amount of Nb in the material increases, that is, as the 
value of “c”, or, “Z” becomes large. 

[0035] As the above fundamental composition, the above 
material having the tungsten bronZe structure, made of K, Li, 
Nb, Ta, O element may be employed, but it is possible to 
substitute the element(s), for eXample to substitute Na, Rb, 
or the like for K, Li, or to dope a laser-generating doping 
element such as Cr, a rare earth series element of Er, Nd, or 
the like as far as the material maintains this structure. 

[0036] The laser ablation is a method that a laser having 
the same energy as a binding energy among molecules 
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constituting a material to be processed is irradiated to the 
material to decompose and evaporate the molecules. The 
Wavelength of the laser is preferably 150 nm to 350 nm. 

[0037] As a laser for processing the target, an excimer 
laser or a fourth harmonic Wave of a Nd-YAG laser, etc. may 
be preferably employed. The excimer laser is a laser for 
repeatedly generating a ultraviolet pulse, in Which ultravio 
let rays generated from a gaseous compound such as ArF (a 
Wavelength of 193 nm) or KrF (a Wavelength of 248 nm) are 
taken out in an oscillating direction uniformed With a 
light-resonating equipment. 

[0038] The special feature article of “An excimer laser in 
the times of a practical use” in the “0 plus E”, Nov., 1995, 
p64~108 is given as a literature With regard to an applied 
technique of the excimer laser. 

[0039] FIG. 1 is a schematic diagram to explain an 
embodiment of the present invention. A chamber 1 com 
prises a chamber body 2 and a laser-penetrating WindoW 3 
attached to the chamber body 2. Atarget 11 is provided in the 
chamber 1 and attached to a rotating member 12. For 
example, a substrate 10 made of, for example, a single 
crystal is provided at the position opposite to the target 11 
and is ?xed on a heater 9. 

[0040] A laser 5 is radiated from a laser source 35, and 
re?ected by a rotating mirror 4, and passed through an 
optical system 6 to obtain a converged light 7. The con 
verged light 7 is irradiated to the target 11 through the 
laser-penetrating WindoW 3. At this time, the target 11 is 
rotated in a direction of an arroW B. Thereby, a vapor plume 
13 is generated to spread toWard the single-crystalline 
substrate 10. By controlling the temperature of the single 
crystalline substrate 10, a folm of the single-crystalline ?lm 
is formed on the substrate. By turning the rotating mirror 4 
in a direction of an arroW A, an incident angle 0t of the 
converged light 7 to the target 11 is controlled. 

[0041] A preferred embodiment of a SHG device Which 
can be produced by the present invention, Will be described 
hereinafter. 

[0042] FIG. 2 to FIG. 5 shoW an embodiment in Which a 
re?ective grating part and a Wavelength-converting optical 
Waveguide are formed on an integral substrate. FIG. 2 is a 
plan vieW schematically shoWing a part of a SHG device 17 
in this embodiment. 

[0043] The SHG device 17 comprises a substrate 18 
falling in, for example, a rectangular parallelepiped shape. 
The substrate 18 is preferably composed of a KLNT single 
crystal having the above composition range. Formed on a 
surface of the substrate 18, are a Wavelength-converting 
optical Waveguide 20 and a re?ective grating part 21, on 
Which a ?lm heater 19 is formed. Hereupon, FIG. 2 sche 
matically shoWs the positions of 19, 20, 21 in plane. A 
reference numeral 15 denotes a laser source. 

[0044] A fundamental Wave (an ordinary ray) 16 is led 
through an incident end 18a of the substrate 18. The 
fundamental Wave 16 is led into the optical Waveguide 20 
and passed through the re?ective grating part 21. During the 
passage, a part of the fundamental Wave 16 is returned from 
the re?ective grating part to ?x its Wavelength. The gener 
ated heat from the ?lm heater 19 almost never changes a 
refractive index of an ordinary ray in the optical Waveguide 
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20 under the re?ective grating part 21, Which not much 
in?uences an intensity of the light With the ?xed Wavelength. 
Moreover, by operating the ?lm heater 19, the refractive 
index of an extraordinary ray in the optical Waveguide can 
be increased. Thereby, the Wavelength of a second harmonic 
Wave 22 can be controlled dynamically, and the output of the 
second harmonic Wave can be increased and optimiZed. A 
reference numeral 23 denotes an ordinary ray leaving from 
a substrate-end 18b of the optical Waveguide. 

[0045] Hereupon, a ?lmy heat-absorbing member as a 
Peltier element may be provided instead of the ?lm heater 
19. 

[0046] With reference to FIG. 3 to FIG. 5, a preferred 
embodiment of the device 17 shoWn in FIG. 2 Will be 
described hereinafter. FIG. 3 to FIG. 5 shoW one embodi 
ment of the device 17 illustrated in FIG. 2, FIG. 3 being a 
side vieW schematically shoWing the SHG device 17, FIG. 
4(a) being a perspective vieW shoWing a part of the Wave 
length-converting optical Waveguide in an enlarged scale 
(before forming a dielectric layer and the ?lm heater), FIG. 
4(b) being a perspective vieW shoWing the similar part to 
that in FIG. 4(a) (after forming the dielectric layer and the 
?lm heater), and FIG. 5 is a transverse sectional vieW of 
FIG. 4(b). 

[0047] Formed on a surface of a single-crystalline sub 
strate 18, is a ridge-type Wavelength-converting optical 
Waveguide 20, on Which an overclad layer 26 is formed. 
Ditches constituting a diffraction grating With a uniform 
periodic pitch, Which composes a re?ective grating part 21, 
are formed in the overclad layer 26 by, for example, a 
reactive ion etching method. 

[0048] A dielectric layer 27 is formed to cover the ridge 
type optical Waveguide 20 and the overclad layer 26. A ?lm 
heater 19 is formed in a given area on the dielectric layer 27. 
A ridge-type structures 32 is composed of the Wavelength 
converting optical Waveguide 20, the overclad layer 26, and 
the dielectric layer 27. Slender ditches 30 are formed in both 
the sides of the ridge-type structure 32. 

[0049] Although a material composing the dielectric layer 
is not limited, Ta2O5, SiO2, TiO2, HfO2, or Nb2O5 is 
preferably employed. As a material composing the ?lm 
heater, Ni, Ti, Ta, Pt, or Cr is preferably employed. Instead 
of the ?lm heater, a Peltier element may be used. 

[0050] According to the producing method of the present 
invention, the optical Waveguide 20 and/or the overclad 
layer 26 may be formed. In this case, after forming the 
optical Waveguide 20 by the metalorganic vapor phase 
epitaxial method, the overclad layer 26 may be formed by 
the method according to the present invention. 

EXAMPLE 

[0051] The invention Will be explained in more detail With 
reference to the folloWing examples. 

EXAMPLE 

[0052] (Production of a KLNT Single-crystalline Sub 
strate) 
[0053] In this example, a KLNT single-crystalline sub 
strate Was produced according to a method shoWn in JP-A 
8-339002. Concretely, poWdery potassium carbonate, 
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lithium carbonate, niobium oxide, and tantalum oxide Were 
mixed at a composition ratio of 30:20:48:2 to obtain a 
powdery raW material. About 50 g of the powdery raW 
material Was put into a planer crucible made of platinum (a 
thickness of 1 mm and a Width of 50 mm) and the crucible 
Was set in a given position in a furnace. The poWdery raW 
material in the crucible Was melted, While an upper space in 
the furnace Was controlled to a temperature range of 1100° 
C. to 1200° C. A KLNT single-crystalline substrate having 
a “C” crystal face could be successfully pulled doWn in a 
direction of an “a” aXis thereof at the rate of 20 mm/hour, 
While the temperature of a single crystal groWing part Was 
set to a temperature range of 1050° C. to 1150° C. 

[0054] A composition of the thus obtained single-crystal 
line substrate Was K3Li2(NbO_96TaO_O4)5O15. The single-crys 
talline substrate had a length of 50 mm, a Width of 50 mm, 
and a thickness of 1 mm. Electrodes of platinum Were 
formed on both of the main surfaces of the single-crystalline 
substrate, respectively. After heating the substrate up to 600° 
C. in an electric furnace, DC voltage Was applied to the 
electrodes and thereby the substrate Was changed to single 
domain structure. 

[0055] (Production of a KLN Single-crystalline Film (an 
Optical Waveguide Layer)) 
[0056] A KLN single-crystalline ?lm groWth Was done in 
the equipment shoWn in FIG. 1, on the thus obtained 
substrate, Which Was employed as the substrate 10. Con 
cretely, as the target 11, a disk-like sintered body With a 
diameter of 30 mm and a thickness of 5 mm having a 

composition of K6Li4Nb5O Was employed. The penetrating 
WindoW 3 Was made of quartZ. 

[0057] AArF eXimer laser With a Wavelength of 193 nm 
Was led into the chamber 1 through the penetrating WindoW 
3 and irradiated to the sintered body. A KLN single-crys 
talline ?lm Was formed on the single-crystalline substrate 10 
at a substrate-temperature of 450° C. under a pressure of 
about 50 mtorr in an atmosphere 8 of the chamber 1, a 
pulse-Width of the laser being 10 ns, a frequency of the laser 
being 10 HZ, an incident angle 0t being 17 degree, an 
intensity of the laser being 30 mJ/cm2, and a distance 
betWeen the target and the single-crystalline substrate being 
50 mm. Consequently, a ?lm having a composition of 
K3Li2Nb5O15 Was formed on the single-crystalline substrate. 
Hereupon, the groWth rate of the ?lm Was 1.5 pm/hour, and 
the thickness of the ?lm Was about 5 pm and had uniformity 
over the entire ?lm. 

[0058] Evaluations of characteristics of the single-crystal 
line ?lm revealed that the ?lm had a composition capable of 
phase-matching at a Wavelength of 850 nm of an incident 
light and no deviation in the refractive indeX in a direction 
parallel to its surface observed Within a measurement pre 
cision. The ?lm Was processed to a thickness of 4.0102 pm 
by a mirror polishing. 

[0059] (Production of a Ridge-type Three-dimensional 
Optical Waveguide) 

[0060] After forming the above single-crystalline ?lm, a 
mask of titanium having a shape to obtain a linear optical 
Waveguide With a Width of 4 pm Was formed on the single 
crystalline ?lm by a lift-off process. The thickness of the 
mask Was 6000 Then, the single-crystalline ?lm Was RF 
plasma-etched With Ar ions to form ridge-type three-dimen 
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sional linear optical Waveguides having a Width of 4 pm and 
a height of 3 pm. The conditions Were, a RF output being 
200 W, a pressure of Ar gas being 0.08 Pa, and a etching rate 
being 10 nm/min. 

[0061] (A Measurement of a Second Harmonic Wave 
generating Ef?ciency) 
[0062] The single-crystalline substrate having the ridge 
type optical Waveguide Was cut out in a length of 7 mm and 
a Width of 2 mm as vieWed in a direction alongside the 
optical Waveguide to obtain chips. Then, both ends of each 
of the chips Were optically polished. From one of the above 
substrates, 175 chips Were cut out in a Width of 25 mm and 
a length of 7 mm. A semiconductor laser unit (an output of 
150 mW) With a Wavelength of 850 nm Was directly coupled 
to one end of each chip, and a laser Was led into the optical 
Waveguide in a TE mode, and the output of a blue second 
harmonic Wave With a Wavelength of 425 nm leaving from 
its other end Was measured. 

[0063] Consequently, an output of about 20 mW Was 
obtained in a single mode. At that time, no optical damage 
in the optical Waveguide Was completely recogniZed. The 
?uctuation in the phase-matching Wavelength and that in the 
output in all chips Were not more than 0.05 nm and Within 
a range of 12%, respectively. Thus, the producing method in 
this eXample Was found to be eXcellent as a method of 
producing a practical device. 

[0064] (Film-formation by the Metalorganic Vapor Phase 
Epitaxial Method and Estimation of a Second Harmonic 
Wave-generating Ef?ciency) 
[0065] An optical Waveguide having a composition of 
K3Li2Nb5O15 Was formed on the above single-crystalline 
substrate by the metalorganic vapor phase epitaXial method 
under the conditions of a temperature of the single-crystal 
line substrate being 750° C., a pressure inside a reactor tube 
being 20 Torr, and a ?lm-forming rate being 0.8 pm/hour. 
Thereby, an optical Waveguide layer Was obtained in a 
thickness of 2.5 pm. 

[0066] The optical Waveguide layer Was processed by the 
reactive ion etching method to form a ridge-type three 
dimensional optical Waveguide having a Width of 5 pm and 
a thickness of 3 pm. 

[0067] A second harmonic Wave-generating ef?ciency in 
the thus obtained sample Was measured as above-mentioned. 
As a result, an output of about 15 mW Was obtained in a 
single mode. In the output, an optical loss in the optical 
Waveguide formed on the single-crystalline substrate Was 
0.5 dB. The ?uctuation of a phase-matching Wavelength and 
that of the output in all chips Were not more than 0.5 nm and 
Within a range of 15%, respectively. 

[0068] As above-mentioned, according to the present 
invention, in a method for groWing a KLN or a KLNT 
single-crystalline ?lm, a single-crystalline ?lm With little 
light propagation loss can be obtained Without forming multi 
domain structure. 

1. A method for producing a single-crystalline ?lm made 
of a single crystal of lithium potassium niobate-lithium 
potassium tantalate solid solution or a single crystal of 
lithium potassium niobate, comprising the steps of preparing 
a target made of a material for said single-crystalline ?lm, 
preparing a foundation made of a single crystal of lithium 
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potassium niobate-lithium potassium tantalate solid solution 
or a single crystal of lithium potassium niobate, irradiating 
upon the target, thereby gasifying molecules constituting the 
target by dissociation and evaporation thereof, and epitaxi 
ally groWing the single-crystalline ?lm on the foundation. 

2. The producing method claimed in claim 1, Wherein the 
foundation is composed of a single-crystalline substrate 
Which is made by a micro pulling-doWn method. 

3. The producing method claimed in claim 1 or 2, Wherein 
the material constituting the target is a single crystal of 
lithium potassium niobate-lithium potassium tantalate solid 
solution or a single crystal of lithium potassium niobate. 
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4. The producing method claimed in claim 1 or 2, Wherein 
the material constituting the target is a sintered body. 

5. The producing method claimed in claim 1 or 2, Wherein 
the material constituting the target is a sintered body and the 
single-crystalline ?lm is an optical Waveguide layer. 

6. The producing method claimed in claim 1 or 2, Wherein 
the material constituting the target is a sintered body and the 
single-crystalline ?lm is an underclad layer or an overclad 
layer. 


