
US 20060204185A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2006/0204185 A1 

Ozeki (43) Pub. Date: Sep. 14, 2006 

(54) DIFFRACTIVE OPTICAL ELEMENT AND Publication Classi?cation 
BIDIRECTIONAL OPTICAL 
COMMUNICATION MODULE USING THE (51) Int. Cl. 
SAME G02B 6/36 (2006.01) 

(52) US. Cl. ............................................... .. 385/92; 385/37 

(75) Inventor: Yukihiro Ozeki, FujisaWa-shi (JP) 
(57) ABSTRACT 

Correspondence Address: - - - - - - A dl?fractive optical element 1 has a dl?fractlon grating 
EEISHAUF’ HOLTZ’ GOODMAN & CHICK’ Which multiplexes the light beam of the different Wave 

_ length, and the diffraction grating is structured by a binary 
izoTllilfFtilivenue structure in Which the diffraction surface top part 2 and the 

diffraction surface bottom part 4 repeat the concave and 
NEW YORK’ NY 10001-7708 (Us) convex shape through a rising surface 3 part along the 

<7» INC. TOKYO (JP) . . . . . P . 
’ rismg surface part. By this di?fractive optical element 1, the 

_ di?fraction angle of the light beam is maintained and the 
21 A l. N .. 11/365 987 ’ 

( ) pp 0 ’ di?fraction efficiency of the light beam can be improved. 

(22) Filed: Man 1, 2006 Then, by' using this di?fractive optical element 1, the optical 
communicatlon module 1n Which, While the separation angle 

(30) Foreign Application Priority Data of the light beam of the different Wavelength is maintained, 
the signal receiving performance is increased, can be pro 

Mar. 9, 2005 (JP) ................................ .. JP2005-065684 Vided 

13 14 b0 11 



Patent Application Publication Sep. 14, 2006 Sheet 1 0f 7 US 2006/0204185 A1 

FIG. 1 

H1 ‘L 
/ . 1 

FIG. 2 

INTENSITY OF LIGHT 

K K V . 5,2 DIFFRACTION ANGLE 6 



Patent Application Publication Sep. 14, 2006 Sheet 2 0f 7 US 2006/0204185 A1 

FIG. 3 

0.9 

A 
313 /" i \ 
0.6 

0.5 / 
0.4 

0.3 

0.2 

0.1 

0.0 I I I l 

0.0 2.0 4.0‘ ‘ 6.0 

INCLINATION ANGLE (° ) 0: 

DIFFRACTION EFFICIENCY 



Patent Application Publication Sep. 14, 2006 Sheet 3 0f 7 US 2006/0204185 A1 

FIG. 4 

1H2 

sash‘ l 
L M 
85% 



Patent Application Publication Sep. 14, 2006 Sheet 4 0f 7 US 2006/0204185 A1 

FIG. 5 

I 

/ 

J 



Patent Application Publication Sep. 14, 2006 Sheet 5 0f 7 US 2006/0204185 A1 

F|G.6(a) 

@113 ~ .15 1s 



Patent Application Publication Sep. 14, 2006 Sheet 6 0f 7 US 2006/0204185 A1 

FIG. 7 

A PRIOR ART 

FROM OPTICAL 
FIBER END FACE 

f 

RECEIVED 
LIGHT 

200 

100 

109 

DIFFRACTE I 



Patent Application Publication Sep. 14, 2006 Sheet 7 0f 7 US 2006/0204185 A1 

FIG. 8 

A PRIOR ART 

INTENSITY OF LIGHT 

- 1-ORDER ' 

.--’x /\ _ \‘~-.. 

( f 1 DIFFRACTION ANGLE 
109 107 108 

O-OREDR 
+ 1-OREDR 



US 2006/0204185 A1 

DIFFRACTIVE OPTICAL ELEMENT AND 
BIDIRECTIONAL OPTICAL COMMUNICATION 

MODULE USING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a dilfractive optical 
element having the diffraction grating of the concave and 
convex shape and an optical communication module using 
this dilfractive optical element. 

[0003] 2. Description of the Related Art 

[0004] In an optical communication system by an optical 
transmission path such as an optical ?ber, a plurality of 
optical signals Whose Wavelengths are different by WDM 
(Wavelength Division Multiplexing) are simultaneously 
transmitted by the optical ?ber, and for the signal sending 
receiving terminal, a bidirectional optical transmission mod 
ule is used. In such a bidirectional optical transmission 
module, for the purpose that the light beam for signal 
sending (ascent light beam) from the light emitting element 
toWard the terminal of the optical ?ber, and the light beam 
for signal receiving (decent light beam) from the terminal of 
the optical ?ber toWard the light receiving element are 
separated, it is commonly knoWn that the diffraction grating 
is used. For example, in an optical transmission module 
Written in the US. Pat. No. 5,555,334 or the folloWing 
Japanese patent documents 1, 2, the diffraction grating as 
shoWn in FIG. 7 is used. FIG. 7 is a perspective vieW 
shoWing an example of the diffraction groove formed in the 
diffraction grating disclosed in the US. Pat. No. 5,555,334, 
or in the Japanese patent documents 1, 2. 

[0005] As shoWn in FIG. 7, in a diffraction grating 100, a 
grating groove 200 of a rectangular sectional shape is 
formed. When the light beam is incident on the diffraction 
grating 100, the diffraction grating 100 dilfracts the light 
beam, and several di?fracted light beams are generated. To 
the receiving light beam (descent light beam) 105 Which is 
transmitted in the optical ?ber, and projected from the 
optical ?ber end surface, the diffraction action is given by 
the diffraction grating 100, and O-order di?fracted light beam 
107, +l-order di?fracted light beam 108, and —l-order dif 
fracted light beam 109 are generated. In them, +l-order 
di?fracted light beam 108 is bent to the optical axis, sepa 
rated from the light beam (ascent light beam) for the signal 
sending, and light-converged on the light-receiving surface 
of the light-receiving element, and the receiving signal is 
detected. Hereupon, because —l-order di?fracted light beam 
109 is bent in the same manner, it may also be made so that 
the —l-order di?fracted light beam 109 is light-converged on 
the light-receiving surface of the light-receiving element. 
Further, the light beam (ascent light beam) for signal sending 
from the light source becomes the transmission light beam 
(O-order di?fracted light beam) Which transmitted through 
the diffraction grating 100, and is light-converged on the end 
surface of the optical ?ber. 

[0006] In FIG. 8, each of intensity of lights of the O-order 
di?fracted light beam 107, +1 -order di?fracted light beam 108 
and —1 -order diffracted light beam 109 in the diffraction 
grating 100 in FIG. 7 is schematically shoWn. The intensity 
of light is maximum in the O-order di?fracted light beam 107, 
and those of +1 -order di?fracted light beam 108 and —1 -order 
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di?fracted light beam 109 are smaller than the intensity of 
light of the O-order di?fracted light beam 107. Accordingly, 
because the receiving signal is detected on the light receiv 
ing surface of the light receiving element by using the 
+l-order di?fracted light beam 108 (or —l-order di?fracted 
light beam 109) Whose light amount is small, the signal 
receiving accuracy by the receiving signal becomes poor, 
therefore, the module performance is loWered. 

[0007] [Japanese Patent Document 1] Tokkaihei No. 
07-104154 

[0008] [Japanese Patent Document 2] Tokkaihei No. 
07-261054 

SUMMARY OF THE INVENTION 

[0009] In vieW of problems of the conventional art as 
described above, the object of the present invention is to 
provide a dilfractive optical element by Which the diffraction 
angle is maintained, and the diffraction e?iciency can be 
increased, and an optical communication module using this 
dilfractive optical element. 

[0010] These and other objects are attained by a dilfractive 
optical element or an optical communication module includ 
ing this dilfractive optical element, and the dilfractive opti 
cal element has the diffraction grating Which separates the 
different Wavelengths, and the diffraction grating has a 
binary structure by Which the top part of the dilfractive 
surface and a bottom part of the dilfractive surface are 
repeated in the concave and convex shape through the rising 
surfacc part along the optical axis direction, and the top part 
of the dilfractive surface and the bottom part of the di?frac 
tive surface are inclined by a predetermined angle to the 
direction perpendicular to the rising surface part. 

[0011] According to this dilfractive optical element, 
because When the top part and the bottom part of the 
dilfractive surface of the concave and convex shape are 
inclined to the direction perpendicular to the rising surface 
part, the di?fracted light beam has the maximum intensity of 
light, While a predetermined diffraction angle is maintained, 
the diffraction ef?ciency can be increased. Further, accord 
ing to the optical communication module using the di?frac 
tive optical element, because the dilfractive optical element 
can increase the diffraction angle and the diffraction effi 
ciency, the ef?ciency Which the optical signal receives is 
increased, and the optical communication module Whose 
signal receiving performance is high, can be realiZed. 

[0012] In the above dilfractive optical element, the dif 
fraction grating can be structured so that the incident light 
beam can transmit it (transmission type). In the case of this 
transmission type, When the inclination angle to the direc 
tion perpendicular to the rising surface part of the dilfractive 
surface top part and the dilfractive surface bottom part is 
Within the range of 2° to 7°, preferably 30 to 6°, the 
diffraction ef?ciency is further increased. 

[0013] Further, it is preferable that the height H1 in the 
optical axis direction of the concave and convex shape is 
determined so that it satis?es the folloWing expression (1). 

Where, k0: one of the Wavelength of the incident light 
beams, n: refractive index of the material of the diffraction 
grating, K: 3 or 4. 
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[0014] In the above di?cractive optical element, the dif 
fraction grating can be structured so that the incident light 
beam is re?ected (re?ection type). Therefore, it is preferable 
that on the surface side of the diffraction grating, the 
re?ection surface is formed. 

[0015] In the case of this re?ection type, it is preferable 
that the inclination angle to the direction perpendicular to 
the rising surface part of the diffraction surface top part and 
the diffraction surface bottom is in the range of 1° to 3°, and 
the diffraction e?iciency is further increased. 

[0016] Further, it is preferable that the height H2 in the 
optical axis direction of the above concave and convex 
shape is determined so that it satis?es the folloWing expres 
sion (2). It is the case Where the incident light beam is 
incident from the opposite side to the surface on Which the 
diffraction grating is formed, and re?ected by the diffraction 
grating. 

Where, k0: one of the Wavelength of the incident light 
beams, n: the refractive index of the material of the diffrac 
tion grating, K: 3 or 4. 

[0017] Further, it is preferable that the height H3 in the 
optical axis direction of the above concave and convex 
shape is determined so that it satis?es the folloWing expres 
sion (3). It is the case Where the incident light beam is 
incident on the surface on Which the diffraction grating is 
formed, and re?ected by it. 

Where k0: one of the Wavelength of the incident light 
beams, K: 3 or 4. 

[0018] Further, the above object of the present invention is 
attained by the bidirectional optical communication module 
provided With: the light beam emitting element Which sends 
the optical signal to the end of the optical ?ber; the light 
receiving element Which receives the optical signal from the 
end of the optical ?ber; the demultiplexing means composed 
of the diffraction optical element; and in Which the demul 
tiplexing means is structured so that the ?rst optical path 
betWeen the end of the optical ?ber and the light emitting 
element, and the second optical path betWeen the end of the 
optical ?ber and the light receiving element are separated by 
the different Wavelengths of each of optical signals. 

[0019] According to this bidirectional optical communi 
cation module, because the di?‘raction angle of the diffrac 
tion optical element and the diffraction e?iciency are large, 
the signal receiving e?iciency of the optical signal can be 
increased, and the doWn-siZing of the optical communica 
tion module and the improvement of the signal receiving 
performance can be realiZed. 

[0020] In the bidirectional optical communication module, 
it is preferable that the Wavelength A0 of the optical signal 
(ascent light beam) sent to the end of the optical ?ber and the 
Wavelength A1 of the optical signal (decent light beam) 
received from the end of the optical ?ber satisfy the folloW 
ing expressions (4) and (5), or (6) and (7). 
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EFFECT OF THE INVENTION 

[0021] According to the di?‘ractive optical element of the 
present invention, the diffraction angle can be maintained 
and the diffraction e?iciency can be increased. Further, 
according to the optical communication module of the 
present invention, high module performance can be realiZed, 
and the doWnsiZing of the optical communication module 
and the improvement of the light receiving performance can 
be realiZed. 

[0022] The invention itself, together With further objects 
and attendant advantages, Will best be understood by refer 
ence to the folloWing detailed description taken in conjunc 
tion With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a partial side vieW shoWing main parts of 
the di?‘ractive optical element according to the ?rst embodi 
ment; 

[0024] FIG. 2 is vieWs generally shoWing each of inten 
sity of lights of the O-order di?‘racted light beam, +l-order 
di?‘racted light beam, and +2-order di?‘racted light beam in 
the di?‘ractive optical element in FIG. 1; 

[0025] FIG. 3 is a graph shoWing the dependability to the 
inclination angle 0t of the di?‘raction efficiency in the dif 
fractive optical element in FIG. 1 (Wavelength: 1500 nm); 

[0026] FIG. 4 is a partial side vieW shoWing main parts of 
the di?cractive optical element according to the second 
embodiment; 

[0027] FIG. 5 is a partial side vieW shoWing main parts of 
another di?cractive optical element according to the second 
embodiment; 

[0028] FIG. 6(a) is a main part sectional vieW in the 
longitudinal direction of the optical communication module 
according to the third embodiment; 

[0029] FIG. 6(b) is an enlarged plan vieW shoWing the 
diffraction grating formed on the surface of the coupling lens 
in FIG. 6(a); 

[0030] FIG. 6(c) is a general sectional vieW in Which the 
diffraction grating formed on the surface of the coupling lens 
in FIG. 6(a) is cut in C-C line direction in FIG. 6(b), and 
the section vieWed from the arroW-mark direction is 
enlarged; 

[0031] FIG. 7 is a perspective vieW shoWing an example 
of the diffraction groove, disclosed in the Us. Pat. No. 
5,555,334; and 

[0032] FIG. 8 is a vieW generally shoWing each of inten 
sity of lights of the O-order di?‘racted light beam, +l-order 
di?‘racted light beam and —l-order di?‘racted light beam. 

[0033] In the folloWing description, like parts are desig 
nated by the like reference number throughout the several 
draWings. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0034] The best mode to conduct the present invention 
Will be described beloW by using the drawings. 

The First Embodiment 

[0035] FIG. 1 is a partial side vieW showing main parts of 
the di?fractive optical element according to the ?rst embodi 
ment. FIG. 2 is a vieW generally shoWing the intensity of 
light of each of the O-order di?fracted light beam, +l-order 
di?fracted light beam, and +2-order di?fracted light beam. 

[0036] As shoWn in FIG. 1, the di?fractive optical element 
according to the ?rst embodiment is composed of the 
diffraction grating of the concave and convex shape by 
Which different Wavelengths are demultiplexed. The diffrac 
tion grating is formed into a shape Whose same shape in 
Which the diffraction surface top part 2 on the convex side 
and the diffraction surface bottom part 4 on the concave side 
repeat through the rising surface part 3 along the optical axis 
direction P is continued. That is, the diffraction grating is 
formed into a structure of the binary shape of so-called 
2-level. The di?fractive optical element 1 is composed of the 
optical material such as the glass or plastic, and is a 
transmission type through Which the incident light beam 
transmits. In FIG. 1, the case Where the light beam is 
incident from the loWer side plane of the di?fractive optical 
element 1, is shoWn, hoWever, it may also be a case Where 
the light beam is incident from the diffraction grating side 
above FIG. 1 Which is an opposite side. Hereupon, the 
re?ection prevention ?lm may also be provided on the 
diffraction surface top part 2 and the diffraction surface 
bottom part 4, and it can contribute to the increase of the 
diffraction ef?ciency. 

[0037] The diffraction surface top part 2 and the diffrac 
tion surface bottom part 4 are inclined to the direction 
perpendicular to the rising surface part 3, and it is desirable 
that the inclination angle 0t to the reference line j in the 
direction perpendicular to the rising surface part 3 of the 
diffraction surface top part 2 and the diffraction surface 
bottom part 4 is 2° to 7°, preferably, Within the range of 3° 
to 6°. When the inclination angle 0t is made 2° to 7°, 
preferably 3° to 6°, the refractive angle of the light beam in 
the diffraction surface top part 2 and the diffraction surface 
bottom part 4 can be close to the diffraction angle, and the 
increase of the intensity of light of the di?fracted light beam 
can be intended. Further, When the refractive index of the 
material composing the diffraction grating, is n, it is desir 
able that the inclination angle ot is made a value in Which a 
desired diffraction angle is divided by n-l. 

[0038] FIG. 3 is a graph shoWing the dependability to the 
inclination angle 0t of the diffraction ef?ciency in the dif 
fractive optical element in FIG. 1 (Wavelength: 1500 nm). 
When, from FIG. 3, the inclination angle 0t is Within the 
range of 2° to 7°, it is seen that the diffraction ef?ciency 
becomes more than 0.7. Further, When the inclination angle 
0t is Within the range of 3° to 6°, the diffraction ef?ciency 
further becomes large, and the diffraction ef?ciency more 
than 0.8 can be obtained. 

[0039] Further, it is preferable that the distance (height 
H1) in the optical axis direction P betWeen a middle point of 
the diffraction surface top part 2 and a middle point of the 
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diffraction surface bottom part 4 is determined so that it 
satis?es the folloWing expression (8). 

Where, k0: the Wavelength of the O-order di?fracted light 
beam, n: the refractive index of the material of the di?fractive 
optical element, K: 3 or 4. 

[0040] The condition of the above expression (8) is a 
condition in Which the phase difference of the Wave-front 
from the diffraction grating surface of a different step of the 
diffraction surface top part 2 in FIG. 1, and the diffraction 
surface bottom part 4 is 3 times or 4 times of 2st, and in this 
case, the l-order light beam Whose Wavelength is l.l0-l.2 
times (or l/l.l0-l.2 times) of the O-order di?fracted light 
beam is phase-aligned in the diffraction direction, and 
strengthens together. 

[0041] The diffractive optical element 1 in FIG. 1 can be 
manufactured by molding by using PAMA (poly-methyl 
methacrylate), PC (poly-carbonate) or thermoplastic poly 
imide resin, further, may be manufactured by glass. 

[0042] In the di?fractive optical element 1 in FIG. 1, the 
light beam incident in the optical axis direction P from the 
loWer direction of the draWing becomes the O-order dif 
fracted light beam (transmission light beam) 50, and trans 
mits it, and the di?fracted light beam is generated, and in 
those di?fracted light beams, the +l-order di?fracted light 
beam 51 is di?fracted and bent by a predetermined diffraction 
angle, further, the +2-order diffracted light beam 52 is 
di?fracted and bent. 

[0043] As shoWn in FIG. 2, in each intensity of light of the 
O-order di?fracted light beam (transmission light beam) 50, 
+l-order di?fracted light beam 51 and +2-order di?fracted 
light beam 52, that of the O-order di?fracted light beam 50 
and +2-order di?fracted light beam 52 are loW, and +l-order 
di?fracted light beam 51 is largest. 

[0044] Generally, When a pitch of the diffraction grating is 
W, a Wavelength of light is 7», a diffraction angle is 0t, and N 
is the diffraction order, the folloWing relational expression 
(9) is established. 

Sin 0t=N-7\./W (9) 

Where, n=:l, :2, :3, 

[0045] In the case Where the diffraction O-order light beam 
has the maximum intensity of light in the conventional 
diffraction grating 100 in FIG. 7, as in FIG. 8, When the 
peak angle is shifted by the di?fractive optical element 1 in 
FIG. 1, and as in FIG. 2, When +l-order di?fracted light 
beam 51 is shifted so that it has the maximum intensity of 
light, the l-order diffraction ef?ciency can be improved. 

[0046] As described above, according to the transmission 
type di?fractive optical element 1 of the present embodiment, 
When the diffraction surface top part 2 on the convex side 
and the diffraction surface bottom part 4 on the concave side 
are inclined to the direction perpendicular to the rising 
surface part 3, the diffraction angle is maintained largely, 
and the diffraction e?iciency can be made large. Further, the 
inclination angle 0t of the diffraction surface top part 2 and 
the diffraction surface bottom part 4 is made Within the range 
of 2° to 7° (preferably, 3° to 6°), the diffraction ef?ciency 
can be further increased. Further, because the diffraction 
angle can be maintained large, the angle at Which the light 
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beam is separated into the O-order di?fracted light beam and 
the 1-order di?fracted light beam becomes large. Further, the 
diffraction grating of the di?fractive optical element 1 is 
basically 2-level binary structure, and because the structure 
as the diffraction grating is simple, a mold for the di?fractive 
optical element can be made easily. Furthermore the mold 
ability and the die releasing property are good. So the 
manufacturing cost of the di?fractive optical element can be 
reduced. 

The Second Embodiment 

[0047] FIG. 4 is a partial side vieW shoWing main parts of 
the di?fractive optical element according to the second 
embodiment. FIG. 5 is a partial side vieW shoWing main 
parts of another di?fractive optical element according to the 
second embodiment. 

[0048] As shoWn in FIG. 4 and FIG. 5, the di?fractive 
optical elements 5, 5' according to the second embodiment 
are re?ection type in Which the incident light beam is 
re?ected, and is structured by the concave and convex shape 
diffraction grating by Which the different Wavelengths are 
demultiplexed, and the diffraction grating is formed into the 
same shape in Which the diffraction surface top part 6 on the 
convex side and the diffraction surface bottom part 8 are 
repeated through the rising surface part 7 along the optical 
axis direction P. The diffraction surface grating side is 
formed into a re?ection surface 9 formed of the high 
re?ective surface onto Which, for example, metals such as 
Ag, Al, Au, are evaporated. 

[0049] The diffraction surface top part 6 and the diffrac 
tion surface bottom part 8 are inclined to the direction 
perpendicular to the rising surface part 7, and it is desirable 
that the inclination angle [3 to the reference line j in the 
direction perpendicular to the rising surface part 7 of the 
diffraction surface top part 6 and the diffraction surface 
bottom part 8 is Within the range of 1° to 3°. When the 
inclination angle [3 is 1° to 3°, the increase of the intensity 
of light of the di?fracted light beam can be intended. Because 
the re?ection angle is 2 times of the inclination angle [3, 
When the inclination angle [3 is made about a half of a desired 
diffraction angle, the diffraction angle and the re?ection 
angle can be almost coincident, and the intensity of light of 
the di?fracted light beam can be increased. 

[0050] The di?fractive optical element 5 in FIG. 4 is 
formed of glass or plastic, and the light beam is incident 
from the surface 511 side and re?ected on the re?ection 
surface 9 of the diffraction grating of the opposite side, and 
the O-order di?fracted light beam 60 and the 1-order dif 
fracted light beam 61 are generated as shoWn in the draWing, 
and the 1-order di?fracted light beam 61 is bent to the optical 
axis P. 

[0051] Further, it is preferable that the distance (height 
H2) in the optical axis direction P betWeen a middle point of 
the diffraction surface top part 6 and a middle point of the 
diffraction surface bottom part 8 is determined so that it 
satis?es the folloWing expression (10). 

Where, k0: the Wavelength of the O-order di?fracted light 
beam, n: the refractive index of the material of the di?fractive 
optical element, K: 3 or 4. 
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[0052] In the di?fractive optical element 5 in FIG. 5, the 
light beam is directly incident on the re?ection surface 9 of 
the diffraction grating and re?ected, and the O-order dif 
fracted light beam 70 and the 1-order di?fracted light beam 
71 are generated as in the draWing, and the 1-order di?fracted 
light beam 71 is bent to the optical axis P. The di?fractive 
optical element 5 in FIG. 5 may be formed of the optical 
material such as glass or plastic, hoWever, it may not also be 
penetrating, and may also be formed of engineering plastic. 

[0053] Further, in FIG. 5, it is preferable that the distance 
(height H3) in the optical axis direction P betWeen a middle 
point of the diffraction surface top part 6 and a middle point 
of the diffraction surface bottom part 8 is determined so that 
it satis?es the folloWing expression (11). 

Where, k0: the Wavelength of the O-order di?fracted light 
beam, K: 3 or 4. 

[0054] The condition of the above expressions (10), (11) is 
a condition in Which the phase difference of the Wave-front 
from the diffraction grating surface of a different step of the 
diffraction surface top part 6 in FIG. 4, FIG. 5, and the 
diffraction surface bottom part 8 is 3 times or 4 times of 2st, 
and in this case, the 1-order light beam Whose Wavelength is 
1.10-1.2 times (or 1/1.10-1.2 times) of the O-order di?fracted 
light beam k0 is phase-aligned in the diffraction direction, 
and strengthens together. 

[0055] As described above, according to the re?ection 
type di?fractive optical element 5, 5' of the present embodi 
ment, When the diffraction surface top part 6 on the convex 
side and the diffraction surface bottom part 8 on the concave 
side are inclined to the rising surface part 7, the diffraction 
angle is maintained largely, and the diffraction e?iciency can 
be made large. Further, the inclination angle 0t of the 
diffraction surface top part 6 and the diffraction surface 
bottom part 8 is made Within the range of 1° to 3°, the 
diffraction e?iciency can be further increased. Further, 
because the diffraction angle can be maintained large, the 
angle at Which the light beam is separated into the O-order 
di?fracted light beam and the 1-order di?fracted light beam 
becomes large. Further, because the structure as the diffrac 
tion grating is simple, a mold for the di?fractive optical 
element can be made easily. Furthermore the moldability 
and the die releasing property are good. So the manufactur 
ing cost of the di?fractive optical element can be reduced. 

The Third Embodiment 

[0056] FIG. 6(a) is a main part sectional vieW in the 
longitudinal direction of the optical communication module 
according to the third embodiment. FIG. 6(b) is an enlarged 
plan vieW shoWing the diffraction grating formed on the 
surface of a combination lens 13 in FIG. 6(a). FIG. 6(c) is 
a schematic sectional vieW in Which the diffraction grating 
formed on the surface of a combination lens 13 is cut in C-C 
direction in FIG. 6(b), and its section is enlarged. 

[0057] As shoWn in FIG. 6(a), the bidirectional optical 
communication module 10 is provided With: in a long and 
narroW almost cylindrical casing 10, the light emitting 
element 11; the light receiving element 12; and the combi 
nation lens 13 as the optical device. The light emitting 
element 11 and the light receiving element 12 are provided 
common substrate 16, and ?xed to the casing together With 
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the substrate 16. Further, a plurality of connection pins 
protruded outside from the substrate 16 are electrically 
connected. 

[0058] A ?ber holder 20 Which supports the optical ?ber 
21 is inserted in the casing 19 and ?xed, and the end surface 
30 of the optical ?ber 21 is exposed in a holloW 14 formed 
inside the casing 19. The optical ?ber 21 is connected to the 
optical transmission path such as the outside optical ?ber for 
the bidirectional optical ?ber communication by the Wave 
length multiple method. 

[0059] The coupling lens 13 is arranged in such a manner 
that it is opposed to the light emitting element 11 and the 
light receiving element 12 on the opposite side in the holloW 
14 of the casing 19, and in the vicinity of the end surface 30 
of the optical ?ber 21. 

[0060] On the optical surface on the end surface 30 of the 
coupling lens 13, as shoWn in FIG. 6(b), a stripe-like grating 
15 is formed, and on the stripe-like grating 15, as shoWn in 
the sectional vieW of FIG. 6(c), the diffraction grating 18 in 
Which the concave and convex diffraction surface is inclined 
to the reference line j, are repeatedly formed. The diffraction 
grating 18 is the same structure as the diffraction optical 
element 1. 

[0061] The light beam b0 Which is emitted by the light 
emitting element 11, transmits the coupling lens 13 and the 
grating 15, and is incident on the end surface 30 of the 
optical ?ber 21 as the O-order di?fracted light beam of the 
Wavelength A0 of about 1.31 pm, and can be sent to the 
outside light beam transmission path through the optical 
?ber 21. 

[0062] On the one hand, the light beam from the end 
surface 30 of the optical ?ber 21 Which is transmitted from 
the outside, passes the grating 15 and the coupling lens 13 
and di?fracted by the grating 15 and bent, and becomes the 
1-order di?fracted light beam b1 (corresponding to +1 -order 
di?fracted light beam 51) of the Wavelength A1 of about 1.49 
pm and is incident on the light receiving element 12. 

[0063] As described above, in the bidirectional optical 
communication module 10, as in FIG. 6(a), on the end 
surface 30 of the optical ?ber 21, the light beam b0 and the 
high order (1 -order or —1-order) di?fracted light beam b1 are 
Wave-combined condition, and they are demultiplexed by 
the grating 15 formed on the coupling lens 13. Thereby, the 
light beam b0 of the Wavelength k0 advances the ?rst optical 
path shoWn by one dot chain line in the draWing, and the 
1-order di?fracted light beam b1 of the Wavelength kl 
advances the second optical path in the opposite direction to 
the ?rst optical path, Which is shoWn by the dotted line in the 
draWing, and on the light emitting element 11 and light 
receiving element 12 side, respective optical paths are 
separated. 
[0064] Hereupon, the reference line j of the diffraction 
grating 15 (the reference line j draWn in the sectional vieW 
in FIG. 1), is orthogonal With the center line of the casing 
19 or the center line of the optical ?ber 21. Further, the 
coupling lens 13 having the diffraction grating 15 can be 
manufactured of PMMA (poly-methyl methacrylate), PC 
(poly-carbonate), or by using the thermo-plastic poly-imide 
resin, by the molding. 
[0065] According to the bidirectional optical communica 
tion module 10 as described above, because the diffraction 
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angle can be maintained large by the diffraction grating 18 
formed on the optical surface of the coupling lens 13, a 
bending angle in Which the second optical path of the 
1-order diffracted light beam b1 is to the ?rst optical path of 
the light beam (O-order di?fracted light beam) b0 of the 
Wavelength k0 becomes large. Therefore, the 1-order dif 
fracted light beam b1 can be separated enough to the O-order 
di?fracted light beam b0, and because it is not necessary that 
the dimension in the optical axis direction of the casing 19 
of the bidirectional optical communication module 10 is 
taken large, the bidirectional optical communication module 
10 can be structured compactly. 

[0066] Further, because the diffraction ef?ciency of the 
1-order di?fracted light beam by the diffraction grating 18 
can be made large, the light beam Which is transmitted from 
the outside and projected from the end surface 30 of the 
optical ?ber-21 becomes the 1-order di?fracted light beam b1 
of the Wavelength k1 and incident on the light receiving 
element 12 With the enough intensity of light, and the 
receiving accuracy is increased. Hereby, the stable receiving 
function by the bidirectional optical communication module 
10 can be obtained, and the performance of the optical 
communication module is improved. 

[0067] Hereupon, in the bidirectional optical communica 
tion module 10 in FIG. 6(a), When the O-order di?fracted 
light beam except of the 1-order di?fracted light beam b1 
generated by the diffraction grating 18 (corresponding to the 
O-order diffracted light beam 50 in FIG. 1, FIG. 2) or the 
2-order di?fracted light beam (corresponding to the +1 -order 
di?fracted light beam 52 in FIG. 1, FIG. 2) is light-corrected 
by the optical ?ber and guided to the light receiving element 
12, the receiving accuracy may be further improved, or may 
also be used as the monitor light beam. 

[0068] As described above, the best mode to carry out the 
present invention is described, hoWever, the present inven 
tion is not limited to them, and each kind of modi?cations 
are possible in the scope of the engineering spirit of the 
present invention. For example, in the second embodiment, 
the diffraction grating Which is the same as FIG. 1 is formed 
on the optical surface of the coupling lens 13 in FIG. 6, 
hoWever, separated from the coupling lens 13, the di?fractive 
optical element having the diffraction grating same as in 
FIG. 1, may also be arranged. 

[0069] Further, the pitch W of the diffraction grating in 
di?fractive optical elements 1, 5, 5' of FIG. 1, FIG. 4, FIG. 
5, is not particularly limited, and can be arbitrarily set 
corresponding to the desired diffraction angle. 

[0070] Further, in the inclination angle 0t in FIG. 1, and 
the inclination angle 0t in FIG. 4, FIG. 5, above-described 
each range is preferable, hoWever, the setting out of the 
range may also be alloWable at need. It is preferable When 
the refraction angle or re?ection angle is made close to the 
diffraction angle by means of giving the inclination angle. 

[0071] Although the present invention has been fully 
described by Way of examples With reference to the accom 
panying draWings, it is to be noted that various changes and 
modi?cations Will be apparent to those skilled in the art. 
Therefore, unless such changes and modi?cations depart 
from the scope of the present invention, they should be 
construed as being included therein. 
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What is claimed is: 
1. A di?fractive optical element having a diffraction grat 

ing by Which the light beams of different Wavelengths are 
demultiplexed, and the diffraction grating has a binary 
structure in Which the diffraction surface top part and the 
diffraction surface bottom part repeat the concave and 
convex shape through a rising surface part along the optical 
axis direction, and the diffraction surface top part and the 
diffraction surface bottom part are inclined by a predeter 
mined angle to the direction perpendicular to the rising 
surface part. 

2. A di?fractive optical element according to claim 1, 
Wherein the diffraction grating is structured in such a manner 
that the incident light beam is transmitted. 

3. A di?fractive optical element according to claim 2, 
Wherein the inclination angle in Which the diffraction surface 
top part and the diffraction surface bottom part are to the 
direction perpendicular to the rising surface part is Within 
the range of 2° to 7°. 

4. A di?fractive optical element according to claim 3, 
Wherein the inclination angle in Which the diffraction surface 
top part and the diffraction surface bottom part are to the 
direction perpendicular to the rising surface part is Within 
the range of 3° to 6°. 

5. A di?fractive optical element according to claim 2, 
Wherein the height H1 in the optical axis direction of the 
concave and convex shape satis?es the folloWing expres 
sion. 

Where, k0 one of the Wavelength of the incident light 
beams, n: the refractive index of the material of the 
diffraction grating, k: 3 or 4. 

6. A di?fractive optical element according to claim 1, 
Wherein the diffraction grating is structured in such a manner 
that the incident light beam is re?ected. 

7. A di?fractive optical element according to claim 6, 
Wherein the inclination angle in Which the diffraction surface 
top part and the diffraction surface bottom part are to the 
direction perpendicular to the rising surface part is Within 
the range of 1° to 3°. 

8. A di?fractive optical element according to claim 7, 
Wherein the height H2 in the optical axis direction of the 
concave and convex shape satis?es the folloWing expres 
sion. 

H2={7»O/(2-n)}><K 
Where, k0: one of the Wavelength of the incident light 

beams, n: the refractive index of the material of the 
diffraction grating, K: 3 or 4. 

9. A di?fractive optical element according to claim 7, 
Wherein the height H1 in the optical axis direction of the 
concave and convex shape satis?es the folloWing expres 
sion. 

Where, k0: one of the Wavelength of the incident light 
beams, n: the refractive index of the material of the 
diffraction grating, K: 3 or 4 
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10. An optical communication module having a di?frac 
tive optical element having a diffraction grating for demul 
tiplexing light beams of different Wavelength, Wherein the 
diffraction grating has a binary structure in Which the 
diffraction surface top part and the diffraction surface bot 
tom part repeat the concave and convex shape through a 
rising surface part along the optical axis direction, and the 
diffraction surface top part and the diffraction surface bot 
tom part are inclined by a predetermined angle to the 
direction perpendicular to the rising surface part. 

11. A optical communication module according to claim 
10, further comprising: a light emitting element Which sends 
the optical signal to the end of the optical ?ber; and a light 
receiving element Which receives the optical signal from the 
end of the optical ?ber, Wherein the diffraction optical 
element separates the ?rst optical path betWeen the end of 
the optical ?ber and the light emitting element and the 
second optical path betWeen the end of the optical ?ber and 
the light receiving element. 

12. A optical communication module according to claim 
11, Wherein the diffraction grating is structured in such a 
manner that the incident light beam transmits. 

13. A optical communication module according to claim 
12, Wherein the inclination angle in Which the diffraction 
surface top part and the diffraction surface bottom part are 
to the direction perpendicular to the rising surface part is 
Within the range of 2° to 7°. 

14. A optical communication module according to claim 
13, Wherein the inclination angle in Which the diffraction 
surface top part and the diffraction surface bottom part are 
to the direction perpendicular to the rising surface part is 
Within the range of 3° to 6°. 

15. A optical communication module according to claim 
11, Wherein the height H1 in the optical axis direction of the 
concave and convex shape satis?es the folloWing expres 
sion. 

Where, k0: one of the Wavelength of the incident light 
beams, n: the refractive index of the material of the 
diffraction grating, K: 3 or 4. 

16. A optical communication module according to claim 
11, Wherein the Wavelength A0 of the optical signal sent from 
the light emitting element to the end of the optical ?ber and 
the Wavelength A1 of the optical signal received from the end 
of the optical ?ber satisfy the folloWing expression. 

17. A optical communication module according to claim 
11, Wherein the Wavelength A0 of the optical signal sent from 
the light emitting element to the end of the optical ?ber and 
the Wavelength A1 of the optical signal received from the end 
of the optical ?ber satisfy the folloWing expression. 

* * * * * 


