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(57) ABSTRACT 
A coupling lens (104) of the present invention is used for 
coupling a beam of light emitted from a Semiconductor laser 
(101) to an optical fiber (108). The coupling lens (104) is 
formed of a single lens, and a diffraction lens formed of 
concentric Zones is integrated on an incident plane or an 
outgoing-Side plane of the Single lens. The diffraction lens 
has a positive refracting power, a relief function of the 
diffraction lens has an approximately isosceles triangular 
shape, and a depth W of the relief function satisfies the 
following formula: 

0.6s W(n-1)/ws 1.0 (1). 
In the above formula, n denotes a refractive index of a 
material of the lens and 2 represents a wavelength of the 
Semiconductor laser. When the coupling lens is used as a 
coupling lens for a Semiconductor laser module, the inten 
sity of light emitted from the module is allowed to comply 
with a Safety Standard without using an attenuation film or 
a polarizer, or a control circuit for Stopping emission of the 
laser automatically when the optical fiber comes off. 
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COUPLING LENS AND SEMCONDUCTOR LASER 
MODULE 

TECHNICAL FIELD 

0001. The present invention relates to a semiconductor 
laser module and a coupling lens used therein. Particularly, 
the present invention relates to a low power Semiconductor 
laser module and a coupling lens that are Suitable for a 
Short-distance optical communication System. 

BACKGROUND ART 

0002. In a semiconductor laser module used for optical 
communication, it is required to couple a Semiconductor 
laser or receiving optics and an optical fiber efficiently. FIG. 
23 shows a configuration of a conventional laser module. A 
semiconductor laser 2302 and a coupling lens 2303 are fixed 
to a lens holder 2301. The lens holder 2301 is inserted into 
a connecting holder 2304. To this connecting holder 2304, a 
ferrule holder 2307 is fixed. An optical fiber 2305 is fixed 
removably by a ferrule 2306. The coupling lens 2303 is 
made of glass. A beam of light emitted from the Semicon 
ductor laser 2302 is focused on an end face of the optical 
fiber 2305 by the coupling lens 2303, thus being coupled to 
the fiber. 

0003. In this case, from a safety aspect in handling, it is 
necessary to restrict the optical output from the laser module 
to a certain level or lower. Therefore, in addition to the basic 
configuration shown in FIG. 23, the laser module is pro 
Vided with: a means for reducing the optical output, Such as 
an attenuation film, a polarizer, or the like, between the 
Semiconductor laser and the optical fiber (for instance, JP 
4-97208A, JP 7-43563 A, or the like); an aperture to control 
the quantity of light; or a control circuit for Stopping 
emission of the Semiconductor laser automatically when the 
optical fiber comes off. 

0004. As a condenser lens, an aspheric lens made of glass 
has been used conventionally, but for the purpose of cost 
reduction, a resin lens has come to be used (for instance, JP 
5-60952 A, JP 61-245594 A, JP 5-27140 A, JP 5-60940, or 
the like). In the case of using the resin lens, a refractive index 
of resin varies with variation in temperature, resulting in 
variation in the focal length. In addition, its coefficient of 
thermal expansion is higher than that of a glass material. 
Therefore, an imaging position varies with variation in 
temperature, resulting in variation in the coupling efficiency 
to an optical fiber. 

0005. In the semiconductor laser module, an emission 
wavelength of the Semiconductor laser as a light Source also 
varies with variation in temperature. Therefore, it is con 
ceivable that by providing a diffraction lens on the Surface 
of the lens, the variation of focal length of the resin lens with 
temperature is corrected by the diffraction lens. The reason 
is that Since a focal length of the diffraction lens varies 
greatly depending on a wavelength of the light Source 
compared to that of a refractive lens, the focal length of the 
diffraction lens varies more than that of the refractive lens 
when the wavelength of the light Source varies with varia 
tion in temperature. In other words, by employing a design 
enabling the variation in focal length of the diffraction lens 
to cancels out the variation of focal length with the tem 
perature of the refractive lens, a lens in which the variation 
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in focal length due to variation in temperature has been 
compensated can be obtained. 

0006. In the above-mentioned method of using an attenu 
ation film, a polarizer, or the like for restricting the optical 
output from the laser module to a certain level or lower, 
manufacturing cost is high. In the method of controlling the 
quantity of light by an aperture, the quantity of light varies 
depending on the processing accuracy of the aperture or 
variation in flare angle of the laser, and in addition, high 
assembly accuracy is required. Further, the method of pro 
Viding a control circuit for Stopping emission of the laser 
automatically when the optical fiber comes off is not pref 
erable, Since not only the configuration of a device as a 
whole becomes complicated but also the manufacturing cost 
is high. 

0007 When a resin lens is used for reducing a lens cost, 
a diffraction lens is formed on the Surface of the lens So as 
to correct the variation in focal length due to the variation in 
temperature Since the variation in refractive indeX due to 
variation in temperature is greater in a resin lens compared 
to that in a glass lens. As a method of manufacturing Such 
a one-piece lens in which a diffraction lens is integrated, a 
method of processing a lens or a mold for manufacturing a 
lens by precision cutting using a diamond bit has been used 
widely. In this case, since the tip of the diamond bit has finite 
roundness (a nose radius), a processed relief comes to have 
a shape with edges rounded due to the nose radius of the bit. 
In a diffraction lens, generally a Sawtooth reliefshape is used 
in many cases. However, when a Sawtooth relief is processed 
by the above-mentioned cutting, the diffraction efficiency at 
the periphery of the lens deviates from a design value. 

0008. This is because a pitch of Zones of the diffraction 
lens becomes shorter at the periphery of the lens, and 
therefore the influence of deterioration in the relief shape 
caused by the nose radius of the bit becomes more Serious 
at the periphery compared to the center portion of the lens 
having a longer pitch. In a lens for optical fiber coupling, 
when the diffraction efficiency at the periphery of the lens 
decreases, the Same effect as that in the case where an 
effective NA of the lens is decreased is provided and 
therefore a Spot is enlarged, thus causing the decrease in 
coupling efficiency to an optical fiber. In order to prevent 
this, there is a method of using a bit for processing with a 
Sharp tip, but it causes the decrease in productivity, which is 
therefore not preferable. In order to carry out the processing 
without impairing the productivity, it is said to be desirable 
that a bit has a nose radius of at least about 10 lim. In 
addition, a diffraction lens for temperature compensation 
requires higher power (refracting power) than that of a 
diffraction lens for So-called chromatic-aberration correction 
and as a result, has a shorter pitch of diffraction Zones at the 
periphery of the lens compared to the diffraction lens for 
chromatic-aberration correction. Therefore, in a conven 
tional diffraction lens having a Sawtooth relief shape, there 
has been a problem that the compatibility between the 
productivity of the lens and mold and the diffraction effi 
ciency performance cannot be obtained. 

0009. When using a diffraction lens, a plurality of focal 
spots corresponding to respective diffraction orders are 
generated on an optical axis. In order to reduce the intensity 
of light emitted from a module, an aperture is provided at a 
position of a focal spot corresponding to a diffraction order 
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used for coupling, thus intercepting lights focused on focal 
spots corresponding to unnecessary diffraction orders. In 
this case, lights focused on focal Spots with longer focal 
lengths than that of a focal Spot corresponding to the 
diffraction order used for coupling tend to go through the 
aperture compared to lights focused on focal Spots with 
Shorter focal lengths. In the case of a conventional diffrac 
tion lens with a sawtooth relief, when its shape is varied by 
cutting, unwanted lights tend to be focused on the focal spots 
corresponding to lower orders and cannot be intercepted by 
the aperture completely, which has been a problem. 

DISCLOSURE OF THE INVENTION 

0010. In view of the above points, the present invention 
is intended to provide an inexpensive optical coupler in 
which the diffraction efficiency of a diffraction lens formed 
on a Surface of a lens is adjusted and therefore an attenuation 
film or a polarizer for restricting optical output from a laser 
module to a certain level or lower, or a control circuit for 
Stopping emission automatically when an optical fiber 
comes off is not required. 

0011. In order to achieve the above-mentioned object, the 
present invention employs the following configurations. 

0012. A coupling lens according to a first configuration of 
the present invention is used for coupling a beam of light 
emitted from a Semiconductor laser to an optical fiber. The 
coupling lens is formed of a single lens. On either one of an 
incident plane and an outgoing-Side plane of the Single lens, 
a diffraction lens formed of concentric Zones is integrated. 
The diffraction lens has a positive refracting power, and a 
relief function of the diffraction lens has an approximately 
isosceles triangular shape. The depth W of the relief function 
satisfies the following formula: 

0.6s W(n-1)/ws 1.0 

0013 Preferably, it satisfies the following formula: 

0.014. In the above formulae, Windicates the depth of the 
relief function, n denotes a refractive index of a lens 
material, and 2 represents a wavelength of the Semiconduc 
tor laser. 

0.015 The coupling lens according to the first configura 
tion has a relief with an approximately isosceles triangular 
shape and therefore has excellent productivity even when 
manufactured by a mold processed by cutting using a 
diamond bit. The coupling lens has approximately uniform 
diffraction efficiency from its center to periphery and thus 
has excellent focusing performance. 

0016 A coupling lens according to a second configura 
tion of the present invention is used for coupling a beam of 
light emitted from a Semiconductor laser to an optical fiber. 
The coupling lens is formed of a single lens. On either one 
of an incident plane and an outgoing-Side plane of the Single 
lens, a diffraction lens formed of concentric Zones is inte 
grated. The diffraction lens has a positive refracting power, 
and a relief function of the diffraction lens has an approxi 
mately triangular shape with its apex at a location between 
25% and 45% of a relief period. The depth W of the relief 
function Satisfies the following formula: 

0.9s W(n-1)/ws 1.2. 
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0017 Preferably, it satisfies the following formula: 
0.9<W(n-1)/W<1.2. 

0018. In the above formulae, Windicates the depth of the 
relief function, n denotes a refractive index of a lens 
material, and 2 represents a wavelength of the Semiconduc 
tor laser. 

0019. The coupling lens according to the second configu 
ration has an approximately triangular wavy relief shape. 
Therefore, the coupling lens focuses unwanted light on focal 
spots corresponding to higher diffraction orders than that 
used for optical fiber coupling, thus decreasing leakage of 
unwanted light from an aperture for intercepting the 
unwanted light. 
0020. In the coupling lens according to the second con 
figuration, it is preferable that the relief function of the 
diffraction lens has an approximately triangular shape with 
its apex at a location between 30% and 40% of a relief period 
and the depth W of the relief function satisfies the following 
formula: 

1.0s W(n-1)/ws 1.1. 
0021. In the coupling lens according to the first or second 
configuration, it is preferable that first-order diffracted light 
from the diffraction lens is used for optical fiber coupling, 
and when the diffraction efficiency of zero-order diffracted 
light is mo and the diffraction efficiency of Second-order 
diffracted light is me the following formula is Satisfied: 

0022. Further, in the coupling lens according to the first 
or Second configuration, it is preferable that the diffraction 
efficiency me of zero-order diffracted light from the diffrac 
tion lens Satisfies the following formula: 

mo-7%. 

0023. A coupling lens according to a third configuration 
of the present invention is used for coupling a beam of light 
emitted from a Semiconductor laser to an optical fiber. The 
coupling lens is formed of a single lens. On either one of an 
incident plane and an outgoing-Side plane of the Single lens, 
a diffraction lens formed of concentric Zones is integrated. 
The diffraction lens has a positive refracting power and is 
processed So as to be uncentered with respect to an axis of 
rotational Symmetry of a refractive lens. 
0024. In the coupling lens of the third configuration, 
Since the diffraction lens is processed So as to be uncentered 
with respect to the axis of rotational Symmetry of the 
refractive lens, lights with different diffraction orders from a 
location of the refractive lens corresponding to its axis of 
rotational Symmetry are focused on focal Spots different both 
in focal length and image height. Therefore, unwanted light 
can be intercepted easily, thus relaxing processing accuracy 
and assembly accuracy of an aperture. 

0025. In each coupling lens of the first to third configu 
rations, it is preferable that when the diffraction efficiency of 
a diffracted light with an order used for optical fiber coupling 
out of diffracted lights from the diffraction lens is m, the 
following formula is Satisfied: 

25%sms40% 

0026 
25%.<m-40%. 

and more preferably, 
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0027. In each coupling lens of the first to third configu 
rations, it is preferable that when the diffraction efficiency of 
a diffracted light with an order used for optical fiber coupling 
out of diffracted lights from the diffraction lens is m, the 
following formula is Satisfied: 

30%sms37% 

0028) 
30%<m-37%. 

0029. In each coupling lens of the first to third configu 
rations, it is preferable that a wavelength ) of the Semicon 
ductor laser Satisfies the following formula: 

and further preferably, 

0.030. In each coupling lens of the first to third configu 
rations, it is preferable that a material of the lens is resin, and 
the diffraction lens is designed So that when a refractive 
index of the resin material and a wavelength of the Semi 
conductor laser vary due to variation in temperature, the 
variation in focal length of the lens due to variation in the 
refractive indeX is corrected by the variation in focal length 
of the diffraction lens due to variation in the wavelength. 
0.031 Since the coupling lens has a configuration in 
which the diffraction lens is integrated So as to correct the 
variation in focal length caused by variation in temperature, 
inexpensive resin can be used as a material of the lens, thus 
reducing the cost of the lens. 
0032. In each coupling lens of the first to third configu 
rations, it is preferable that a material of the lens is resin and 
when a focal length of the lens as a whole is f and a focal 
length of the diffraction lens is fd, the following formula is 
Satisfied: 

0.033 According to this, the above-mentioned tempera 
ture compensation function can be provided. 
0034. A semiconductor laser module according to a first 
configuration of the present invention includes, at least: a 
Semiconductor laser; an optical fiber; a fixing member for 
fixing an incident end of the optical fiber; and a coupling 
lens for allowing a beam of light emitted from the Semicon 
ductor laser to form an image on the incident end of the 
optical fiber. The coupling lens is any one of the first to third 
coupling lenses. 

0035) In the semiconductor laser module of the first 
configuration, Since any one of the above-mentioned cou 
pling lenses of the present invention is used, when inter 
cepted using an aperture, the unwanted light can be inter 
cepted easily, thus relaxing processing accuracy and 
assembly accuracy of the aperture. Consequently, a Semi 
conductor laser module can be provided at a low cost. 
0036). In the semiconductor laser module of the first 
configuration, it is preferable that a wavelength ) of the 
Semiconductor laser Satisfies the following formula: 

0037. A semiconductor laser module according to a sec 
ond configuration of the present invention includes, at least: 
a Semiconductor laser; an optical fiber; a fixing member for 
fixing an incident end of the optical fiber; and a coupling 
lens for allowing a beam of light emitted from the Semicon 
ductor laser to form an image on the incident end of the 
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optical fiber. The coupling lens is the coupling lens accord 
ing to claim 1, 2 or 6 and is fixed So as to be tilted with 
respect to an optical axis. 

0038. In the semiconductor laser module of the second 
configuration, Since the coupling lens of the present inven 
tion is fixed So as to be tilted with respect to the optical axis, 
focal spots of diffracted lights with orders that are not used 
for optical fiber coupling are generated at positions different 
both in focal length and image height. Therefore, the pro 
cessing accuracy and assembly accuracy of an aperture for 
intercepting unwanted light can be relaxed. As a result, the 
Semiconductor laser module can be manufactured at a low 
COSt. 

0039. In the semiconductor laser module of the second 
configuration, it is preferable that a wavelength ) of the 
Semiconductor laser Satisfies the following formula: 

0040. A coupling lens according to a fourth configuration 
of the present invention is used for coupling a beam of light 
emitted from a Semiconductor laser to an optical fiber. The 
coupling lens is made of glass and is formed of a Single lens. 
On either one of an incident plane and an outgoing-side 
plane of the Single lens, a diffraction grating is formed. 
0041 Since the coupling lens of the fourth configuration 
is made of glass and the diffraction grating is formed on a 
Surface of the lens, unwanted diffracted light that is not used 
for coupling can be separated on an image Surface. 

0042. In the coupling lens of the fourth configuration, it 
is preferable that Zero-order diffracted light from the dif 
fraction grating is used for optical fiber coupling and the 
diffraction efficiency me of the Zero-order diffracted light 
satisfies the following formula: 

25% smos 40%. 

0043 More preferably, the diffraction efficiency mo sat 
isfies the following formula: 

0044) Furthermore, in the coupling lens of the fourth 
configuration, it is preferable that Zero-order diffracted light 
from the diffraction grating is used for optical fiber coupling 
and the diffraction efficiency me of the Zero-order diffracted 
light Satisfies the following formula: 

30% smos37%. 

0045 More preferably, the diffraction efficiency mo sat 
isfies the following formula: 

30%.<n-37%. 

0046 A semiconductor laser module according to a third 
configuration of the present invention includes, at least: a 
Semiconductor laser; an optical fiber; a fixing member for 
fixing an incident end of the optical fiber; and a coupling 
lens for allowing a beam of light emitted from the Semicon 
ductor laser to form an image on the incident end of the 
optical fiber. The coupling lens is the coupling lens of the 
fourth configuration. 

0047. In the semiconductor laser module of the third 
configuration, Since the aforementioned coupling lens is 
used, the output power can be reduced to be within a Safety 
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Standard without using a Safety circuit or a Specific coating. 
Thus, the Semiconductor laser module can be manufactured 
at a low cost. 

0.048. In the semiconductor laser module of the third 
configuration, it is preferable that a wavelength ) of the 
Semiconductor laser Satisfies the following formula: 

0049. A coupling lens according to a fifth configuration 
of the present invention is used for coupling a beam of light 
emitted from a Semiconductor laser to an optical fiber. The 
coupling lens is formed of a single lens. On either one of an 
incident plane and an outgoing-Side plane of the Single lens, 
a diffraction lens formed of concentric Zones is integrated. 
The diffraction lens has a positive refracting power. When 
the diffraction efficiency of a diffracted light with an order 
used for optical fiber coupling out of diffracted lights from 
the diffraction lens is m, the following formula is satisfied: 

25%sms40%. 

0050 More preferably, the following formula is satisfied: 
25%<m-40%. 

0051. In the coupling lens of the fifth configuration, the 
diffraction efficiency is designed considering the power of 
the light Source and losses in the quantity of light in the lens 
and in the fiber coupling. Therefore, when the coupling lens 
is used in a Semiconductor laser module, the output power 
of the module can be adjusted to be a Suitable value. 
0.052 In the coupling lens of the fifth configuration, it is 
preferable that when the diffraction efficiency of a diffracted 
light with an order used for optical fiber coupling out of 
diffracted lights from the diffraction lens is m, the following 
formula is Satisfied: 

30%sms37%. 

0053. Further, it is more preferable that the following 
formula is Satisfied: 

0054. In the coupling lens of the fifth configuration, it is 
preferable that a relief function of the diffraction lens has an 
approximately triangular shape with its apex at a location 
between 25% and 50% of a relief period, and when the 
location of the apex is X and the depth of the relief function 
is W, W satisfies the following formula: 

0055. In the coupling lens of the fifth configuration, it is 
more preferable that a relief function of the diffraction lens 
has an approximately triangular shape with its apex at a 
location between 25% and 50% of a relief period, and when 
the location of the apex is X and the depth of the relief 
function is W, W satisfies the following formula: 

0056. In the coupling lens of the fifth configuration, it is 
more preferable that a relief function of the diffraction lens 
has an approximately triangular shape with its apex at a 
location between 25% and 50% of a relief period, and when 
the location of the apex is X and the depth of the relief 
function is W, W satisfies the following formula: 

0057. In the coupling lens of the fifth configuration, it is 
preferable that a relief function of the diffraction lens has an 
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approximately triangular shape with its apex at a location 
between 25% and 50% of a relief period, and when the 
location of the apex is X and the depth of the relief function 
is W, W satisfies the following formula: 

0058 According to the above-mentioned respective pref 
erable configurations, Since the relief depth of the diffraction 
lens is adjusted Suitably depending on the location of the 
apex, the light used for optical fiber coupling can be adjusted 
to have an intensity most Suitable for a module. 

0059. In the coupling lens of the fifth configuration, it is 
preferable that a relief function of the diffraction lens has an 
approximately triangular shape with its apex at a location 
between 30% and 40% of a relief period. 

0060. In the coupling lens of the fifth configuration, it is 
preferable that a wavelength ) of the Semiconductor laser 
satisfies the following formula: 

700 nm.<w<1400 mm 

0061. In the coupling lens of the fifth configuration, it is 
preferable that a material of the lens is resin and the 
diffraction lens is designed So that when a refractive index 
of the resin material and a wavelength of the Semiconductor 
laser vary due to variation in temperature, the variation in 
focal length of the lens due to variation in the refractive 
indeX is corrected by the variation in focal length of the 
diffraction lens due to variation in the wavelength. 

0062. In the coupling lens of the fifth configuration, it is 
preferable that a material of the lens is resin, and when a 
focal length of the lens as a whole is f and a focal length of 
the diffraction lens is fa, the following formula is satisfied: 

0063 A semiconductor laser module according to a 
fourth configuration of the present invention includes, at 
least: a Semiconductor laser; an optical fiber; a fixing mem 
ber for fixing an incident end of the optical fiber; and a 
coupling lens for allowing a beam of light emitted from the 
Semiconductor laser to form an image on the incident end of 
the optical fiber. The coupling lens is the coupling lens of the 
fifth configuration. 

0064. In the semiconductor laser module of the fourth 
configuration, the coupling lens of the present invention is 
used. Therefore, even when a module is constructed using a 
high output power laser Source for high-Speed communica 
tion, a Suitable output power can be obtained, which does not 
exceed the upper limit output power prescribed in the ANSI 
Standard and is at least the lowest output power required for 
optical fiber communication. 

0065. A coupling lens according to a sixth configuration 
of the present invention is used for coupling a beam of light 
emitted from a Semiconductor laser to an optical fiber. The 
coupling lens is a pair of lenses of a refractive lens and a 
diffraction lens formed of concentric Zones. The diffraction 
lens has a positive refracting power. When the diffraction 
efficiency of a diffracted light with an order used for optical 
fiber coupling out of diffracted lights from the diffraction 
lens is m, the following formula is Satisfied: 

25%sms40%. 
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0.066 Preferably, the following formula is satisfied: 
25%<m-40%. 

0067 Since the coupling lens of the sixth configuration is 
formed of the pair of lenses of the refractive lens and the 
diffraction lens, a lens formed by a photolithography tech 
nique can be used as the diffraction lens. Thus, the coupling 
lens can be formed at a low cost. 

0068. In the coupling lens of the sixth configuration, it is 
preferable that when the diffraction efficiency of a diffracted 
light with an order used for optical fiber coupling out of 
diffracted lights from the diffraction lens is m, the following 
formula is Satisfied: 

30%sms37%. 

0069. Further, it is more preferable that the following 
formula is Satisfied: 

0070. In the coupling lens of the sixth configuration, it is 
preferable that a wavelength m of the Semiconductor laser 
satisfies the following formula: 

0071. In the coupling lens of the sixth configuration, it is 
preferable that a material of the lens is resin and the 
diffraction lens is designed So that when a refractive indeX 
of the resin material and a wavelength of the Semiconductor 
laser vary due to variation in temperature, the variation in 
focal length of the lens due to variation in the refractive 
indeX is corrected by the variation in focal length of the 
diffraction lens due to variation in the wavelength. 
0.072 Since the coupling lens of such a preferable con 
figuration is designed So that the variation in focal length due 
to variation in temperature of the refractive lens is corrected 
by the diffraction lens, an inexpensive resin material can be 
used as a material of the coupling lens, thus reducing the cost 
of the lens. 

0073. In the coupling lens of the sixth configuration, it is 
preferable that a material of the refractive lens is resin, and 
when a focal length of the lens as a whole is f and a focal 
length of the diffraction lens is fd, the following formula is 
Satisfied: 

0.074. In the coupling lens of the sixth configuration, it is 
preferable that a relief shape of the diffraction lens is formed 
of Step-wise Zones. 
0075. In the coupling lens of the sixth configuration, it is 
preferable that the diffraction lens is fixed with the centers 
of concentric Zones of the diffraction lens being uncentered 
with respect to an optical axis of the refractive lens. 
0.076. In the coupling lens of such a preferable configu 
ration, Since the diffraction lens is positioned So as to be 
uncentered with respect to the refractive lens, diffracted light 
can be separated in a direction of the optical axis and in a 
direction perpendicular to the optical axis. Therefore, when 
it is used in a Semiconductor laser module, the processing 
accuracy of an aperture for intercepting unwanted light can 
be relaxed. 

0077. A semiconductor laser module according to a fifth 
configuration of the present invention includes, at least: a 
Semiconductor laser; an optical fiber; a fixing member for 
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fixing an incident end of the optical fiber; and a coupling 
lens for allowing a beam of light emitted from the Semicon 
ductor laser to form an image on the incident end of the 
optical fiber. The coupling lens is the coupling lens of the 
Sixth configuration. 

0078. In the semiconductor laser module of the fifth 
configuration, a coupling lens formed of the above-men 
tioned pair of lenses is used and therefore a module can be 
constructed using an inexpensive lens. 
0079. In the semiconductor laser module of the fifth 
configuration, it is preferable that a wavelength ) of the 
Semiconductor laser Satisfies the following formula: 

0080 A semiconductor laser module according to a sixth 
configuration of the present invention includes, at least: a 
Semiconductor laser, an optical fiber, a fixing member for 
fixing an incident end of the optical fiber, and a coupling lens 
for allowing a beam of light emitted from the Semiconductor 
laser to form an image on the incident end of the optical 
fiber. A diffraction grating is positioned between the cou 
pling lens and the optical fiber. 
0081. Since in the semiconductor laser module of the 
Sixth configuration, a diffraction grating is positioned in an 
optical path, unwanted light can be separated on a Surface of 
an aperture and therefore the processing accuracy of the 
aperture can be relaxed. 
0082 In the semiconductor laser module of the sixth 
configuration, it is preferable that when the diffraction 
efficiency of a diffracted light with an order used for optical 
fiber coupling out of diffracted lights from the diffraction 
grating is m, the following formula is Satisfied: 

25%sms40%. 

0083. Further, it is more preferable that the following 
formula is Satisfied: 

25%.<m-40%. 

0084. In the semiconductor laser module of the sixth 
configuration, it is preferable that a wavelength ) of the 
Semiconductor laser Satisfies the following formula: 

700 nm.<w<1400 nm. 

BRIEF DESCRIPTION OF DRAWINGS 

0085 FIG. 1 shows a coupling lens according to a first 
example of the present invention; 
0.086 FIG. 1(A) is an optical path diagram, and 
0.087 FIG. 1(B) is a front view of the coupling lens. 
0088 FIG. 2 is a graph showing a shape function of a 
relief of the coupling lens according to the first example of 
the present invention. 
0089 FIG. 3 is a graph showing a relief shape for 
processing the coupling lens according to the first example 
of the present invention. 
0090 FIG. 4 is a graph showing a sag amount of a 
Surface on which a diffraction lens is formed in the coupling 
lens according to the first example of the present invention. 
0091 FIG. 5 is a graph showing calculation results of 
diffraction efficiency of respective Zones in the diffraction 
lens of the coupling lens according to the first example of the 
present invention. 
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0092 FIG. 6 is a graph showing variation in diffraction 
efficiency when the coupling lens according to the first 
example of the present invention is designed with various 
relief depths. 
0.093 FIG. 7 is a graph showing a shape function of a 
relief of a coupling lens according to a Second example of 
the present invention. 
0094 FIG. 8 is a graph showing a relief shape for 
processing the coupling lens according to the Second 
example of the present invention. 
0.095 FIG. 9 is a graph showing a sag amount of a 
Surface on which a diffraction lens is formed in the coupling 
lens according to the Second example of the present inven 
tion. 

0.096 FIG. 10 is a graph showing variation in diffraction 
efficiency when the coupling lens according to the Second 
example of the present invention is designed with various 
relief depths. 
0097 FIG. 11 is a graph showing a shape function of a 
relief of a coupling lens according to a third example of the 
present invention. 
0.098 FIG. 12 is a graph showing variation in diffraction 
efficiency when the coupling lens according to the third 
example of the present invention is designed with various 
relief depths. 
0099 FIG. 13 shows a semiconductor laser module 
according to a fourth example of the present invention; 
0100 FIG. 13(A) is a structural view, and 
01.01 
0102 FIG. 14 is a structural view of a semiconductor 
laser module according to a fifth example of the present 
invention. 

0103 FIG. 15 shows a coupling lens according to a sixth 
example of the present invention; 
0104 FIG. 15(A) is an optical path diagram, and 
0105 FIG. 15(B) is a front view of the coupling lens. 
0106 FIG. 16 is a structural view of a semiconductor 
laser module according to a Seventh example of the present 
invention. 

FIG. 13(B) is a partially enlarged schematic view. 

0107 FIG. 17 shows a coupling lens according to an 
eighth example of the present invention; 
0108 FIG. 17(A) is an optical path diagram, and 
0109 FIG. 17(B) is a front view of the coupling lens. 
0110 FIG. 18 is a structural view of a semiconductor 
laser module according to a ninth example of the present 
invention. 

0111 FIG. 19 shows a coupling lens according to a tenth 
example of the present invention; 
0112 FIG. 19(A) is an optical path diagram, and 
0113 FIG. 19(B) is a front view of a diffraction lens. 
0114 FIG. 20 shows the diffraction lens according to the 
tenth example of the present invention; 
0115 FIG. 20(A) is a perspective view, and 
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0116 FIG.20(B) is a sectional view in a plane including 
an optical axis. 
0117 FIG. 21 shows a semiconductor laser module 
according to an eleventh or twelfth example of the present 
invention; 

0118 FIG. 21(A) is a structural view, 
0119 FIG. 21.(B) is a front view of a diffraction lens 
according to the eleventh example, and 
0120 FIG. 21(C) is a front view of a diffraction lens 
according to the twelfth example. 
0121 FIG. 22 shows a semiconductor laser module 
according to a thirteenth example of the present invention; 
0122 FIG. 22(A) is a structural view, and 
0123) 
0.124 FIG. 23 is a structural view of a conventional 
Semiconductor laser module. 

FIG. 22(B) is a front view of a diffraction grating. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0125 First Embodiment 
0.126 In an optical system of a semiconductor laser 
module using a resin lens as a coupling lens, when the 
temperature varies, a refractive indeX of resin as a material 
of the lens varies with the variation in temperature. In 
addition, a Semiconductor laser as a light Source also varies 
in emission wavelength. In this case, the coupling lens made 
of resin varies in focal length by being affected by both the 
variations in refractive index of the resin and emission 
wavelength, but the influence by the variation in refractive 
indeX dominates. A diffraction lens has a constant focal 
length even when the refractive index of the lens material 
varies. However, the diffraction lens varies in focal length 
with the variation in wavelength more Sensitively compared 
to a refractive lens. Therefore, by combining a resin lens and 
a diffraction lens, the variation in focal length according to 
the variation in refractive index of the resin material can be 
corrected by the variation in focal length of the diffraction 
lens according to the variation in emission wavelength. In 
actual use, it is not necessary to correct the variation in focal 
position of the resin lens completely, and in many cases it is 
sufficient to reduce the variation only to be below about one 
third. In this case, the diffraction lens has a positive refract 
ing power, and when the focal length of the lens as a whole 
is f and the focal length of the diffraction lens is fa, it is 
sufficient when the following formula is satisfied: 

0127. In this connection, it has been known that such a 
one-piece lens in which a diffraction lens is integrated can be 
designed using a method of utilizing a virtual high refractive 
index (for instance, William C. Sweatt: “Describing Holo 
graphic Optical Elements as Lenses”, J. Opt. Soc. Am..., Vol. 
67, No. 6, (1997)). 
0128. It is necessary to determine diffraction efficiency 
considering the output power of a Semiconductor laser 
Source used as a light Source, a numerical aperture of a lens, 
coupling efficiency of a fiber, the lower limit of a fiber output 
Standard, and the upper limit of a Safety Standard of output 
power from a module. Generally, in a lens for optical fiber 
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coupling, when the numerical aperture on the light Source 
side is 0.2 to 0.4 and that on the fiber side is about 0.1 to 0.2 
and when the output power of the Semiconductor laser as a 
light source is about 0 to 2 dbm, the diffraction efficiency of 
the lens can be determined suitably within a range of 25 to 
40% (more preferably, 30 to 37%). 
0129. As a light source for an optical fiber module, a 
semiconductor laser whose wavelength ) about 700 to 1400 
nm is used in many cases. 
0130. In this case, by Suitable selection of a relief shape 
of the diffraction lens, a function for reducing the intensity 
of light emitted from the module can be added to the lens. 
The lens is produced by resin molding using a mold pro 
cessed by cutting using a diamond bit or by direct cutting of 
a resin material. Therefore, in designing the relief shape, 
Sufficient consideration must be given to processing condi 
tions. 

0131) A specific design example of a resin lens to which 
a relief shape of the present invention is applied is described 
as follows. 

0132) First Example 
0133 FIG. 1(A) is a diagram showing an optical path of 
a coupling lens according to the present example. A beam of 
light 102 emitted from a light source 101 passes through a 
window member 103 of a laser and then enters a coupling 
lens 104 of the present invention. A diffraction lens for 
correcting variation in focal position due to variation in 
temperature is formed on an outgoing-side plane 105 of the 
coupling lens 104. A front view of this diffraction lens is 
shown in FIG. 1(B). The diffraction lens is formed of 
concentric Zones with their centers on an optical axis of the 
lens. Out of the diffracted lights from the diffraction lens, 
first-order diffracted light 106 passes through an aperture 
107 to form an image on an end face of an optical fiber 108. 
Diffracted lights (indicated with broken lines in the figure) 
other than that form images at positions different from the 
end face of the optical fiber 108. Therefore, the beams of 
light are spread on an end face of the aperture 107 and thus 
are intercepted by the aperture 107. 

0134) Table 1 shows design data using virtual high refrac 
tive indexes in an optical system shown in FIG. 1. 

TABLE 1. 

Radius of Surface Refractive 
Plane Nos. Curvature (1/c) Separation Index 

1. O.OOOOOO O.14O7 1. 
2 O.OOOOOO O.3OOO 148OOOO 
3 O.OOOOOO 1.OOOO 1. 
4* 1.183841 1.OOOO 1523.306 
5: 1.257OOO O.OOOO 7901.OOOOOO 
6* 1.25695O 2.4151 1. 
7 O.OOOOOO O.OOOO 1. 

0135 A design wavelength 2 of this lens is 780 nm, a 
focal length of the lens as a whole is 1.093 mm, a focal 
length of the diffraction lens is 4 mm, and a conjugate 
distance is 4.856 mm. This lens has a configuration in which 
first-order diffracted light is used for optical fiber coupling. 
In Table 1, the plane of No. 1 is of the light source, the planes 
of Nos. 2 and 3 are of the window member of the laser, the 
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planes of Nos. 4 to 6 are of the coupling lens, and the plane 
of No. 7 is of the end face of the optical fiber. 
0.136 The planes indicated with a mark * are aspheric 
Surfaces expressed by the following formula: 

ch 4. 6 8 O 
X = - – -- A4h - A6h + Ash + A 10h'. 

1 + W. 1 - (1 + k)ch 

0.137 Coefficients of the aspheric surfaces are shown in 
Table 2. 

TABLE 2 

4 5 6 

k -972684 x 10 7.4453.5 x 10 7.44414 x 10' 
A. -3.79205 x 10 -2.43250 x 102 -2.431.33 x 10 
As 3.87138 x 10' 2.62887 x 10' 2.62850 x 10' 
As 3.16389 179167 1791.87 
A1o -942199 4.455SO 4.45597 

0.138. In the present invention, diffraction orders of a 
diffraction lens are counted from a Zero-order indicating no 
diffraction and Subsequently as a first-order, a Second-order, 
. . . toward the shorter focal-length side Sequentially and as 
a negative first-order, a negative Second-order, . . . toward 
the longer focal-length side Sequentially. 

0139 FIG.2 shows a shape function of a relief of the lens 
according to the present example. The depth of the relief in 
the vertical axis in the figure is indicated in a unit of 2/(n-1). 
This shape function of the relief has a So-called approxi 
mately isosceles triangular shape with its apex at a location 
exactly corresponding to 50% in a periodical direction and 
the depth of the relief is 0.6x)/(n-1). 
0140 FIG. 3 shows calculation results of the relief shape 
to be processed on a lens Surface by modulating the design 
relief function indicated in FIG. 2 depending on a phase lag 
amount of a virtual high refractive indeX layer according to 
the above-mentioned lens design data. In FIG. 3, the hori 
Zontal axis indicates the height from an optical axis of the 
lens and the vertical axis indicateS rise and fall in a relief 
with respect to the aspheric Surface, both of which are 
indicated in a unit of mm. In this case, the reliefshape varies 
from an isosceles shape in the vicinity of the center of the 
lens. This is because the phase of the high refractive index 
layer varies Substantially quadratic functionally. 
0141 FIG. 4 is a graph obtained by plotting a part of the 
Sag of a Surface on which a diffraction lens is formed. In 
FIG. 4, the horizontal axis indicates height from the optical 
axis and the vertical axis a Sagamount of the lens. In the 
figure, the Sagamount is negative, since coordinate axes are 
Set So that a fiber direction is positive in the optical System 
shown in FIG. 1. 

0142. The relief shape of an approximately isosceles 
triangular shape shown in FIG. 2 enables an angle of the 
apex of the relief to be a maximum. When a mold is 
produced by cutting using a bit, the tip of the apex of the 
relief is rounded off due to a nose radius of the bit. In this 
case, it is necessary to make the angle of the apex of the 
relief as large as possible in order to lessen the shape 
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deterioration due to the cutting. In the relief shape of the 
present invention, a large angle of the apex can be obtained, 
and therefore the relief Shape is not deteriorated greatly by 
cutting, thus reducing deviation from the design. 
0143. In the case based on the premise that the relief 
shape of the present example is processed using a bit with a 
nose radius of 10 tim, calculation results of diffraction 
efficiency of respective Zones are plotted with black dots in 
FIG. 5. In FIG. 5, the bar graph shows a pitch of the 
respective Zones, and the plot with white dots shows dif 
fraction efficiency of the respective Zones when a conven 
tional Sawtooth relief is formed. It can be seen from the 
figure that the relief shape of the present example is obvi 
ously more excellent in uniformity of the diffraction effi 
ciency compared to the conventional Sawtooth shape. In this 
case, the diffraction efficiency of the lens as a whole is 28% 
both in the present invention and in the conventional Saw 
tooth shape. 
014.4 FIG. 6 is a graph obtained by plotting calculation 
results of diffraction efficiency when a lens designed using 
the above-mentioned lens data is processed using a bit 
having a nose radius of 10 um at its tip while being varied 
in relief depth with a relief function having an approxi 
mately isosceles triangular shape with its apex at a location 
corresponding to 50% in the same period as in the present 
example. In the graph, the horizontal axis indicates the depth 
of the relief function in a unit of 2/(n-1). AS can be seen 
from this figure, a relief with an approximately isosceles 
triangular shape varies in diffraction efficiency gently with 
respect to the variation in depth of the relief. This means that 
a manufactured lens has leSS Variation in diffraction effi 
ciency even if Strain or Shrinkage occurs in molding the lens. 
Therefore, the relief also is desirable from a manufacturing 
viewpoint. In addition, the diffraction efficiency of first 
order diffracted light is about 28 to 30% in the following 
range: 

0145 Thus, it can be seen that the manufactured lens has 
a diffraction efficiency desirable for a lens used in a Semi 
conductor laser module. 

0146 In the present example, the relief shape of the 
present invention was applied and the shape and diffraction 
efficiency were calculated based on the Specific lens design 
data, thus showing the usefulness of the relief shape of the 
present invention. However, the relief shape of the present 
invention is not limited by the above-mentioned specific 
design data. Naturally, the Same effects also can be obtained 
in the case of using other design data as long as the lens is 
one used for optical fiber coupling, which is provided with 
a temperature compensation effect by a diffraction lens 
designed using a resin material, or one with a Specification 
equivalent thereto. 
0147 Based on the relief shape of the present invention, 
there is a possibility of improving the shape in order to 
increase the productivity, Such as, for example, allowing an 
apex to have roundneSS. However, as it also is apparent from 
the description of the above-mentioned example, the relief 
shape of the present invention enables the diffraction effi 
ciency as designed to be obtained even if the apex is rounded 
by processing. Therefore, the improvement in relief shape as 
described above is included in the idea of the present 
invention. 
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0.148. For the calculation of diffraction efficiency consid 
ering a nose radius of a bit for processing, a method of 
calculating diffraction efficiency by Yamagata (Yamagata et 
al.: “Efficiency Simulation for Diamond Turned Diffractive 
Lenses”, Jpn. J. Appl. Phys., Vol.37, No.6B (1998)) was 
used. 

0149 Second Embodiment 

0150. When a concentric diffraction lens is formed in a 
lens and intensity of light emitted from a module is adjusted 
by the diffraction efficiency of the diffraction lens, since an 
aperture is provided at the position of a focal Spot corre 
sponding to an order used for optical fiber coupling, lights 
with diffraction orders other than that are excluded by the 
aperture. However, Some of lights with orders higher and 
lower by one order than that used for coupling pass through 
the aperture. In this case, it is desirable that a large part of 
unwanted light is distributed to higher diffraction orders 
(diffraction orders allowing a composite focal length to be 
Short) than that used for optical fiber coupling. The reason is 
that since the lights with higher diffraction orders are dif 
fused more greatly on an image plane where the aperture is 
positioned compared to lights with lower diffraction orders 
(diffraction orders allowing a composite focal length of a 
refractive lens and a diffraction lens to be long) than that 
used for optical fiber coupling, the quantity of lights with 
unnecessary orders passing through the aperture can be 
reduced. 

0151. Second Example 

0152 FIG. 7 shows a shape function of a relief of a lens 
for a laser module according to the present example. The 
depth of the relief in the Vertical axis is indicated in a unit 
of 2/(n-1). 
0153. The shape function of the relief according to the 
present example has a triangular wavy shape whose apex is 
at a location corresponding to 30% in a period, and the depth 
of the relief is 1.1x)/(n-1). 
0154) With respect to the relief shown in FIG. 7, a shape 
of the relief for processing the lens and a Sag amount of a 
Surface on which a diffraction lens is integrated are shown 
in FIGS. 8 and 9 using the lens data indicated in Tables 1 
and 2. In FIG. 8, the horizontal axis indicates height from 
an optical axis of the lens and the vertical axis indicates rise 
and fall in the relief with respect to an aspheric Surface, both 
of which are indicated in units of mm. 

O155 FIG. 9 is a graph obtained by plotting a part of sag 
of a Surface on which a diffraction lens is formed. In FIG. 
9, the horizontal axis indicates a distance from an optical 
axis and the vertical axis indicates a Sagamount of the lens. 
In the figure, the Sagamount is negative, Since the coordinate 
axes are Set So that a fiber direction is positive in the optical 
system shown in FIG. 1. 

0156 The following Table 3 shows calculation results of 
diffraction efficiency of a lens as a whole, which has the 
relief Shape of the present example, when the lens is 
processed using a bit with a nose radius of 10 um. 
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TABLE 3 

Second 
Zero-Order First-order order 

Diffraction 5.3% 37.0% 18.8% 
Efficiency 

O157 AS can be seen from Table 3, in the case of using 
a diffraction lens having the relief shape shown in the 
present example, light intensity distributed to Zero-order 
diffracted light with a longer focal length than that of 
first-order diffracted light used for optical fiber coupling is 
low, and unwanted light is distributed to Second-order dif 
fracted light with a shorter focal length. 

0158 FIG. 10 is a graph obtained by plotting calculation 
results of diffraction efficiency with respect to respective 
diffraction orders when a lens designed using the aforemen 
tioned lens design data is processed using a bit having a nose 
radius of 10 um at its tip while being varied in relief depth 
with a relief function having a triangular wavy shape with its 
apex at a location corresponding to 30% in a period as in the 
present example. In the graph, the horizontal axis indicates 
the depth of the relief in a unit of 2/(n-1). From this graph, 
it can be seen that when the depth of the relief function is in 
the range of 

1.05s W(n-1)/ws 1.1, 

0159) the diffraction efficiency of first-order diffracted 
light used for coupling is allowed to be about 30 to 40% 
while the diffraction efficiency of the Zero-order diffracted 
light is reduced to be below 7%. Furthermore, it can be seen 
that the lens has a design enabling unwanted light to be led 
to Second-order diffracted light more than to Zero-order 
diffracted light, thus having an optimum diffraction effi 
ciency as a lens for a Semiconductor laser module. 

0160 In the present example, the relief shape of the 
present invention was applied and the shape and diffraction 
efficiency were calculated based on the Specific lens design 
data, thus showing the usefulness of the relief shape of the 
present invention. However, the relief shape of the present 
invention is not limited by the above-mentioned specific 
design data. Naturally, the Same effects also can be obtained 
in the case of using other design data as long as the lens is 
one used for optical fiber coupling, which is provided with 
a temperature compensation effect by a diffraction lens 
designed using a resin material, or one with a Specification 
equivalent thereto. 

0.161 Based on the relief shape of the present invention, 
there is a possibility of improving the shape in order to 
increase the productivity, Such as, for example, allowing an 
apex to have roundneSS. However, as it also is apparent from 
the description of the above-mentioned example, the relief 
shape of the present invention enables the diffraction effi 
ciency as designed to be obtained even if the apex is rounded 
by processing. Therefore, the improvement in relief shape as 
described above is included in the idea of the present 
invention. 

0162. In the present example, the above description was 
directed to an example in the case where the relief has its 
apex at a location corresponding to 30%. However, the same 
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effect as in the present example is obtained when the depth 
W of the relief function satisfies the following formula: 

1.0s W(n-1)/ws 1.05 
0163 even if the apex is at a location corresponding to 30 
to 40%. In other words, Zero-order diffracted light can be 
reduced while the diffraction efficiency of first-order dif 
fracted light is allowed to be 30 to 40%. 
0164. When the apex is at a location corresponding to a 
percentage higher than 40%, a diffraction efficiency of 40% 
cannot be obtained even if the depth of the relief is adjusted. 
Further, when the apex is at a location corresponding to a 
percentage lower than 30%, the range of the relief depth 
most suitable for the first-order diffracted light is narrowed, 
thus requiring Severe processing accuracy and in addition, 
Zero-order diffracted light is generated. Thus, these cases are 
not preferable. 
0165. Third Example 
0166 FIG. 11 shows a shape function of a relief of a lens 
for a laser module according to the present example. The 
depth of the relief in the Vertical axis is indicated in a unit 
of 2/(n-1). The shape function of the relief according to the 
present example has a triangular wavy shape and its apex at 
a location corresponding to 40% in a period, and the relief 
has a depth of 2/(n-1). 
0.167 With respect to the relief function of the present 
example shown in FIG. 11, a shape of the relief for 
processing the lens and a Sagamount of a Surface on which 
a diffraction lens was integrated were determined using the 
lens data shown in Tables 1 and 2, and then the diffraction 
efficiency of the lens as a whole in the case where the lens 
was processed using a bit with a nose radius of 10 um was 
calculated. The calculation results are shown in Table 4. 

TABLE 4 

Second 
Zero-Order First-order order 

Diffraction 47% 33.2% 18.0% 
Efficiency 

0168 FIG. 12 is a graph obtained by plotting the calcu 
lation results of diffraction efficiency with respect to respec 
tive diffraction orders when a lens designed with various 
relief depths using a triangular wavy relief function having 
its apex at a location corresponding to 40% as indicated in 
the present example is processed using a bit with a nose 
radius of 10 lim. In the graph, the horizontal axis indicates 
the depth of the relief in a unit of (n-1). From FIG. 12, it 
can be seen that when the depth W of the relief function 
satisfies the following formula: 

0169 the lens has a design enabling diffraction efficiency 
of first-order diffracted light to be 25% to 38%, diffraction 
efficiency of Zero-order diffracted light to be 7% or less, and 
undesired light to be led to second-order diffracted light 
more than to Zero-order diffracted light, thus having an 
optimum diffraction efficiency as a lens for a Semiconductor 
laser module. 

0170 In the present example, the relief shape of the 
present invention was applied and the shape and diffraction 
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efficiency were calculated based on the Specific lens design 
data, thus showing the usefulness of the relief shape of the 
present invention. However, the relief shape of the present 
invention is not limited by the above-mentioned specific 
design data. Naturally, the Same effects also can be obtained 
in the case of using other design data as long as the lens is 
one used for optical fiber coupling, which is provided with 
a temperature compensation effect by a diffraction lens 
designed using a resin material, or one with a Specification 
equivalent thereto. 
0171 Based on the relief shape of the present invention, 
there is a possibility of improving the shape in order to 
increase the productivity, Such as, for example, allowing an 
apex to have roundneSS. However, as it also is apparent from 
the description of the above-mentioned example, the relief 
shape of the present invention enables the diffraction effi 
ciency as designed to be obtained even if the apex is rounded 
by processing. Therefore, the improvement in relief shape as 
described above is included in the idea of the present 
invention. 

0172 Fourth Example 
0173 FIG. 13 shows a configuration of a semiconductor 
laser module using, as a coupling lens, a one-piece lens in 
which a diffraction member having the relief shown in the 
Second example is integrated. 
0.174. A semiconductor laser 1301 and a coupling lens 
1302 of the present invention are fixed to front and rear end 
portions of a lens holder 1303 opposing each other. A 
connecting holder 1304 is fitted onto the peripheral surface 
of the lens holder 1303. To this connecting holder 1304, a 
ferrule holder 1305 is fixed, and a ferrule 1307 into which 
an optical fiber 1306 is inserted is fixed removably to the 
ferrule holder 1305. 

0.175. A beam of light emitted from the semiconductor 
laser 1301 enters the coupling lens 1302 of the present 
invention. A diffraction lens is formed on an outgoing-side 
plane 1308 of the coupling lens according to the present 
invention, and first-order diffracted light from the diffraction 
lens passes through an aperture 1309 to form an image on an 
incident end face of the optical fiber 1306. FIG. 13(B) is an 
enlarged Schematic view of the part from the outgoing-side 
plane 1308 of the lens to the aperture 1309. The aperture 
1309 is provided at an imaging position 1310 of the first 
order diffracted light. Zero-order diffracted light 1311 forms 
an image behind the aperture 1309 and second-order dif 
fracted light 1312 forms an image before reaching the 
aperture. In this case, the second-order diffracted light 1312 
is diffused on the aperture 1309 more than the Zero-order 
diffracted light 1311. Therefore, the Zero-order diffracted 
light 1311 passes through the aperture more easily compared 
to the second-order diffracted light 1312. In the present 
example, a lens generating little Zero-order diffracted light 
1311 is used and therefore unwanted light leaking out from 
the module can be reduced. 

0176) Third Embodiment 
0177. When a one-piece temperature compensated resin 
lens in which a diffraction member is integrated is used as 
a coupling lens, lights with unnecessary diffraction orders 
are intercepted by an aperture. In this case, when the lights 
with unnecessary diffraction orders and light with a diffrac 
tion order used for optical fiber coupling form images with 
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different image heights, the assembly accuracy and proceSS 
ing accuracy of the aperture can be relaxed, thus reducing 
the manufacturing cost of the module. 
0178 Fifth Example 

0179 FIG. 14 is a schematic structural view of a laser 
module of the present example. 

0180 A semiconductor laser 1401 and a coupling lens 
1402 of the present invention are fixed to front and rear end 
portions of a lens holder 1403 opposing each other. In the 
lens holder 1403, Surfaces to which the lens is fixed are 
processed So that the coupling lens 1402 is attached having 
a tilt with respect to an optical axis. A connecting holder 
1404 is fitted onto the peripheral Surface of the lens holder 
1403. To this connecting holder 1404, a ferrule holder 1405 
is fixed, and a ferrule 1407 into which an optical fiber 1406 
is inserted is fixed removably to the ferrule holder 1405. 

0181. A beam of light emitted from the semiconductor 
laser 1401 enters the coupling lens 1402 of the present 
invention. A diffraction lens is formed on an outgoing-side 
plane 1408 of the coupling lens according to the present 
invention, and first-order diffracted light from the diffraction 
lens passes through an aperture 1409 to form an image on an 
incident end face of the optical fiber 1406. In this case, since 
the coupling lens 1402 is fixed so as to be tilted with respect 
to the optical axis, the beam of light emitted from the 
Semiconductor laser Source becomes off-axis light with 
respect to the coupling lens. Therefore, due to the difference 
in composite focal length of the lens, respective lights with 
different diffraction orders have different focal planes on 
which images are formed and different image heights. Con 
Sequently, the processing accuracy and assembly accuracy 
of the aperture 1408 provided for intercepting unwanted 
light can be relaxed considerably. Furthermore, the aperture 
can be omitted depending on the positions of spots of 
diffracted lights with respective orders, thus reducing the 
cost of the module as a whole. 

0182 Sixth Example 
0183 FIG. 15 is a schematic diagram showing optical 
paths of a coupling lens of the present example. 

0184 Light 1502 emitted from a laser 1501 passes 
through a window member 1503 of the laser and then enters 
a coupling lens 1504 of the present invention. On an 
outgoing-side plane 1505 of the coupling lens 1504 of the 
present invention, a diffraction lens formed of concentric 
Zones is formed. FIG. 15(B) shows a front view of the 
outgoing-Side plane. The center of the Zones of this diffrac 
tion lens deviates with respect to an axis of rotational 
Symmetry of the lens. In this case, the focal position of 
first-order diffracted light from the diffraction lens and the 
focal positions of Second-order and Zero-order diffracted 
lights from the diffraction lens are different both in position 
of image plane and image height. The first-order diffracted 
light from the diffraction lens is focused on the end face of 
an optical fiber 1506 to be coupled. Both zero-order and 
second-order diffracted lights 1507 are intercepted by an 
aperture 1508 provided in front of the optical fiber. In this 
case, however, imaging positions (image heights) of the 
lights with the respective diffraction orders are different, 
thus relaxing the processing accuracy and assembly accu 
racy of the aperture. 
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0185. Seventh Example 
0186 FIG. 16 is a schematic structural view of a laser 
module of the present example. 
0187. A semiconductor laser 1601 and a coupling lens 
1602 of the present invention are fixed to front and rear end 
portions of a lens holder 1603 opposing each other. In this 
case, the lens described in the Sixth example is used as the 
coupling lens 1602. A connecting holder 1604 is fitted onto 
the peripheral surface of the lens holder 1603. To this 
connecting holder 1604, a ferrule holder 1605 is fixed, and 
a ferrule 1607 into which an optical fiber 1606 is inserted is 
fixed removably to the ferrule holder 1605. In this case, the 
ferrule holder 1605 is attached so as to be uncentered with 
respect to the semiconductor laser 1601 so that the incident 
end face of the optical fiber 1606 is positioned at a focal 
position of first-order diffracted light from the coupling lens 
1602. 

0188 A beam of light emitted from the semiconductor 
laser 1601 enters the coupling lens 1602 of the present 
invention. On an outgoing-Side plane 1608 of the coupling 
lens according to the present invention, a diffraction lens is 
formed, and first-order diffracted light from the diffraction 
lens passes through an aperture 1609 and forms an image on 
the incident end face of the optical fiber 1606. 
0189 In the semiconductor laser module using the lens of 
the present example, the imaging positions of diffracted 
lights can be varied without attaching the lens with a tilt, 
thus simplifying the assembly of the module and reducing its 
manufacturing cost. 
0190. Fourth Embodiment 
0191) When a glass coupling lens is used, it is not 
required to correct variation in focal position due to varia 
tion in temperature. Therefore, by forming a diffraction 
grating on a Surface of the lens, the intensity of light emitted 
from a module can be adjusted. 
0192) Eighth Example 
0193 FIG. 17(A) is a diagram showing a cross section 
and optical paths of a coupling lens according to the present 
example. A beam 1702 emitted from a laser 1701 as a light 
Source passes through a window member 1703 of the laser 
and enters a coupling lens 1704 of the present invention. On 
an incident plane 1705 of the coupling lens 1704 of the 
present invention, a diffraction grating formed of approxi 
mately linear grooves is formed. FIG. 17(B) shows a front 
view of the lens seen from the incident plane 1705 of the 
lens. Suppose the diffraction efficiency of the diffraction 
grating with respect to Zero-order diffracted light is Selected 
Suitably So that output power of the module is within a Safety 
Standard and the diffraction grating formed on a Surface of 
the lens has a Sectional shape most Suitable for achieving the 
above-mentioned diffraction efficiency. In this case, light 
entering the coupling lens 1704 is diffracted by the diffrac 
tion grating formed on the incident plane 1705 of the lens. 
Zero-order diffracted light 1706 passes through an aperture 
1707 and forms an image on an end face of an optical fiber 
1708. Lights with diffraction orders other than that are 
intercepted by the aperture 1707. 
0194 Ninth Example 
0195 FIG. 18 shows a structural view of a semiconduc 
tor laser module of the present example. 
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0196. A semiconductor laser 1802 is inserted into and 
fixed to a lens holder 1801 on its rear end side. On the other 
hand, a coupling lens 1803 described in the eighth example 
is fixed to the front end portion of the lens holder 1801. A 
connecting holder 1804 is fitted onto the peripheral surface 
of the lens holder 1801. Further, a ferrule holder 1805 is 
fixed to the connecting holder 1804 and a ferrule 1807 into 
which an optical fiber 1806 is inserted is fixed removably to 
the ferrule holder 1805. A beam of light emitted from the 
semiconductor laser 1802 enters the coupling lens 1803. On 
the incident plane side 1808 of the coupling lens 1803, a 
diffraction grating is formed, thus generating diffracted light. 

0197). In this case, Zero-order diffracted light 1809 is 
focused on the end face of the optical fiber 1806 and is 
coupled to the fiber. Diffracted lights with other orders are 
intercepted by an aperture 1810 provided in front of the 
optical fiber and do not leak out from the module. Further 
more, when the diffraction grating processed on the coupling 
lens 1803 has a sufficiently small pitch, a large diffraction 
angle can be obtained. Thus, the aperture 1810 may be 
omitted. 

0198 In the semiconductor laser module of the present 
example, the intensity of light emitted from the module can 
be suppressed within the safety standard without further 
providing an optical attenuation member Such as an attenu 
ation film, a polarizing plate, or the like, or using a control 
circuit for Stopping emission when the optical fiber comes 
off. As a result, an inexpensive laser module can be pro 
vided. 

0199 Fifth Embodiment 
0200. The upper limit of the safety standard of output 
power of a laser module is -4.9 dbm (the ANSI Standard) 
and the lower limit of the output power required for optical 
fiber communication is -10 dbm. Therefore, in designing a 
laser module, its output power must be adjusted within the 
above-mentioned range. LOSSes in quantity of light from a 
laser to an optical fiber include: losses at the incidence on a 
coupling lens caused by eclipse due to a Small NA on the 
incident Side of a coupling lens with respect to a divergence 
angle of a Semiconductor laser, Fresnel loSS at the lens 
Surface, or the like; and a loSS due to coupling efficiency 
between an outgoing beam of light from the lens and an 
optical fiber. When NAS of the coupling lens on the laser 
side and on the fiber side are about 0.2 and about 0.15, a loss 
at the incidence on the lens of about 45 to 55% and a loss 
upon fiber coupling of about 20% to 30% are expected. 

0201 In addition, a laser suitable for high-speed com 
munication has an output power of about 0dbm. Therefore, 
the laser module is designed So that its output power falls 
within the Standard considering the above-mentioned losses 
by adjusting the diffraction efficiency of a diffraction lens. 

0202) When consideration is given to the above-men 
tioned conditions, the diffraction efficiency m of diffracted 
light used for optical fiber coupling Satisfies the following 
formula: 

30%sms37%. 

0203 However, depending on the variation of expected 
losses with variation in Specification of the lens and the 
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Selection of output power of the laser used as a light Source, 
the preferable diffraction efficiency m is distributed in the 
following range: 

25%sms40%. 

0204 Table 5 shows calculation results of amplitude of a 
relief required for obtaining the above-mentioned diffraction 
efficiency as diffraction efficiency of first-order diffracted 
light in the case where the location of the apex of the relief 
is in the range of 25% to 50% of a relief period when a 
wavelength is 790 nm, a material has a refractive index of 
1.523306, an average pitch of Zones is 40 tim, and a 
processing bit has a nose radius R of 10 um at its tip. The 
amplitude is indicated in a unit of (n-1). In this case, 
}(n-1) is 1.509633 um. Blanks in the table indicate that the 
diffraction efficiency cannot be obtained even if the depth of 
the relief is adjusted. 

TABLE 5 

Diffraction Efficiency (% 

25 3O 33 37 40 

Location O.250 1.27 1.24 1.21 1.17 1.14 
of 0.275 1.25 1.2 1.17 1.13 1.1 

Apex O.3OO 1.21 1.16 1.13 1.08 1.05 
(X) O.325 1.18 1.12 1.09 1.04 1.OO 

O.350 1.14 1.08 1.04 O.99 O.94 
0.375 1.10 1.04 O.99 0.95 0.87 
O.400 1.06 O.99 O.94 O.86 O.74 
O.425 1.02 O.94 O.88 0.72 
O.450 0.97 O.88 O.81 
0.475 O.93 O.82 O.7O 
O.SOO 0.87 O.68 

0205 From the table, it can be seen that a diffraction 
efficiency between 25% and 40% can be obtained when the 
relief shape is designed So as to Satisfy the following 
formula: 

0206 Similarly, a diffraction efficiency between 30% and 
37% can be obtained when the relief shape is designed so as 
to satisfy the following formula: 

0207. When processing conditions or an average pitch in 
the lens is varied, the above-mentioned optimum conditions 
vary slightly. When the amount of the variation is expected 
to be 5%, the amplitude W of a relief required for obtaining 
the diffraction efficiency between 25% and 40% satisfies the 
following formula: 

0208 and similarly, the condition for obtaining the dif 
fraction efficiency between 30% and 37% is expressed by 
the following formula: 

0209. In the above-mentioned design conditions, when 
the location X of the apex of a relief is between 0.3 (30%) 
and 0.4 (40%), it is possible to lessen Zero-order diffracted 
light. Therefore, in constructing the module, it is possible to 
further reduce light leaking out from an aperture. 
0210. The coupling lens of the present embodiment can 
be used by being incorporated in a Semiconductor laser 
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module having the Same configuration as that of the above 
mentioned example 4, 5, or the like. 
0211 Sixth Embodiment 
0212. Using a pair of lenses of a single lens and a 
diffraction lens as a coupling lens is advantageous in that a 
Single lens that has been used conventionally can be used 
without being modified. 
0213 Tenth Example 
0214 FIG. 19 is a structural view of a coupling lens of 
the present invention. 
0215 Abeam of light 1902 emitted from a light source 
1901 passes through a window member 1903 and then enters 
a refractive lens 1904. The refractive lens 1904 allows the 
incident light of a divergent beam of light to go out as a 
convergent beam of light. Then the outgoing light from the 
refractive lens 1904 enters a diffraction lens 1905. In the 
diffraction lens 1905, concentric Zones are formed as shown 
in FIG. 19(B), and the diffraction lens functions as a positive 
lens. 

0216) The diffraction lens is designed so that the variation 
in focal position due to variation in temperature in the 
refractive lens 1904 is corrected with respect to first-order 
diffracted light from the diffraction lens 1905. For this 
purpose, if a composite focal length of the pair of lenses 
formed of the refractive lens 1904 and the diffraction lens 
1905 with respect to first-order diffracted light is f and the 
focal length of first-order diffracted light from the diffraction 
lens 1905 is fd, the diffraction lens can be designed to satisfy 
the following formula: 

0217. It is necessary to determine diffraction efficiency of 
the diffraction lens considering the output power of a Semi 
conductor laser Source used as the light Source, a numerical 
aperture of the lens, the coupling efficiency of a fiber, the 
lower limit of a fiber output standard, and the upper limit of 
a safety standard of output power from the module. If the 
refractive lens 1904 has a numerical aperture of 0.2 to 0.4 on 
the light Source Side and a numerical aperture of about 0.1 
to 0.2 on the fiber side and the semiconductor laser as the 
light Source has an output power of about 0 to 2 dbm, the 
diffraction efficiency of first-order diffracted light from the 
diffraction lens 1905 can be determined suitably within a 
range between 25 and 40% (more preferably, between 30 
and 37%). 
0218 First-order diffracted light 1906 from the diffrac 
tion lens 1905 passes through an aperture 1907 and forms an 
image on an end face of an optical fiber 1908. Diffracted 
lights (indicated with broken lines in the figure) with orders 
other than that form images on positions different from the 
aperture 1907. Therefore, beams of light spread on the 
surface of the aperture 1907 and are intercepted by the 
aperture 1907. 

0219 FIG.20(A) is a perspective view of the diffraction 
lens 1905 and FIG. 20(B) is a sectional view of the 
diffraction lens in a plane including an optical axis. 
0220. When a diffraction lens is formed on a surface, it 
can be manufactured by photolithography. A diffraction lens 
manufactured by this method is characterized by having 
step-wise Zones as shown in FIG.20(B). The figure shows 
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a diffraction lens formed of four steps. However, it is 
possible to adjust diffraction efficiency within an optimum 
range by adjusting the number of the Steps and the Sectional 
shape of the Steps. 

0221) Eleventh Example 

0222 FIG. 21(A) is a schematic structural view of a 
Semiconductor laser module of the present example. 

0223) A semiconductor laser 2101 and a coupling lens 
formed of a pair of lenses including a refractive lens 2102 
and a diffraction lens 2103 are fixed to front and rear 
portions of a lens holder 2104 opposing each other. The 
diffraction lens 2103 is formed of concentric Zones (see 
FIG. 20) having their center on an optical axis as shown in 
FIG. 21.(B). A connecting holder 2105 is fitted onto the 
peripheral surface of the lens holder 2104. A ferrule holder 
2106 is fixed to this connecting holder 2105 and a ferrule 
2108 into which an optical fiber 2107 is inserted is fixed 
removably to the ferrule holder 2106. 

0224. A beam of light emitted from the semiconductor 
laser 2101 enters the refractive lens 2102. An outgoing beam 
of light from the refractive lens enters the diffraction lens 
2103 and is separated into diffracted lights with a plurality 
of orders by the diffraction lens. First-order diffracted light 
from the diffraction lens passes through an aperture 2109 
and is coupled to an end face of the optical fiber 2107. The 
diffracted lights with the other orders from the diffraction 
lens have different focal lengths and thus are focused on the 
optical axis at positions different from that of the first-order 
diffracted light. Therefore, these beams of light spread over 
the Surface of the aperture and are intercepted by the 
aperture. 

0225. Twelfth Example 

0226 FIG. 21(C) is a front view of a diffraction lens in 
a Semiconductor laser module of the present example. 

0227 Zones of the diffraction lens are processed to be 
uncentered with respect to an optical axis. 

0228. When this diffraction lens is used as a substitute for 
the diffraction lens 2103 in the semiconductor laser module 
shown in the eleventh example, the following effect is 
obtained. 

0229. That is, the focal positions of lights with respective 
orders from the diffraction lens vary not only in a direction 
of the optical axis but also in a direction perpendicular to the 
optical axis. Therefore, the interception by the aperture 
becomes easy, and the processing accuracy and assembly 
accuracy of the aperture can be relaxed. 

0230 Seventh Embodiment 
0231 When a conventional glass coupling lens is used, it 
is not necessary to correct the variation in focal position due 
to variation in temperature. Therefore, a diffraction grating 
is positioned in an optical path between a Semiconductor 
laser and an optical fiber and thus the intensity of light 
emitted from a module can be adjusted. 

0232) Thirteenth Example 

0233 FIG. 22(A) shows a structural view of a semicon 
ductor laser module of the present example. 
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0234. A semiconductor laser 2202 is inserted into and 
fixed to a lens holder 2201 on its rear end side. On the other 
hand, a coupling lens 2203 and a diffraction grating 2204 are 
fixed to a front end portion of the lens holder 2201. The 
diffraction grating 2204 is formed of linear grooves as 
shown in the front view in FIG. 22(B). A connecting holder 
2205 is fitted onto the peripheral Surface of the lens holder 
2201 for the coupling lens. Furthermore, to this connecting 
holder 2205, a ferrule holder 2206 is fixed and a ferrule 2208 
into which an optical fiber 2207 is inserted is fixed remov 
ably to the ferrule holder 2206. Abeam of light emitted from 
the semiconductor laser 2202 enters the coupling lens 2203. 
Outgoing light from the coupling lens 2203 enters the 
diffraction grating 2204 to be separated into diffracted lights 
with a plurality of orders. 
0235) In this case, Zero-order diffracted light 2209 is 
focused on an end face of the optical fiber 2207 to be 
coupled to the fiber. The diffracted lights with the other 
orders are intercepted by an aperture 2210 provided in front 
of the optical fiber and do not leak out from the module. In 
addition, when the diffraction grating 2204 has a sufficiently 
Small pitch, a large angle of diffraction can be obtained. 
Therefore, a configuration without using the aperture 2210 
also is possible. 
0236. The semiconductor laser module of the present 
example enables the intensity of light emitted from the 
module to be Suppressed within a Safety Standard without 
further providing an optical attenuation member Such as an 
attenuation film, a polarization plate, or the like or using a 
control circuit Such as one for stopping emission when the 
optical fiber comes off, while Still using a conventional lens. 
AS a result, an inexpensive laser module can be provided. 

1. A coupling lens used for coupling a beam of light 
emitted from a Semiconductor laser to an optical fiber, 

wherein the coupling lens is formed of a single lens, a 
diffraction lens formed of concentric Zones is integrated 
on either one of an incident plane and an outgoing-Side 
plane of the Single lens, the diffraction lens has a 
positive refracting power, a relief function of the dif 
fraction lens has an approximately isosceles triangular 
shape, and a depth W of the relief function satisfies the 
following formula: 

where W indicates the depth of the relief function, in 
denotes a refractive index of a lens material, and 2. 
represents a wavelength of the Semiconductor laser. 

2. A coupling lens used for coupling a beam of light 
emitted from a Semiconductor laser to an optical fiber, 

wherein the coupling lens is formed of a single lens, a 
diffraction lens formed of concentric Zones is integrated 
on either one of an incident plane and an outgoing-Side 
plane of the Single lens, the diffraction lens has a 
positive refracting power, a relief function of the dif 
fraction lens has an approximately triangular shape 
with its apex at a location between 25% and 45% of a 
relief period, and a depth W of the relief function 
satisfies the following formula: 
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where W indicates the depth of the relief function, in 
denotes a refractive index of a lens material, and 2. 
represents a wavelength of the Semiconductor laser. 

3. The coupling lens according to claim 2, wherein the 
relief function of the diffraction lens has an approximately 
triangular shape with its apex at a location between 30% and 
40% of a relief period and the depth W of the relief function 
satisfies the following formula: 

1.0s W(n-1)/ws 1.1 

where W indicates the depth of the relief function, in 
denotes a refractive index of a lens material, and 2. 
represents a wavelength of the Semiconductor laser. 

4. The coupling lens according to claim 1 or 2, wherein 
first-order diffracted light from the diffraction lens is used 
for optical fiber coupling, and when a diffraction efficiency 
of Zero-order diffracted light is mo and a diffraction efficiency 
of Second-order diffracted light is m, the following formula 
is Satisfied: 

5. The coupling lens according to claim 1 or 2, wherein a 
diffraction efficiency me of zero-order diffracted light from 
the diffraction lens satisfies the following formula: 

mo-7%. 

6. A coupling lens used for coupling a beam of light 
emitted from a Semiconductor laser to an optical fiber, 

wherein the coupling lens is formed of a Single lens, a 
diffraction lens formed of concentric Zones is integrated 
on either one of an incident plane and an outgoing-Side 
plane of the Single lens, and the diffraction lens has a 
positive refracting power and is processed So as to be 
uncentered with respect to an axis of rotational Sym 
metry of a refractive lens. 

7. The coupling lens according to claim 1, 2, or 6, wherein 
when a diffraction efficiency of a diffracted light with an 
order used for optical fiber coupling out of diffracted lights 
from the diffraction lens is m, the following formula is 
Satisfied: 

25%sms40%. 

8. The coupling lens according to claim 1, 2, or 6, wherein 
when a diffraction efficiency of a diffracted light with an 
order used for optical fiber coupling out of diffracted lights 
from the diffraction lens is m, the following formula is 
Satisfied: 

30%sms37%. 

9. The coupling lens according to claim 1, 2, or 6, wherein 
a wavelength ) of the Semiconductor laser Satisfies the 
following formula: 

10. The coupling lens according to claim 1, 2, or 6, 
wherein a material of the lens is resin, and the diffraction 
lens is designed So that when a refractive index of the resin 
as the material and a wavelength of the Semiconductor laser 
vary due to variation in temperature, a variation in focal 
length of the lens due to variation in the refractive indeX is 
corrected by a variation in focal length of the diffraction lens 
due to variation in the wavelength. 

11. The coupling lens according to claim 1, 2, or 6, 
wherein a material of the lens is resin and when a focal 

Jan. 16, 2003 

length of the lens as a whole is f and a focal length of the 
diffraction lens is fa, the following formula is satisfied: 

12. A Semiconductor laser module, comprising, at least: 
a Semiconductor laser; 
an optical fiber; 
a fixing member for fixing an incident end of the optical 

fiber; and 
a coupling lens for allowing a beam of light emitted from 

the Semiconductor laser to form an image on the 
incident end of the optical fiber, 

wherein the coupling lens is the coupling lens according 
to claim 1, 2, or 6. 

13. The Semiconductor laser module according to claim 
12, wherein a wavelength ) of the Semiconductor laser 
satisfies the following formula: 

14. A Semiconductor laser module, comprising, at least: 
a Semiconductor laser; 
an optical fiber; 
a fixing member for fixing an incident end of the optical 

fiber; and 
a coupling lens for allowing a beam of light emitted from 

the Semiconductor laser to form an image on the 
incident end of the optical fiber, 

wherein the coupling lens is the coupling lens according 
to claim 1, 2 or 6 and is fixed so as to be tilted with 
respect to an optical axis. 

15. The Semiconductor laser module according to claim 
14, wherein a wavelength ) of the Semiconductor laser 
satisfies the following formula: 

16. A coupling lens used for coupling a beam of light 
emitted from a Semiconductor laser to an optical fiber, 

wherein the coupling lens is made of glass and is formed 
of a single lens, and a diffraction grating is formed on 
either one of an incident plane and an outgoing-Side 
plane of the Single lens. 

17. The coupling lens according to claim 16, wherein 
Zero-order diffracted light from the diffraction grating is 
used for optical fiber coupling and a diffraction efficiency mo 
of the Zero-order diffracted light satisfies the following 
formula: 

25% smos 40%. 

18. The coupling lens according to claim 16, wherein 
Zero-order diffracted light from the diffraction grating is 
used for optical fiber coupling and a diffraction efficiency mo 
of the Zero-order diffracted light satisfies the following 
formula: 

30% smos37%. 

19. A Semiconductor laser module, comprising, at least: 
a Semiconductor laser; 

an optical fiber; 
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a fixing member for fixing an incident end of the optical 
fiber; and 

a coupling lens for allowing a beam of light emitted from 
the Semiconductor laser to form an image on the 
incident end of the optical fiber, 

wherein the coupling lens is the coupling lens according 
to claim 16. 

20. The Semiconductor laser module according to claim 
19, wherein a wavelength ) of the Semiconductor laser 
satisfies the following formula: 

21. A coupling lens used for coupling a beam of light 
emitted from a Semiconductor laser to an optical fiber, 

wherein the coupling lens is formed of a Single lens, a 
diffraction lens formed of concentric Zones is integrated 
on either one of an incident plane and an outgoing-Side 
plane of the Single lens, the diffraction lens has a 
positive refracting power, and when a diffraction effi 
ciency of a diffracted light with an order used for 
optical fiber coupling out of diffracted lights from the 
diffraction lens is m, the following formula is Satisfied: 
25%sms40%. 

22. The coupling lens according to claim 21, wherein 
when a diffraction efficiency of a diffracted light with an 
order used for optical fiber coupling out of diffracted lights 
from the diffraction lens is m, the following formula is 
Satisfied: 

30%sms37%. 

23. The coupling lens according to claim 21, wherein a 
relief function of the diffraction lens has an approximately 
triangular shape with its apex at a location between 25% and 
50% of a relief period, and when the location of the apex is 
X and a depth of the relief function is W, W satisfies the 
following formula: 

24. The coupling lens according to claim 21, wherein a 
relief function of the diffraction lens has an approximately 
triangular shape with its apex at a location between 25% and 
50% of a relief period, and when the location of the apex is 
X and a depth of the relief function is W, W satisfies the 
following formula: 

25. The coupling lens according to claim 21, wherein a 
relief function of the diffraction lens has an approximately 
triangular shape with its apex at a location between 25% and 
50% of a relief period, and when the location of the apex is 
X and a depth of the relief function is W, W satisfies the 
following formula: 

26. The coupling lens according to claim 21, wherein a 
relief function of the diffraction lens has an approximately 
triangular shape with its apex at a location between 25% and 
50% of a relief period, and when the location of the apex is 
X and a depth of the relief function is W, W satisfies the 
following formula: 

27. The coupling lens according to any one of claims 23 
to 26, wherein the relief function of the diffraction lens has 
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an approximately triangular shape with its apex at a location 
between 30% and 40% in the relief period. 

28. The coupling lens according to claim 21, wherein a 
wavelength ) of the Semiconductor laser Satisfies the fol 
lowing formula: 

29. The coupling lens according to claim 21, wherein a 
material of the lens is resin and the diffraction lens is 
designed So that when a refractive index of the resin as the 
material and a wavelength of the Semiconductor laser vary 
due to variation in temperature, a variation in focal length of 
the lens due to variation in the refractive indeX is corrected 
by a variation in focal length of the diffraction lens due to 
variation in the wavelength. 

30. The coupling lens according to claim 21, wherein a 
material of the lens is resin and when a focal length of the 
lens as a whole is f and a focal length of the diffraction lens 
is fa, the following formula is satisfied: 

31. A Semiconductor laser module, comprising, at least: 

a Semiconductor laser; 

an optical fiber; 

a fixing member for fixing an incident end of the optical 
fiber; and 

a coupling lens for allowing a beam of light emitted from 
the Semiconductor laser to form an image on the 
incident end of the optical fiber, 

wherein the coupling lens is the coupling lens according 
to claim 21. 

32. A coupling lens used for coupling a beam of light 
emitted from a Semiconductor laser to an optical fiber, 

wherein the coupling lens is a pair of lenses of a refractive 
lens and a diffraction lens formed of concentric Zones, 
the diffraction lens has a positive refracting power, and 
when a diffraction efficiency of a diffracted light with 
an order used for optical fiber coupling out of diffracted 
lights from the diffraction lens is m, the following 
formula is Satisfied: 

25%sms40%. 

33. The coupling lens according to claim 32, wherein 
when a diffraction efficiency of a diffracted light with an 
order used for optical fiber coupling out of diffracted lights 
from the diffraction lens is m, the following formula is 
Satisfied: 

30%sms37%. 

34. The coupling lens according to claim 32, wherein a 
wavelength ) of the Semiconductor laser Satisfies the fol 
lowing formula: 

35. The coupling lens according to claim 32, wherein a 
material of the lens is resin and the diffraction lens is 
designed So that when a refractive index of the resin as the 
material and a wavelength of the Semiconductor laser vary 
due to variation in temperature, a variation in focal length of 
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the lens due to variation in the refractive indeX is corrected 
by a variation in focal length of the diffraction lens due to 
variation in the wavelength. 

36. The coupling lens according to claim 32, wherein a 
material of the refractive lens is resin and when a focal 
length of the lens as a whole is f and a focal length of the 
diffraction lens is fa, the following formula is satisfied: 

37. The coupling lens according to claim 32, wherein a 
relief shape of the diffraction lens is formed of step-wise 
ZOCS. 

38. The coupling lens according to claim 32, wherein the 
diffraction lens is fixed with centers of concentric Zones of 
the diffraction lens being uncentered with respect to an 
optical axis of the refractive lens. 

39. A Semiconductor laser module, comprising, at least: 
a Semiconductor laser; 
an optical fiber; 
a fixing member for fixing an incident end of the optical 

fiber; and 
a coupling lens for allowing a beam of light emitted from 

the Semiconductor laser to form an image on the 
incident end of the optical fiber, 

wherein the coupling lens is the coupling lens according 
to claim 32. 
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40. The Semiconductor laser module according to claim 
39, wherein a wavelength 2 of the semiconductor laser 
satisfies the following formula: 

700 nm.<w<1400 nm. 

41. A Semiconductor laser module, comprising, at least: 
a Semiconductor laser, 
an optical fiber, 
a fixing member for fixing an incident end of the optical 

fiber, and 
a coupling lens for allowing a beam of light emitted from 

the Semiconductor laser to form an image on the 
incident end of the optical fiber, 

wherein a diffraction grating is positioned between the 
coupling lens and the optical fiber. 

42. The Semiconductor laser module according to claim 
41, wherein when a diffraction efficiency of a diffracted light 
with an order used for optical fiber coupling out of diffracted 
lights from the diffraction grating is m, the following formula 
is Satisfied: 

25%sms40%. 
43. The Semiconductor laser module according to claim 

41, wherein a wavelength ) of the Semiconductor laser 
satisfies the following formula: 

k k k k k 


