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(57) ABSTRACT 

In order to realize an optical attenuator Which has an 
attenuation factor independent of the Wavelength of incident 
light, a glass substrate is used in an attenuator plate, and the 
glass substrate is formed in a tapered section so that its 
incident and exit planes may not be parallel to each other. On 
one side thereof, a metal ?lm corresponding to the attenu 
ation factor is formed. Also one side of the glass substrate is 
covered With an antire?ection coating for canceling the 
Wavelength dependence of the metal ?lm. Thereby ripple of 
attenuation factor due to Wavelength can be eliminated, and 
the Wavelength dependence may be minimized. 

1O 5 



Patent Application Publication Jan. 3, 2002 Sheet 1 0f 10 US 2002/0001447 A1 

FIG.1 
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FIG. 3 (PRIOR ART) 
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FIG. 6 
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OPTICAL ATTENUATOR AND OPTICAL 
ATTENUATOR MODULE 

FIELD OF THE INVENTION 

[0001] The present invention relates to an optical attenu 
ator and an optical attenuator module for attenuating the 
intensity of light by a speci?c amount used in optical 
communication system or the like. 

PRIOR ART 

[0002] Various devices have been proposed so far as 
optical attenuators used in optical communication systems 
or the like. Among conventional optical attenuators, an 
optical device of electric, magnetic or thermo-optical crystal 
is inserted betWeen optical ?bers, and its transmissivity is 
changed, or a lens is disposed betWeen optical ?bers, and a 
necessary attenuation is obtained by making use of the 
interval or aXial deviation. Other optical attenuator using an 
attenuator plate betWeen optical ?bers has also been pro 
posed. 

[0003] In such conventional optical attenuators, hoWever, 
accurate attenuation factor or stability could not be obtained. 
That is, the attenuator Which attenuates by incident light the 
interval or aXial deviation of tWo optical ?bers did not have 
enough stability and attenuation factor of a high resolution. 
Or, in the constitution of inserting a device of electric, 
magnetic or thermo-optic crystal betWeen optical ?bers, 
insertion loss or dependence on plane of polariZation may be 
involved, and it is hard to obtain a desired attenuation factor. 
In the type of using an attenuator plate, since the attenuation 
factor varies depending on the Wavelength of incident light, 
it is impossible to obtain a speci?c attenuation factor regard 
less of Wavelength. 

SUMMARY OF THE INVENTION 

[0004] The invention is devised in the light of the prob 
lems of the prior arts, and purposes to provide an optical 
attenuator capable of obtaining a desired attenuation factor, 
Without depending on the Wavelength in a speci?c Wave 
length range, and an optical attenuator module using the 
same. 

[0005] An attenuator of the invention comprises a trans 
parent glass substrate With a speci?c taper so that the 
incident plane and eXit plane may not be parallel to each 
other, and a metal ?lm formed on one side of the transparent 
glass substrate for attenuating the incident light by a speci?c 
attenuation factor. It hence eliminates ?ne ripple of attenu 
ation factor depending on Wavelength, and a desired attenu 
ation characteristic is obtained. 

[0006] Moreover, antire?ection coating may be provided 
on at least one side of the transparent glass substrate. The 
antire?ection coating is intended to compensate for Wave 
length dependence of attenuation factor due to the metal 
?lm, and it has the reverse characteristic of the dependence 
of the metal ?lm on Wavelength in the operating Wavelength 
range, and the entire attenuation factor of the optical attenu 
ator may not depend on the Wavelength. 

[0007] A preferred aspect of the invention is a variable 
type optical attenuator for attenuating the incident light so 
that the attenuation factor may vary depending on the 
incident position, Which comprises a transparent glass sub 
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strate With a speci?c taper so that the incident plane and eXit 
plane may not be parallel to each other, a metal ?lm formed 
on one side of the transparent glass substrate for attenuating 
the incident light by a speci?c attenuation factor depending 
on the incident position, and an antire?ection coating pro 
vided on at least one side of the transparent glass substrate 
for compensating for Wavelength dependence of attenuation 
factor due to the metal ?lm. By changing the ?lm thickness 
of the metal ?lm in a speci?c direction, the attenuation factor 
can be changed corresponding to the incident position. In 
this case, the Wavelength dependence can be eliminated by 
the antire?ection coating. 

[0008] When such optical attenuator is combined With a 
?rst optical branching unit for branching part of incident 
light and sending the rest into the optical attenuator, a second 
optical branching unit for branching part of the light passing 
through the optical attenuator, and passing the rest, ?rst and 
second photo detectors for receiving the lights branched by 
the ?rst and second optical branching units respectively, a 
level detector for detecting the reception level of the ?rst and 
second photo detectors, and a display unit for displaying the 
reception level detected by the level detector, an optical 
attenuator module is constituted. 

[0009] Further, using an optical attenuator changing in the 
attenuation factor depending on the incident position, an 
optical attenuator module can be composed together With an 
incident position adjusting unit for changing the position of 
the light entering the optical attenuator. Thus, the attenuation 
factor can be controlled depending on the incident position. 

[0010] Moreover, combining this optical attenuator mod 
ule With an attenuation factor calculator and a feedback 
control unit for changing the incident position by the inci 
dent position adjusting unit so that the calculated attenuation 
factor may be a preset attenuation factor, it is possible to 
adjust to the preset attenuation factor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a schematic diagram shoWing a consti 
tution of an attenuator module in a ?rst embodiment of the 
invention. 

[0012] FIG. 2(a) is a perspective vieW shoWing an attenu 
ator plate in the ?rst embodiment, 

[0013] FIG. 2(b) is its side vieW, and 

[0014] 
[0015] FIG. 3(a) is a graph shoWing the characteristic of 
an attenuator used in a prior art, and 

[0016] FIG. 3(b) is its magni?ed vieW. 

[0017] FIG. 4(a) is a graph shoWing the characteristic of 
the attenuator used in the ?rst embodiment of the invention, 
and 

[0018] 
[0019] FIG. 5 is a graph shoWing an eXample of re?ection 
characteristic of number of layers and Wavelength of anti 
re?ection coating. 

[0020] FIG. 6 is a schematic diagram shoWing a consti 
tution of an attenuator module in a second embodiment of 
the invention. 

FIG. 2(c) is its partially magni?ed sectional vieW. 

FIG. 4(b) is its magni?ed vieW. 
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[0021] FIG. 7(a) is a perspective vieW of an attenuator 
plate used in the second embodiment of the invention, and 

[0022] FIG. 7(b) is its side vieW. 

[0023] FIG. 8(a) is a perspective vieW showing the 
appearance of the attenuator module in the ?rst embodiment 
of the invention, and 

[0024] FIG. 8(b) is a perspective vieW shoWing the 
appearance of the attenuator module in the second embodi 
ment. 

[0025] FIG. 9 is a schematic diagram shoWing a consti 
tution of an attenuator module in a third embodiment of the 
invention. 

[0026] FIG. 10(a) is a side vieW shoWing a constitution of 
an attenuator plate used in other embodiment of the inven 
tion, and 

[0027] FIG. 10(b) is a side vieW shoWing a constitution of 
an attenuator plate used in another embodiment of the 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0028] FIG. 1 is a schematic diagram shoWing a consti 
tution of an optical attenuator module in a ?rst embodiment 
of the invention. In the diagram, a U-frame 1 is a U-shaped 
frame folded a tubular member, and its central aXis is the 
optical aXis. Apair of optical ?ber coupling members 2 and 
3(a)re provided at the both sides of the U-frame. Inside the 
U-frame 1, as shoWn in the draWing, as ?rst and second light 
re?ecting units, mirrors 4 and 5 are disposed and ?Xed at an 
angle of 45 degrees to the incident light aXis and eXit light 
aXis. The optical ?ber coupling member 2 is provided With 
an incident side optical ?ber 6, and sends the incident light 
from the optical ?ber 6 into the mirror 4 through a collimator 
7. The mirror 4 re?ects the incident light from the optical 
?ber 6 to the mirror 5, and the mirror 5 re?ects the eXit light 
from the mirror 4 to the optical ?ber coupling member 3. A 
focusing lens 8 and an eXit side optical ?ber 9 are attached 
to the optical ?ber coupling member 3. 

[0029] An attenuator plate 10 is disposed betWeen the 
mirrors 4 and 5 in the central part of the U-frame 1. The 
attenuator plate 10 is a ?at plate of a nearly square shape as 
shoWn in the perspective vieW in FIG. 2(a) and a side vieW 
in FIG. 2(b). The attenuator plate 10 has a transparent glass 
substrate 11, both sides thereof are incident plane and eXit 
plane. The both sides of the glass substrate 11 are not parallel 
to each other, and as shoWn in the side vieW in FIG. 2(b), 
for eXample, one side has a taper shape inclined, for 
eXample, by 0.5 to 1 degree from the parallel plane. As 
shoWn in the magni?ed sectional vieW in FIG. 2(c), its both 
sides are applied With antire?ection coating 12a and 12b. 
Further, on either one of the sides, a metal ?lm 13 of a 
thickness corresponding to the attenuation factor of the 
attenuator plate 10 is formed. This metal ?lm is a metal ?lm 
of chromium, Incanel, gold, or the like. The metal ?lm 13 is 
formed in a thickness corresponding to the attenuation factor 
by various methods such as evaporation, sputtering, or 
plating. 
[0030] The characteristic of the attenuator plate 10 is 
described beloW While referring to the conventional attenu 
ator. Herein, the conventional attenuator plate is prepared by 
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forming a metal ?lm in a thickness corresponding to the 
attenuation factor on a glass substrate of a same shape of 
parallel ?at plate. FIG. 3(a) shoWs changes of transmissivity 
of the Wavelength using the optical attenuator to the Wave 
length of the incident light, by entering light of a speci?c 
level into the conventional attenuator plate in a range of, for 
eXample, 1500 to 1600 nm. The sum of the transmissivity 
and the attenuation factor is 1 by ignoring the light absorp 
tion. It is hard to manufacture the attenuator plate so that the 
transmissivity may have a ?at speci?c characteristic to the 
Wavelength, and if the Wavelength is longer, as shoWn in the 
draWing, the transmissivity rises slightly. This rising rate is, 
for eXample, about 0.2 dB/50 nm. In the case of a conven 
tional attenuator plate composed of a glass plate of a parallel 
?at plate, even if the light enters the attenuator plate at a 
slight inclination from the vertical direction, part of the light 
is re?ected on the incident plane and eXit plane, and inter 
ference of light occurs. That is, as shoWn by broken line in 
FIG. 3(b) Which is a magni?ed vieW of the circular portion 
of FIG. 3(a), it can be con?rmed by ripple of transmissivity 
at 0.3 dB (p-p) in a cycle of Wavelength of about 0.8 nm. In 
conventional applications using such conventional attenua 
tor plate, ?uctuations of such level hardly caused problems. 

[0031] FIG. 4(a) is a graph shoWing changes of transmis 
sivity of the Wavelength using the optical attenuator plate 10 
of the embodiment corresponding to the Wavelength of the 
incident light, by entering light of a speci?c level and 
Wavelength in a range of, for eXample, 1500 to 1600 nm. The 
solid line shoWs the characteristic of the attenuator plate 10 
of this embodiment, and the broken line refers to application 
of an ordinary antire?ection coating. In the optical attenu 
ator 10 of the embodiment, to prevent ?uctuations of trans 
missivity of such minor level due to interference, as shoWn 
in FIG. 2(a) and (b), one side of the glass substrate 11 is not 
parallel to the other side, but is tapered at an inclination in 
a range of, for eXample, 0.5 to 1 degree. Accordingly, from 
Whichever direction the light may enter, interference does 
not occur inside the attenuator plate. This is also con?rmed 
by substantial decrease of ripple component as shoWn in the 
magni?ed vieW of circular portion in FIG. 4(b). 

[0032] Further, as shoWn in FIG. 3(a), in the conventional 
optical attenuator, as the Wavelength changes to the longer 
Wavelength side, the transmissivity rises gradually. Accord 
ingly, in the variable attenuator plate 10 of the embodiment, 
one antire?ection coating 12a is an ordinary antire?ection 
coating, and other antire?ection coating 12b is a coating 
having a reverse characteristic of this characteristic so as to 
cancel the Wavelength dependence. The antire?ection coat 
ing is formed same as an interference ?lter of a single layer 
or multiple layers of thin ?lm. The multilayer ?lm is formed 
by laminating about tWo layers to siX layers of high refrac 
tive indeX ?lm and loW refractive indeX ?lm alternately 
depending on the operating Wavelength range, and may be 
varied in characteristic by changing its optical thickness. As 
the high refractive indeX ?lm and loW refractive indeX ?lm, 
for eXample, SiO2 (refractive indeX n=1.46), Ta2O5 (n=2.15) 
and Si (n=3.45) may be used. By varying the number of 
layers or the optical thickness, the Wavelength dependence 
of the central Wavelength or re?ectivity may be changed. 
FIG. 5 shoWs that the curve of re?ectivity varies depending 
on the number of layers of loW refractive indeX ?lm and high 
refractive indeX ?lm, and this central Wavelength k1 can be 
changed by the thickness of the layer. Therefore, the number 
of layers and the ?lm thicknesses of high refractive indeX 
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and loW refractive index are selected and used so as to 
compensate the Wavelength characteristic of the attenuator 
plate as indicated by broken line in FIG. 4(a), that is, so as 
to obtain the reverse characteristic indicated by single dot 
chain line. Herein, the antire?ection coating 12b is a coating 
of four layers, and its central Wavelength is a shorter 
Wavelength than the operating Wavelength. Thereby a 
reverse characteristic is obtained by making use of the 
characteristic of its skirt portion. As a result, the transmis 
sivity is loWer at 1600 nm than at 1500 nm. The central 
Wavelength of the other antire?ection coating 12a is same as 
the operating Wavelength, so that the antire?ection coating 
is free from Wavelength dependence. On the Whole, there 
fore, as indicated by solid line in FIG. 4(a), the attenuation 
factor of the attenuator plate 10 is small in Wavelength 
dependence and almost free from ripple component. For 
eXample, the Wavelength dependence may be 0.1 dB or less 
in a range of 1500 to 1600 nm. 

[0033] Thus constituted optical attenuator plate 10 is ?xed 
in the U-frame 1, and is assembled into a case 14 as shoWn 
in FIG. 8(a), and an optical attenuator module is composed. 
Only pair of optical ?bers 6, 9 can be connected from outside 
the module. As a result, the optical attenuator module has 
constant transmissivity and attenuation factor Without 
depending on the operating Wavelength range. 

[0034] In this embodiment, meanWhile, the glass substrate 
11 is tapered, and antire?ection coating of reverse charac 
teristic corresponding to the metal ?lm is applied, but When 
the operating Wavelength range is narroW, only the glass 
substrate may be tapered, and a metal ?lm corresponding to 
the attenuation factor may be applied. In this manner, in a 
narroW Wavelength range, an optical attenuator small in 
ripple component can be obtained. 

[0035] A second embodiment of the invention is described 
beloW. FIG. 6 is a schematic diagram shoWing a constitution 
of an optical attenuator module in a second embodiment. In 
the diagram, same parts as in the ?rst embodiment are 
identi?ed With same reference numerals, and duplicate 
description is omitted. In this embodiment, the U-frame 1 is 
provided With a pair of optical ?ber coupling members 2, 3, 
and further an optical ?ber 6, a collimator 7, a focusing lens 
8, and an optical ?ber 9 are attached. In this embodiment, 
instead of the inside mirrors 4 and 5 in the U-frame 1, ?rst 
and second optical branching units for passing part of the 
incident light and re?ecting the rest, for eXample, beam 
splitters 21 and 22 are disposed. The beam splitters 21 and 
22 have preferably the identical characteristics, for eXample, 
passing 5% of the incident light and re?ecting 95% of the 
light. BetWeen these beam splitters 21, 22, a rectangular 
variable attenuator plate 23 is disposed so as to move along 
its longitudinal direction. In the variable attenuator plate 23, 
as shoWn in the perspective vieW in FIG. 7(a) and side vieW 
in FIG. 7(b), the section of a glass substrate 24 is formed in 
a taper same as in the ?rst embodiment. One surface of this 
glass substrate 24 is inclines to the other in a range of 0.5 to 
1 degree. The both sides are applied With antire?ection 
coatings 25a, 25b, respectively. Moreover, a metal ?lm 26 is 
formed on the glass substrate 24 so as to change in the 
attenuation factor depending on the incident position. The 
?lm thickness of this metal ?lm 26 preferably changes 
continuously so that the attenuation factor may change 
continuously along the X-aXis direction in FIG. 7(a), that is, 
the longitudinal direction. At a position close to the U-frame 
1, a slide mechanism 27 is provided as an incident position 
adjusting unit for shifting this variable attenuator plate 23 
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continuously in the longitudinal direction. The slide mecha 
nism 27 is a mechanism of sliding the variable attenuator 
plate 23 in the X-aXis direction. For eXample, by mechanical 
parts such as rack and pinion and a knob 31, it is intended 
to slide the variable attenuator plate 23 in the X-aXis 
direction from outside of the case 32 in FIG. 8(b). 

[0036] A photo diode PD1 as ?rst photo detector and a 
second photo diode PD2 as second photo detector are 
disposed at the positions for receiving the lights passing 
through the beam splitters 21, 22 of the U-frame 1, respec 
tively. The photo diode PD1 detects part of the incident light 
to the variable attenuator plate 23, and the photo diode PD2 
detects part of the eXit light. A level detector 28 receives the 
outputs of the photo diodes PD1, PD2. The level detector 28 
detects the level and ratio of the incident light and eXit light, 
and sends the results to a display unit 29 and an attenuation 
factor calculator 30. The attenuation factor calculator 30 
calculates the attenuation factor by the ratio. The display 
unit 29 displays the level and attenuation factor of the 
incident and eXit lights. As far as the beam splitters 21, 22 
have the identical re?ectivity and transmissivity character 
istics as mentioned above, the ratio can be determined 
directly, and the attenuation factor can be calculated. If the 
transmissivity and re?ectivity of the beam splitter 21 are not 
identical With those of the beam splitter 22, it is necessary 
to determine the attenuation factor by correcting either one 
output. 

[0037] In the second embodiment, the attenuation factor is 
set from outside of the case through the knob 31 of the slide 
mechanism 27. Accordingly, depending on the desired 
attenuation level, the variable attenuator plate 23 can be 
moved in the longitudinal direction, and a desired attenua 
tion amount is obtained. In this case, the display unit 29 
displays the incident level, eXit level, and actual attenuation 
factor calculated in the attenuation factor calculator 30, so 
that it is possible to check and adjust the values if necessary. 
Such structure makes the optical attenuator module easy to 
operate. 

[0038] In this embodiment, using the rectangular variable 
attenuator plate 23, the attenuation factor is varied depend 
ing on the incident position. Therefore, for eXample, the 
attenuation factor is set at 0 dB, at one end of the variable 
attenuator plate 23 at 10 dB in the middle, and at 20 dB at 
other end thereof. In this case, the transmissivity is not 
alWays speci?c in the operating Wavelength range, and the 
Width of its change increases With respect to the attenuation 
factor. Therefore, in order to keep constant the transmissiv 
ity When entering, for eXample, in the middle, it is preferred 
to cover the entire glass substrate With antire?ection coating 
of reverse characteristic. 

[0039] In this optical attenuator module, instead of the 
variable attenuator plate 23, the attenuator plate 10 shoWn in 
FIG. 1 may be used and the slide mechanism can be omitted. 
As a result, the attenuation factor to the incident light can be 
displayed in the display unit 29. 

[0040] A third embodiment of the invention is described 
by referring to FIG. 9. In this embodiment, in addition to the 
second embodiment, the signal of attenuation factor detected 
in the attenuation factor calculator 30 is given to a feedback 
control unit 41, and the incident position of the variable 
optical attenuator 23 is adjusted so that the attenuation factor 
may be a speci?ed value according to this signal. In this 
case, instead of the slide mechanism 27, it requires a linear 
drive unit 42 for driving the variable optical attenuator 23 in 
the X-aXis direction by an input signal. The other constitu 
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tion is the same as in the second embodiment, and detailed 
description is omitted. By such feedback control, the attenu 
ation factor can be controlled more accurately. 

[0041] In the second and third embodiments, the variable 
attenuator plate 23 is composed of a rectangular glass 
substrate, but it may be also composed of a circular glass 
substrate. In this case, too, in order that the incident plane 
and exit plane may not be parallel to each other, a conical 
glass substrate 51 of an extremely large vertex angle may be 
used as shoWn in FIG. 10(a). Or, as shoWn in FIG. 10(b), 
a circular glass substrate 52 having a tapered section on the 
Whole may be used to compose the variable attenuator plate. 
In this case, the attenuation factor may be changed along the 
circumferential direction, and by using a rotary drive unit 
instead of slide mechanism or linear drive unit, it is easier to 
change the incident position of the light. Herein, in order to 
keep the transmissivity constant, the entire glass substrate 
may be covered With antire?ection coating of reverse char 
acteristic of the metal ?lm. 

[0042] In the second and third embodiments, the variable 
attenuator plate 23 is designed so that the transmissivity may 
change continuously in a speci?ed direction, but the trans 
missivity may be discontinuous, and the incident position 
can be changed so as to be set at the position of a desired 
attenuation factor. 

[0043] In the ?rst to third embodiments, by expanding the 
diameter of the light through the collimator lens and the 
beam splitter or the mirror, the circular laser light is entered 
into the attenuator plate 10 or the variable optical attenuator 
23. Thus, the light intensity per unit area passing through the 
attenuator plate is smaller, and secular changes of metal ?lm 
can be decreased. 

What We claim is: 
1. An optical attenuator comprising: 

a transparent glass substrate having a speci?ed taper so 
that the incident plane and exit plane may not be 
parallel to each other; and 

a metal ?lm formed on one side of said transparent glass 
substrate, for attenuating the incident light by a speci 
?ed attenuation factor. 

2. An optical attenuator of claim 1, further comprising 

an antire?ection coating applied at least on one side of 
said transparent glass substrate, for compensating for 
Wavelength dependence of attenuation factor due to 
said metal ?lm. 

3. An optical attenuator of claim 1, 

Wherein said transparent glass substrate is constituted so 
as to incline in a range of 0.5 to 1 degree from the 
parallel state of one side to other side. 

4. An optical attenuator of claim 1, 

Wherein said metal ?lm attenuates the incident light at an 
attenuation factor depending on the incident position. 

5. An optical attenuator of claim 4, 

Wherein said metal ?lm is designed to change the attenu 
ation factor continuously depending on the incident 
position along a speci?ed direction of said transparent 
glass substrate. 

6. An optical attenuator module comprising: 

a ?rst light re?ecting unit for re?ecting incident light; 
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an optical attenuator composed of a transparent glass 
substrate having a speci?ed taper so that the incident 
plane and exit plane may not be parallel to each other, 
and a metal ?lm formed on one side thereof for 
attenuating the light re?ected by said ?rst light re?ect 
ing unit by a speci?ed attenuation factor; and 

a second light re?ecting unit for re?ecting the light 
passing through said optical attenuator. 

7. An optical attenuator module of claim 6, 

Wherein said optical attenuator further comprises an anti 
re?ection coating applied at least on one side of said 
transparent glass substrate for compensating for Wave 
length dependence of attenuation factor due to said 
metal ?lm. 

8. An optical attenuator module of claim 6, 

Wherein said transparent glass substrate is constituted so 
as to incline in a range of 0.5 to 1 degree from the 
parallel state of one side to other side. 

9. An optical attenuator module comprising: 

a ?rst optical branching unit for branching part of incident 
light and passing the rest; 

an optical attenuator composed of a transparent glass 
substrate having a speci?ed taper so that the incident 
plane and exit plane may not be parallel to each other, 
and a metal ?lm formed on one side thereof for 
attenuating the light passing through said ?rst optical 
branching unit by a speci?ed attenuation factor; 

a second optical branching unit for branching part of the 
light passing through said optical attenuator, and pass 
ing the rest; 

a ?rst photo detector detecting one of the branched light 
by said ?rst branching unit; 

a second photo detector detecting one of the branched 
light by said second branching unit; 

a level detector for detecting the reception levels of said 
?rst and second photo detectors; and 

a display unit for displaying the reception levels detected 
by said level detector. 

10. An optical attenuator module of claim 9, 

Wherein said optical attenuator further comprises an anti 
re?ection coating applied at least on one side of said 
transparent glass substrate for compensating for Wave 
length dependence of attenuation factor due to said 
metal ?lm. 

11. An optical attenuator module of claim 9, 

Wherein said transparent glass substrate is constituted so 
as to incline in a range of 0.5 to 1 degree from the 
parallel state of one side to other side. 

12. An optical attenuator module comprising: 

a ?rst optical branching unit for branching part of incident 
light and passing the rest; 

an optical attenuator composed of a transparent glass 
substrate having a speci?ed taper so that the incident 
plane and exit plane may not be parallel to each other, 
a metal ?lm formed on one side thereof for attenuating 
the light passing through said ?rst optical branching 
unit by an attenuation factor depending on the incident 
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position, and an antire?ection coating applied at least 
on one side of said transparent glass substrate for 
compensating for Wavelength dependence of attenua 
tion factor due to said metal ?lm; 

a second optical branching unit for branching part of the 
light passing through said optical attenuator, and pass 
ing the rest; 

a ?rst photo detector detecting one of the branched light 
by said ?rst optical branching unit; 

a second photo detector detecting one of the branched 
light by said second optical branching unit; 

a level detector for detecting the reception levels of said 
?rst and second photo detectors; and 

a display unit for displaying the reception levels detected 
by said level detector. 

13. An optical attenuator module of claim 12, 

Wherein said optical attenuator has said metal ?lm Which 
is designed to change the attenuation factor continu 
ously depending on the incident position along a speci 
?ed direction of said transparent glass substrate. 

14. An optical attenuator module of claim 12, 

Wherein said transparent glass substrate is constituted so 
as to incline in a range of 0.5 to 1 degree from the 
parallel state of one side to other side. 

15. An optical attenuator module of claim 13, further 
comprising an incident position adjusting unit for changing 
the incident position of the light to said optical attenuator. 

16. An optical attenuator module of claim 15, Wherein 
said incident position adjusting unit is a slide adjusting 
mechanism. 
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17. An optical attenuator module of claim 13, further 
comprising 

a light attenuation calculator for calculating the ratio of 
reception levels of said ?rst and second photo detec 
tors; 

an incident position adjusting unit for changing the inci 
dent position of the light to said optical attenuator; and 

a feedback control unit for changing the incident position 
through said incident position adjusting unit so that the 
attenuation factor calculated by the attenuation factor 
calculator may be a preset attenuation factor. 

18. An optical attenuator module of claim 17, 

Wherein said display unit displays the reception levels 
detected by said ?rst and second photo detectors and 
the ratio of the reception levels calculated by said light 
attenuation calculator. 

19. An optical attenuator module of claim 12, 

Wherein said ?rst and second optical branching units are 
beam splitters disposed at positions forming a right 
angle mutually on both sides of said optical attenuator. 

20. An optical attenuator module of claim 12, further 
comprising 

a collimator lens for eXpanding the diameter of incident 
light and entering into said ?rst optical branching unit; 
and 

a lens for focusing the light passing through said second 
optical branching unit. 

* * * * * 


