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The invention provides a fast variable optical attenuator 
including a re?ective membrane that serves as a varifocal 

mirror. Electrostatic de?ection of the mirror defocuses the 
optical system and attenuates an optical signal launched to 
the mirror from an input port to an output port. Since the 
mirror is generally limited to de?ections less than 1 micron, 
fast attenuation Within a small (<5 dB) dynamic range is 
achieved. The dynamic range is improved by combining the 
fast attenuator With a sloWer attenuator. In the preferred 
embodiment, the sloW and fast attenuator are not coupled via 
optical Waveguides, but rather are optically coupled via free 
space or are integrated in the same device. Advantageously, 
this compact arrangement reduces the excess loss associated 
With optical ?ber coupling and loWers packaging costs. 
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FAST ATTENUATOR 

FIELD OF THE INVENTION 

[0001] This invention relates generally to the ?eld of 
optical attenuators and more speci?cally to a fast optical 
attenuator. 

BACKGROUND OF THE INVENTION 

[0002] Optical attenuators are used to adjust the optical 
poWer level in optical signals, for example to equaliZe levels 
among WDM channels or to prevent saturation of receivers. 
Such applications generally require the attenuator to be 
adjustable over more than 20 dB. LoW cost eXamples of this 
type of optical attenuator include neutral density ?lters, 
attenuating prisms, beam blockers, tilting mirrors and/or 
systems to bend or off-set optical ?bres. Typically, the 
relatively large mass of the movable attenuating optics in 
these devices limit the response time to milliseconds. 

[0003] Optical attenuators may also be used to impose 
information upon the optical signal passing through them, 
for eXample telemetry information. HoWever, such applica 
tions typically require a response time of microseconds With 
a dynamic range of about 5 dB. Conventionally, optical 
attenuators that are capable of achieving fast speed in the 
order of MHZ are based on electro-optics, acousto-optics, or 
magneto-optics. Traditionally, these fast attenuators are 
Wavelength sensitive, have a relatively high insertion loss, 
and a relatively high cost. 

[0004] Ideally, an optical attenuator should have a fast 
response time and be able to adjust the optical poWer level 
over a Wide range of intensity levels. Unfortunately, the 
design of a loW cost attenuator that has simultaneously high 
speed and Wide dynamic range is very dif?cult. 

[0005] It is an object of this invention to provide to 
provide a fast optical attenuator that is relatively loW cost. 

[0006] It is another object of this invention to provide an 
optical attenuator having a Wide dynamic range and that can 
also provide attenuation that varies at high speeds. 

SUMMARY OF THE INVENTION 

[0007] The instant invention provides a variable optical 
attenuator that attenuates over a Wide dynamic range and 
that operates at high speeds. The optical attenuator includes 
a sloW attenuator having a large dynamic range and a fast 
attenuator having a smaller dynamic range. In the preferred 
embodiment, the sloW and fast attenuator are not coupled via 
optical Waveguides, but rather are optically coupled via free 
space or are integrated in the same device. Advantageously, 
this compact arrangement reduces the eXcess loss associated 
With optical ?bre coupling and loWers packaging costs. 
Moreover, each of the sloW and fast attenuators Work 
together to modulate an optical signal from the other such 
that the total attenuation of the device is the product of the 
tWo separate attenuations. 

[0008] In a preferred embodiment, the fast attenuation is 
provided by a varifocal mirror. Electrostatic de?ection of the 
mirror defocuses the optical system and attenuates an optical 
signal launched to the mirror from an input port to an output 
port. Since the mirror is generally limited to de?ections less 
than 1 micron, fast attenuation Within a small (<5 dB) 
dynamic range is achieved. 
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[0009] In accordance With the invention there is provided 
an optical attenuator comprising an input port and an output 
port, a deformable membrane having a re?ective surface 
disposed to re?ect light launched from the input port sub 
stantially toWards the output port, the membrane supported 
by a frame having an opening, and deforming means for 
controllably de?ecting the membrane into the opening such 
that the re?ective surface forms a concave mirror having a 
concavity that determines the optical coupling ef?ciency 
betWeen the input and output ports, the membrane deform 
able betWeen a ?rst position in Which light launched from 
the input port is received at the output port With substantially 
no attenuation, and a plurality of other positions in Which 
light launched from the input port is inef?ciently coupled 
into the output port. 

[0010] In accordance With the invention there is provided 
an optical attenuator comprising a ?rst port and a second 
port, a deformable membrane having a re?ective surface 
disposed to re?ect light launched from the ?rst port sub 
stantially toWards the second port, the membrane supported 
by a frame having a radially symmetric opening, and 
deforming means for controllably de?ecting the membrane 
into the opening such that the re?ective surface forms a 
concave mirror having a concavity that determines the 
optical coupling ef?ciency betWeen the ?rst and second 
ports. 

[0011] In accordance With the invention there is provided 
an optical attenuator comprising: an input port and an output 
port; a deformable membrane having a re?ective surface 
disposed to re?ect light launched from the input port sub 
stantially toWards the output port, the membrane supported 
by a frame having an opening; deforming means for con 
trollably de?ecting the membrane into the opening such that 
the re?ective surface forms a concave mirror having a 
concavity that determines a ?rst order optical coupling 
ef?ciency betWeen the ?rst and second ports; and a movable 
member for controllably moving the frame and membrane 
betWeen a plurality of positions that determine a second 
order optical coupling efficiency betWeen the ?rst and sec 
ond ports. 

[0012] In accordance With the invention there is provided 
a variable optical attenuator comprising: a ?rst attenuator 
having a dynamic range less than about 10 dB and a 
response time of less than about one microsecond; and a 
second attenuator having a dynamic range greater than about 
10 dB at a response time greater than about one millisecond, 
Wherein the ?rst and second attenuators are optically 
coupled in series. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Exemplary embodiments of the invention Will noW 
be described in conjunction With the draWings in Which: 

[0014] FIG. 1 is a schematic diagram of a prior art optical 
attenuator based on the electro-optic effect; 

[0015] FIG. 2 is a schematic diagram of a prior art optical 
attenuator based on the acoustic-optic effect; 

[0016] FIG. 3 is a schematic diagram of a prior art optical 
attenuator based on the magneto-optic effect; 

[0017] FIG. 4 is a schematic diagram of a prior art 
acoustic transducer; 



US 2002/0109904 A1 

[0018] FIG. 5 is a schematic diagram of an embodiment 
of a fast attenuator in accordance With the instant invention 
including a MEMS membrane having a re?ective surface; 

[0019] FIG. 6a is a schematic diagram of another embodi 
ment of a fast attenuator in accordance With the instant 

invention; 
[0020] FIG. 6b is a schematic diagram the embodiment 
shoWn in FIG. 6a Where the membrane is deformed into a 
concave re?ector; 

[0021] FIG. 7 is a schematic diagram of an embodiment 
of a fast attenuator having a Wide dynamic range; 

[0022] FIG. 8 is a schematic diagram of another embodi 
ment of a fast attenuator having a Wide dynamic range; 

[0023] FIG. 9 is a schematic diagram shoWing the shape 
of a beam spot at the position of the receiving end after 
defocusing for both circular and square membranes; and 

[0024] FIG. 10 is a schematic diagram shoWing another 
embodiment of a fast attenuator having an axial design. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] As described above, optical attenuators that have a 
relatively fast (e.g., less than a microsecond) response time 
are frequently based on electro-optics, acousto-optics, or 
magneto-optics. 

[0026] Referring to FIG. 1, there is shoWn an example of 
a prior art fast attenuator based on the electro-optic effect, 
e.g., Pockels or Kerr effects. A non-polariZed beam of light 
is launched through a ?rst polariZer 10, the electro-optic 
material 12 (e.g., lithium niobate), and a second polariZer 
(analyZer) 14. When no voltage is applied to the electro 
optic material 12, there is substantially no loss in intensity 
observed. When a voltage is applied to the material 12 via 
ring electrodes 16a and 16b, the direction of the polariZed 
light leaving the ?rst polariZer 10 is rotated by an angle 
related to the applied voltage, thus affecting the amount of 
light transmitted through the analyZer 14. The disadvantages 
of this type of optical attenuator include relatively high 
voltage requirements, limited beam diameter capabilities 
that lead to high insertion loss, material unreliability, and 
sensitivity to Wavelength. 

[0027] Referring to FIG. 2, there is shoWn an example of 
a prior art fast attenuator based on acousto-optics. The 
attenuator includes a pieZoelectric transducer 20, an 
acousto-optic material 22, and an acoustic absorber 24. The 
transducer 20 provides a sound Wave that travels through the 
acousto-optic material 22, eg as a series of compressions 
and rarefractions. In regions Where the sound pressure is 
high, the acousto-optic material 22 is compressed slightly, 
thus locally increasing the index of refraction. This series of 
local increases in index of refraction forms a grating that 
defracts an incident beam of light as it travels through the 
acousto-optic material 22. The angle of de?ection is related 
to the radio-frequency poWer applied to the transducer. 
When no acoustic Wave is provided, no light is de?ected. 
The disadvantages of this optical attenuator include Wave 
length sensitivity and an excessively high cost. 

[0028] Referring to FIG. 3, there is shoWn an example of 
a prior art fast attenuator based on magneto-optics. A non 
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polariZed beam of light is launched through a ?rst polariZer 
30, a magneto-optic material 32, and a second polariZer 
(analyZer) 34. When no magnetic ?eld is applied, there is 
substantially no loss observed. When a magnetic ?eld is 
applied to the material 12 via magnets 36a and 36b, the 
direction of the polariZed light leaving the ?rst polariZer 10 
is rotated by an angle related to the applied voltage, thus 
affecting the amount of light transmitted through the ana 
lyZer 14. The disadvantages of this type of optical attenuator 
include high insertion loss and Wavelength sensitivity. 

[0029] The prior art fast attenuators described heretofore 
are based on systems With non-moving parts. Presumably, 
this is due to the fact that the speed of moving an attenuating 
optic is limited by the inertia of the object moved. Accord 
ingly, fast attenuators have traditionally been limited to 
relatively costly systems With non-moving parts. 
[0030] One solution to this is to provide an attenuating 
object With a relatively small inertia. For example, it is Well 
knoWn that ultrasonic transducers fabricated by MEMS 
technologies can be driven electrostatically at speeds in the 
10 MHZ region. Moreover, these transducers are simple and 
thus shoW remarkable potential for reliablity. 

[0031] Referring to FIG. 4, there is shoWn a MEMS 
ultrasonic transducer including a thin membrane 100, typi 
cally made of silicon nitride (SiN), stretched over the 
periphery of a frame 102, Which is also typically made of 
SiN. The structure is formed by MEMS technology on a 
silicon substrate 104, thus forming a cavity 106 in the order 
of 5-50 microns deep betWeen the substrate 104 and the 
membrane 100. An electrically conductive material 108, 
such as aluminum, is coated on the membrane 100. The 
silicon substrate 104 and conductive material 108, each 
serve as an electrode of a capacitor for providing a measure 
of membrane de?ection resulting from pressure changes 
near the membrane 100. For maximum ef?ciency the ultra 
sonic transducers are usually operated at a mechanical 
resonance. Typically the structures are tensioned by apply 
ing a DC voltage of 10-100 volts, such that the mechanical 
resonance frequencies are very high, e.g., in the 10 MHZ 
range. Preferably, the SiN layer 100 is uniform and the 
tensioned membrane has a radially symmetric concave 
shape. Advantageously, MEMS ultrasonic transducer tech 
nology produces the cavity 106 Without perforating the 
membrane. The uniform membranes are de?ectable into an 
approximately parabolic shape by an applied DC voltage. 
[0032] When the uniform MEMS membrane disclosed 
above includes a re?ective surface, the deformable mem 
brane becomes a deformable mirror having a shape depen 
dent on the degree of de?ection, the number of electrodes, 
and the placement of the electrodes. More speci?cally, the 
deformable mirror can be constructed to form a concave 

mirror having a variable focal point. This type, or similar, 
deformable mirrors have been proposed for various spatial 
light modulators (e.g., U.S. Pat. Nos. 4,441,791 and 6,147, 
789, herein incorporated by reference). HoWever, in general, 
the design of these prior art deformable mirrors is not 
compatible With the Wavelength insensitive, polariZation 
sensitive requirements for optical attenuators used in tele 
communication systems. Moreover, these prior art devices 
are generally limited to on/off states and do not recogniZe the 
advantageous of providing variable attenuation. 
[0033] Referring to FIG. 5, there is shoWn an embodiment 
of a variable optical attenuator in accordance With the instant 
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invention having a structure similar to the acoustic trans 
ducer shoWn in FIG. 4. The attenuator includes a thin 
membrane 200, preferably made of silicon nitride (SiN), 
stretched over the periphery of a frame 202, Which is also 
preferably made of SiN. For example, the structure can be 
formed by MEMS technology on a silicon substrate 204 to 
form a cavity 206 about 1-10 microns deep betWeen the 
substrate 204 and the membrane 200. An electrically con 
ductive and re?ective material 208, such as gold, is coated 
on the membrane 200. Preferably, the surface has a re?ec 
tivity greater than about 99%. The silicon substrate 204 and 
conductive material 208, each serve as an electrode of a 
capacitor that provides deforming means for deforming the 
membrane 200. When a potential is applied betWeen the tWo 
electrodes, electrostatic forces cause the membrane to be 
attracted to the substrate such that the re?ective surface 208 
becomes a focussing mirror. Referring to FIG. 5, the 
deformable membrane becomes an approximately elliptical 
mirror designed to re?ect a beam of light launched from one 
of its tWo foci, e.g., 212, onto the other focus, e.g., 214. 
Accordingly, an input optical ?bre 210 is positioned at a ?rst 
focus 212 of the elliptical mirror, Whereas an output optical 
?bre 216 is positioned at the other focus 214. The arrange 
ment shoWn in FIG. 5, corresponds to a maximum optical 
coupling arrangement or the loW loss state. When the 
potential applied to the tWo electrodes is varied, the mem 
brane is de?ected to various positions, thus changing the 
position of the foci and providing variable attenuation for a 
beam of light launched from the input port 210 and collected 
at the output port 216. In other Words, When the shape of the 
mirror 208 changes, the ef?ciency of the coupling changes, 
thus providing a controllable variable attenuation. Option 
ally, the shape of the mirror is further controlled by using 
multiple electrodes. 

[0034] Preferably, the thickness of the membrane includ 
ing the re?ective layer, the diameter of the deformable 
portion, and the applied voltage and are selected such that 
the maximum de?ection is less than about 1 pm to achieve 
a maximum attenuation of about 3-10 dB, or more prefer 
ably of about 3-5 dB. Although this relatively small de?ec 
tion generally limits the dynamic range of the fast attenuator, 
many applications of fast attenuators only require small 
dynamic range. For example, When the fast attenuator is 
used to provide a small amplitude modulation on an optical 
pulse stream, only small amplitude modulation is desired. 

[0035] The diameter of the deformable membrane is also 
related to the response time. Preferably, the diameter of the 
membrane is designed to be about 100 to 300 pm. Mem 
brane diameters varying from about 150 pm to 300 pm have 
been calculated to be particularly useful. Although it is 
preferred that the mirror be substantially spherical When 
deformed, the membrane can also take on other shapes, such 
as a square. 

[0036] Advantageously, the circular membrane is radially 
symmetric to provide the Wavelength insensitive and polar 
iZation insensitive requirements for optical attenuators used 
in telecommunication systems. 

[0037] Problems arising from the diameter of the beam 
being larger than the diameter of the membrane, may be 
circumvented by using a lens designed to reduce the beam 
diameter (e.g., a SELFLOC having less than one-quarter 
pitch). Alternatively the membrane diameter is designed to 
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be larger than 300 pm, e.g., about 500 pm, but Wherein only 
an area having a diameter of about 300 pm is deformable. 
Alternatively, a plurality of deformable membranes is dis 
posed in close proximity to one another to receive a single 
beam of light. 

[0038] Referring to FIG. 6, there is shoWn another 
embodiment of a fast attenuator in accordance With the 
instant invention including lenses 330 and 336 optically 
coupled to the input 310 and output 316 ?bres. FIG. 6a 
illustrates the loW loss state, Wherein the re?ective surface 
308 is not deformed, i.e., is substantially ?at, and Wherein 
light launched from the input ?bre 310 is substantially 
coupled into the output ?bre 316. In FIG. 6b, the re?ective 
surface is electrostatically deformed to form a concave 
re?ective surface. As a result, the beam of light launched 
from the input ?bre 310 is not effectively coupled into the 
output ?bre 316, thus providing attenuation of the optical 
signal. Variable attenuation is provided by varying the 
applied potential (e.g., typically by applying a voltage from 
about 10-100 V). In one embodiment, the focussing mirror 
is designed to provide the extra optical poWer required for 
ef?cient coupling, and the lenses are someWhat shorter or 
longer than those required for ef?cient coupling With re?ec 
tion off a ?at mirror. Alternatively, the optical ?bres are 
thermally expanded core ?bres, and/or include other means 
for increasing the optical coupling ef?ciency. 

[0039] The fast optical attenuators depicted in FIGS. 5 
and 6 have been calculated to provide insertion losses 
varying from about 0.02 dB to 0.6 dB, maximum attenuation 
less than about 10 dB, and microsecond response times. 
More speci?cally, it has been calculated that a de?ection of 
0.5 pm can correspond to an attenuation to about 2 dB. 

[0040] Advantageously, the varifocal optical attenuators 
described above provide modulation With a rate in the 1 
MHZ range, and small dynamic range (up to 30%), for 
imposing dither, telemetry and other in-band modulation on 
optical data. 

[0041] In accordance With another aspect of the instant 
invention, there is provided an optical attenuator including 
the MEMS attenuator described above and a sloW, high 
dynamic range (>20 dB) attenuator for providng both fast 
modulation With the sloW, precise and high range attenuation 
properties characteristic of the conventional sloW attenua 
tors. 

[0042] Referring to FIG. 7, there is shoWn an embodiment 
of an optical attenuator including a MEMS varifocal mirror 
440 for providing fast attenuation With a dynamic range less 
than about 5 dB Within about one microsecond, and a graded 
neutral density ?lter 442 for providing sloW attenuation With 
a dynamic range greater than about 20 dB Within about a 
millisecond. A mirror 446 directs a beam of light launched 
along an optical path 448 to the neutral density ?lter 442, 
Which is controllably moved in and out of the optical path 
448 With a stepping motor 444 to provide the sloW attenu 
ation. The varifocal mirror 440 is disposed in the optical path 
in series With the neutral density ?lter 442 to provide the fast 
modulation. The tWo attenuators are controlled indepen 
dently. 

[0043] Referring to FIG. 8, there is shoWn another 
embodiment of an optical attenuator in accordance With the 
instant invention, Wherein a varifocal mirror 540 for pro 
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viding fast modulation is supported on a tilting substrate 542 
for providing the sloW attenuation. Separate input control is 
provided for each attenuator (i.e., the fast 540 and the sloW 
542). Preferably, the substrate 542 is tilted using a pieZo 
electric crystal, thermal deformation, or electronic charge as 
shoWn in FIG. 8. The optical attenuator further includes a 
single lens 560 disposed betWeen the combination attenuator 
540,542 and the input 510 and output 516 optical ?bres, 
Which are supported by a double bore tube 550. 

[0044] In operation, a beam of light launched from input 
optical ?bre 510 is transmitted through the lens 560 and is 
incident on the re?ective surface of the varifocal mirror 540. 
The re?ected light is retransmitted through the lens 560 and 
is directed to the output optical ?bre 516 With a coupling 
ef?ciency related to the degree of de?ection of the varifocal 
mirror 540 and an angle of the tilting substrate 542. LoW 
speed attenuation input is provided via electrodes 580a and 
580b, Which electrostatically attract one side of the substrate 
542 closer to the electrodes. High speed attenuation input is 
provided via the electrodes Within the varifocal mirror as 
discussed above. Advantageously, this embodiment alloWs 
the fast and sloW attenuation to be provided simultaneously 
and controlled independently. 

[0045] Notably, a square membrane is particularly attrac 
tive for the embodiment illustrated in FIG. 8. Referring to 
FIG. 9, the beam spot produced at the output port by the 
square membrane is elliptical in shape. Accordingly, only 
small de?ections of the substrate 542 in a direction that 
moves the beam spot in a direction parallel to the minor aXis 
of the ellipse, are necessary to provide very sensitive sloW 
attenuation. Notably, When the membrane is square only tWo 
opposing sides of the membrane need to be supported. 

[0046] Referring to FIG. 10, there is shoWn another 
embodiment of a fast attenuator having aXial design. More 
speci?cally, the aXial design includes a Wafer bonded mem 
brane chip 601 and top chip 602. The membrane chip 601 
supports membrane 603. The top chip 602 includes a slot for 
supporting a lens 604, Which is secured Within the slot With 
an adhesive. A double bore tube 605 supporting input 606 
and output 607 optical ?bres is secured to the top chip 602 
With an adhesive. Acavity 608, or air gap, separates the lens 
604 and the double bore tube 605. This embodiment has the 
advantage of being relatively compact (e.g., less than 7 mm 
in length) and relatively stable. 

[0047] Of course, numerous other embodiments can be 
envisaged Without departing from the spirit and scope of the 
invention. For eXample, the fast and sloW attenuators are not 
limited to those disclosed herein, other attenuators are also 
possible. 

What is claimed is: 
1. An optical attenuator comprising: 

an input port and an output port; 

a deformable membrane having a re?ective surface dis 
posed to re?ect light launched from the input port 
substantially toWards the output port, the membrane 
supported by a frame having an opening; and 

deforming means for controllably de?ecting the mem 
brane into the opening such that the re?ective surface 
forms a concave mirror having a concavity that deter 
mines the optical coupling ef?ciency betWeen the input 
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and output ports, the membrane deformable betWeen a 
?rst position in Which light launched from the input 
port is received at the output port With substantially no 
attenuation, and a plurality of other positions in Which 
light launched from the input port is inef?ciently 
coupled into the output port. 

2. An optical attenuator according to claim 1, Wherein the 
deforming means comprises a capacitor for electrostatically 
deforming the membrane, a ?rst electrode of the capacitor 
corresponding to the re?ective surface and a second elec 
trode corresponding to a substrate disposed beloW the mem 
brane. 

3. An optical attenuator according to claim 2, Wherein the 
opening has a diameter from about 100 microns to about 300 
microns. 

4. An optical attenuator according to claim 3, Wherein a 
de?ection of the membrane is restricted to less than about 1 
micron. 

5. An optical attenuator according to claim 4, Wherein the 
input and output ports are optically coupled to input and 
output optical ?bres, respectively. 

6. An optical attenuator according to claim 5, further 
comprising at least one lens optically coupled to the input 
and output optical ?bres. 

7. An optical attenuator according to claim 6, comprising 
a ?rst chip including the frame and a second chip including 
a slot for support the at least one lens. 

8. An optical attenuator according to claim 2, Wherein the 
opening has one of a substantially circular and square shape. 

9. An optical attenuator according to claim 2, Wherein in 
the ?rst position the re?ective surface corresponds to a 
focussing mirror, and Wherein the input and output ports are 
disposed about ?rst and second foci of the focussing mirror, 
respectively. 

10. An optical attenuator according to claim 2, Wherein in 
the ?rst position the re?ective surface corresponds to a 
substantially ?at mirror. 

11. An optical attenuator according to claim 2, Wherein 
the membrane and deforming means are designed such that 
the optical attenuator has a dynamic range less than about 10 
dB. 

12. An optical attenuator according to claim 11, further 
comprising another attenuator designed to have a dynamic 
range greater than about 10 dB. 

13. An optical attenuator according to claim 12, Wherein 
the other attenuator comprises one of a neutral density ?lter, 
an attenuating prism, a beam blocker, and a tilting mirror, 
and is optically coupled to the re?ective surface via free 
space optics. 

14. An optical attenuator according to claim 11, further 
comprising a tiltable substrate for supporting the optical 
attenuator, the tiltable substrate designed to further affect 
optical coupling ef?ciency betWeen the input and output 
ports such that variable attenuation greater than about 10 dB 
is provided. 

15. An optical attenuator comprising: 

a ?rst port and a second port; 

a deformable membrane having a re?ective surface dis 
posed to re?ect light launched from the ?rst port 
substantially toWards the second port, the membrane 
supported by a frame having a radially symmetric 
opening; and 
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deforming means for controllably de?ecting the mem 
brane into the opening such that the re?ective surface 
forms a concave mirror having a concavity that deter 
mines the optical coupling efficiency betWeen the ?rst 
and second ports. 

16. An optical attenuator comprising: 

an input port and an output port; 

a deformable membrane having a re?ective surface dis 
posed to re?ect light launched from the input port 
substantially toWards the output port, the membrane 
supported by a frame having an opening; 

deforming means for controllably de?ecting the mem 
brane into the opening such that the re?ective surface 
forms a concave mirror having a concavity that deter 
mines a ?rst order optical coupling ef?ciency betWeen 
the ?rst and second ports; and 

a movable member for controllably moving the frame and 
membrane betWeen a plurality of positions that deter 
mine a second order optical coupling ef?ciency 
betWeen the ?rst and second ports. 

17. An optical attenuator according to claim 16, Wherein 
the deforming means comprises a capacitor for electrostati 
cally deforming the membrane, a ?rst electrode of the 
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capacitor corresponding to the re?ective surface and a 
second electrode corresponding to a substrate disposed 
beloW the membrane. 

18. An optical attenuator according to claim 17, Wherein 
the movable member comprises an electrostatically con 
trolled tiltable substrate for supporting the frame. 

19. A variable optical attenuator comprising: 

a ?rst attenuator having a dynamic range less than about 
10 dB and a response time of less than about one 

microsecond; and 

a second attenuator having a dynamic range greater than 
about 10 dB at a response time greater than about one 

millisecond, 

Wherein the ?rst and second attenuators are optically 
coupled in series. 

20. A variable optical attenuator according to claim 19, 
Wherein the ?rst attenuator is a MEMS varifocal mirror and 
the second attenuator comprises one of a neutral density 
?lter, an attenuating prism, a beam blocker, and a tilting 
mirror. 


