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(57) ABSTRACT 

A tunable cavity resonator for ?ltering radiation in the 
optical and IR Wavelengths and a method for fabricating 
same. The resonator having a pair of re?ectors, one in ?xed 
relationship to a substrate and the other formed upon a 
suspended rnoveable membrane disposed a cavity length 
from the one re?ector. The resonator also including a pair of 
spaced apart electrodes either constituted by the re?ectors or 
juxtaposed thereWith, Which are electrostatically operable to 
move the membrane and other re?ector relative to the one 
re?ector. A ?rst re?ector layer is deposited on the substrate 
to form the one re?ector. A sacri?cial layer having a high 
etch selectivity for releasing the membrane in a suspended 
and spaced relationship from the one re?ector is formed on 
the ?rst re?ector layer. The membrane is deposited on the 
sacri?cial layer using a deposition technique characterised 
by providing the required intrinsic stress in the membrane. 
Asecond re?ector layer is formed on the membrane to form 
the other re?ector. The second re?ector layer is patterned in 
accordance With a prescribed membrane geometry and then 
etched to achieve the same. The sacri?cial layer is then 
initially etched to remove regions thereof doWn to the ?rst 
re?ector layer on the substrate exposed by the etching. 
Those regions of the sacri?cial layer that are intended to 
function as the residual support structure of the membrane 
are then protected With photoresist and the remaining unpro 
tected regions of the sacri?cial layer are ?nally etched, 
removing the protection from the support structures to 
suspend the membrane in substantially parallel relation to 
the ?rst re?ector layer. 
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TUNABLE CAVITY RESONATOR AND METHOD 
OF FABRICATING SAME 

FIELD OF THE INVENTION 

[0001] This invention relates to tunable cavity resonators 
utilising micro electromechanical systems (MEMS) struc 
tures in the form of deformable suspended membranes 
suitable for, but not limited to, photonic purposes involving 
infrared (IR) electromagnetic radiation, and a method for 
fabricating the same. 

[0002] The invention has particular, although not exclu 
sive, utility in the fabrication of semiconductor devices that 
can be used as tunable detectors, emitters and ?lters for 
Wavelength division multiplexing (WDM), micro-spectrom 
etry and other purposes. 

[0003] Aspects of the invention may be employed as multi 
or hyperspectral systems, Wavelength agile detector systems 
and detector systems that are blind to countermeasures. 

[0004] Throughout the speci?cation, unless the context 
requires otherWise, the Word “comprise” or variations such 
as “comprises” or “comprising”, Will be understood to imply 
the inclusion of a stated integer or group of integers but not 
the exclusion of any other integer or group of integers. 

BACKGROUND ART 

[0005] The folloWing discussion of the background art is 
intended to facilitate an understanding of the present inven 
tion only. It should be appreciated that the discussion is not 
an acknowledgement or admission that any of the material 
referred to is or Was part of the common general knoWledge 
in Australia as at the priority date of the application. 

[0006] MEMS represent the integration of mechanical 
elements, sensors, actuators, photonics and electronics on 
single substrates. The use of microfabrication technology 
employed in silicon very large scale integration (VLSI) 
integrated circuit technology to generate miniature three 
dimensional structures such as motors, gears, accelerom 
eters and pressure sensors on the same substrate as the 

associated drive and sensing electronics, has dramatically 
expanded the ?eld of mechatronics. In addition to alloWing 
mechanical manufacture on a micro-miniature scale, MEMS 
technology brings the loW-cost, high throughput advantages 
of VLSI technology to mechanical and sensor systems. 

[0007] The use of MEMS structures in the fabrication of 
tunable cavity resonators to form a deformable suspended 
membrane is knoWn, albeit for ?ltering applications in a 
very restrictive subset of the optical spectrum of Wave 
lengths. The fabrication of these resonator devices has 
generally involved constructing the MEMS structure on a 
silicon substrate using technologies such as bulk microma 
chining and surface machining. Further, the use of such 
resonator devices has generally been limited to applications 
in Which the Wavelength of resonance need only be tuned a 
small amount (in the order of 0.01 to 0.10 pm). This in turn 
has limited the application of such resonator technology to 
short Wavelengths (less than 1.6 pm), ie in Wavelength 
regions of near IR and beloW. In the context of IR ?ltering 
technology, these Wavelengths are less than 2 pm, and thus 
these types of resonator devices are quite unsuitable for 
applications in the short Wavelength infrared (SWIR), the 
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mid-Wavelength infrared (MWIR), the long Wavelength 
infrared (LWIR) and visible Wavelength regions. 

[0008] The inventors of the present invention have dis 
covered one of the reasons for this is that, generally, surface 
micromachining techniques rely on high temperature (>700° 
C.) deposition processes such as loW-pressure chemical 
vapour deposition (LPCVD) to produce high quality mem 
brane ?lms such as silicon nitride. HoWever, the resultant 
membranes tend to be formed With considerable tensile 
stress. This tensile stress results in structures that are 
mechanically very stiff, preventing the large displacement 
needed for IR Fabry-Perot (FP) resonator applications, par 
ticularly in the short-Wavelength infrared (SWIR—1.6-2.5 
pm), mid-Wavelength infrared (MWIR—3-5 pm) and long 
Wavelength infrared (LWIR—8-12 pm) regions. 

[0009] Hence, it has previously been understood in the art 
that the use of MEMS structures in the fabrication of tunable 
cavity resonators is only applicable to very small Wave 
length applications, limiting the scope of the technology to 
near IR radiation and beloW for tunable lasers and detectors 
for short Wavelength (e.g. less than 1500 nm optical com 
munications) applications, and is not really suitable for 
longer Wavelength radiation applications in the IR Wave 
length regions. 

[0010] Resonant semiconductor FP cavity devices that 
have been fabricated for shorter Wavelength applications 
using high temperature deposition processes generally have 
a ?xed re?ector layer that acts as a re?ector on the substrate 
and a supported ?exible membrane also having a re?ector 
layer that acts as another re?ector, the ?exible membrane 
and the substrate being separated by an air gap. Tunability 
is achieved by de?ecting the membrane through the appli 
cation of a force. This force can be applied by various 
means, such as by Way of a voltage applied to pieZoelectric 
microactuators affixed to the membrane, or by applying a 
voltage across a pair of electrodes, one being, or surmounted 
to, the ?xed re?ector and the other being, or surmounted to, 
the re?ector on the ?exible membrane. 

[0011] One method of constructing these FP cavity micro 
structure devices requires the use of a sacri?cial etch layer, 
Which is used to temporarily support the membrane during 
the fabrication process. This layer is removed via an etching 
stage in the fabrication step to release the membrane. The 
membrane layer itself consists of a ?lm, such as silicon 
nitride ?lm, upon Which re?ector layers, such as Au/Cr or 
distributed Bragg re?ectors, are later deposited to form a 
re?ector. 

[0012] SiO2 is commonly employed as the sacri?cial layer 
for LPCVD silicon nitride microstructure devices and is 
generally etched using HF or buffered HF (BHF), as both of 
these etchants demonstrate high selectivity When etching 
SiO2 sacri?cial layers from silicon nitride membranes 
formed using LPCVD. 

[0013] A concomitant problem With using high tempera 
ture deposition processes is the controllability of the intrin 
sic stress in the membrane during the fabrication process, 
quite aside from the issue of the high tensile stress that may 
be provided in the membrane after fabrication is completed. 
Stress control in suspended membranes is important as the 
intrinsic stress in the membrane directly determines the 
sensitivity of the device to any applied force. Too much 
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intrinsic tensile stress results in stiff membranes, Which in 
extreme situations can cause membranes to fracture, Whilst 
compressive stresses result in buckled and/or collapsed 
membranes. 

[0014] Therefore, in any application of MEMS structure 
technology to longer Wavelength ?ltering, stress control is a 
major problem that has to be overcome. 

[0015] Control is also critical in the fabrication of multi 
layered structures, such as distributed Bragg re?ectors. In 
these multi-layered applications, any unaccounted for 
residual stress can easily result in stress mismatch betWeen 
the layers, leading to boWing or buckling of the released 
membrane. 

[0016] Furthermore, in optical applications Where FP cav 
ity devices require a re?ecting surface, the uniformity and 
?atness of the layer are of critical importance. Thus stress 
control during the fabrication of the membrane is important 
to ensure the layer remains ?at and uniform on release. 

[0017] Most photonic systems require a material system 
that has a direct and easily modi?able bandgap. This alloWs 
ef?cient optical generation and detection, While control of 
the bandgap makes possible bandgap engineering for 
enhanced device performance and alloWs use of quantum 
mechanical effects for neW devices, such as photoconduc 
tors, photodiodes, avalanche photodiodes, bolometers, and 
others. 

[0018] In order to access a large range of optical Wave 
lengths, a Wide variety of Group III-V and Group IO-VI 
semiconductor systems including AlGaN/GaN, AlGaAs/ 
GaAs, InAlGaAsP/InP, InGaP/GaP, HgCdTe/CdTe and 
ZnTeSe/ZnTe have been developed. A common feature of 
these materials (With the exception of AlGaN/GaN) is the 
requirement to undertake processing at temperatures signi? 
cantly loWer than those offered by the LPCVD process. Due 
to the differences in material properties and process tech 
nology, different process approaches must be used for each 
of these materials, signi?cantly adding to the problem of 
MEMS development for systems integrating photonic 
devices. 

[0019] There are many applications in the optoelectronics 
area, including IR applications, requiring Wavelength tun 
able detectors and/or emitters. Examples of these include: 
high bandWidth optical communication systems utilising 
WDM technology; infrared detectors such as photoconduc 
tors, photodiodes and avalanche photodiodes; and micro 
spectrometry to name but a feW. This Wavelength tunability 
can be achieved through the use of an FP cavity device. 
HoWever, a simple and versatile method for fabricating a 
tunable FP cavity device With a moveable membrane having 
requisite stress characteristics and quality that can be used in 
longer photonic Wavelength applications With Wavelengths 
extending from less than 1 micron to greater than 20 
microns, and Which can be fabricated at relatively loW 
temperatures has tended to have eluded the art to date. 

DISCLOSURE OF THE INVENTION 

[0020] It is an object of the present invention to provide 
for the fabrication of a tunable cavity resonator having a 
moveable suspended membrane and Which can be formed on 
a variety of semiconductor systems to access a range of 
optical Wavelengths, including infrared. 
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[0021] It is a preferred object of the invention to provide 
for an improved method of fabricating a tunable resonant 
cavity With a moveable and suspended membrane at a loW 
deposition temperature. 

[0022] It is a further preferred object to provide for the 
fabrication of a tunable cavity resonator having a moveable 
suspended membrane that can operate With Wavelengths in 
the infrared regions. 

[0023] It is another preferred object of the invention to 
provide for controlling the stress in the membrane during the 
fabrication of a tunable cavity resonator to enable it to be 
formed on a variety of semiconductor systems. 

[0024] In accordance With one aspect of the present inven 
tion, there is provided a method for fabricating a tunable 
cavity resonator having a pair of re?ectors, one being 
disposed in ?xed relationship to a substrate material and the 
other being a suspended moveable membrane disposed a 
cavity length from the one re?ector, and a pair of electrodes 
either being constituted by the re?ectors or being juxtaposed 
thereWith, one electrode With the one re?ector and the other 
electrode With the other re?ector, the method comprising: 

[0025] depositing a ?rst re?ector layer on a substrate to 
form the one re?ector of the cavity resonator; 

[0026] forming a sacri?cial layer of a prescribed mate 
rial having a high etch selectivity for releasing the 
membrane in a suspended and spaced relationship from 
the one re?ector; 

[0027] forming the membrane on the sacri?cial layer 
using a deposition technique characterised by provid 
ing the required intrinsic stress in the membrane; 

[0028] depositing a second re?ector layer on the mem 
brane to form the other re?ector; 

[0029] patterning the second re?ector layer in accor 
dance With a prescribed membrane geometry; 

[0030] etching the second re?ector layer and the mem 
brane to achieve said prescribed membrane geometry; 
and 

[0031] etching the sacri?cial layer to release the mem 
brane and suspend it in substantially parallel relation to 
the ?rst re?ector layer. 

[0032] Preferably, the method includes the step of forming 
recesses for the support locations in the sacri?cial layer 
doWn to the substrate, after forming the sacri?cial layer and 
prior to forming the membrane thereon; 

[0033] extending the membrane layer to cover the sac 
ri?cial layer and the exposed substrate Within the 
recesses during the forming of the membrane; 

[0034] extending the second re?ector layer to cover the 
membrane layer Within the recesses during the forming 
of the second re?ector layer; and 

[0035] etching the sacri?cial layer to remove it from 
around the membrane, so that the membrane and re?ec 
tor layers are disposed With the recesses are revealed to 
constitute the support structure for suspending the 
membrane and the second re?ector above the substrate. 
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[0036] Preferably, the method includes initially etching 
the sacri?cial layer to remove regions thereof doWn to said 
?rst re?ector layer on the substrate exposed by said etching. 

[0037] Preferably, the method includes protecting those 
regions of the sacri?cial layer intended to function as the 
residual support structure of the membrane. 

[0038] Preferably, the method includes ?nally etching the 
remaining unprotected regions of the sacri?cial layer to 
release the membrane and suspend it by the support structure 
in substantially parallel relation to the ?rst re?ector layer. 

[0039] Preferably, the substrate material is a semiconduc 
tor system that provides access to the optical Wavelengths 
necessary for resonance purposes in the resonant cavity. 

[0040] Preferably the cavity length corresponds to optical 
Wavelengths in the infrared region. 

[0041] Preferably, the displacement of the suspended 
moveable membrane is commensurate to the full cavity 
length, but is controlled to be marginally less than the full 
cavity length so that the cavity can accommodate such 
displacement Without the membrane contacting the one 
re?ector. 

[0042] Preferably, the membrane is formed of silicon 
nitride. 

[0043] Preferably, the sacri?cial layer is formed of Zinc 
sulphide. 
[0044] Preferably, the substrate is formed from an infrared 
sensitive material. 

[0045] Preferably, the substrate is formed of mercury 
cadmium telluride (MCT). 

[0046] Preferably, the deposition technique for forming 
the membrane is PECVD. 

[0047] Optionally, the electrodes are formed separately of 
the re?ective layers. 

[0048] Alternatively, the re?ective layers are formed to 
function as electrodes. 

[0049] Preferably, the second re?ector layer is etched 
using an anisotropic etching process. 

[0050] Preferably, the anisotropic etching process for the 
second re?ector layer involves dry etching. 

[0051] Preferably, the dry etching involves plasma etch 
ing. 
[0052] Preferably, the plasma etching is reactive ion etch 
ing. 
[0053] Preferably, the sacri?cial layer is initially etched 
using an isotropic etching process. 

[0054] Preferably, the isotropic etching process for ini 
tially etching the sacri?cial layer involves dry etching. 

[0055] Preferably, the protection of the support structures 
is provided by photoresist. 

[0056] Preferably, the remaining unprotected regions of 
the sacri?cial layer are ?nally etched using an isotropic 
etching process. 

[0057] Preferably, the isotropic etching process for ?nally 
etching the sacri?cial layer involves Wet etching. 
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[0058] In accordance With another aspect of the present 
invention, there is provided a tunable cavity resonator fab 
ricated according to the method de?ned in the preceding 
aspect of the invention. 

[0059] In accordance With a further aspect of the present 
invention, there is provided a tunable cavity resonator com 
prising: 

[0060] 
[0061] a moveable membrane disposed in substantially 

parallel relationship to said substrate and suspended 
relative thereto at the periphery of the membrane by a 
support structure; 

[0062] a pair of re?ectors, one being a ?rst re?ector 
layer disposed in ?Xed relationship upon the substrate 
material and the other being a second re?ector layer 
disposed on the suspended deformable membrane to 
form a resonant cavity, the re?ectors being disposed a 
cavity length from each other; 

[0063] the membrane and one re?ector being shaped in 
accordance With a prescribed membrane geometry; and 
a pair of electrodes either being constituted by the 
re?ectors or being juxtaposed thereWith, one electrode 
With the one re?ector and the other electrode With the 
other re?ector; 

a substrate material; 

[0064] Wherein the suspended moveable membrane is 
of substantially uniform thickness and has an intrinsic 
stress to permit electrostatic displacement of the mem 
brane over relatively large distances using relatively 
loW voltages applied to the electrodes. 

[0065] Preferably, the substrate material is a semiconduc 
tor system that provides access to the optical Wavelengths 
necessary for resonance purposes in the resonant cavity. 

[0066] Preferably the cavity length corresponds to optical 
Wavelengths in the infrared region. 

[0067] Preferably, the displacement of the suspended 
moveable membrane can be up to the full cavity length, 
Which is correspondingly larger to accommodate such dis 
placement Without the membrane contacting the one re?ec 
tor. 

[0068] Preferably, the membrane is formed of silicon 
nitride. 

[0069] Preferably, the support structures are formed of 
Zinc sulphide. 

[0070] Preferably, the substrate is formed from an infrared 
sensitive material. 

[0071] Preferably, the substrate is formed of mercury 
cadmium telluride (MCT). 

[0072] In one embodiment, it is preferred that the elec 
trodes are formed separately of the re?ective layers. 

[0073] In another embodiment, it is preferred that the 
re?ective layers are formed to function as electrodes. 

[0074] In accordance With another aspect of the invention, 
there is provided a method for fabricating a tunable cavity 
resonator for ?ltering incident radiation With longer photo 
nic Wavelengths from applications Where the Wavelengths 
may be in the order of less than 1 micron to applications 
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Where the Wavelengths may be greater than 20 microns, the 
cavity resonator having a pair of re?ectors, one being 
disposed in ?xed relationship to a substrate material and the 
other being a disposed on a moveable membrane suspended 
by a support structure and disposed a cavity length from the 
one re?ector, to form a Fabry Perot (FP) cavity, and a pair 
of electrodes either being constituted by the re?ectors or 
being juxtaposed thereWith, one electrode With the one 
re?ector and the other electrode With the other re?ector, to 
control the movement of the membrane in response to a 
prescribed dc voltage applied across electrodes, the method 
comprising: 

[0075] forming the membrane on a sacri?cial layer 
using a plasma deposition technique at a suf?ciently 
loW temperature With a gas ?oW ratio and prescribed 
RF frequency and poWer to eXcite the plasma so that the 
resultant stress in the membrane When released from 
the sacri?cial layer and suspended by the support 
structure is controllable and very loW, and the pinhole 
density in the membrane is suf?ciently loW to provide 
the membrane With the requisite integrity and morphol 
ogy to exhibit a near-ideal Fabry Perot response. 

[0076] Preferably, the cavity resonator functions as a ?lter 
that is applicable for selecting incident radiation of Wave 
lengths in ranges, Whereby the Wavelength of resonance can 
be in the region of 100 nm or 1,000,000 nm. 

[0077] Preferably, the membrane is formed of silicon 
nitride. 

[0078] Preferably, the sacri?cial layer is formed of Zinc 
sulphide. 

[0079] Preferably, the substrate is formed from an infrared 
sensitive material. 

[0080] Preferably, the substrate is formed of mercury 
cadmium telluride (MCT). 

[0081] Preferably, the deposition technique for forming 
the membrane is PECVD. 

[0082] Preferably, the temperature of the deposition is 
matched to the tolerance of the materials constituting the 
sacri?cial layer and the substrate. 

[0083] Preferably, the gas ?oW ratio is selected at the 
desired deposition temperature to achieve the requisite 
intrinsic stress at a prescribed RF frequency and poWer that 
still provides the membrane With the requisite integrity and 
morphology to maintain a high yield process. 

[0084] Preferably, the gas ?oW ratio comprises an appro 
priate ratio of silane to ammonia to a diluting gas so as to 
achieve the required level of intrinsic stress that can result in 
a controlled loW stress in the released membrane. 

[0085] Optionally, the electrodes are formed separately of 
the re?ective layers. 

[0086] Alternatively, the re?ective layers are formed to 
function as electrodes. 

[0087] Preferably, the second re?ector layer is etched 
using an anisotropic etching process. 

[0088] Preferably, the anisotropic etching process for the 
second re?ector layer involves dry etching. 
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[0089] Preferably, the dry etching involves plasma etch 
ing. 

[0090] Preferably, the plasma etching is reactive ion etch 
ing. 

[0091] Preferably, the sacri?cial layer is initially etched 
using an isotropic etching process. 

[0092] Preferably, the isotropic etching process for ini 
tially etching the sacri?cal layer involves dry etching. 

[0093] Preferably, the protection of the support structures 
is provided by photoresist. 

[0094] Preferably, the remaining unprotected regions of 
the sacri?cial layer are ?nally etched using an isotropic 
etching process. 

[0095] Preferably, the isotropic etching process for ?nally 
etching the sacri?cial layer involves Wet etching. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0096] Carrying out the invention Will be better under 
stood in the light of the folloWing description of the best 
mode. The description is made With reference to the accom 
panying draWings, Wherein:— 

[0097] FIG. 1A is a schematic diagram illustrating the 
principle of operation of an FP cavity; 

[0098] FIG. 1B is a graph showing the typical optical 
response in re?ection; 

[0099] FIG. 1C is a graph shoWing the typical optical 
response in transmission; 

[0100] FIG. 2A is schematic diagram shoWing a side 
elevation of the conceptual realisation of a tunable cavity 
resonator formed as a MEMS structure on a substrate 

comprising MCT; 

[0101] FIG. 2B is a graph shoWing an ideal optical 
response for the cavity resonator of FIG. 2A in transmission 
With the deformable membrane tuned to de?ne different 
cavity lengths, shoWing the different resonant Wavelengths 
corresponding thereto; 

[0102] FIG. 3A is a schematic diagram shoWing a side 
elevation of the practical embodiment of a front-side illu 
minated IR detector; 

[0103] FIG. 3B is a schematic diagram shoWing a side 
elevation of the practical embodiment of a back-side illu 
minated IR detector; 

[0104] FIG. 3C is a schematic diagram shoWing a side 
elevation of the practical embodiment of a front-side illu 
minated cavity embedded IR detector; 

[0105] FIGS. 4A and 4B are similar vieWs of a tunable 
cavity resonator conforming to the conceptual realisation of 
FIG. 2A, shoWing hoW the deformable membrane is dis 
placed from the rest position shoWn in FIG. 4A With the 
maXimum cavity length to the convergent position shoWn in 
FIG. 4B With a reduced cavity length; 

[0106] FIG. 4C is a graph shoWing the optical response 
for the cavity resonator of FIGS. 4A and 4B in re?ection 
With the membrane disposed in the respective positions; 
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[0107] FIG. 5 is a graph of PECVD silicon nitride stress 
as a function of deposition conditions using a process gas 
miX of silane:ammonia:nitrogen (SiH4:NH3:N2); 

[0108] FIG. 6A is a cross-sectional schematic diagram of 
a photoconductor detector type; 

[0109] FIG. 6B is a cross-sectional schematic diagram of 
one arrangement of a horizontal junction photodiode or 
avalanche photodiode detector type; 

[0110] FIG. 6C is a cross-sectional schematic diagram of 
another arrangement of a horiZontal junction photodiode or 
avalanche photodiode detector type; 

[0111] FIG. 6D is a cross-sectional schematic diagram of 
one arrangement of a vertical junction photodiode or ava 
lanche photodiode detector type; 

[0112] FIG. 6E is a cross-sectional schematic diagram of 
another arrangement of a vertical junction photodiode or 
avalanche photodiode detector type; 

[0113] FIGS. 7A to 7H are schematic side elevations and 
isometric vieWs shoWing the sequence of steps involved in 
fabricating a MEMS structure in the form of an FP cavity 
directly upon a substrate in accordance With the ?rst 
embodiment of the best mode; 

[0114] FIGS. 8A to 8K are schematic side elevations 
shoWing the sequence of steps involved in fabricating a 
MEMS structure in the form of an FP cavity that is trans 
ferred from one substrate to another in accordance With the 
second embodiment; 

[0115] FIGS. 9A to 9D are schematic isometric vieWs 
shoWing the transfer sequence of the MEMS structure of 
FIG. 8 and the patterning of the membrane after it has been 
transferred; 

[0116] FIGS. 10A to 10C are plan vieWs shoWing alter 
native re?ector designs for the membrane used in either 
embodiment; 
[0117] FIGS. 11A to 11C are graphs shoWing the bending 
?nite element analysis of the membrane across the central 
area shoWn in dotted outline in the corresponding designs of 
FIGS. 10A to 10C; 

[0118] FIG. 12 is a graph of the poWer laW relationship of 
the membrane displacement to applied voltage in respect of 
the different membrane styles shoWn in FIGS. 10A to 10C; 

[0119] FIG. 13 is a perspective three dimensional vieW of 
the sWirl style of re?ector/membrane of FIG. 1C mounted 
to the polyimide supports; and 

[0120] FIGS. 14A to 14H are schematic side and isomet 
ric elevations shoWing the sequence of steps involved in 
fabricating a MEMS structure in the form of an FP cavity 
directly upon a substrate in accordance With the siXth 
embodiment. 

BEST MODE(S) FOR CARRYING OUT THE 
INVENTION 

[0121] The principle of operation of a Fabry-Perot cavity 
is shoWn in FIG. 1A, Whereby an FP cavity is formed 
betWeen tWo re?ecting plates R1 and R2 that are spaced apart 
a cavity length d. The cavity acts as a resonator to electro 
magnetic energy, Whereby the cavity length is related to the 
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resonant frequency of the cavity. Thus Wavelengths kn of 
incident electromagnetic energy at Wavelengths kl-kn-kk 
directed at the cavity are transmitted through the cavity and 
the remaining Wavelengths kl-knd, kml-kk of the incident 
electromagnetic energy are re?ected. In an ideal system, the 
resonant Wavelengths kn are related to the cavity length by 
kn=2 d/q, Where q=1, 2, 3, . . . . 

[0122] In optoelectronics, Where FP cavities ?nd particu 
lar utility, the typical optical response for re?ected Wave 
lengths is shoWn in FIG. 1B and the typical response for 
transmitted Wavelengths is shoWn in FIG. 1C. 

[0123] By varying the cavity length d, the FP cavity can be 
tuned to different resonant frequencies, thereby creating a 
tunable cavity resonator. 

[0124] Applying MEMS technology to infrared detector 
technology leads to the conceptual realisation of the best 
mode for carrying out the present invention at the present 
time in the form of an infrared detector as shoWn in FIG. 2A. 

[0125] Moreover, a tunable cavity resonator 11 for infra 
red Wavelengths is provided comprising a layer of infrared 
sensitive material, Which in the present mode is mercury 
cadmium telluride (HgCdTe) or MCT 13 on Which is depos 
ited a re?ector 15 constituting one of the re?ectors of an FP 
cavity. The re?ector in the present mode is formed of a layer 
of gold/chromium (Au/Cr), hoWever, the re?ector may be 
formed of other materials suitable for the purpose of the 
invention. For eXample, the re?ector may alternatively com 
prise a Bragg re?ector stack, Which Would be adopted in a 
preferred embodiment of the invention. 

[0126] A MEMS structure is fabricated on the IR sensitive 
material 13 and re?ector 15 composite, in spaced relation 
thereto to constitute the other re?ector of the FP cavity. The 
MEMS structure comprises a membrane of silicon nitride 17 
formed by a plasma enhanced chemical vapour deposition 
(PECVD) of a thickness of approximately 100 to 300 nm 
and another re?ector 19 of Au/Cr deposited thereon. 

[0127] The cavity 21 de?ned by the spacing betWeen the 
re?ector 15 on the substrate and the membrane 17 of the 
MEMS structure is of a length d. The re?ectors 15 and 19 
double as electrodes of the FP cavity and a dc potential V is 
applied across these re?ector electrodes by the circuit 23, 
creating an electrostatic force betWeen the re?ector elec 
trodes across the cavity. This force is represented by the 
equation: 

[0128] Where: 

[0129] 
[0130] A is the area of the electrode; 

[0131] V is the applied voltage; and 

e is the permittivity of space in the cavity; 

[0132] d is the separation of the electrodes. 

[0133] Thus as the voltage increases, the electrostatic 
force Will similarly increase, moving the membrane, and be 
brought into balance by the increased tensile stress of 
membrane, resulting in a reduction in the cavity length d 
betWeen the electrodes. 

[0134] By changing the cavity length d, the detector can be 
tuned so that incident IR radiation 24‘i’ directed to the 
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membrane side of the FP cavity is ?ltered allowing IR 
radiation at a prescribed Wavelength to be transmitted 
through to the IR sensitive material side of the FP cavity, and 
the remaining IR radiation 24‘r’ is re?ected. The MCT layer 
13 can be connected to appropriate detection circuitry in 
knoWn manner to constitute the IR detector. 

[0135] A typical response in terms of the percentage of the 
incident IR radiation 24‘i’ transmitted through the tunable 
cavity resonator 11 for selected Wavelengths 7» from 2000 
nm to 3200 nm resulting from cavity lengths d ranging from 
900 nm to 1700 nm is shoWn in FIG. 2B. These are plotted 
for 10° FOV (?eld of vieW), Where the FWHM (full Width 
half maximum) at 3000 nm is <20 nm, and approximately 25 
nm at 15° FOV. An example of the practical application of 
the tunable cavity resonator is for detecting methane (CH4), 
Where IR Wavelengths corresponding to CH4 are located at 
?»=3017.39, 3111.73, 3115.85, and 3118.55 nm. 

[0136] The practical embodiment of the conceptual reali 
sation of the IR detector of the best mode shoWn in FIG. 2A 
may take a variety of forms. Indeed the arrangement shoWn 
in FIG. 2A is generally along the lines of a front-side 
illuminated IR detector, the practical embodiment of Which 
is shoWn in FIG. 3A of the draWings. HoWever, a back-side 
illuminated IR detector as shoWn in FIG. 3B, can also be 
provided, as Well as a front-side illuminated cavity embed 
ded IR detector as shoWn in FIG. 3C. 

[0137] In the case of the front-side illuminated IR detector 
of FIG. 3A, the tunable cavity resonator 11‘ involves the 
MEMS structure being mounted upon the IR sensitive 
material 13 by Way of a support structure 25 disposed at the 
periphery of the membrane 17 to suspend the membrane in 
spaced relationship to the IR sensitive material. In the 
present mode, the support structure 25 is formed of poly 
imide. Furthermore, the IR sensitive material 13 constitutes 
the detector portion of the resonator and is actually groWn on 
a substrate layer 27 that may be formed of one of the 
common commercial types, such as cadmium telluride or 
cadmium Zinc telluride, or one of the neWer substrate types 
still being researched, such as silicon or sapphire. 

[0138] As shoWn in FIGS. 4A and 4B, the major part of 
the top re?ector electrode 19 is centrally disposed on the 
membrane 17 and maintains a planar disposition, parallel to 
the loWer re?ector surface 15 of the MCT layer 13, through 
out the range of de?ection of the membrane. Speci?c 
con?gurations of the top re?ector Will be described later. 

[0139] In the case of the back-side illuminated IR detector 
shoWn in FIG. 3B, the positioning of the detector layer 13 
and the substrate 27 are reversed, With the MEMS structure 
being mounted upon the substrate 27, as opposed to the layer 
of IR sensitive material 13. In this embodiment the substrate 
is effectively transparent to IR radiation passing through the 
FP cavity 21, so that it is detected by the MCT layer 13. 

[0140] Front-side or back-side illumination con?gurations 
are adopted according to the speci?c detection application to 
facilitate Wiring connections to the electrodes and to any 
associated read-out electronics. 

[0141] The front-side illuminated cavity embedded IR 
detector arrangement shoWn in FIG. 3C is a tWo stage 
composite component that permits the MEMS structure to 
be fabricated separately of the detector and substrate com 
ponent, the tWo being subsequently conjoined to form the 

Oct. 13, 2005 

integrated structure shoWn in the draWings. This arrange 
ment has the bene?t of accommodating the temperature 
sensitivities of the IR sensitive material like MCT, Without 
compromising the higher temperature requirements that may 
be necessary for forming the MEMS membrane. 

[0142] Moreover, the MCT layer 13‘ on the substrate 27 is 
etched to create a mesa layer of IR sensitive material 13 that 
functions as a detector, With a re?ector layer 15 formed 
thereon to form one part of the FP cavity 21, Within a greater 
cavity 29 in the MCT layer 13‘ itself. The MEMS structure 
is separately fabricated upon a separate substrate 27‘ With the 
membrane 17 formed using any appropriate deposition 
technique, such as PECVD or LPCVD, and sacri?cial etch 
ing, as Will be subsequently described. In this manner the 
membrane 17 is supported on the polyimide supports 25 and 
the other re?ector 19 formed on the membrane itself. 

[0143] The resultant MEMS structure is then separated 
off, reversed and carefully disposed to surmount the cavity 
29 so that the membrane 17 and re?ector 19 are juxtaposed 
and ?xedly conjoined With the top of the MCT layer 
13‘either by Van der Waal’s forces or adhesive such as 
epoxy. 

[0144] The separate substrate 27‘ is transparent to incident 
IR radiation so that it may pass through to the FP cavity 21 
for ?ltering. Tuning of the cavity is performed by the 
application of an electrostatic force betWeen the re?ectors 15 
and 19, Whereby the membrane 17 is moveable to adopt the 
requisite spacing betWeen the re?ectors. 

[0145] NoW describing the tuning of the cavity resonator 
11 in more detail, regard is had to the front-side illuminated 
IR detector arrangement. As shoWn in FIG. 4A, the mem 
brane 17 is disposed in a rest position de?ning a maximum 
cavity length dmaX, and in FIG. 4B, the membrane is 
deformed under the attractive electrostatic force created by 
application of the potential V across the re?ector electrodes, 
decreasing the cavity length to d‘ and changing the resonant 
point of the cavity. FIG. 4C shoWs the change in the 
resonant Wavelength of the cavity in terms of the re?ectivity 
of the incident IR radiation for the position of the membrane 
in FIGS. 4A and 4B respectively. 

[0146] It should be noted that the resultant cavity resona 
tor of the present mode has several characteristics that 
distinguish it from previously knoWn cavity resonators. 

[0147] Moreover, the IR sensitive material is of Group 
II-VI semiconductors, namely MCT, Which requires com 
paratively loW processing temperatures. The membrane is of 
silicon nitride formed using PECVD, so that the intrinsic 
stress in the membrane is such that the resultant stress in the 
released membrane is balanced betWeen tensile and com 
pressive stresses, ie is of controlled and very loW stress, to 
provide a uniform and ?at ?lm in suspension above the IR 
sensitive material, having the requisite morphology and 
integrity for proper functioning With MCT or another sub 
strate operating With IR Wavelengths. 

[0148] It should be appreciated that fabricating a tunable 
cavity resonator of the type described having a membrane 
that can be suf?ciently deformed to vary the cavity length to 
provide for tuning in IR Wavelengths is not trivial, and 
indeed forming such a membrane on delicate materials such 
as MCT is even more complex. 


















