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(57) ABSTRACT 

A microelectronic re?ector is fabricated by forming a ?rst 
polysilicon layer on a microelectronic substrate, forming a 
?rst phosphosilicate glass (PSG) layer on the ?rst polysili 

con layer, and reactive ion etching to remove the ?rst PSG 
layer from at least a portion of the ?rst polysilicon layer. A 
second polysilicon layer is formed on at least a portion of the 
?rst polysilicon layer from Which the ?rst PSG layer Was 
removed and a second PSG layer is formed on at least a 
second portion of the second polysilicon layer. Reactive ion 
etching is performed to remove the second PSG layer from 
at least a portion of the second polysilicon layer. Athird PSG 
layer then is formed on at least a portion of the second 
polysilicon layer from Which the second PSG layer Was 
removed. Reactive ion etching is performed to remove the 
third PSG layer from at least a portion of the second 
polysilicon layer. By forming a third PSG layer, and reactive 
ion etching this layer, additional stress may be created in the 
?rst and/or second doped polysilicon layers that bends the 
ends of the doped ?rst and/or second polysilicon layers 
toWards the microelectronic substrate upon release of the 
treated polysilicon layer from the substrate, compared to 
doped polysilicon layers on Which the third PSG layer Was 
not formed and reactive ion etched. This increased stress 
may be counteracted by forming a stress-correcting layer on 
at least a portion of the second polysilicon layer from Which 
the third PSG layer Was removed, and then forming a 
re?ective layer such as gold on at least a portion of the 
stress-correcting layer. The stress-correcting layer prefer 
ably comprises platinum, Which can produce high stresses 
that can counteract the stresses in the ?rst and second doped 
polysilicon layers, to thereby alloW a ?at mirror and/or beam 
to be produced. 
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POLYSILICON MICROELECTRONIC 
REFLECTORS AND BEAMS AND METHODS OF 

FABRICATING SAME 

FIELD OF THE INVENTION 

[0001] This invention relates to microelectromechanical 
systems (MEMS) devices and methods of fabricating same, 
and more particularly to MEMS re?ectors and beams and 
methods of fabricating same. 

BACKGROUND OF THE INVENTION 

[0002] Optical communication systems are increasingly 
being used to communicate data, voice, multimedia and/or 
other communications. Optical communication systems may 
employ optical ?bers and/or free space optical communica 
tion paths. It Will be understood by those having skill in the 
art that optical communication systems may use optical 
radiation in the visible, ultraviolet, infrared and/or other 
portions of the electromagnetic radiation spectrum. 

[0003] Re?ectors, such as mirrors, are Widely used in 
optical communications systems. For example, optical 
cross-connect (OXC) sWitches can include an array of 
re?ectors to re?ect optical energy from any sWitch input to 
any sWitch output. Similarly, add-drop optical sWitches also 
may use an array of re?ectors such as mirrors to couple 
various optical paths. 

[0004] It has been proposed to fabricate re?ectors using 
microelectromechanical system (MEMS) technology. As is 
Well knoWn to those having skill in the art, MEMS devices 
are potentially loW cost devices, due to the use of micro 
electronic fabrication techniques. NeW functionality also 
may be provided, because MEMS devices can be much 
smaller than conventional electromechanical devices. 

[0005] One Well-knoWn and Widely used process for fab 
ricating MEMS devices is the MUMPsTM process that is 
marketed by Cronos Integrated Microsystems, and is 
described in the MUMPsTMDesign Handbook, Revision 4.0, 
by the present inventor Koester et al., May 1999, the 
disclosure of Which is hereby incorporated herein by refer 
ence in its entirety. In particular, as described in the 
MUMPsTMDesign Handbook, Section 1.2, the MUMPs pro 
cess is a three-layer polysilicon surface micromachining 
process derived from Work performed at the Berkeley Sen 
sors and Actuators Center (BSAC) at the University of 
California in the late 1980s and early 1990s. Several modi 
?cations and enhancements have been made to increase the 
?exibility and versatility of the process for the multi-user 
environment. 

[0006] The process begins With 100 mm n-type (100) 
silicon Wafers of 1-2 Q-cm resistivity. The surface of the 
Wafers are ?rst heavily doped With phosphorus in a standard 
diffusion furnace using POCl3 as the dopant source. This 
helps to reduce or prevent charge feedthrough to the sub 
strate from electrostatic devices on the surface. Next, a 600 
nm loW-stress LoW Pressure Chemical Vapor Deposition 
(LPCVD) silicon nitride layer is deposited on the Wafers as 
an electrical isolation layer. This is folloWed directly by the 
deposition of a 500 nm LPCVD polysilicon ?lm-Poly 0. 
Poly 0 is then patterned by photolithography, a process that 
includes the coating of the Wafers With photoresist, exposure 
of the photoresist With the appropriate mask and developing 
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the exposed photoresist to create the desired etch mask for 
subsequent pattern transfer into the underlying layer. After 
patterning the photoresist, the Poly 0 layer is then etched in 
a Reactive Ion Etch (RIE) system. A20 pm phosphosilicate 
glass (PSG) sacri?cial layer is then deposited by LPCVD 
and annealed at 1050° C. for one hour in argon. This layer 
of PSG, knoWn as a ?rst oxide, is removed at the end of the 
process to free the ?rst mechanical layer of polysilicon. The 
sacri?cial layer is lithographically patterned With a dimpled 
mask and the dimples are transferred into the sacri?cial PSG 
layer by RIE. The nominal depth of the dimples is 750 nm. 
The Wafers are then patterned With the third mask layer, 
AN CHOR1, and reactive ion etched. This step provides 
anchor holes that Will be ?led by the Poly 1 layer. 

[0007] After etching AN CHOR1, the ?rst structural layer 
of polysilicon (Poly 1) is deposited at a thickness of 2.0 pm. 
A thin (200 nm) layer of PSG is deposited over the poly 
silicon and the Wafer is annealed at 1050° C. for one hour. 
The anneal dopes the polysilicon With phosphorus from the 
PSG layers both above and beloW it. The anneal also serves 
to signi?cantly reduce the net stress in the Poly 1 layer. The 
polysilicon (and its PSG masking layer) is lithographically 
patterned using a mask designed to form the ?rst structural 
layer POLY1. The PSG layer is etched to produce a hard 
mask for the subsequent polysilicon etch. The hard mask is 
more resistant to the polysilicon etch chemistry than the 
photoresist and ensures better transfer of the pattern into the 
polysilicon. After etching the polysilicon, the photoresist is 
stripped and the remaining oxide hard mask is removed by 
RIE. 

[0008] After Poly 1 is etched, a second PSG layer (Second 
Oxide) is deposited and annealed. The Second Oxide is 
patterned using tWo different etch masks With different 
objectives. The POLY1_POLY2_VIA level provides for etch 
holes in the Second Oxide doWn to the Poly 1 layer. This 
provides a mechanical and electrical connection betWeen the 
Poly 1 and Poly 2 layers. The POLY1_POLY2_VIA layer is 
lithographically patterned and etched by RIE. The 
ANCHOR2 level is provided to etch both the First and 
Second Oxide layers in one step, thereby eliminating any 
misalignment betWeen separately etched holes. More impor 
tantly, the AN CHOR2 etch eliminates the need to make a cut 
in First Oxide unrelated to anchoring a Poly 1 structure, 
Which needlessly exposes the substrate to subsequent pro 
cessing that can damage either Poly 0 or Nitride. The 
AN CHOR2 layer is lithographically patterned and etched by 
RIE in the same Way as POLY1_POLY2_VIA. 

[0009] The second structural layer, Poly 2, is then depos 
ited (1.5 pm thick) folloWed by the deposition of 200 nm 
PSG. As With Poly 1, the thin PSG layer acts as both an etch 
mask and dopant source for Poly 2. The Wafer is annealed 
for one hour at 1050° C. to dope the polysilicon and reduce 
the residual ?lm stress. The Poly 2 layer is lithographically 
patterned With the seventh mask (POLY2) and the PSG and 
polysilicon layers are etched by RIE using the same pro 
cessing conditions as for Poly 1. The photoresist then is 
stripped and the masking oxide is removed. 

[0010] The ?nal deposited layer in the MUMPs process is 
a 0.5 pm metal layer including about 200 A of a chromium 
adhesion layer and about 5000 A of gold, that provides for 
probing, bonding, electrical routing and highly re?ective 
mirror surfaces. The Wafer is patterned lithographically With 
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the eighth mask (METAL) and the metal is deposited and 
patterned using lift-off. The Wafers are diced, sorted and 
shipped to the MUMPs user for sacri?cial release and test. 
The release is performed by immersing the chip in a bath of 
49% HF (room temperature) for 1.5-2 minutes. This is 
folloWed by several minutes in DI Water and then alcohol to 
reduce stiction folloWed by at least 10 minutes in an oven at 
1000° C. 

[0011] Microelectronic re?ectors have been fabricated 
With the above-described MUMPs process, using a multi 
layer polysilicon base, a chromium adhesion layer and a 
gold re?ective surface. Unfortunately, it may be dif?cult to 
form planar microelectronic re?ectors using the above 
described MUMPs process. In particular, stress gradients in 
the stacked polysilicon layers in conjunction With the inter 
nal stress of the deposited metal or metals, may produce 
re?ectors that are not acceptably ?at. 

[0012] More particularly, it is knoWn that phosphorus 
doped polysilicon ?lms may be slightly compressive. See, 
for eXample, the publication by Lee et al. entitled E?rects of 
Phosphorus on Stress of Multi-Stackea' Polysilicon Film and 
Single Crystalline Silicon, Journal of Micromechanical 
Micoengineering, Volume 9, pp. 252-263, February 1999. 
Moreover, it is also knoWn that the intrinsic ?lm stress of 
most evaporated metal ?lms is tensile. HoWever, it may be 
dif?cult to fabricate a gold layer that has intrinsic ?lm stress 
that is equal and opposite to the stress in the polysilicon 
layer or layers. 

[0013] Finally, gold also has a high self-diffusion rate, and 
has been shoWn to undergo grain groWth at temperatures as 
loW as 90° C. The tensile stress may increase in conjunction 
With this grain groWth, as the volume of the gold ?lm 
decreases. See for example, the publication by Koch entitled 
Microstructural Changes in Vapour-Deposited Silver; Cop 
per and Gold Films Investigated by Internal Stress Mea 
surements, Thin Solid Films, Vol. 140, 1986, pp. 217-226. 
Higher and higher temperatures shoW an increasing degree 
of stress. For at least these reasons, gold coated polysilicon 
re?ectors, With or Without an adhesion-promoting layer, may 
not be, or may not remain, planar. 

[0014] It also is knoWn to control stress in polysilicon 
layers fabricated by a MUMPs process by ion milling the 
second polysilicon layer. Unfortunately, it may be dif?cult to 
integrate ion milling With conventional microelectronic fab 
rication processes such as are used in MUMPs or other 
MEMS fabrication processing. Accordingly, in vieW of the 
above discussion, there continues to be a need for methods 
of fabricating ?at microelectronic re?ectors that can remain 
?at over time and/or temperature changes. 

SUMMARY OF THE INVENTION 

[0015] Embodiments of the present invention can provide 
methods of fabricating a microelectronic re?ector by form 
ing a ?rst polysilicon layer on a microelectronic substrate, 
forming a ?rst polysilicon doping layer, such as a ?rst 
phosphosilicate glass (PSG) layer, on the ?rst polysilicon 
layer, and reactive ion etching to remove the ?rst PSG layer 
from at least a portion of the ?rst polysilicon layer. Asecond 
polysilicon layer is formed on at least a portion of the ?rst 
polysilicon layer from Which the ?rst PSG layer Was 
removed. A second polysilicon doping layer, such as a 
second PSG layer, is formed on at least a second portion of 
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the second polysilicon layer. Reactive ion etching is per 
formed to remove the second PSG layer from at least a 
portion of the second polysilicon layer. A third polysilicon 
doping layer, such as a third PSG layer, then is formed on at 
least a portion of the second polysilicon layer from Which 
the second PSG layer Was removed. Reactive ion etching is 
performed to remove the third PSG layer from at least a 
portion of the second polysilicon layer. A re?ective layer 
then is formed on at least a portion of the second polysilicon 
layer from Which the third PSG layer Was removed. 

[0016] It has been found, according to the present inven 
tion, that by forming and reactive ion etching a third PSG 
layer, additional stress may be created in the ?rst and/or 
second doped polysilicon layers that bends the ends of the 
doped ?rst and/or second polysilicon layers toWards the 
microelectronic substrate upon release of the treated poly 
silicon layer from the substrate, compared to doped poly 
silicon layers on Which the third PSG layer Was not formed 
and reactive ion etched. This increased stress may be caused 
by the increased doping of the second and/or ?rst polysilicon 
layer by the third PSG layer, by the surface modi?cation that 
is created, by reactive ion etching to remove the third PSG 
layer and/or by other mechanisms. In any event, increased 
curvature in the combined ?rst and second doped polysilicon 
layers thereby may be provided, Without the need to perform 
ion milling. Stated differently, the radius of curvature may be 
modi?ed. 

[0017] According to other embodiments of the present 
invention, this increased stress may be counteracted by 
forming a stress-correcting layer on at least a portion of the 
second polysilicon layer from Which the third PSG layer Was 
removed, and then forming a re?ective layer such as gold on 
at least a portion of the stress-correcting layer. The stress 
correcting layer preferably comprises platinum, Which can 
produce high stresses that can counteract the stresses in the 
?rst and second doped polysilicon layers, to thereby alloW a 
?at mirror to be produced. The gold layer that is formed on 
the stress-correcting layer can act as a re?ector. HoWever, 
since the stress-correcting layer provides most, and prefer 
ably all, of the stress correction, ?at re?ectors may be 
provided that can remain ?at over time and temperature. An 
adhesion-promoting layer such as titanium and/or chromium 
also may be provided betWeen the stress-correcting layer 
and the second polysilicon layer. 

[0018] According to other embodiments of the invention, 
a fourth PSG layer may be formed on the ?rst polysilicon 
layer after reactive ion etching to remove the ?rst PSG layer. 
Reactive ion etching may be performed to remove the fourth 
PSG layer from at least a portion of the ?rst polysilicon 
layer. The second polysilicon layer then may be formed on 
at least a portion of the ?rst polysilicon layer from Which the 
fourth PSG layer has been removed. 

[0019] Moreover, according to other embodiments of the 
invention, after forming each PSG layer, the PSG layer can 
be annealed, for eXample at about 1050° C. for about one 
hour in argon, to dope the polysilicon With phosphorus from 
the PSG layer and/or to reduce the stress in the polysilicon 
layer. In other embodiments of the present invention, the 
titanium or chromium layer can be about 50 A thick, the 
platinum layer can be at least about 200 A thick, and 
preferably can be betWeen about 200 A and about 300 A 
thick, and the gold layer can be about 50 A thick. In yet other 
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embodiments, the platinum layer can be at least twice as 
thick as the sum of the thickness of the titanium and/or 
chromium layer and the gold layer. 

[0020] According to yet other embodiments of the present 
invention, the above-described metalliZation for microelec 
tronic re?ectors can be used With other doped polysilicon 
layer fabrication processes. Accordingly, a doped polysili 
con base is formed on a microelectronic substrate. A metal 

stress-correcting layer is formed on at least a portion of the 
doped polysilicon base. A metal re?ective layer is formed on 
at least a portion of the metal stress-correcting layer. Prior to 
forming the metal stress-correcting layer, a metal adhesion 
promoting layer also may be formed on the doped polysili 
con base. The composition and/or thicknesses of the metal 
adhesion-promoting layer, the metal stress-correcting layer 
and the metal re?ective layer may be as Was described 
above. 

[0021] In other embodiments of the present invention, the 
doped polysilicon base may be fabricated by forming a 
doped polysilicon layer on a microelectronic substrate and 
treating the doped polysilicon layer to create stress therein 
that bends the ends of the polysilicon layer toWards the 
microelectronic substrate upon release of the treated poly 
silicon layer from the substrate, compared to an untreated 
doped polysilicon layer. Ametal stress-correcting layer then 
may be formed that has stress therein that counters the stress 
in the treated doped polysilicon layer, to thereby create a 
planar re?ector. 

[0022] Microelectronic re?ectors according to embodi 
ments of the present invention can include a microelectronic 
substrate and a doped polysilicon base that is spaced apart 
from the microelectronic substrate. Ametal stress-correcting 
layer is included on the doped polysilicon base, opposite the 
substrate. A metal re?ective layer is included on the metal 
stress-correcting layer. A metal adhesion-promoting layer 
also may be provided betWeen the doped polysilicon base 
and the metal stress-correcting layer. The compositions 
and/or dimensions of the metal adhesion-promoting layer, 
the metal stress-correcting layer and the metal re?ective 
layer may be provided as Was described above. 

[0023] Yet other embodiments of the present invention can 
provide metalliZation for microelectronic re?ectors that 
include a doped polysilicon base that is spaced apart from a 
microelectronic substrate. The metalliZation includes a plati 
num layer on the doped polysilicon base opposite the 
substrate, and a gold layer on the platinum layer. A titanium 
and/or chromium layer also may be provided betWeen the 
doped polysilicon base and the platinum layer. The thick 
nesses thereof may be as Was described above. 

[0024] It also Will be understood by those having skill in 
the art that embodiments of the above-described methods 
and structures may be used to form polysilicon MEMS 
beams that do not necessarily function as re?ectors, but that 
are ?at. Moreover, unlike conventional bimorph structures, 
these beams can remain ?at over a Wide range of tempera 
tures and/or for an eXtended period of time. Accordingly, ?at 
re?ectors and/or beams may be provided by treating a 
polysilicon base to increase the bending of the ends thereof 
toWards the substrate, and providing a metal stress-correct 
ing layer to ?atten the resultant structure. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is a cross-sectional vieW of a desired shape 
of a polysilicon base for a microelectronic re?ector and/or 
beam. 

[0026] FIGS. 2A-2C are cross-sectional vieWs of polysili 
con bases that are formed using conventional MEMS pro 
cesses. 

[0027] FIG. 3 is a cross-sectional vieW of a desirable 
shape of a metalliZed polysilicon base for a microelectronic 
re?ector and/or beam. 

[0028] FIGS. 4A-4C are cross-sectional vieWs of micro 
electronic re?ectors and/or beams according to embodi 
ments of the present invention during intermediate fabrica 
tion steps. 

[0029] FIGS. 5A-5K are cross-sectional vieWs of micro 
electronic re?ectors and/or beams according to other 
embodiments of the present invention during intermediate 
fabrication steps. 

[0030] FIGS. 5B‘, 5D‘ and 5H‘ illustrate phosphorus dop 
ing concentrations during the steps of FIGS. 5B, 5D and 5H, 
respectively. 
[0031] FIGS. 5G‘ and 51‘ illustrate curvatures of polysili 
con beams during steps 5G and 51, respectively, if these 
beams Were released from the substrate. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0032] The present invention noW Will be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which preferred embodiments of the invention are 
shoWn. This invention may, hoWever, be embodied in many 
different forms and should not be construed as limited to the 
embodiments set forth herein. Rather, these embodiments 
are provided so that this disclosure Will be thorough and 
complete, and Will fully convey the scope of the invention 
to those skilled in the art. In the draWings, the thickness of 
layers and regions are exaggerated for clarity. Like numbers 
refer to like elements throughout. 

[0033] It Will be understood that When an element such as 
a layer, region or substrate is referred to as being “on” 
another element, it can be directly on the other element or 
intervening elements may also be present. In contrast, When 
an element is referred to as being “directly on” another 
element, there are no intervening elements present. It also 
Will be understood that When a material such as polysilicon, 
phosphosilicate glass, metal, chromium, titanium, platinum 
or gold, is used to describe a layer, the layer shall include the 
described material and other materials also may be present. 
Accordingly, for eXample, the term “a platinum layer” shall 
be construed as if the term “a layer comprising platinum” 
Was used, such that the layer contains platinum and also may 
contain other materials. Finally, the terms “concave” and 
“convex” both are used herein as vieWed from the substrate. 

[0034] Prior to providing a detailed description of embodi 
ments of methods and devices according to the present 
invention during intermediate fabrication steps, an overvieW 
of stress compensation in polysilicon-based re?ectors and/or 
beams according to the present invention ?rst Will be 
described. By providing re?ectors With large radii of cur 



US 2002/0186444 A1 

vature, loW optical insertion loss may be provided in 
MEMS-based optical systems. 

[0035] In general, doped polysilicon may be used as the 
structural layer for a MEMS-based re?ector. HoWever, the 
surface of doped polysilicon generally forms a poor re?ec 
tor. Accordingly, it generally is desirable to coat the doped 
polysilicon With a re?ective layer, preferably a metal. Gold 
is commonly used, With an underlying optional titanium 
and/or chromium adhesion-promoting layer. Since evapo 
rated metal ?lms are almost alWays tensile in nature, the 
polysilicon re?ector preferably is fabricated to have a radius 
of curvature that is concave relative to the substrate. The 
tensile metal ?lm therefore can ?atten the re?ector. 

[0036] FIG. 1 is a cross-sectional vieW of a desired shape 
of a single layer or multilayer polysilicon base for a micro 
electronic re?ector that is released from a substrate. An 
embodiment of a polysilicon base 10 includes ?rst and 
second doped polysilicon layers 10a and 10b, respectively. 
As shoWn in FIG. 1, the ends 10c and 10d of a released 
polysilicon base 10 preferably bend toWards the substrate 12 
so that the base 10 has a concave shape When vieWed from 
the substrate 12. Thus, the ends 10c and 10d of the poly 
silicon base 10 are closer to the substrate 12 than an 
intermediate portion thereof. When a tensile metal is formed 
on the second polysilicon layer 10b, a ?at structure then may 
be formed. 

[0037] Unfortunately, as shoWn in FIG. 2A, When single 
layer or multilayer polysilicon bases 20 are formed using 
conventional MEMS processes such as the MUMPs process 
that Was described above, the resultant polysilicon base 20 
may be ?at relative to the substrate 22 as shoWn in FIG. 2A, 
for eXample having a radius of curvature of more than about 
200 mm. Alternatively, as shoWn in FIG. 2B, the polysilicon 
base 20‘ may be slightly conveX relative to the substrate 22, 
having a radius of curvature of about 100 mm. In yet another 
alternative, as shoWn in FIG. 2C, the polysilicon base 20“ 
may be only slightly concave, by an amount that is insuf 
?cient to form a ?at mirror When metalliZed. For eXample, 
it may have a radius of curvature of about 100 mm. 

[0038] In all of the cases shoWn in FIGS. 2A-2C, it may 
be dif?cult to form a metalliZed polysilicon base that 
remains ?at upon release from a substrate 12 as shoWn in 
FIG. 3. Thus, it may be difficult to form a polysilicon base 
10 that is metalliZed With at least one metal layer 14 as 
shoWn in FIG. 3, and that has a radius of curvature that is 
more than about 200 mm When released from a substrate 12. 
Moreover, it may be dif?cult to maintain this radius of 
curvature over an eXtended time period and over a range of 
temperatures from about —5° C. to about +90° C. 

[0039] FIGS. 4A-4C are cross-sectional vieWs of MEMS 
re?ectors and/or beams according to embodiments of the 
present invention during intermediate fabrication steps. As 
shoWn in FIG. 4A, a conventional polysilicon base 40, 
including a ?rst doped polysilicon layer 40a and second 
doped polysilicon layer 40b, is formed on a substrate 42. 
FIG. 4A illustrates the base 40 that is released from the 
substrate 42 in order to illustrate that conventional MEMS 
fabrication processes such as the MUMPs process described 
above, form a polysilicon base 40 that may be slightly 
conveX relative to the substrate 42, so that the ends 40c and 
40d are further from the substrate 42 than the intermediate 
portion of the base 40. A slightly concave polysilicon base 
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also may be formed. In any event, it Will be understood that, 
at this point in the processing, the base typically is not 
released. 

[0040] Referring noW to FIG. 4B, according to the inven 
tion, additional processing is performed on the polysilicon 
base 40, to treat the polysilicon base 40 and create stress 
therein that bends the ends 40c‘, 40d‘ of the treated poly 
silicon base 40‘ toWards the microelectronic substrate 42 
upon release thereof from the substrate, compared to the 
untreated base of FIG. 4A. For eXample, the radius of 
curvature of the base 40‘ of FIG. 4B may be decreased to 
about 60 mm concave relative to the substrate 42, compared 
to the radius of curvature of about 90 mm conveX relative to 
the substrate 42 for base 40 of FIG. 4A. As Will be described 
in detail beloW, the curvature may be decreased in FIG. 4B 
by forming a third polysilicon doping layer such as phos 
phosilicate glass (PSG) on the second polysilicon layer 40b‘, 
annealing, and then reactive ion etching to remove the third 
PSG layer from at least a portion of the second polysilicon 
layer 40b’. 

[0041] Finally, referring to FIG. 4C, metalliZation 44 is 
formed on the polysilicon base 40‘. Thus, When released 
from the substrate 42 as shoWn in FIG. 4C, a relatively ?at 
re?ector or beam 48 may be formed, having a radius of 
curvature Which eXceeds about 200 mm and that remains ?at 
for an extended time period. As Will be described in detail 
beloW, the metalliZation 44 preferably includes an adhesion 
promoting layer 44a, preferably comprising titanium and/or 
chromium, a bulk or stress-correcting layer 44b, preferably 
comprising platinum, and an optional re?ective layer 44c, 
preferably comprising gold. Preferably, the bulk or stress 
correcting layer 44b is at least tWice as thick as the sum of 
the adhesion-promoting layer 44a and the re?ective layer 
44c, so that the bulk of the stress correction is provided by 
the stress-correcting layer 44b. In preferred embodiments, 
the adhesion-promoting layer is about 50 A of titanium 
and/or chromium, the stress-correcting layer is about 200 A 
to about 300 A of platinum, and the re?ective layer 44c is 
about 50 A of gold. 

[0042] In particular, the intrinsic ?lm stress of most evapo 
rated metal ?lms is tensile. Gold has been shoWn to produce 
loW intrinsic stress ?lms. Unfortunately, being a noble metal, 
gold does not adhere Well to other materials and other metals 
may need to be deposited ?rst to promote good adhesion. 
Titanium and chromium are the most common adhesion 
promoting materials for gold and polysilicon applications. In 
polysilicon surface micromachining, gold has been proven 
to be a good choice as a re?ective layer, since it is resistant 
to hydro?uoric acid etches, and provides good re?ectivity 
after release. 

[0043] Unfortunately, gold also may have a high self 
diffusion rate, and has been shoWn to produce grain groWth 
at temperatures as loW as 90° C. This grain groWth is 
described, for eXample, in the above-cited publication by 
Koch. Higher and higher temperatures shoW an increasing 
degree of stress. Moreover, because gold is soft, the stress 
Will relaX over time, even at room temperature. This is 
particularly troublesome When the ?atness of the mirror 
requires a stable stress state in the metal ?lm. Accordingly, 
stress-correcting layers 44b, for eXample comprising plati 
num, may provide a metal stack that is stress-stable after 
heating. 
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[0044] FIGS. 5A-5K are cross-sectional views of micro 
electronic re?ectors and/or beams and fabrication methods 
therefor according to other embodiments of the present 
invention during intermediate fabrication steps. In FIGS. 
5A-5K, embodiments of the present invention are integrated 
into a MUMPs process. HoWever, other MEMS fabrication 
processes may be used. 

[0045] In particular, referring to FIG. 5A, a ?rst polysili 
con layer 54, for eXample about 2 pm in thickness, also 
referred to herein as Poly1, is fabricated on a layer of doped 
glass such as phosphosilicate glass (PSG) 54, for eXample 
about 2 pm in thickness, also referred to herein as PSGO, on 
a microelectronic substrate 52, such as a silicon semicon 
ductor substrate. It Will be understood that additional layers 
may be provided beneath the Poly1 layer 56 and/or beneath 
the PSGO layer 54. Layers 54 and 56 may be fabricated using 
conventional MUMPs processing 

[0046] Then, referring to FIG. 5B, a layer of doped glass 
such as PSG, for eXample about 200 nm in thickness, also 
referred to herein as PSG1, is formed on the ?rst polysilicon 
layer 56. An anneal preferably is performed, for eXample, at 
about 1050° C. for about one hour in an argon environment. 
This can create a phosphorus doping pro?le in the Poly1 
layer 56, as shoWn in FIG. 5B‘. As shoWn, the concentration 
of phosphorus is higher at the edges of the Poly1 layer and 
loWer at the center of the Poly1 layer. 

[0047] Referring noW to FIG. 5C, an etch such as a 
reactive ion etch is performed to remove the ?rst PSG layer 
58 from at least a portion of the Poly1 layer 56 and to pattern 
the ?rst polysilicon layer 56, to produce a ?rst patterned 
polysilicon layer 56‘. The reactive ion etch may use freon, 
and/or other conventional etchants. Then, referring to FIG. 
5D, an optional layer of PSG 62, about 7500 A in thickness, 
optionally is deposited and then annealed, preferably at 
about 1050° C. for about one hour in argon. As a result of 
this deposition and anneal, the phosphorus doping pro?le in 
the Poly1 layer may be uniform, as shoWn in FIG. 5D‘. 

[0048] Then, as shoWn in FIG. 5E, the optional PSG layer 
62 is etched by reactive ion etching, to remove the optional 
PSG layer 62 from at least a portion of the ?rst patterned 
polysilicon layer 56‘. Aportion of the optional PSG layer 62‘ 
may remain, as shoWn in FIG. SE. 

[0049] Referring noW to FIG. 5F, 21 second polysilicon 
layer 64, for eXample about 1.5 pm thick, also referred to 
herein as a Poly2 layer, iso formed. A second PSG layer 66, 
for eXample about 2000 A thick, also referred to herein as 
PSG2, then is formed. An anneal then preferably takes place, 
for eXample at about 1050° C. for about one hour in argon. 
A possible doping pro?le in the ?rst patterned polysilicon 
layer 56‘ and in the second polysilicon layer 64 after the 
anneal is shoWn in FIG. SF‘. 

[0050] Referring noW to FIG. 5G, a second reactive ion 
etch, for eXample in freon, is performed to remove the 
second PSG layer 66 and to pattern the second polysilicon 
layer 64 to produce a second patterned polysilicon layer 64‘. 
As shoWn in FIG. 5G‘, if released at this point, a conveX 
structure relative to the substrate 52 may be formed, Which 
is undesirable for purposes of forming a microelectronic 
re?ector. Alternatively, a ?at or slightly concave structure 
may be formed as Was described above in FIGS. 2A and 2C, 
respectively. A ?at or uniform doping pro?le across the 
Poly1 and Poly2 layers may be produced. 

[0051] Referring noW to FIG. 5H, 21 third PSGQlayer 68, 
also referred to as PSG3, for eXample about 5000 A of PSG, 
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then is deposited and preferably annealed, for eXample at 
about 1050° C. for about one hour in argon. This can 
produce a uniform doping pro?le eXcept for a buried spike, 
as shoWn in FIG. 5H‘, Wherein the spike is formed at the 
interface betWeen layers 56‘ and 64‘. 

[0052] Then, as shoWn in FIG. SI, 21 third reactive ion 
etch, for eXample in freon, is performed, to remove at least 
some of the third PSG layer 68‘. As shoWn in FIG. 51‘, if 
released, this structure Would have a highly concave shape. 

[0053] While not Wishing to be bound by any particular 
theory of operation, it may be theoriZed that the formation, 
anneal, and/or reactive ion etch of the third PSG layer 68 
shoWn in FIGS. 5H and SI can change the doping pro?le of 
the structure from that of FIG. 5H‘, for eXample by produc 
ing or increasing a doping spike at the interface betWeen the 
Poly1 layer and Poly2 layer. Moreover, the anneal and 
reactive ion etch may alter the surface morphology of the 
Poly2 layer. Combinations of these effects and/or other 
effects also may be produced, to cause the structure to have 
a highly concave shape relative to the substrate if released, 
as shoWn in FIG. 51‘. Qualitatively, at FIG. 51, the radius of 
curvature of a released polysilicon base shoWn in FIG. 5I‘ 
may exceed about 200 mm at temperatures ranging betWeen 
about —40° C. and about +90° C. 

[0054] Then, referring to FIG. SI, 21 metal stack 70 is 
formed on the second patterned polysilicon layer 64‘. The 
metal stack comprises an optional adhesion-promoting layer 
72, preferably comprising about 50 521 of titanium and/or 
about 50 A of chromium, a stress-correcting olayer 74 pref 
erably comprising about 200 A to about 300 A of platinurn, 
and a re?ecting layer 76 preferably comprising about 50 A 
of gold. It also Will be understood that if a beam, rather than 
a re?ector is being fabricated, the re?ecting layer 76 may 
need not be included. HoWever, a gold layer may be included 
for electrical contact and/or passivating purposes, even 
though a re?ector is not being formed. 

[0055] Finally, as shoWn in FIG. 5K, the PSGO layer 54 is 
released, for eXample using conventional techniques. As 
shoWn, the re?ector or beam 80 remains ?at because the 
tensile strength of the platinum provides a stress that is equal 
and opposite to the compressive stress in the polysilicon 
layers 64‘ and 56‘. A?at beam and/or mirror thereby may be 
produced. 
[0056] In the draWings and speci?cation, there have been 
disclosed typical preferred embodiments of the invention 
and, although speci?c terms are employed, they are used in 
a generic and descriptive sense only and not for purposes of 
limitation, the scope of the invention being set forth in the 
folloWing claims. 

What is claimed is: 
1. A method of fabricating a microelectronic re?ector 

comprising: 
forming a ?rst polysilicon layer on a microelectronic 

substrate; 
forming a ?rst phosphosilicate glass (PSG) layer on the 

?rst polysilicon layer; 

reactive ion etching to remove the ?rst PSG layer from at 
least a portion of the ?rst polysilicon layer; 

forming a second polysilicon layer on at least a portion of 
the ?rst polysilicon layer from Which the ?rst PSG 
layer Was removed; 
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forming a second PSG layer on at least a portion of the 
second polysilicon layer; 

reactive ion etching to remove the second PSG layer from 
at least a portion of the second polysilicon layer; 

forming a third PSG layer on at least a portion of the 
second polysilicon layer from Which the second PSG 
layer Was removed; 

reactive ion etching to remove the third PSG layer from 
at least a portion of the second polysilicon layer; and 

forming a re?ective layer on at least a portion of the 
second polysilicon layer from Which the third PSG 
layer Was removed. 

2. A method according to claim 1 Wherein the folloWing 
steps are performed betWeen the steps of reactive ion etching 
to remove the ?rst PSG layer from at least a portion of the 
?rst polysilicon layer and forming a second polysilicon layer 
on at least a portion of the ?rst polysilicon layer from Which 
the ?rst PSG layer Was removed: 

forming a fourth PSG layer on the ?rst polysilicon layer; 
and 

reactive ion etching to remove the fourth PSG layer from 
at least a portion of the ?rst polysilicon layer. 

3. A method according to claim 1: 

Wherein the step of forming a ?rst PSG layer comprises 
the step of annealing the ?rst PSG layer; 

Wherein the step of forming a second PSG layer com 
prises the step of annealing the second PSG layer; and 

Wherein the step of forming a third PSG layer comprises 
the step of annealing the third PSG layer. 

4. A method according to claim 1 Wherein the steps of 
reactive ion etching comprise reactive ion etching With 
freon. 

5. A method according to claim 1 Wherein the step of 
forming a re?ective layer comprises the step of forming a 
re?ective layer comprising gold on at least a portion of the 
second polysilicon layer from Which the third PSG layer Was 
removed. 

6. A method according to claim 5 Wherein the folloWing 
step is performed betWeen the steps of reactive ion etching 
to remove the third PSG layer and forming a re?ective layer 
comprising gold: 

forming a stress-correcting layer on at least a portion of 
the second polysilicon layer from Which the third PSG 
layer Was removed; and 

Wherein the step of forming a re?ective layer comprising 
gold comprises forming a re?ective layer comprising 
gold on at least a portion of the stress-correcting layer. 

7. A method according to claim 6 Wherein the folloWing 
step is performed betWeen the steps of reactive ion etching 
to remove the third PSG layer and forming a stress-correct 
ing layer: 

forming an adhesion-promoting layer on at least a portion 
of the second polysilicon layer from Which the third 
PSG layer Was removed; and 

Wherein the step of forming a stress-correcting layer 
comprises forming a stress-correcting layer on at least 
a portion of the adhesion-promoting layer. 
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8. A method according to claim 6 Wherein the stress 
correcting layer comprises platinum. 

9. A method according to claim 7 Wherein the stress 
correcting layer comprises platinum and Wherein the adhe 
sion-promoting layer comprises titanium or chromium. 

10. A method according to claim 1 Wherein the ?rst 
polysilicon layer is thicker than the second polysilicon layer. 

11. A method according to claim 5 Wherein the folloWing 
step is performed betWeen the steps of reactive ion etching 
to remove the third PSG layer and forming a re?ective layer 
comprising gold: 

forming a platinum layer on at least a portion of the 
second polysilicon layer from Which the third PSG 
layer Was removed; and 

Wherein the step of forming a re?ective layer comprising 
gold comprises forming a re?ective layer comprising 
gold on at least a portion of the platinum layer. 

12. Amethod according to claim 11 Wherein the folloWing 
step is performed betWeen the steps of reactive ion etching 
to remove the third PSG layer and forming a platinum layer: 

forming a titanium or chromium layer on at least a portion 
of the second polysilicon layer from Which the third 
PSG layer Was removed; and 

Wherein the step of forming a platinum layer comprises 
forming a platinum layer on at least a portion of the 
titanium or chromium layer. 

13. A method according to claim 12 Wherein the titanium 
or chromium layer is about 50 A thick, Wherein the platinum 
layer is at least about 200 A thick and Wherein the gold layer 
is about 50 A thick. 

14. Amethod according to claim 12 Wherein the platinum 
layer is a least tWice as thick as the sum of the thicknesses 
of the titanium or chromium layer and the gold layer. 

15. A method of fabricating a microelectronic re?ector 
comprising: 

forming a ?rst polysilicon layer on a microelectronic 
substrate; 

forming a ?rst polysilicon doping layer on the ?rst 
polysilicon layer; 

removing the ?rst polysilicon doping layer from at least a 
portion of the ?rst polysilicon layer; 

forming a second polysilicon layer on at least a portion of 
the ?rst polysilicon layer from Which the ?rst polysili 
con doping layer Was removed; 

forming a second polysilicon doping layer on at least a 
portion of the second polysilicon layer; 

removing the second polysilicon doping layer from at 
least a portion of the second polysilicon layer; 

forming a third polysilicon doping layer on at least a 
portion of the second polysilicon layer from Which the 
second polysilicon doping layer Was removed; 

removing the third polysilicon doping layer from at least 
a portion of the second polysilicon layer; and 

forming a re?ective layer on at least a portion of the 
second polysilicon layer from Which the third polysili 
con doping layer Was removed. 

16. Amethod according to claim 15 Wherein the folloWing 
steps are performed betWeen the steps of removing the ?rst 
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polysilicon doping layer from at least a portion of the ?rst 
polysilicon layer and forming a second polysilicon layer on 
at least a portion of the ?rst polysilicon layer from Which the 
?rst polysilicon doping layer Was removed: 

forming a fourth polysilicon doping layer on the ?rst 
polysilicon layer; and 

removing the fourth polysilicon doping layer from at least 
a portion of the ?rst polysilicon layer. 

17. A method according to claim 15: 

Wherein the step of forming a ?rst polysilicon doping 
layer comprises the step of annealing the ?rst polysili 
con doping layer; 

Wherein the step of forming a second polysilicon doping 
layer comprises the step of annealing the second poly 
silicon doping layer; and 

Wherein the step of forming a third polysilicon doping 
layer comprises the step of annealing the third poly 
silicon doping layer. 

18. A method according to claim 15 Wherein the steps of 
reactive ion etching comprise reactive ion etching With 
freon. 

19. A method according to claim 15 Wherein the step of 
forming a re?ective layer comprises the step of forming a 
re?ective layer comprising gold on at least a portion of the 
second polysilicon layer from Which the third polysilicon 
doping layer Was removed. 

20. Amethod according to claim 19 Wherein the following 
step is performed betWeen the steps of removing the third 
polysilicon doping layer and forming a re?ective layer 
comprising gold: 

forming a stress-correcting layer on at least a portion of 
the second polysilicon layer from Which the third 
polysilicon doping layer Was removed; and 

Wherein the step of forming a re?ective layer comprising 
gold comprises forming a re?ective layer comprising 
gold on at least a portion of the stress-correcting layer. 

21. Amethod according to claim 20 Wherein the folloWing 
step is performed betWeen the steps of removing the third 
polysilicon doping layer and forming a stress-correcting 
layer: 

forming an adhesion-promoting layer on at least a portion 
of the second polysilicon layer from Which the third 
polysilicon doping layer Was removed; and 

Wherein the step of forming a stress-correcting layer 
comprises forming a stress-correcting layer on at least 
a portion of the adhesion-promoting layer. 

22. A method according to claim 20 Wherein the stress 
correcting layer comprises platinum. 

23. A method according to claim 21 Wherein the stress 
correcting layer comprises platinum and Wherein the adhe 
sion-promoting layer comprises titanium or chromium. 

24. A method according to claim 15 Wherein the ?rst 
polysilicon layer is thicker than the second polysilicon layer. 

25. Amethod according to claim 19 Wherein the folloWing 
step is performed betWeen the steps of removing the third 
polysilicon doping layer and forming a re?ective layer 
comprising gold: 
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forming a platinum layer on at least a portion of the 
second polysilicon layer from Which the third polysili 
con doping layer Was removed; and 

Wherein the step of forming a re?ective layer comprising 
gold comprises forming a re?ective layer comprising 
gold on at least a portion of the platinum layer. 

26. Amethod according to claim 25 Wherein the folloWing 
step is performed betWeen the steps of removing the third 
polysilicon doping layer and forming a platinum layer: 

forming a titanium or chromium layer on at least a portion 
of the second polysilicon layer from Which the third 
polysilicon doping layer Was removed; and 

Wherein the step of forming a platinum layer comprises 
forming a platinum layer on at least a portion of the 
titanium or chromium layer. 

27. A method according to claim 26 Wherein the titanium 
or chromium layer is about 50 A thick, Wherein the platinum 
layer is at least about 200 A thick and Wherein the gold layer 
is about 50 A thick. 

28. Amethod according to claim 26 Wherein the platinum 
layer is a least tWice as thick as the sum of the thicknesses 
of the titanium or chromium layer and the gold layer. 

29. A method of fabricating a microelectronic re?ector 
comprising: 

forming a doped polysilicon base on a microelectronic 
substrate; 

forming a metal stress-correcting layer on at least a 
portion of the doped polysilicon base; and 

forming a metal re?ective layer on at least a portion of the 
stress-correcting layer. 

30. Amethod according to claim 29 Wherein the folloWing 
step is performed betWeen the steps of forming a doped 
polysilicon base and forming a metal stress-correcting layer: 

forming a metal adhesion-promoting layer on the doped 
polysilicon base; and 

Wherein the step of forming a metal stress-correcting layer 
comprises forming a metal stress-correcting layer on 
the metal adhesion-promoting layer. 

31. A method according to claim 29 Wherein the metal 
re?ective layer comprises gold. 

32. A method according to claim 31 Wherein the metal 
stress-correcting layer comprises platinum. 

33. A method according to claim 29 Wherein the metal 
stress-correcting layer is at least four times as thick as the 
metal re?ective layer. 

34. A method according to claim 30: 

Wherein the metal re?ective layer comprises gold; 

Wherein the metal stress-correcting layer comprises plati 
num; and 

Wherein the metal adhesion-promoting layer comprises 
titanium or chromium. 

35. A method according to claim 34 Wherein the titanium 
or chromium layer is about 50 A thick, Wherein the platinum 
layer is at least about 200 A thick and Wherein the gold layer 
is about 50 A thick. 

36. Amethod according to claim 34 Wherein the platinum 
layer is a least tWice as thick as the sum of the titanium or 
chromium layer and the gold layer. 
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37. A method according to claim 29: 

wherein the step of forming a doped polysilicon base 
comprises the steps of: 

forming a doped polysilicon layer on a microelectronic 
substrate; and 

treating the doped polysilicon layer to create stress 
therein that bends the ends of the polysilicon layer 
toWards the microelectronic substrate upon release 
of the treated polysilicon layer from the substrate, 
compared to absence of the treating step; and 

Wherein the step of forming a metal stress-correcting layer 
comprises forming a metal stress-correcting layer that 
has stress therein that counters the stress in the treated 
doped polysilicon base. 

38. A method according to claim 37 Wherein the step of 
forming a metal stress-correcting layer is folloWed by the 
step of releasing the polysilicon base from the substrate to 
form a microelectronic re?ector that is planar. 

39. A microelectronic re?ector, comprising: 

a microelectronic substrate; 

a doped polysilicon base that is spaced apart from the 
microelectronic substrate; 

a metal stress-correcting layer on the doped polysilicon 
base, opposite the substrate; and 

a metal re?ective layer on the metal stress-correcting 
layer. 

40. A re?ector according to claim 39 Wherein the doped 
polysilicon base comprises a phosphorous doped polysilicon 
layer. 

41. A re?ector according to claim 39 further comprising 
a metal adhesion-promoting layer betWeen the doped poly 
silicon base and the metal stress-correcting layer. 

42. A re?ector according to claim 39 Wherein the metal 
re?ective layer comprises gold. 

43. A re?ector according to claim 42 Wherein the metal 
stress-correcting layer comprises platinum. 

44. A re?ector according to claim 41: 

Wherein the metal re?ective layer comprises gold; 

Wherein the metal stress-correcting layer comprises plati 
num; and 

Wherein the metal adhesion-promoting layer comprises 
titanium or chromium. 

45. A re?ector according to claim 44 Wherein the titanium 
or chromium layer is about 50 A thick, Wherein the platinum 
layer is at least about 200 A thick and Wherein the gold layer 
is about 50 A thick. 

46. Are?ector according to claim 44 Wherein the platinum 
layer is a least tWice as thick as the sum of the thicknesses 
of the titanium or chromium layer and the gold layer. 

47. A re?ector according to claim 39: 

Wherein the polysilicon base has a ?rst stress therein; and 

Wherein the metal stress-correcting layer has a second 
stress therein that is equal and opposite the ?rst stress. 

48. A microelectronic re?ector, comprising: 

a microelectronic substrate; 

a doped polysilicon base that is spaced apart from the 
microelectronic substrate; 
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a platinum layer on the doped polysilicon base, opposite 
the substrate; and 

a gold layer on the platinum layer. 
49. A re?ector according to claim 48 Wherein the doped 

polysilicon base comprises a phosphorous doped polysilicon 
layer. 

50. A re?ector according to claim 49 further comprising 
a titanium or chromium layer betWeen the doped polysilicon 
base and the platinum layer. 

51. Are?ector according to claim 50 Wherein the titanium 
or chromium layer is about 50 A thick, Wherein the platinum 
layer is at least about 200 A thick and Wherein the gold layer 
is about 50 A thick. 

52. Are?ector according to claim 50 Wherein the platinum 
layer is a least tWice as thick as the sum of the thicknesses 
of titanium or chromium layer and the gold layer. 

53. A method of fabricating a microelectronic beam 
comprising: 

forming a ?rst polysilicon layer on a microelectronic 
substrate; 

forming a ?rst phosphosilicate glass (PSG) layer on the 
?rst polysilicon layer; 

reactive ion etching to remove the ?rst PSG layer from at 
least a portion of the ?rst polysilicon layer; 

forming a second polysilicon layer on at least a portion of 
the ?rst polysilicon layer from Which the ?rst PSG 
layer Was removed; 

forming a second PSG layer on at least a portion of the 
second polysilicon layer; 

reactive ion etching to remove the second PSG layer from 
at least a portion of the second polysilicon layer; 

forming a third PSG layer on at least a portion of the 
second polysilicon layer from Which the second PSG 
layer Was removed; 

reactive ion etching to remove the third PSG layer from 
at least a portion of the second polysilicon layer; and 

forming a metal layer on at least a portion of the second 
polysilicon layer from Which the third PSG layer Was 
removed. 

54. Amethod according to claim 53 Wherein the folloWing 
steps are performed betWeen the steps of reactive ion etching 
to remove the ?rst PSG layer from at least a portion of the 
?rst polysilicon layer and forming a second polysilicon layer 
on at least a portion of the ?rst polysilicon layer from Which 
the ?rst PSG layer Was removed: 

forming a fourth PSG layer on the ?rst polysilicon layer; 
and 

reactive ion etching to remove the fourth PSG layer from 
at least a portion of the ?rst polysilicon layer. 

55. A method according to claim 53: 

Wherein the step of forming a ?rst PSG layer comprises 
the step of annealing the ?rst PSG layer; 

Wherein the step of forming a second PSG layer com 
prises the step of annealing the second PSG layer; and 

Wherein the step of forming a third PSG layer comprises 
the step of annealing the third PSG layer. 
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56. A method according to claim 53 wherein the step of 
forming a metal layer comprises: 

forming a metal stress-correcting layer on at least a 
portion of the second polysilicon layer from Which the 
third PSG layer Was removed. 

57. Amethod according to claim 56 Wherein the following 
step is performed betWeen the steps of reactive ion etching 
to remove the third PSG layer and forming a stress-correct 
ing layer: 

forming a metal adhesion-promoting layer on at least a 
portion of the second polysilicon layer from Which the 
third PSG layer Was removed; and 

Wherein the step of forming a metal stress-correcting layer 
comprises forming a metal stress-correcting layer on at 
least a portion of the metal adhesion-promoting layer. 

58. A method according to claim 56 Wherein the metal 
stress-correcting layer comprises platinum. 

59. A method according to claim 57 Wherein the metal 
stress-correcting layer comprises platinum and Wherein the 
metal adhesion-promoting layer comprises titanium or chro 
mium. 

60. A method according to claim 53 Wherein the step of 
forming a metal layer comprises: 

forming a platinum layer on at least a portion of the 
second polysilicon layer from Which the third PSG 
layer Was removed. 

61. Amethod according to claim 60 Wherein the folloWing 
step is performed betWeen the steps of reactive ion etching 
to remove the third PSG layer and forming a platinum layer: 

forming a titanium or chromium layer on at least a portion 
of the second polysilicon layer from Which the third 
PSG layer Was removed; and 

Wherein the step of forming a platinum layer comprises 
forming a platinum layer on at least a portion of the 
titanium or chromium layer. 

62. A method according to claim 61 Wherein the titanium 
or chromium layer is about 50 A thick and Wherein the 
platinum layer is at least about 200 A thick. 

63. A method of fabricating a microelectronic beam 
comprising: 

forming a doped polysilicon base on a microelectronic 
substrate; 

forming a metal adhesion-promoting layer on at least a 
portion of the doped polysilicon layer; and 

forming a metal stress-correcting layer on at least a 
portion of the metal adhesion-promoting layer. 

64. A method according to claim 63: 

Wherein the metal stress-correcting layer comprises plati 
num; and 

Wherein the metal adhesion-promoting layer comprises 
titanium or copper. 

65. A method according to claim 64 Wherein the titanium 
or chromium layer is about 50 A thick and Wherein the 
platinum layer is at least about 200 A thick. 

66. A method according to claim 63: 

Wherein the step of forming a doped polysilicon base 
comprises the steps of: 
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forming a doped polysilicon layer on a microelectronic 
substrate; and 

treating the doped polysilicon layer to create stress 
therein that bends the ends of the polysilicon layer 
toWards the microelectronic substrate upon release 
of the treated polysilicon layer from the substrate, 
compared to absence of the treating step; and 

Wherein the step of forming a metal stress-correcting layer 
comprises forming a metal stress-correcting layer that 
has stress therein that counters the stress in the treated 
doped polysilicon base. 

67. A method according to claim 66 Wherein the step of 
forming a metal stress-correcting layer is folloWed by the 
step of releasing the polysilicon base from the substrate to 
form a microelectronic re?ector that is planar. 

68. A microelectronic beam, comprising: 

a microelectronic substrate; 

a doped polysilicon base that is spaced apart from the 
microelectronic substrate; 

a metal adhesion-promoting correcting layer on the doped 
polysilicon base, opposite the substrate; and 

a metal stress-correcting layer on the metal adhesion 
promoting layer. 

69. A beam according to claim 68 Wherein the doped 
polysilicon base comprises a phosphorous doped polysilicon 
layer. 

70. A beam according to claim 68: 

Wherein the metal stress-correcting layer comprises plati 
num; and 

Wherein the metal adhesion-promoting layer comprises 
titanium or chromium. 

71. Abeam according to claim 70 Wherein the titanium or 
chromium layer is about 50 A thick and Wherein the plati 
num layer is at least about 200 A thick. 

72. A beam according to claim 68: 

Wherein the polysilicon base has a ?rst stress therein; and 

Wherein the metal stress-correcting layer has a second 
stress therein that is equal and opposite the ?rst stress. 

73. A microelectronic beam, comprising: 

a microelectronic substrate; 

a doped polysilicon base that is spaced apart from the 
microelectronic substrate; 

a titanium or chromium layer on the doped polysilicon 
base, opposite the substrate; and 

a platinum layer on the titanium or chromium layer. 
74. A beam according to claim 73 Wherein the doped 

polysilicon base comprises a phosphorous doped polysilicon 
layer. 

75. Abeam according to claim 73 Wherein the titanium or 
chromium layer is about 50 A thick and Wherein the plati 
num layer is at least about 200 A thick. 

* * * * * 


