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Standard Test Method for
Residual Strain Measurements of Thin, Reflecting Films
Using an Optical Interferometer 1

This standard is issued under the fixed designation E 2245; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 3.1.3 anchor, n—in a surface-micromachining process, the

1.1 This test method covers a procedure for measuring thRortion of the test structure where the mechanical layer makes
compressive residual strain in thin films. It applies only tocontact with the underlying layer (see Figs. 1 and 2).
films, such as found in microelectromechanical systems 3-1.4 anchor lip n—in a surface-micromachining process,
(MEMS) materials, which can be imaged using an interferomihe extension of the mechanical layer around the edges of the
eter. Measurements from fixed-fixed beams that are touchingnchor (see Figs. 2.and 3). o
the underlying layer are not accepted. 3.1.5 bulk micromachiningadi—a MEMS fabrication pro-

1.2 This test method uses a non-contact optical interferomr€Ss where the substrate is removed at specified locations,
eter with the capability of obtaining topographical 3-D dataWhich can create structures suspended in air.
sets. It is performed in the laboratory. 3.1.6 cantilever n—a test structure that consists of a beam

1.3 This standard does not purport to address all of theSuspended in air and anchored or supported at one end.
safety concerns, if any, associated with its use. It is the 3.1.7 fixed-fixed beapm—a test structure that consists of a
responsibility of the user of this standard to establish appro€am suspended in air and anchored or supported at both ends
priate safety and health practices and determine the applica(S€€ Figs. 1-3, and Fig. X1.1).

bility of regulatory limitations prior to use. ~3.1.8 in-plane length measurememt—a length (or deflec-
tion) measurement made parallel to the underlying layer (or the
2. Referenced Documents xy-plane).
2.1 ASTM Standards: 3.1.9 interferometer n—a non-contact optical instrument

E 2244 Test Method for In-Plane Length Measurements ofSuch as shown in Fig. 4) used to obtain topographical 3-D data
Thin, Reflecting Films Using an Optical Interferométer ~ S€ts. . . _ o
E 2246 Test Method for Strain Gradient Measurements of 3.-1.10 mechanical layern—in a surface-micromachining

Thin, Reflecting Films Using an Optical Interferométer ~ Process, the patterned layer (as shown in Fig. 2) that is
anchored to the underlying layer where cuts are designed in the

3. Terminology sacrificial layer and that is suspended in air where no cuts are
3.1 Definitions: designed in the sacrificial layer.

3.1.1 2-D data trace n—a two-dimensional data trace that ~3.1.11 MEMS adj—microelectromechanical systems.
is extracted from a topographical 3-D data set and that is 3.1.12 out-of-plane adj—perpendicular (in the-direction)
parallel to thexz or yzplane of the interferometer. to the underlying layer.
3.1.1.1 Discussior—The height of the sample is measured 3.1.13 out-of-plane measurements—measurements taken
along thez-axis of the interferometer. The interferometer’s On structures that are curved out-of-plane in zrdirection.
x-axis (as shown in Figs. 1-3) is typically aligned parallel or ~3.1.14 residual strain n—in a surface-micromachining pro-
perpendicular to the transitional edges to be measured. cess, the strain present in the mechanical layer after fabrication
3.1.2 3-D data setn—a three-dimensional data set with a yet before the sacrificial layer is removed. In a bulk-

topographical-data value for eachx(y) pixel location within ~ micromachining process, the strain present in the suspended
the interferometer’s field of view. layer after fabrication yet before the substrate is removed at
specified locations.
_— 3.1.15 sacrificial layer n—in a surface-micromachining
* This test method is under the jurisdiction of ASTM Committee EO8 on Fatigueprocess, the |ayer fabricated between the mechanical |ayer and
and FracFure and is _the direct respon;lblllty of Subcommittee E08.05 on Cycllcthe underlying |ayer_ This |ayer is removed after fabrication. If
Deformation and Fatigue Crack Formation. . . . e R .
Current edition approved Oct. 10, 2002. Published November 2002. cuts are designed in this sacrificial layer (as shown in Fig. 2),

2 Annual Book of ASTM Standardgol 03.01.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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FIG. 1 Three-Dimensional View of Surface-Micromachined Fixed-Fixed Beam
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Note 1—The underlying layer is beneath this test structure.
Note 2—The mechanical layer is included in both the light and dark gray areas.
Note 3—The dark gray areas (the anchors) are the designed cuts in the sacrificial layer. This is where the mechanical layer contacts the underlying
layer.
Note 4—The light gray area is suspended in air after fabrication.
FIG. 2 Design Dimensions for Fixed-Fixed Beam in Fig. 1

an anchor is created allowing the mechanical layer to contact 3.1.20 surface micromachiningadj—a MEMS fabrication
the underlying layer in that region. process where thin, sacrificial layers are removed, which can

3.1.16 stiction, n—in a surface-micromachining process, a create structures suspended in air. ' _
structure exhibits this when a non-anchored portion of the 3.1.21test structuren—a structure (such as, a fixed-fixed
mechanical layer adheres to the top of the underlying layer. P&@am or cantilever) that is used to extract information (such as,

3.1.17 strain gradient n—the positive difference in the the residual strain or the strain gradient of a layer) about a

. . L .. fabrication process.
fr::?Lr:] gseéween the top and bottom of a cantilever divided by |t§ 3.1.22 transitional edgen—an edge of a MEMS structure

) ) o (such as Edge “1” in Fig. 3) that is characterized by a

3.1.18 substraten—the thick, starting material in a MEMS gjstinctive out-of-plane vertical displacement (as shown in Fig.
fabrication process. 5).

3.1.19 support region n—in a bulk-micromachining pro- 3.1.23 underlying layer n—in a surface-micromachining
cess, the region that marks the end of the suspended structupgocess, the layer directly beneath the mechanical layer after
This region is suspended in air, attached to the substrate, the sacrificial layer is removed.
both. 3.2 Symbols:
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Note 1—The 2-D data traces (“a” and “e”) are used to ensure alignment and detdrmine
Note 2—Trace “c” is used to determine the residual strain and ascertain if the fixed-fixed beam is adhered to the top of the underlying layer.
Note 3—Traces “b,” “c,” and “d” are used in the calculation @,

FIG. 3 Top View of Fixed-Fixed Beam

1— detector array
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splitter il
L ]
FIG. 4 Sketch of Optical Interferometer
3.2.1 For Calibration: mean = the mean value of the step-height measurements
cal-x = thex-calibration factor of the interferometer for the (on the double-sided step height standard) used to calculate
given combination of lenses cal-z
_cal-y = they-calibration factor of the interferometer for the  ryjer-x = the interferometer’s maximum field of view in the
given combination of lenses x-direction for the given combination of lenses as measured

cal-z = thez-calibration factor of the interferometer for the it 4 10-pm grid ruler

given combination of lenses ruler-y = the interferometer’'s maximum field of view in the
cert = the certified value of the double-sided step height y =

standard y-direction for the given combination of lenses as measured
inter-x = the interferometer's maximum field of view in the With & 10-um Q“d ruler
x-direction for the given combination of lenses 3.2.2 For Alignment
inter-y = the interferometer's maximum field of view in the X1, = thex-data value along Edge “1” (such as shown in
y-direction for the given combination of lenses Fig. 5) locating the lower part of the transition
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Data along Trace "a" or "e" in Fig. 3
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FIG. 5 2-D Data Trace Used to Find  X1,,,, X1 paxs X2 min,» @Nd X2,

X1pper = thex-data value along Edge “1” (such as shownin Az = the amplitude of the cosine function used to model
Fig. 5) locating the upper part of the transition curve #1 in Fig. 7

X2ower = thex-data value along Edge “2” (such as shownin Ag = the amplitude of the cosine function used to model
Fig. 5) locating the lower part of the transition curve #2 in Fig. 7

X2,pper = thex-data value along Edge “2” (such as shownin L. = the total length of the curved fixed-fixed beam (as
Fig. 5) locating the upper part of the transition modeled with two cosine functions) wittl,,.andx2,.as the

Xower = the x-data value along the transitional edge of x values of the endpoints
interest locating the lower part of the transition (see Fig. 5) L. = the length of the cosine function modeling curve #1

Xupper = the x-data value along the transitional edge of in Fig. 7 with x1,,. andXsr as thex values of the endpoints
interest locating the upper part of the transition (see Fig. 5) L.s = the length of the cosine function modeling curve #2 in

3.2.3 For In-plane Length Measurement Fig. 7 with x,gandx2,,. as thex values of the endpoints

L = the in-plane length measurement of the fixed-fixed L. = the effective length of the fixed-fixed beam. This is a
beam (see Fig. 2 or Fig. 3) straight-line measurement between andX.g

Lhax = the maximum in-plane length measurement of the Lo = the length of the fixed-fixed beam if there were no
fixed-fixed beam (see Fig. 5) applied axial-compressive force

Lin = the minimum in-plane length measurement of the S = equals 1 for fixed-fixed beams deflected in the -
fixed-fixed beam (see Fig. 5) direction, and equals -1 for fixed-fixed beams deflected in the

x1,,. = an endpoint of the in-plane length measurement+z-direction
(that is, the average ofl,,;,, andx1,,,,) t = the thickness of the suspended layer, such as shown in
Xlmax = the value foix,,,,.,used in the calculation df,,, Fig. X2.1 (1_—3)3 for a su_rface-mic_rqmachining process
X1in = the value forxl,,., used in the calculation df,;, tsupport = IN @ bulk-micromachining process, the thickness
X2, = the other endpoint of the in-plane length measureof the support region where it is intersected by the 2-D data
ment (that is, the average &2, andx2.,) trace of interest (such as, Trace “a” or “e” in Fig. X1.1, as
X2max = the value fox2,,,e,Used in the calculation df,,, ~ Shown in Fig. X1.2) _ _ _ _
X2 = the value forx2,,,, used in the calculation df,, XeF = the x yalue of the_ mﬂ_ectlon point of the cosine
3.2.4 For Residual Strain Measurement function modeling curve #1 in Fig. 7 _ _
e, = in a surface-micromachining process, the residual Yes = the x value of the inflection point of the cosine
strain present in the mechanical layer after fabrication yefunction modeling curve #2in Fig. 7.
before the sacrificial layer is removed. The data in Figs. 5 and Zupper = thez-data value associated Wikyper
6 are used for this calculation. In a bulk-micromachining
process, the residual strain present in the suspended layer after
fabrication yet before the substrate is removed at specified 3 The boldface numbers in parentheses refer to the list of references at the end of
locations. this standard.
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Data along Trace "b," "c,"” or "d"
in Fig. 3
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FIG. 6 2-D Data Trace Along a Fixed-Fixed Beam
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Note—The data above has been exaggerated.
FIG. 7 First and Second Curves Used to Find Residual Strain

Zypper-t = IN @ bulk-micromachining process, the value for €, = in determining the combined standard uncertainty
when the thickness of the support regit,,on is subtracted value for the residual strain measurement, the lowest value for
from z,, e _ _ _ €, given the specified variations

3.2.5 For Combined Standard Uncertainty Calculations Le.max = the total length of the curved fixed-fixed beam (as

. .. . . C
€nign = iN determining the combined standard uncertainty,ogeled with two cosine functions) witt,, . .andx2,,..as the
value for the residual strain measurement, the highest value f9<rva|ues of the endpoints

€, given the specified variations
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L..min = the total length of the curved fixed-fixed beam (as 4.3 To calculate the residual strail) 6olve three equations
modeled with two cosine functions) wittl,,;, andx2.,,as the for three unknowns to obtain each cosine functi@) plot the
x values of the endpoints functions with the data,3) calculate the length of the curved
Uy, = the component in the combined standard uncertaintyixed-fixed beam, and4 calculate the residual strain.
calculation that is due to the measurement uncertainty of one

data point 5. Significance and Use
u. = the combined standard uncertainty value (that is, the 5.1 Residual strain measurements are an aid in the design
estimated standard deviation of the res(4t). and fabrication of MEMS devices. The value for residual strain

u_ = the component in the combined standard uncertaintys used in Young’s modulus calculations.
calculation that is due to the measurement uncertainty of
Uy = the component in the combined standard uncertaintp: 'nterferences
calculation that is due to the measurement uncertainty across6.1 Measurements from fixed-fixed beams that are touching
the width of the fixed-fixed beam the underlying layer (as ascertained in Appendix X2) are not
Wy, = the half width of the interval frong,,, t0 €.pign accepted.
3.2.6 For Adherence to the Top of the Underlying Layer 4
A = the minimum thickness of the mechanical layer as’- APparatus
measured from the top of the mechanical layer in the anchor 7.1 Non-contact Optical Interferometecapable of obtain-
area (or region #2 in Fig. X2.2) to the top of the underlyinging a topographical 3-D data set and has software that can
layer (as shown in Fig. X2.1) and as specified in the referencexport a 2-D data trace. Fig. 4 is a sketch of a suitable
3 non-contact optical interferometer. However, any non-contact
H = the anchor etch depth (as shown in Fig. X2.1). Theoptical interferometer that has pixel-to-pixel spacings as speci-
amount the underlying layer is etched away in thdirection  fied in Table 1 and that is capable of performing the test
during the patterning of the sacrificial layer.
J = this dimension (as shown in Fig. X2.1) incorporajtgs TABLE 1 Interferometer Pixel-to-Pixel Spacing Requirements

jbr jc* andjdv as shown in Figs. X2.3 and XZ(Q) Magnification, X Pixel-to-pixel spacing, pm
ja = the roughness of the underside of the suspended; s <157

mechanical layer in the-direction (as shown in Figs. X2.3 and 10 <083

X2.4). This is due to the roughness of the topside of the 20 <0.39

sacrificial layer. - o

jp = the tilting component of the suspended, mechanicat
layer (as shown in Figs. X2.3 and X2.4)

Jc = the height in thez-direction of any residue present ,qcedure with a vertical resolution less than 1 nm is permitted.
between the bottom of the suspended, mechanical layer and t¢ interferometer must be capable of measuring step heights
top of the underlying layer (as shown in Figs. X2.3 and X2.4)from 0.1 nm to at least 10 um higher than the step height to be

ja = the roughness of the topside of the underlying layer (a$neasured.
shown in Figs. X2.3 and X2.4) , 7.2 A 10um-grid Ruler, for calibrating the interferometer in

Zegs1 = thezvalue (as shown in Fig. X2.2) of the point of ¢ xy-plane.
maximum deflection along the fixed-fixed beam with respectto 7 3 pouble-sided Step Height Standafor calibrating the

an anchor lip , o interferometer in the out-of-plaredirection.
Zegu2 = @ representative value (as shown in Fig. X2.2) of

the group of points in region #2 within the large anchor area8. Test Units

3.2.7 Discussior-The symbols above are used throughout g 1 Fixed-fixed Beam Test Structures Fabricated in Either a
this test method. However, when referringstealues, the letter  gyrface-micromachining or Bulk-micromachining Process
“y" can replace the first letter in the symbols above that starfhe design of a representative surface-micromachined fixed-
with the letter %." fixed beam is specified below.
8.1.1 The fixed-fixed beam shall be wide enough (for

4. Summary of Test Method , e o
xample, 5-um wide, as shown in Fig. 2) such that obtaining a

4.1 Two cosine functions model the out-of-plane shape of,_ wan : :
fixed-fixed beams. These functions are merged at the peak ErD data trace (such as Trace "c" in Fig. 3) along its length is

. ; : ot a difficult task.
valley deflection. Three data points are chosen to define eachg 1 5 t1a fixed-fixed beam shall be long enough (for
cosine function. The residual strain is calculated after theexa'm.pIeL = 400 pum, as shown in Fig. 2) such that it exhibits
appropriate lengths are determlr_led. . . out-of-plane curvature in thedirection (as shown in Fig. 1).
4.2 For a surface-micromachined fixed-fixed beam, to ob-"g 1 3" 11 anchor lip between Edges “1” and “3” in Fig. 3

tain three data points that define each cosine functijrsglect "\ ctveen Edges “2" and “4” shall be wide enough. to
four transitional edges 2] obtain a 3-D data set3) ensure . : o e .
alignment, 4) determine the endpoints of the in-plane Iengthmclude at least three data points. If the pixel-to-pixel spacing
measurement, and) obtain three data points that define each

cosine funCt?on- (ThiS. procc_edure_is presented in Appendix X1 «1he same apparatus is used as in Test Method E 2244 and Test Method E 2246
for a bulk-micromachined fixed-fixed beam.) and (5).
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is 1.56 um, then these anchor lips should be at least 3.2 times9.1.2.2 Select the detector array size that achieves the best
greater (or 5.0 um, as shown in Fig. 2). At the same time, thelateral resolution.
should be less than or equal to 10.0-um wide. 9.1.2.3 Adjust the intensity with respect to the brightest
8.1.4 The cut in the sacrificial layer that defines the ancholayer of interest.
should be at least 50 by 50 um (as shown in Fig. 2) to 9.1.2.4 Eliminate any tilt in the sample by nulling the
determine if the fixed-fixed beam has adhered to the top of th&inges on the top of the flattest region of the ruler.
underlying layer as ascertained in Appendix X2. 9.1.2.5 Recheck the sample alignment.
8.1.5 Each anchor shall extend beyond the width of the 9.1.2.6 Take an average of at least three measurements to
fixed-fixed beam in the- y-directions (for example, at least 5.0 comprise one 3-D data set.
pum, as shown in Fig. 2) such that obtaining Traces “a” and “e” 9.1.2.7 Move the ruler slightly in thg-direction and obtain
in Fig. 3 is not a difficult task. another 3-D data set.
8.1.6 There should be only one fixed-fixed beam for each 9.1.2.8 Continue until the ruler is out of the field of view.

anchor (as shown in Fig. 2). . . . ,
. N 3—Ohbt t least five dat t tat f the field of
8.1.7 The underlying layer shall be unpatterned beneath thﬁev\fTE ain &t feast five dala sels representaiive of the Teld

mechanical layer and should extend at least 5.0 um beyond th99.1.2.9 For each 3-D data set, extract a 2-D data trace in the

outermost edges of the patterned, mechanical layer (as shown | h | X h lor. if bl
in Fig. 2). However, the underlying layer should extend at leastZP'ane at the same location on the ruler, if possible.
9.1.2.10 Record in tabular form the ruler measurements

50 um beyond the anchor lip in the minxslirection (as shown yersusx for eachy
in this fi t tain if the fixed-fi h h :
in this figure) to ascertain if the fixed-fixed beam has adhere 9.1.2.11 Orient the ruler in thg-direction along the left-

to the top of the underlying layer, if necessary. hand edge of the field of view. Repeat the above steps in a
Note 1—Any tilt in the sample is eliminated by leveling the interfero- similar manner.

metric optics with respect to the top of the exposed underlying layer. The

exposed underlying layer straddling the fixed-fixed beam in Fig. 2 is used Note 4—This step can be skipped if the in-plane measurements are

for this purpose. Therefore, no other structures should be designed in theg@stric_ted to thec-direction due to a smaller pixel-to-pixel spacing in that

areas. irection.

8.1.8 A sufficient number of fixed-fixed beams (preferably 9.1.2.12 By interpolating or extrapolating, or both, use the
of different lengths) should be fabricated in order to obtain anewly created calibrated lookup table(s) to find the calibrated
least one fixed-fixed beam after fabrication, which exhibitsx (and/ory) values for pertinent pixels within the field of view.
out-of-plane curvature in thedirection and which has not 9.2 Calibrate the interferometer in the out-of-plane

adhered to the top of the underlying layer. z-direction using the certified value of a double-sided step
height standard. Do this for each combination of lenses used
9. Calibration ® for the measurements.
9.1 Calibrate the interferometer in the and y-directions Note 5—Calibrating the step height at NI8Towers the total uncer-
using a 10-um-grid ruler. Do this for each combination oftainty in the certified value.
lenses used for the measurements. Calibrate iny#pane on 9.2.1 Before the data session, record the height of the step
a yearly basis. _ height standard at six locations, three on each side of the step
9.1.1 For Non-reflective Rulers height standard. Use six, 3-D data sets to accomplish this task.

9.1.1.1 Orient the ruler in thedirection USing CrOSShairS, if 9.2.2 After the data Session, record the he|ght of the Step
available. Recorduler-x as measured on the interferometer’s pejght standard at six locations, three on each side of the step
screen. height standard. Use six, 3-D data sets to accomplish this task.
9.1.1.2 Orient the ruler in thedirection using crosshairs, if 9 2.3 Calculate the mean value of the twelve measurements.
available. Recorduler-y as measured on the interferometer's 9.2 4 Determine the-calibration factor using the following
screen. equation:
9.1.1.3 Determine thg- andy-calibration factors using the
following equations: calshy]z = cert/ mean ®)

Note 6—Multiply the z-data values obtained during the data session by

calshyJx = rulerfshy]x/inteq shy]x @ cal-z to obtain calibrated-data values.
cal[shyly = ruler[shy]y/ intef{shyly 2)
Note 2—Multiply the x- and y-data values obtained during the data 10. Procedure ) ) . ]
session by the appropriate calibration factor to obtain calibratezhd 10.1 For a surface-micromachined fixed-fixed beam, to
y-data values. obtain three data points that define each cosine fun¢dn
9.1.2 For Reflective Rulers five steps are takenl) select four transitional edge&)(©btain
9.1.2.1 Orient the ruler in the-direction along the bottom @ 3-D data set, 3) ensure alignment,4f determine the
edge of the field of view using crosshairs (if available). endpoints of the in-plane length measurement, &Hdtain

three data points that define each cosine function.

5The same calibration procedure is used as in Test Method E 2244 and Test © The step heights are calibrated at NIST using a stylus instrument as specified
Method E 2246 and5). in (6) and Appendix A of(7).
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Note 7—See Appendix X1 for the modifications to this procedure for Note 9—Point “g” has az-data value that is higher than tlzedata
a bulk-micromachined fixed-fixed beam. value for Point “h.”

10.2 Select Four Transitional Edges 10.4.4.2 Examine the out-of-plazealata values one-by-one
10.2.1 Select two transitional edges that define the in-plangoing from Point “h” to Point “g” in Fig. 5.
length measurement (for example, Edges “1” and “2” in Fig. 10.4.4.3 Along the upper half of the transition, thealue

3). associated with the firgtvalue, which is less than 300 nm from
Note 8—These are the first and second transitional edges. The firstthe nextz value, is Ca”ed(“pper

transitional edge has (or y) values that are less than thdor y) values Note 10—The difference in thevalue of two neighboring points along

associated with the second transitional edge. the transitional edge is large (that is, typically greater than 500 nm). Along

- . the anchor lip, this difference is a lot less (that is, typically less than 100
10.2.2 Select two transitional edges to ensure alignment (foﬁm). The 300 nm criteria allows for an anchor lip that is not flat, rougher

example, Edges “1” and “2” in Fig. 3). These transitional €dges;races, and other phenomena. The 300 nm criteria may need to be
should be aligned parallel or perpendicular toxhéory-) axis  modified, for example, when higher magnification lenses are used or for
of the interferometer. peculiarities in the 2-D data trace being examined.

10.3 Obtain a 3-D Data Set : .

: : ) , 10.4.5 Procedure to Find :
10.3.1 Orient the in-plane length, of the fixed-fixed beam 15451 Examine the—da’gwf/ralues one-by-one. However
in the x-direction, if possible, if the interferometer's pixel-to- < fime go from Point “g” to Point “h” in Fig. 5. ' '

p'x?' spacing 1S s_maller |n.the<-§j|regt|on th_an n the 10.4.5.2 Skip over the data points untit &alue is obtained
y-direction. Otherwise, an orientation in thedirection is that is less than 75 nm.
acceptable. _

10.3.2 Obtain a 3-D data set that contains 2-D data trayes ( Note 11—The z values of the data points along the top of the

parallel to the in-plane length of the fixed-fixed beam alnid ( undlerlyir;]g Iayler arehexpected to"Iie betweenolnm.IChoosin% the first

. Y . zvalue that is less than 75 nm allows for poor leveling, rougher surfaces,
perpendicular to the transitional edges_ n .10'2' . .,_and other phenomena. The 75 nm criteria may need to be modified for
10.3.2.1 Use the most powerful objective possible (wh|Iepeculi{mﬁeS in the 2-D data trace being examined.

choosing the appropriate field of view lens, if applicable) given

the sample areas to be investigated. 10.4.5.3 Thex value associated with the newly fourd
10.3.2.2 Select the detector array size that achieves the be&!U€ iSXower _ .
lateral resolution. 10.4.6 Compare the two values fat, .. in Traces “a” and
10.3.2.3 Visually align the transitional edges in the field of € . .
view using crosshairs (if available). 10.4.7 Compare the two values ., in Traces “a” and
10.3.2.4 Adjust the intensity with respect to the brightest - , o
layer of interest. 10.4.8 Compare the two values 2 .. in Traces “a” and

10.3.2.5 Eliminate any tilt in the sample by nulling the &’ _ e
fringes on the top of the exposed underlying layer that straddles 10-4.9 Compare the two values i, in Traces “a” and
the fixed-fixed beam. e

10.3.2.6 Recheck the sample alignment. 10.4.10 If more than half of the comparisons performed in
10.3.2.7 Take an average of at least three measurements 8-4-6-10.4.9, inclusive, result in compared values that are not
comprise one 3-D data set. identical, rotate the sample slightly, obtain another 3-D data set

10.3.2.8 From the 3-D data set, extract Trace “c” in Fig. 3.2S detailed in 10.3, and repeat the steps in 10.4.

10.3.2.9 In Trace “c,” examine the data associated with the Nore 12—The compared values correspond to discrete pixel locations.
suspended portion of the fixed-fixed beam. If the fixed-fixedTherefore, obtaining identicat values between two traces is not an
beam bends towards the underlying layer and there is #surmountable task. However, if alignment cannot be achieved as
question as to whether or not it has adhered to the top of thepecified above (for example, when higher magnification lenses are used),
underlying layer, calibrate the data trace in tagor y-) and visually align the sample within the field of view of the interferometer.
z-directions and follow the steps in Appendix X2 at this point. 10.5 Determine the Endpoints of the In-plane Length Mea-

10.4 Ensure Alignment surement

10.4.1 From the 3-D data set in 10.3.2.7, choose Traces “a” 10.5.1 Choose the 2-D data trace within the 3-D data set to
and “e” (in Fig. 3, as shown in Fig. 5). determineL (such as Trace “a” or “e” in Fig. 3). This trace

10.4.2 Calibrate Traces “a” and “e” in the (or y-) and  passes through and is perpendicular to the two selected
z-directions. transitional edges in 10.2.1.

10.4.3 ObtainX,pper @aNd Xjoer for Edges “1” and 27 in 10.5.2 Calibrate the 2-D data trace in tke (or y-) and
Traces “a” and “e” using the procedures given in 10.4.4 and-directions, if not already done.
10.4.5. Therefore, eight values are obtained. 10.5.3 Obtairx1,,,,andxl,,, using the procedures in 10.4.4

10.4.4 Procedure to Find x,oer and 10.4.5, respectively, for Edge “1.”

10.4.4.1 Locate two points (“g” and “h”) on either side of 10.5.4 Obtaix2,,andx2.,using the proceduresin 10.4.4
the transitional edge being examined (such as, Edge “1” in Figand 10.4.5, respectively, for Edge “2.”
5). Choose Point “g” to be located beyond the upper part of the 10.5.5 Calculate the endpoints (that ¥4, andx2,,) of
transitional edge. Choose Point “h” to be located beyond thé¢he in-plane length measurement using the following equa-
lower part of the transitional edge. tions:
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XLve = (Xdmin + XLna / 2 (4) Note 1_3—Eq 6 is amx-to-w transformation equation where theaxis
X2use = (P + X2 2 (5 Mesmunts
10.6 Obtain Three Data Points That Define Each Cosine 11.2.2 Find the three unknowne/e, wor, andAg):
Function 1;.2.2.; Assumev; = 0 andw, g, = w/2 v.vherewlp'A is an
10.6.1 Choose a centrally located 2-D data trace (within th@SSigned increment which gets smaller with each iteration, as
3-D data set) along the fixed-fixed beam (such as Trace “c” isown in 11.2.2.6. _

10.6.2 Calibrate the 2-D data trace in tke (or y-) and 11.2.2.3 Solve Eq 11 to fing. ,
zdirections, if not already done. 11.2.2.4 If the data value fa@&,r (O Zrq4a10) IS greater than

10.6.3 Eliminate the data values at both ends of the tracd1® calculated value fazye (Or Zyrcard), 18T Wip = Wip + Wapy
that will not be included in the modeling (such as all data®" Upward bending fixed-fixed beams (that is, wresn—1).
values outside and including Edges “3” and “4” in Fig. 6 with  Note 14—For downward bending fixed-fixed beams, let
the x values of all the remaining data points lying betweenw, =w; - w;g,.
x1,,e @andx2,,, inclusive). ; - _

10.6.4 Divide the remaining data into two abbreviated data}or1 ipzwzau% EZZI,]Fgf‘%ISf’i)l(ee?ﬁt;;jmézcaaﬁ]slét War = War ™ Wik
traces (as shown in Fig. 7). The division should occur atxthe

(Or y) Value Correspondlng to the max|mum (Or m|n|mum) Note 15—For downward bending fixed-fixed beams, let

value. Include this data point in both data traces. Wip = Wy + Wips-
10.6.5 Choose three data points (with the subscrig) “ 11.2.2.6 Letw,pp = Wypa/2.
from the first abbreviated data trace, that is: 11.2.2.7 Repeat steps 11.2.2.2-11.2.2.6 @it e = Zorgata

10.6.5.1 An initial data pointxgr, z;¢) such thatxl,,. =  to the preferred number of significant digits.

X1Fs i ; ;
. NoTe 16—Repeating these steps 1000 times in a computer program
10.6.5.2 The last data points, Zs), E_ind undoubtedly accomplishes this task.
10.6.5.3 A centrally located data point,£, z,-) such that

X1 < Xop < Xge and located at or near the inflection point. 11.2.2.8 Solve Eq 10 foR. _
10.6.6 Choose three data points (with the subscri) “ 11.3 For the Second Curve, Solve Three Equations for
from the second abbreviated data trace, that is: Three Unknowns _ _
10.6.6.1 The first data poink{s z;o), Wherexgg = X; g 11.3.1 The three equations are:
10.6.6.2 A final data point{g z39 such thatxzg = X2, W = Wag + (Wag — T)(X — Xgg) / (Xa5 — X49) (12)
and Zys = S ASCOS(Woo) + 235+ S (13)
10.6.6.3 A centrally located data point,§ z,d such that 2257 SASCOS(WZS) N le+ SAS (14)
X15 < Xo5 < Xgg and located at or near the inflection point. S st st S A
or
1. Calcu'latlon Wog = Wag + (Was — T)(Xos — Xag) / (Xgs — Xq9) (15)
11.1 Givenxl,,. andx2,,from 10.5.5 and the three data A = S(2ss — 219 / (COS(Wsg) + 1) (16)

points for each abbreviated data trace from 10.6.5 and 10.6.6,
four steps are used to calculate the residual strdir):solve
three equations for three unknowns (for each abbreviated data
trace) to obtain each cosine functiog) plot the functions with _ _ _ _
the data, ) calculate the length of the curved fixed-fixed NoTe ;7—Eq 12 is arx-to-w transformation equation where theaxis
beam, and4) calculate the residual strain. hasa units.

11.2 For the First Curve, Solve Three Equations for Three 11.3.2 Find the three unknowns/{g W;g andAy):

Zys = [(Zgs — 249)COS(Wag) + 236COS(Wag) + Zgg] / (COS(Wag) + 1)
(17)

Unknowns: 11.3.2.1 Assumeizg= 27 andwsg, = /2 wherew,g, is an
11.2.1 The three equations are: assigned increment which gets smaller with each iteration, as
shown in 11.3.2.6.
W =T + (T — Wye)(X — Xgp) / (Xgg — X 6
ok = WX ) Ot = ) ©) 11.3.2.2 Solve Eq 15 to find,s
ZF = S A COSWig) + 2o + S A @) 11.3.2.3 Solve Eq 17 to findg
Zr = S A COS(Wyr) + Zgr + S A ®) 11.3.2.4 If the data value fa,g (Or Zyg4a:) iS greater than
or the calculated value fat,5 (0r Z,gcq9, 1€t Wag= Wag— Wyg, fOr
upward bending fixed-fixed beams (that is, wissn-1).
Wop = a0 + (T — Wig)(Xor — Xar) [ (Xar — Xq¢) 9) P ¢ ( )
Ac = s(zr — zg) | (COS(Wyp) + 1) (10) Note 18—For downward bending fixed-fixed beams, let

W3s= Wag+ Wagy-
Zr = [(zir — Zgr)COS(Wo) + Z5rCOS(Wig) + 2] / (COS(Wye) + 1) .
(11) 11.3.2.5 {Z,54aiS 1€SS thart,g g e 1€t Wag = Wag+ Wig, fOr

upward bending fixed-fixed beams.

Note 19—For downward bending fixed-fixed beams, let
“ By inserting the inputs into the correct locations on the appropriate NIST WeqN3S: Wag— Wagy.
page bttp://www.eeel.nist.gov/812/test-structures/index)hsteps 1, 3, and 4 can
be performed on-line in a matter of seconds. 11.3.2.6 Letwgg, = Wz /2.
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11.3.2.7 Repeat steps 11.3.2.2-11.3.2.6 Wil = Zosgata andw2,,. is the value foow whenx=x2,,.in Eq 12.
to the preferred number of significant digits. 11.5.2.2 Divide the curve along theaxis into 1000 equal

Note 20—Repeating these steps 1000 times in a computer prograns1eQments betweem andwz,,.

undoubtedly accomplishes this task. Note 22—The value fow2,,..is chosen because this is the endpoint of
the in-plane length (in terms af) as found in Eq 5. The length of the
11.3.2.8 Solve Eq 16 fohs curved fixed-fixed beam will ultimately be compared in the residual strain

11.4 Plot the Functions with _the Data calculation with the in-plane length. Therefore, the endpoints of the
11.4.1 Plot the two abbreviated data traces from 10.6.4h-plane length measurement are used to calculate the length of the curved
along with the following equations: fixed-fixed beam.
zZ=sA codm + (7 — W)X — Xge) / (Xgr — Xgp)] + Zg= + S A 11.5.2.3 Calculate the length of each segment using the
(18)  Pythagorean theorem as given in Eq 22.
where 11.5.2.4 Sum the lengths of the segments using Eq 23.
X1o = X = Xgr 11.5.2.5 Convert to the appropriate units using the following
and equation:
2= 5 AgCOgWsg + (Was — T)(X — Xag) / (Xas — X49)] + Zis + S A Les = Lagsnylunits (XZave = X18) / (WZaye — ) (26)
(19) 11.5.3 Calculate the total length,, of the curved fixed-
where fixed beam as follows:
Xlss X= X2a"e Le =L+ Les (27)

11.4.2 For each abbreviated data trace, if one of the three

e i . 11. Iculat ing the followi ion:
chosen data points in 10.6.5 or 10.6.6 is not representative of 6 Calculates, using the following equation

the data, alter itz value and repeat the analysis beginning at & =(L-L)/Lo (28)
11.1. where
11.5 Calculate the Length of the Curved Fixed-fixed Beam L = %20 — XLoe (29)

11.5.1 Calculate the length.g, of the first curve (between
X1,,e andxge) as follows:

andx andx are determined in 10.5.5. Also,
11.5.1.1 Obtain similar units (that is, units) on both axes Lave Zave

using the following equation: Lo = [12Lc (Lo L' / L]/ [12(Lc L /L) = w2 17] (30)
V = A rshylunits COS(W 20 .
Prtanypnis COS(Y) 20 wherel . was calculated in 11.5.3 and
where ,
Le' = Xes— Xer (31)
Arr[shy]units = Ae (m— Wlava) / (X3F - Xlavs) (21) where

andwl,is the value fow whenx=x1,,in Eq 6.
11.5.1.2 Divide the curve along the-axis into 1000 equal
segments betweenl,,, and . and
Xes = [(31/2 — Wag)(Xgs — Xqg) + X3 (Wag — )]/ (Was — m)  (33)

Xer = [(W/2)(Xqe — Xge) + Xgr (1 — W) ]/ (T — Wye) (32)

Note 21—The value fowl,is chosen because this is the endpoint of
the in-plane length (in terms af) as found in Eq 4. The length of the
curved fixed-fixed beam will ultimately be compared in the residual strain ~ With X, determined in 11.2.2 ana,s determined in 11.3.2.
calculation with the in-plane length. Therefore, the endpoints of the

in-plane length measurement are used to calculate the length of the curveﬂNOTE 23— the absolute value oife ~ Xee) is not less than 5 um,
fixed-fixed beam. choose another data point,£, z,¢) such that the newt is closer to the

just calculated value of,., and repeat the steps beginning at 11.1.
11.5.1.3 Calculate the length of each segment using the Note 24—If the absolute value ofx¢s — X9 is not less than 5 pm,

Pythagorean theorem as follows: choose another data point§, z,5) such that the new, is closer to the
just calculated value of.g and repeat the steps beginning at 11.1.
Lseg= [Whext — Wiasd? + (Vnext — Vias“1"? (22) : :
seg next  las next  Ylast 11.7 Calculatey, using the method presented in Annex Al.
11.5.1.4 Sum the lengths of the segments using the follow-
in . 12. Report
g equation:

12.1 Report the results as followg): Since it can be
) . ) ~assumed that the possible estimated values are either approxi-
11.5.1.5 Convertto the appropriate units using the followingmately uniformly distributed or Gaussian (as specified in
equation: Annex Al) with approximate standard deviatiog the re-
Ler = Lgshyqunits (Xar — XLaye) / (1 — Wi,yo) (24)  sidual strain is believed to lie in the internval= u. with a level
of confidence of approximately 68 % assuming a Gaussian
distribution.

Lﬁ[shy]units = 2 Lseg ( )

11.5.2 Calculate the lengtl,.q of the second curve (be-
tweenx,s andx2,,9 as follows:
11.5.2.1 Obtain similar units (that is, units) on both axes 13. Precision and Bias
using Eq 20 where 13.1 In the spring of 1999, ASTM conducted a round robin
Avtshyjunits = As (W2aye = ) / (X200 — Xg9) (25)  experiment(5,8) that included out-of-plane deflection mea-
surements of fixed-fixed beams. These measurements indicate

10
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the magnitude and direction of the most deflected point of the 13.3 Precision—To be determined in the next round robin
fixed-fixed beam with respect to the anchor lips. Twelveexperiment.
laboratories participated in the round robin with the laborato- 13 4 Bias—To be determined in the next round robin
ries using their own measurement methods. Significant Variaéxperiment.
tions were found when the laboratories measured the same
devices. The reported deflection values of one fixed-fixed bear]_14_ Keywords
test structure ranged from 0.24 pum deflected down to 0.8 um
deflected up. Two laboratories considered this structure as 14.1 cantilevers; combined standard uncertainty; fixed-fixed
being flat. (It is recognized that the spread in the measureieams; interferometry; length measurements; microelectrome-
deflected values could be due in part to change in positioninghanical systems; MEMS; polysilicon; residual strain; stiction;
during the weekly transport between laboratories.) strain gradient; test structure

13.2 For the next round robin, with the use of this test
method, it is expected that the variations in the community
measurements will be significantly tightened.

ANNEX
(Mandatory Information)

Al. CALCULATION OF COMBINED STANDARD UNCERTAINTY

Al.1l To calculatey,, find uy, U, andu,p, Al1.1.2.6 Record,, ase,q, if €,1<€,,, otherwise record,,
Al.1.1 Determineuy; as€rhigh-
A1.1.1.1 Finde, for Traces “b,” “c,” and “d” in Fig. 3 (or Al1.1.2.7 Recorc,, ase,pig, if €4 <€, otherwise record
Fig. X1.1), if not already done. Recokg,,, ande, ngn. €2 AS€ 10w
Al1.1.1.2 Calculatev,,, using the following equation: A1.1.2.8 Calculatav,,, using Eq Al.1.
Wy, = (€shythigh — Erfshyliow) / 2 (AL.1) A1.1.2.9 Calculateu, assuming a Gaussian probability
A1.1.1.3 Calculates, assuming a uniform (that is, rectan- distribution using the following equation:
gular) probability distribution using the following equation: U, =W,/ 3 (A1.9)
Uy = Wyp/ 32 = wy ),/ 1,732 (A1.2) A1.1.3 Determineu,,:
Al1.1.2 Determiney,: A1.1.3.1 Varyz, from 10.6.5.3+ 20 nm. Record,,,, and
Al.1.2.1 Calculaté,,;, andL,,,using the following equa- € nigh-
tions: Note Al.1—Plus or minus 20 nm includes variations due to surface
Linin = XZmin =~ X1pmin (A1l3)  roughness and measurement uncertainties at room temperature in a
Linax = X2max — Xmax (A1.4) surface-micromachining process. This variation is expected to be larger in

. . . a bulk-micromachining process and at elevated temperatures. As fabrica-
Al.1.2.2 Calculaté.,using the steps in 11.5 but with the tion processes improve and measurement uncertainties decrease, the

x values of the endpoints beinxd,,,, andx2,, instead o1,,e  specified variation will decrease as well.
andx2,,.

A1.1.2.3 Calculate, ., using the steps in 11.5 but with ~ A1.1.3.2 Calculatev, ; using Eq AL.1.

thex values of the endpoints being,,andx2,,,instead of ~ Al.1.3.3 Calculateu,,, assuming a uniform probability
XL, @aNAX2, distribution using the following equation:
Al1.1.2.4 Calculate,, using the following equation: Uy = Wy / 32 = Wy p/ 1.732 (A1.10)
= (Lin— Lop) /L Al.5
€1 = (bmin = Loo) /Loy (AL5) Note Al.2—The measurement uncertainty for each of the six data
where points chosen in 10.6.5 and 10.6.6 is assumed to be the same.
Los = [12L, i (L inLe [ Lin)®]/ [12(L in L' ! Linin)? . . .
01 = [12Lstypmin (Ltstymin L'/ Lmin) ]/ {12y rin Le”/ Lmin Al.2 Calculateu. using one of the following equations:
AL (AL6) 2 2 2 a1ll2
Al1.1.2.5 Calculate,, using the following equation: Ue = [(uy)” + (UB)r + 6(Uy)” /3] (ALl.11)
€, = (Lo — Lo / L AL.7
2~ (bnac” Lo T Lon LD e = [0 (07 + 2000 (AL12)
where
) ) ) ) Note A1.3—Note in Eq A1.11 thatg,)® is multiplied by six to
Loz = [12 Lysnyimax (Logshymax e’ / Lmad 1/ [12(LshyimaxLe’ / Lmay account for all six data points. It is then divided by three to account for
— w212 (A1.8) using an average of three measurements, as specified in 10.3.2.7.

11
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APPENDIXES
(Nonmandatory Information)

X1. MODIFICATIONS TO THE PROCEDURE FOR A BULK-MICROMACHINED FIXED-FIXED BEAM

X1.1 For a bulk-micromachined fixed-fixed beam, to obtain X1.3.2 Eliminate any tilt in the sample by nulling the
three data points that define each cosine function, five steps afietnges on the top of flat regions of the sample that are
taken: () select four transitional edge<)(obtain a 3-D data symmetrically located with respect to the fixed-fixed beam.
set, @) ensure alignment4j determine the endpoints of the  X1.3.3 Skip 10.3.2.8 and 10.3.2.9.
in-plane length measurement, arkj ¢btain three data points . .
that define each cosine function. X1.4 Ensure Allgnment.. ) ] N
X1.4.1 Follow the steps in 10.4 with the following modifi-
Note X1.1—The substrate etching in a bulk-micromachining processcations:
can be considered custom. Different etchants are used and for varying ) . wq WA -
lengths of time. Therefore, the procedure that follows may need to be Xl,;4,',2 thamxuppef for Edge.s 1 .and 2" in Traces "a
modified for the given application. and “e” using the procedure given in 10.4.4. Therefore, four

Note X1.2—In the procedure that follows, refer to Fig. X1.1, Fig. values are obtained.

X1.2, and Fig. X1.3 instead of Fig. 3, Fig. 5, and Fig. 6, respectively. Also, X1.4.3 Skip 10.4.5, 10.4.7, and 10.4.9.
replace the words “anchor lip” with the words “support region.” ) )
Note X1.3—If the edges of the etched out cavity are jagged and these

X1.2 Select Four Transitional Edges: are the only ones available to ensure alignment, it may not be possible to

. . . ... ensure alignment by comparing values along these edges. If this is the
?1'2'1 Follow the steps in 10.2 with the following modifi- case, make sure the sample is visually aligned within the field of view of
cation:

the interferometer.
X1.2.2 If the edges of the etched out cavity are jagged,

Edges “1” and “2” in Fig. X1.1 will not be appropriate for X1.5 Determine the Endpoints of the In-plane Length
ensuring alignment. Select other edges, preferably in the fiellfléasurement:
of view, for this purpose. X1.5.1 Follow the steps in 10.5 with the following modifi-
cations:
X1.3 Obtain a 3-D Data Set: X1.5.2 The edges of the etched out cavity may be jagged,
X1.3.1 Follow the steps in 10.3 with the following modifi- therefore, choose the trace or traces to represent the endpoints
cations: to be measured.

L

y
L—DI
» a
» b
I-E_d

Edge 1 Edge 2

Note 1—The central beam is suspended above a micromachined cavity.
Note 2—The dark gray areas are the visible parts of the micromachined cavity.

Note 3—The remaining light gray area around the outside of the visible portion of the cavity is suspended in air, attached underneath to the substrate,
or both.

Note 4—The 2-D data traces (“a” and “e”) are used to ensure alignment and detdrmine
Note 5—Trace “c” is used to determine the residual strain.
Note 6—Traces “b,” “c,” and “d” are used in the calculation @f,.
FIG. X1.1 Top View of Bulk-Micromachined Fixed-Fixed Beam

12



A8 E 2245 — 02
“afl

Data along Trace "a" or "e" in Fig. X1.1
10
51 & N Edge1 Edge2 -

p— 0 T / T T T 'l 1
E 590 0.2 / 0.4 06 0.8 \’,'1 12
=2
~ -10 - 1 I
N s | h '

20 QVBMP Ry P e
-25 -
x (mm)
Note—Data points are missing along and near Edges “1” and “2.”
FIG. X1.2 D Data Trace Used to Ensure Alignment and Determine L
Data Along a Bulk-micromachined
Fixed-fixed Beam
0 0.2 0.4 0.6 0.8 1 1.2
x (mm)

Note 1—This is a 2-D data trace (“b,” “c,” or “d") along a fixed-fixed beam similar to that shown in Fig. X1.1.

Note 2—Some data points are missing along this trace.
FIG. X1.3 2-D Data Trace Used in Residual Strain Calculation

X1.5.3 Obtainx1,,,, and x1,,, using the procedures in associated with the bottom of the etched out cavity. Italue

10.4.4 and X1.5.5, respectively, for Edge “1.” associated with the newly fourmvalue iSX,ger
X1.5.4 Obtain x2,,.x and x2,,, using the procedures in  X1.5.5.2 Choose the bottommoatvalue that is available

10.4.4 and X1.5.5, respectively, for Edge “2.”
X1.5.5 There are four procedures that follow to fig,e
(choose the first one that is appropriate):

along the transitional edge. Record theata value (that is,
Zyppey @ssociated with, o, (@s obtained in 10.4.4). Subtract
from z,55erthe thickness of the support regidg,,,,n Where it

X1.5.5.1 If there are no missing pertinent data points alongs intersected by the 2-D data trace. Call the resultant value

or near the transitional edge, examine thaata value
one-by-one going from Point “g” to Point “h” in Fig. X1.
Skip over the data points until avalue is obtained that

S Zyppert If the chosere value along the transitional edge is less
2. thanz,gperMinus 500 nm (that i pper-ts00), then thex value
is associated with the chosenvalue iSXgyer

13
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Note X1.4—The 500 nm criteria allows for phenomena associated with  X1.6 Obtain Three Data Points that Define Each Cosine
measurements taken along transitional edges and any effects due fq;nction:
secondary fringes.

X1.5.5.3 Locate the data point in the etched out cavity that X1.6.1 Follow the steps in 10.6 with the following madifi-

is closest to the transitional edge. Call this oMy, Zeaviy): ~ Colo
Determinez pper-ts00 INterpolate to findx,,per-t500 Using the X1.6.2 Eliminate the data values at both ends of the trace
following equation: that will not be included in the modeling. Thevalues of all the

remaining data points should lie betweef,, and X2,

Xupppe[shy]t[shy]SOO = Xupper+ (Xcavity - Xuppeg(zuppe[shy]t[shyjsoo (Xl 1) inClUSive.

- Zupper) / (anvity - Zupper)

X1.7 Calculate the residual straig, by following the steps

If - X 3 = 14 pm, recordk 3 asx . . .
| Xupper upper: t{SOd IJ- upper-t500 lower in Section 11.

X1.5.5.4 Add or subtract (as appropriate) 14 um to or from
Xupperto getxlower-

X2. ADHERENCE OF SURFACE-MICROMACHINED FIXED-FIXED BEAM TO UNDERLYING LAYER

X2.1 Determine if the surface-micromachined fixed-fixed or
beam (shown in Fig. X2.1) is adhered to the top of the B,=t—A+J (X2.3)

underlying layer(3,5) Note X2.1—Referring to Fig. X2.1 Eq X2.2 is k
OTE .1—Referring 1o Fig. .1, use Eq . IS Known more
X2.1.1 From 10.3.2.7, choose a 2-D data trace (such 3Srecisely than the quantity ¢ A). Otherwise, use Eq X2.3 to fing.

Trace “c” in Fig. 3) along the fixed-fixed beam including the X2.1.8 The fixed-fixed beam is adhered to the top of the

large anchor areas. derlving | i-
X2.1.2 Plot the calibrated 2-D data trace (as shown in Fig!”In erlying fayer it

X2.2). Note X2.2—The adherence criteria that follows will become more
X2.1.3 Locate and recorgg:. precise as fabrication processes and measurements improve.

X2.1.4 1If neighboring points have similaz values (as  X2.1.8.1 Twenty points or more are within region #1 and
shown in Fig. X2.2) such that a “flat” region exists, define thisg, < B, + 120 nm, or
group of points as region #1.

X2.1.5 Define region #2 as a group of points within the
large anchor area shown in Fig. X2.2. Recaggd,,.

X2.1.6 CalculateB, as defined by the following equation:

Note X2.3—It is believed that the existence of a substantial “flat”
region that alters the beam’s natural shape is the primary indicator of an
adhered fixed-fixed beam.

X2.1.8.2 Less than 20 points are within region #1 and

B1 = Zegn — Zegro (X2.1) B, =B, + 100 nm.
e XU;Zi.t;I.(;;S.CalculateBz as defined by one of the following Note X2.4—Determining if the fixed-fixed beam is adhered at one
q : point along the length of the fixed-fixed beam is a difficult task. Therefore,
B,=H+1J (X2.2) this criteria errs on the conservative side.
Zz
&

E—ir

mechanical

l t

H

Note—See Figs. X2.3 and X2.4 for the component parts of dimendion
FIG. X2.1 Cross-sectional Side View of Fixed-fixed Beam Adhered to Top of Underlying Layer

14
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Data along Trace "c" in Fig. 3
4 7] * I
anchor lips
— 3 i
£
32
4
N, region
Zregil #1
0 A T T T T ]
0 200 400 600 800 1000
x (um)
Note—This is an example of stiction.
FIG. X2.2 2-D Data Trace of Fixed-Fixed Beam in Fig. X2.1
J=jatjo T jetJja
mechanical layer
NN
A A= jS— N

v,
jbI p e ]

iy .

| - e e Y
underlying layer

residue

Note—This view is along the length of the fixed-fixed beam where it has adhered to the top of the underlying layer.
FIG. X2.3 Component Parts of J in Fig. X2.1
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FIG. X2.4 Component Parts of J in Fig. X2.1 and Fig. X2.3
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