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Standard Test Method for
In-Plane Length Measurements of Thin, Reflecting Films
Using an Optical Interferometer’

This standard is issued under the fixed designation E2244; 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 epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers a procedure for measuring in-plane lengths (including deflections) of patterned thin films. It applies
only to films, such as found in microelectromechanical systems (MEMS) materials, which can be imaged using an optical
interferometer, also called an interferometric microscope.

1.2 There are other ways to determine in-plane lengths. Using the design dimensions typically provides more precise in-plane
length values than using measurements taken with an optical interferometeric microscope. (Interferometric measurements are
typically more precise than measurements taken with an optical microscope.) This test method is intended for use when
interferometric measurements are preferred over using the design dimensions (for example, when measuring in-plane deflections
and when measuring lengths in an unproven fabrication process).

1.3 This test method uses a non-contact optical interferometeric microscope with the capability of obtaining topographical 3-D
data sets. It is performed in the laboratory.

1.4 The maximum in-plane length measured is determined by the maximum field of view of the interferometeric microscope
at the lowest magnification. The minimum deflection measured is determined by the interferometeric microscope’s pixel-to-pixel
spacing at the highest magnification.

1.5 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:?

E2245 Test Method for Resrdual Stram Measurements of Thm Reﬂectmg Fllms Usmg an Optrcal Interferometer

E2246 v od-fo d v o e 6 Test Method
for Strain Gradient Measurements of Thin, Reﬂectrng Films Usrng an Optrcal Interferometer

E2444 Terminology Relating to Measurements Taken on Thin, Reflecting Films

E2530 Practice for Calibrating the Z-Magnification of an Atomic Force Microscope at Subnanometer Displacement Levels
Using Si(//1) Monatomic Steps

2.2 SEMI Standard:?

MS2 Test Method for Step Height Measurements of Thin Films

3. Terminology
3.1 Definitions:
3+t
3.1.1 The following terms can be found in Terminology E2444.
3.1.2 2-D data trace, n—a two-dimensional group of points that is extracted from a topographical 3-D data set and that is

parallel to the xz- or yz-ptane-of-the-interferometer:

31+2-plane of the interferometric microscope.

" This test method is under the jurisdiction of ASTM Committee EO8 on Fatigue and Fracture and is the direct responsibility of Subcommittee E08.05 on Cyclic
Deformation and Fatigue Crack Formation.

Current edition approved Nov. 1, 2665:2011. Published December 2605-2011. Originally approved in 2002. Last previous edition approved in 20022005 as E2244—02:
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2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM Standards

volume information, reter to the standard s Document Summary page on the ASTM website.
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3 For referenced Semrconductor Equrpment and Materrals Internatronal (SEMI) standards visit the SEMI website, www.semi.org.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.


https://standards.iteh.ai/catalog/standards/sist/81ff9f66-515a-4c4c-9df3-80e5a5c14432/astm-e2244-11

Y E2244 — 11
<l
3.1.3 3-D data set, n—a three-dimensional group of points with a topographical z-value for each (x—y)ptxeHocatton-withinthe
interferometer’s—field-of-view:
343x, y) pixel location within the interferometric microscope’s field of view.
3.1.4 anchor, n—in a surface-micromachining process, the portion of the test structure where a structural layer is intentionally
attached to its underlying layer.

Fi

3 1. 5 anchor lip, n—in a surface-micromachining process, the freestanding extension of the structural layer of interest around
the edges of the anchor to its underlying layer.

£

.1.5.1 Discussion—In some processes, the width of the anchor lip may be zero.

1.6 bulk micromachining, adj—a MEMS fabrication process where the substrate is removed at specified locations.

ey

1.7 cantilever, n—a test structure that consists of a freestanding beam that is fixed at one end.

xed-fixed beam, n—a test structure that consists of a freestanding beam that is fixed at both ends.

e

3.1.9 in-plane length (or deflection) measurement, n—the experimental determination of the straight-line distance between two
transitional edges in a MEMS device.

%

3.1.9.1 Discussion—This length (or deflection) measurement is made parallel to the underlying layer (or the xy-ptane-of-the
interferometer):

34+9-plane of the interferometric microscope).

3.1.10 interferometer, n—a non-contact optical instrument used to obtain topographical 3-D data sets.

:

3.1.10.1 Discussion—The height of the sample is measured along the z-axis of the interferometer. The interferometer’s-x-axis
is typically aligned parallel or perpendicular to the transitional edges to be measured.

i

3.1.11 MEMS, adj—miecroelectromechanical-system:

3+H—microelectromechanical systems.

3.1.12 microelectromechanical systems, adj—in general, this term is used to describe micron-scale structures, sensors, actaators
or-the-actuators, and technologies used for their manufacture (such as, silicon process technologies), or combinations thereof.

3+423.1.13 sacrificial layer, n—a single thickness of material that is intentionally deposited (or added) then removed (in whole
or in part) during the micromachining process, to allow freestanding microstructures.

3.1.14 structural layer, n—a single thickness of material present in the final MEMS device.

:

3 1. 15 substrate, n—the thick, starting material (often single crystal silicon or glass) in a fabrication process that can be used
to build MEMS devices.

:

W
(@)}

.1.16 support region, n—in a bulk-micromachining process, the area that marks the end of the suspended structure.

3.1.17 surface micromachining, adj—a MEMS fabrication process where micron-scale components are formed on a substrate
by the deposition (or addition) and removal (in whole or in part) of structural and sacrificial layers.

:

3.1.18 test structure, n—a component (such as, a fixed-fixed beam or cantilever) that is used to extract information (such as,
the residual strain or the strain gradient of a layer) about a fabrication process.

_____i__

318
3.1.19 transitional edge, n—the side of a MEMS structure that is characterized by a distinctive out-of-plane vertical
displacement as seen in an interferometric 2-D data trace.
3119
3.1.20 underlying layer, n—the single thickness of material directly beneath the material of interest.
3.1.20.1 Discussion—This layer could be the substrate.
3.2 Symbols:
3.2.1 For Calibration:
I 0. —=the=the standard deviation in a ruler measurement in the interferometeric microscope’s x-direction for the given

combination of lenses
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Oycq="the = the standard deviation in a ruler measurement in the interferometeric microscope’s y-direction for the given
combination of lenses
cal, —=the- = the x-calibration factor of the interferometeric microscope for the given combination of lenses
cal —=—the- = the y- cahbratlon factor of the interferometeric mlcroscog for the given combination of lenses

= the z- cahbratlon factor of the 1nterferometr1c microscope for the given comblnatlon of lenses

cert = the certified (that is, calibrated) value of the physical step height standard

ruler —=—the—interferometer-s— = the interferometric microscope’s maximum field of view in the x-direction for the given
combination of lenses as measured with a 10-um grid (or finer grid) ruler

ruler ,—=—the—interferometer’s— = the interferometric microscope’s maximum field of view in the y-direction for the given
combination of lenses as measured with a 10-um grid (or finer grid) ruler

scope.. = the interferometric microscope’s maximum field of view in the x-direction for the given combination of lenses

scope,, = the interferometric microscope’s maximum field of view in the y-direction for the given combination of lenses

Z.... = the average of the calibration measurements taken along the physical step height standard before and after the data session
3.2.2 For-AtignmentFor In-plane Length Measurement:
= the misalignment angle

O repeat(samp) = the in-plane length repeatability standard deviation (for the given combination of lenses for the given
interferometric microscope) as obtained from test structures fabricated in a process similar to that used to fabricate the sample and
for the same or a similar type of measurement

L = the in-plane length measurement that accounts for misalignment and includes the in-plane length correction term, L g,

L., = the in-plane length, after correcting for misalignment, used to calculate L

L . .=the measured in-plane length used to calculate L ;..

L _,.., = the in-plane length correction term for the given type of in-plane length measurement on similar structures, when using
similar calculations, and for a given magnification of a given interferometric microscope

nl, = indicative of the data point uncertainty associated with the chosen value for x/,,,..,. = the x-data value along Edge “1”

uppert, with the subscnpt “t” referrlng to the data trace If it is easy to identify one point that accurately locates the upper corner
of Edge 1, the maximum uncertainty associated with the identification of this point is nl x, .cal . where nl =1.

n2, = indicative of the data point uncertainty associated with the chosen value for x2, ..., = the x-data value along Edge “2”

uppert, with the subscript “t” referrmg to the data trace If it is easy to identify one point that accurately locates the upper corner
of Edge 2, the max1mum uncertamty ass001ated w1th the 1der1t1ﬁcat10n of this point is n2x,,,.. = the x-data value along the

rescal ., where n2,=1.

U, = the expanded uncertainty of an in-plane length measurement

u,;.,, = the component in the combined standard uncertainty calculation for an in-plane length measurement that is due to
alignment uncertainty

u,; = the combined standard uncertainty for an in-plane length measurement

u; = the component in the combined standard uncertainty calculation for an in-plane length measurement that is due to the
uncertainty in the calculated length

Upgroer = = the component in the combined standard uncertainty calculation for an in-plane length measurement that is due to the

uncertainty of the value for L, = the maximum in-plane length measurement
£min =—the-minimum .ﬂl p}aﬂe }eﬁgbh. measurement
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repeat(L) = the component in the combmed standard uncertainty calculatlon for an in-plane length measurement that is due to
the uncertamty of the four measurements taken on the test structure at drfferent locations

repeat(samp) = the component in the combmed standard uncertamty calculatron for an in- plane length measurement that is due
to the repeatability of measurements taken on test structures processed similarly to the sample, using the same combination of
lenses for the given interferometric microscope for the measurement, and for the same or a similar type of measurement
u,.,—=the = the component in the combined standard uncertainty calculatron for an m -plane length measurement that is due
to the uncertainty of the calibration in the x-direction 4 i caleutationths

*1 min "~ Ehe }arger Gf Ehe twox Fa}ﬂes E:ﬁ lower Of X1 uppera tlsed to ea-}ettlate £min

uppert = the uncalibrated x-value that most appropriately locates the upper corner associated with Edge 1 using Trace t
xzmwmmmmmmwmmmw

:Cemm the-smalter-of-the-two—x-values &Celower Ot :Ceuppera used-to-cateutate £

x,—=theresolution-of the-interferometer-in-the-uppert = the uncalibrated x—d-rreet—toﬂ

ZW——t-he—z—data—va-l-tte—assoeiafed—v&ﬂfh- value that most appropriately locates the upper corner associated with Edge 2 using
Trace t

X

upper-r - T, supports
Zupper
32A4res = the uncalibrated resolution of the interferometric microscope in the x-direction for the given combination of lenses
y,. = the uncalibrated y-value associated with Trace a’
y,, = the uncalibrated y-value associated with Trace e’
3.2.3 For Round Robin Measurements:
AL—=—for = for the given value of L, ,, L,,, minus L,
AL, ,—=the = the average value of AL over the given range of L, values
Lm———fke the average in-plane length value for the reproduetbitityrepeatability or thi —Hreproduc-
ibility measurements that is equal to the sum of the L values divided by n
L, —=the = the design length
mag—=—the = the magnification used for the measurement

n—=—the = the number of fepfod-uetbﬂ-rt-y epeatabrhty or eproducrblhty measurements

FIG. 1 Three-Dimensional View of Surface-Micromachined Fixed-Fixed Beam
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sumrofthe-cLave = the average combined standard uncertainty value for the in-plane length measurements that is equal to the sum
of the u_ cL values divided by n

3:2:53.2.4 Discussion—The symbols above are used throughout this test method. However, the letter “D” can replace the letter
“L” in the symbols above when referring to in-plane deflection measurements, which would imply replacing the word “length” with
the word “deflection.” Also, when referring to y values, the letter “y” can replace the first letter in the symbols (or the subscript

of the symbols) above that start with the letter “x.”

4. Summary of Test Method

4.1 Any in-plane length measurement can be made if each end is defined by a transitional edge. Consider the surface-
micromachined fixed-fixed beam shown in Figs. 1 and 2. An optical interferometeric microscope (such as shown in Fig. 3) is used
to obtain a topographical 3-D data set. AFour 2-D data tracestach-astraces (one of which is shown in Fig. 4) tsare extracted from
this 3-D data set for the analysis of the transitional edges of interest.

4.2 To obtain the endpoints of the in-plane length measurement for a surface-micromachined structure, four steps are taken: (/)
seleet-four-transitional-edges;-select the two transitional edges, (2) ebfa-rn—a—f}—B—data—set—altgn the transtttonal edges in the ﬁeld

ofvtew (3) enstrre—a-l-rg-nmeﬂ-t,—aﬂd-obtama3 D data set and (4) detern

need to be modified for a bulk mzcromachlned structure.)

4.3 From each of the four data traces, the x-values (x/,,,,. XI,,....uppert and x2,,... and uppert) are obtained at the transitional
edges defining L, where the subscript 7is a’, a, e, or e’ to identify Trace a’, a, e, or e’, respectively. The uncertainties (n/, and n2))
associated with these x-values are also obtained. The misalienment angle, o, is calculated from the data obtained from the two
outermost data traces (a’ and e’) along with the corresponding y-values (v and y,.) associated with these traces. The in-plane
length, L, is the average of the four calibrated values for (x2,,,... uppert — x1,,,,,,) times cos(a) plus L,,,., and L,,.,. are calculated

from-these-values—£-is-the average of I:min afet £max'
A . L _ . R .

bet-weeﬁ—t-h&eﬂd-pemfs—oﬁ”set the in- plane length correctlon term

4.4 Alternatively for a surface-micromachining process, if the transitional edges that define L face the same way (for example,
two right-hand edges) and have similar slopes and magnitudes, the values for x/,,...and lowert and x2,,,...,. (or lowert can be used
instead of x/ W_and_uggert and x2 ). uppert if the sum of the uncertainties (n/, + n2,) for the lower values are typically less
than the sum of the uncertainties for the upper values. Due to the similarities of the edges involved, the length correction term,
L ..., is set equal to zero in the calculation of L.

4.5 The equations used to find the combined standard uncertainty are given in Annex Al.

5. Significance and Use

5.1 In-plane length measurements are-can be used in calculations of parameters, such as residual strain and Young’s modulus.
5.2 In-plane deflection measurements are required for specific test structures. Parameters, including residual strain, are
calculated given thesethe in-plane deflection measurements.

L
.

suspended, structural layer

D

anchor

lip N

Edgel Edge2

Note 1—The underlying layer is beneath this test structure.
Note 2—The structural layer of interest is included in both the light and dark gray areas.
Note 3—The light gray area is suspended in air after fabrication.
Note 4—The dark gray areas (the anchors) are the designed cuts in the sacrificial layer. This is where the structural layer contacts the underlying layer.
Note 5—The 2-D data traces (¢’ and e’) are used to determine the misalignment angle, .
Note 6—The 2-D data traces (a’, a, e, and e’ ) are used to determine L.
FIG. 2 Top View of Fixed-Fixed Beam in Fig. 1
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FIG. 3 Schematic of an Optical Interferometric Microscope

| Data along Tracea’, a, e, ore’ in Fig. 2
[

'r-l pré‘?’f .YQ uppgr{

Edge 1 «— Edge 5

Z (um)

Edge 2

04 0.6

_ 1.2
P q X (mm)

FIG. 4 2-D Data Trace Used to Find x1,_ ... X2,,0em N1, and n2,

6. Apparatus-Apparatus * (1-3)°

6.1 Non-contact-Optical-nterferometerNon-contact Optical Interferometric Microscope, capable of obtaining a topographical
3-D data set and exporting a 2-D data trace. Fig. 3 is a schematic of such an interferometeric microscope. However, any
non-contact optical interferometeric microscope that has pixel-to-pixel spacings as specified in Table land that is capable of
performing the test procedure with a vertical resolution less than 1 nm is permitted. The interferometeric microscope must be
capable of measuring step heights to at least 5 um higher than the physical step height to be measured.

4 The same dppdrdtus is used (or can be used) in Test Method E2245 Tebt Method E2246 and SEMI Test Method MS2.
> The boldface numbers in parentheses refer to the list of references at the end of this standard.
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TABLE 1 Interferometeric Microscope Pixel-to-Pixel Spacing
Requirements

Magnification, X Pixel-to-pPixel-s_Spacing, pm
-5 <157
5 < 2.00
10 <083
10 <1.00
20 <639
20 < 0.50
40 <02+
40 < 0.40
80 e ass
80 <0.20

Note 1—Table 1 does not include magnifications at or less than 2.5X because the pixel-to-pixel spacings will be too large for this work, or the possible
introduction of a second set of interferometric fringes in the data set at these magnifications can adversely affect the data, or both. Therefore,
magnifications at or less than 2.5X shall not be used.

Note 2—The 1 nm resolution is not mandatory for this test method. In reality, the vertical resolution can be as much as 5 nm. However, the constraint
is supplied to alert the user of this instrumental constraint for out-of-plane measurements leading to residual strain, strain gradient, and straingradientstep
height calculations.

6.2 10-pm=grid10-um-grid (or finer grid) Ruler, for calibrating the interferometeric microscope in the xy-plane. This ruler
should be longer than the maximum field of view at the lowest magnification.

6.3 Double-sided Physical Step Height Standard, for calibrating the interferometeric microscope in the out-of-plane z-direction.

6.4 Thermometer (optional), to record the temperature during measurement.

6.5 Humidity Meter (optional), to record the relative humidity during measurement.

7. Test Units

7.1 The two transitional edges (for example, Edges “+*1 and “2*2 in Figs. 1 and 2) defining the in-plane length (or deflection)
measurement.

at-least three data points. he—pt pixelspacing—s—+-56—tm—then—theanchorlip—should-be-atdeast 3:2times—greater(or5-0—um)— 3—In a
surface-micromachining process, if a transitional edge is on one side of an anchor lip, the anchor lip should be between 4.0 um and 10.0 um, inclusive.

8. Calibration-° (1-3)

8.1 Calibrate the interferometeric microscope in the x- and y-directions using a 10-pum-grid (or finer grid) ruler. Do this for each
combination of lenses used for the measurements. Calibrate in the xy-plane on a yearly basis.

available. Record ruler, as measured on the interferometeric

8.1.1 Orient the ruler in the x-direction using crosshairs, if
microscope’s screen. Determine o ;.

8+1+260rient8.1.2 Orient the ruler in the y-direction using crosshairs, if available. Record rulery as measured on the
interferometeric microscope’s screen. Determine o ;.

8++3Determine8.1.3 Determine the x- and y-calibration factors using the following equations:

and
ruler )
€4 = Scope. @
and
Luly—lulzry/imery )
rulery 5
caly = Scope. @

Note 4—Multiply the x- and y-data values obtained during the data session by the appropriate calibration factor to obtain calibrated x- and y-data
values.

e ep-hetahts arecalbrated—a d-ApnpendixA

© The same calibration procedure is used as in Test Method E2245 and Test Method E2246. A similar calibration in the z-direction is used in SEMI Test Method MS2.
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8.2 Calibrate the interferometric microscope in the out-of-plane z-direction using the certified value of a physical step height
standard. Do this for each combination of lenses used for the measurements.

NoteF—Catibrating—the—step-height-at NIST- 5—Having the physical step height standard calibrated at NIST? lowers the total uncertainty in the
certified value.

8.2.1 Before the data session, record six measurements of the height of the physical step height standard using six 3-D data sets

to accomplish this task. These measurements should be taken spread out evenly along the physical step height standard, being
careful to obtain these measurements within the certified range (both along the length and width) of the physical step height
standard. If single-sided step height measurements are taken, three measurements should be taken along each side of the physical
step height standard.

8.2.2 After the data session, repeat 8.2.1. This step can be skipped if the instrument does not drift significantly during a data
session.

8.2.3 Calculate the mean value, z,, ., of the measurements obtained in 8.2.1 and 8.2.2.
8.2.4 Determine the z-calibration factor using the following equation:

LUL',,*LEIH’IHC“H (3)
Z

S

er

=

cal, =

3

Za

Note 86—Multiply the z-data values obtained during the data session by cal. to obtain calibrated z-data values.

ect-fou ansittonal-edges; obtain—a3-D-data—set; ensure-alignment;-and<($)-determine-the-endpoints—Procedure (1-3)

9.1 To obtain the endpoints of an in-plane length measurement for a surface-micromachined structure, four steps are taken: (/)
select the two transitional edges, (2) align the transitional edges in the field of view, (3) obtain a 3-D data set, and (4) obtain the
endpoints and associated uncertainties.

[ ] 7 Physical step height standards are calibrated at NIST as specified in (4), Appendix A of (5), and Test Method E2530.
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9 2SetectFonr-Fransitional-Fdges T—The procedure that follows may need to be modified to obtain the required data. For a
bulk-micromachining process, refer to Figs. 5 and 6 instead of Fig. 2 and Fig. 4, respectively, when possible.

9.2 Select the Two Transitional Edges:

9.2.1 Select the two transitional edges that define the in-plane length measurement (such as Edges “+*1 and <22 in Fig. 2)-).
These are the first and second transitional edges.

9.3 Align the Transitional Edges in the Field of View:

9.3.1 Align the two transitional edges from 9.2.1 parallel or perpendicular to the x- (or y-) axis of the interferometric
microscope. If the interferometric microscope’s pixel-to-pixel spacing is smaller in the x-direction than in the y-direction, it is
preferable to orient the sample such that the in-plane length measurement is taken in the x-direction.

p ; ; & ; ¢ p —y 8—The first
transitional edge has x (or y) Values that are less than the X (or y) values associated w1th the second transmonal edge

RTE ELEPOA [1%0 LEES

9.4.1.1 Record the room temperature and relative humidity for informational purposes.

9.4.1.2 Use the most powerful objective possible (while choosing the appropriate field of view lens, if applicable) given the
sample areas to be investigated.

9.4.1.3 Select the detector array size that achieves the best lateral resolution.

9.4.1.4 Visually align the transitional edges in the field of view using crosshairs (if available).

9.4.1.5 Adjust the intensity with respect to the brightest layer of interest.

¥y
support 4[
suspended structure region

Edgel Edge2

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 (¢’ and e’) are used to determine the misalignment angle, .
Note 5—The 2-D data traces (a’, a, e, and e’ ) are used to determine L.
FIG. 5 Top View of Bulk-Micromachined Fixed-Fixed Beam
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0. Data along Tracea’,a, e,ore’ inFig. 5
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Note—Data points are missing along and near Edges 1 and 2.
FIG. 6 2-D Data Trace Used to Find x1,,,..+ X2,,00e, N1, and n2,

9.4.1.6 Eliminate any tilt in the sample by nulling the fringes on the top of flat regions of the sample that are symmetrically
located with respect to the in-plane length measurement (for example, on the top of the exposed underlying layer in Fig. 2 that
is symmetrically located with respect to the in-plane length measurement). The fringes are typically nulled for the measurement;
however, if fringes are present, they should be perpendicular to the two transitional edges defining the in-plane length
measurement.

9.4.1.7 Recheck the sample alignment and bring the fringes to just past the topmost structure within the field of view.

9.4.1.8 Obtain a 3-D data set. Level the 3-D data set with respect to flat regions of the sample that are symmetrically located
with respect to the in-plane length measurement (for example, with respect to the top of the underlying layer in Fig. 2, with regions
chosen to be symmetrically located with respect to the in-plane length measurement).

9 5 Obtain the Endpomts and Assocmted Uncertainties:

9. 5 1 For each transitional edge extract four representative 2-D data traces (such as Traces d', a, e, and e' in Fig. 2 for both
Edge 1 and Edge 2) from the leveled 3-D data set in 9.4.1.8. These traces pass through and are perpendicular to Edge 1, Edge 2,
or both.

Nore 9—If eight 2-D data traces are extracted (four for each transitional edge), the data traces associated with the first transitional edge selected in

9.2.1 are called d’, a, e, and ¢’. The data traces assomated with the second transitional edge selected in 9.2.1 are called aa , aa, ee, and ee

edges of the etched out cav1ty may be |agged therefore choose the trace or traces from Wthh to obtarn representative endpomts

9 5.2 For trans1t10nal edges that face 0pp0s1te d1rect10ns (such as, Edge 1 and Edge 2 in Fig. 2 ;asshowntnand Fig. 4y—"1In-this

9—4—4rPr0eedu-re—to—Fmd—)&) for the four data traces associated with Edge 1, obtain x/ uppert and nl,, using the procedures in

upperle
9.5.3 and 9.5.4, respectively, where the subscript ¢ identifies the data trace (such as, a’, a, e, or e').

Note 11—If the desired in-plane length measurement involves a measurement from the lower corner of a transitional edge, replace “upper” with
“lower.”

9 5 3 To obtam x,mm,rr

, on either side of the transitional

edge (Edge 1 in this case) being exammed
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