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INTERNATIONAL

Standard Test Method for
Measuring Flatness, Thickness, and Thickness Variation on
Silicon Wafers by Automated Noncontact Scanning 1

This standard is issued under the fixed designation F 1530; 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. Terminology

1.1 This test method covers a noncontacting, nondestructive 3.1 Definitions and acronyms related to wafer flathess may
procedure to determine the thickness and flatness of clean, diye found in SEMI Specifications M 1.
semiconductor wafers in such a way that no physical reference 3.2 Other definitions relative to silicon material technology
is required. can be found in Terminology F 1241.

1.2 This test method is applicable to wafers 50 mm or larger
in diameter, and 100 um (0.004 in.) approximately and larger it Summary of Test Method
thickness, independent of thickness variation and surface 4.1 A calibration procedure is performed. This sets the
finish, and of wafer shape. instrument’s scale factor and other constants.

1.3 This test method measures the flatness of the front wafer 4.2 The wafer is supported by a small-area chuck and is
surface as it would appear relative to a specified referencecanned along a prescribed pattern by both members of an
plane when the back surface of the water is ideally flat, as wheapposed pair of probes.
pulled down onto an ideally clean, flat chuck. It does not 4.3 The paired displacement values are used to construct a
measure the free-form shape of the wafer. thickness data arrayt[k,)]). This array represents the front

1.4 Because no chuck is used as a measurement referensgrface of the wafer when the back surface of the wafer is
this test method is relatively insensitive to microscopic parddeally flat, as when pulled down onto and ideally clean, flat
ticles on the back surface of the wafer. chuck (see figures in Appendix X1).

1.5 The values stated in Sl units are to be regarded as the4.4 The data array is used to produce one or more of the
standard. The values given in parentheses are for informatigparameters required by the application.
only. 4.4.1 If flatness measurements are required, a reference

1.6 This standard does not purport to address all of theplane and a focal plane suitable to the application are con-
safety concerns, if any, associated with its use. It is thestructed on the back or front surface as described in Appendix
responsibility of the user of this standard to establish appro-X2.
priate safety and health practices and determine the applica- 4.5 Thickness or flatness, or both values are calculated and

bility of regulatory limitations prior to use. reported as required.
2. Referenced Documents 5. Significance and Use
2.1 ASTM Standards: 5.1 Flatness, thickness and thickness variation are vital
F 1241 Terminology of Silicon Technology factors affecting the yield of semiconductor device processing.
F 1390 Test Method for Measuring Warp on Silicon Wafers 5.2 Knowledge of these characteristics can help the pro-
by Automated Noncontact Scannifig ducer and consumer determine if the dimensional characteris-
2.2 SEMI Standard: tics of a specimen wafer satisfy given geometrical require-
M1 Specifications for Polished Monocrystalline Silicon Wa- ments.
fers® 5.3 This test method is suitable for measuring the flatness

and thickness of wafers used in semiconductor device process-
ing in the as-sliced, lapped, etched, polished, epitaxial or other
L This test method is under the jurisdiction of ASTM Committee F-1 on |ayer condition.
Electronicsand is the direct responsibility of Subcommittee F01.06 on Silicon
Materials and Process Control.
Current edition approved July 15, 1994. Published September 1994.
2 Annual Book of ASTM Standardgol 10.05.
3 Available from Semiconductor Equipment and Materials International, 805
East Middlefield Rd., Mountain View, CA 94043.
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5.4 Until the results of a planned interlaboratory evaluation 1
of this test method are established, use of this test method fo
commercial transactions is not recommended unless the parti U"“‘" *

Vafer

obtained. h) & [

6. Interferences R
6.1 Any relative motion between the probes and along theT“"‘T‘ ————————— Hmb‘e B

probe measuring axis during scanning will produce error in the
lateral position equivalent-measurement data.

6.2 Most equipment systems capable of this measurement
have a definite range of wafer thickness combined with
sori/warp (dynamic range) that can be accommodated without
readjustment. If the sample moves outside this dynamic range
during either calibration or measurement, results may be inyhere:
error. An overrange signal can be used to alert the operator ang the distance between Prob&sandB,

FIG. 1 Schematic View of Wafer, Probes, and Fixture

t=D— (a+b) ®)

measurement data examiners to this event. a the distance between Proldeand the nearest wafer
6.3 The quantity of data points and their spacing may affect surface,
the measurement results (see 7.1.2). b = the distance between ProlBeand the nearest wafer

6.4 Site flathess measurements may be affected if the site surface, and
boundaries and corners do not contain data array elements. wafer thickness.
This effect may be reduced through interpolation techniques. .
8. Materials
7. Apparatus 8.1 Set-up Masterssuitable to accomplish calibration and
7.1 Measuring Equipmentonsisting of wafer-holding de- standardization as recommended by the equipment manufac-
vice, multiple-axis transport mechanism, probe assembly withyrer.
indicator, and system controller/computer, including data pro- 8.2 Reference Wafewith total thickness variation (TTV)
cessor and suitable software. The system shall be equipp&@lue and flatness value similar to the product or process to be
with an overrange signal. Instrument data reporting resolutiomnonitored and with a data set that is used to determine the level
shall be 10 nm or smaller. of agreement between the data set obtained by the system
7.1.1 Wafer-Holding Device for example a chuck whose under test and the reference wafer data set (see Annex Al).
face is perpendicular to the measurement axis, and on which
the wafer is placed for the measurement scan. The diameter 8f Suitability of Test Equipment
the wafer holding device shall be 0.9-in. (22-mm) diameter, 9.1 The suitability of the test equipment shall be determined
1.3-in. (33-mm) diameter, or other value as agreed upomvith the use of a reference wafer and its associated data set in
between participating parties. accordance with the procedures of Annex Al, or by perfor-
7.1.2 Multiple-Axis Transport Mechanisnwhich provides a  mance of a statistically-based instrument repeatability study to
means for moving the wafer-holding device, or the probeascertain whether the equipment is operating within the manu-
assembly, perpendicularly to the measurement axis in a cofacturer’s stated specification for repeatability.
trolled fashion in several axes. This motion must permit data ) . ) )
gathering over a prescribed scan pattern within the entirc?epNgaTtEaé”thggﬁjoyn}gﬁZf FL.95 is currently developing an instrument
quality area. Data point spacing shall be 2 mm or less, or other '
value as agreed upon between participating parties. 10. Sampling

7.1.3 Probe Assembly with Paired Noncontacting 141 Thjs test method is nondestructive and may be used on
Displacement-Sensing Probes, Probe Supports, and Indicatq¥ither 100 % of the wafers in a lot or on a sampling basis.

Unit —The probes shall be capable of independent measure- 10 1 1 |f samples are to be taken, procedures for selecting

ment of the distance between the probe site on each surface @fe sample from each lot of wafers to be tested shall be agreed

the sample wafer and the motion plane. The probes shall bgyon petween the parties to the test, as shall the definition of
mounted above and below the wafer in a manner so that tr\;\,hat constitutes a lot.

probed site on one surface of the wafer is opposite the probed

site on the other. The common axis of these probes is th&l. Calibration and Standardization

measurement axis (see Fig. 1). The probe separBtsimall be 11.1 Calibrate in accordance with the manufacturer's in-
kept constant during calibration and measurement. Displacesgyctions.

ment resolution shall be 10 nm or better. The probe sensor size

shall be 4x 4 mm, or other value to be agreed upon betweerll2. Procedure

participating parties. . . . 12.1 Prepare the apparatus for measurement of wafers,
7.1.3.1 The following equations are derived from Fig. 1.jncluding selection of data display/output functions and fixed
They are used in subsequent calculations as noted. quality area (FQA) by specifying the nominal edge exclusion
D=a+t+b (1) X.
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12.1.1 Measurement MethedGlobal Flatness@) or Site where:

Flatness 9): f(x,y) = tx,y)- (dx+bgy+cp), and
12.1.1.1 IfSis chosen, then also specify site array detalils: X,y range over the FQA,
(1) site size, GBIR, GF3RandGFLR = f(X,Y)nhax— fOY)nin» @nd
(2) location of sites relative to FQA center, GF3D andGFLD = the larger of f(X,y)mal OF If
(3) location of sites relative to each other, rectilinear or tiled Y)minl -

pattern, and
(4) partial sites, included or excluded.
12.1.2 Reference Surfaeefront or back.
12.1.3 Reference Plane and Area

NoTe 2—GBIR equals TTV.
13.2.3 Site Flatness

12.1.3.1 For Global Flatness Measurements, Global Refer}lz)?f/;e' = txy)-(d x+b y+c
ence Plane: F), and X,y range over

(1) Ideal backside plane construction, or the site,

(2) Three-point frontside plane construction, or SF3R, SFLR, SFQRNASBIR = f(X,Y)max—  fOY)min

(3) Least-squares frontside plane construction. and

12.1.3.2 For Site Flatness Measurements, Global Referenc8F3D, SFLD, SLQandSBID = the larger off(X,y)a4 OF
Plane: FOX,Y) minl -

(1) Ideal backside plane construction, or 13.3 Record the calculated values.

(2) Three-point frontside plane construction, or 13.4 For referee or other measurements where the wafer is

(3) Least-squares frontside plane construction. measured more than once, calculate the maximum, minimum,

12.1.3.3 For Site Flatness Measurements, Site Referensample standard deviation, average and range of all measure-
Plane: ments on the sample.

(1) Site least-squares plane construction.

12.1.4 Measurement Parameter 14. Report

12.1.4.1 Global Flatness: 14.1 Report the following information:

(1) Total indicator reading, (TIR) or 14.1.1 Date, time, and temperature of test,

(2) Focal plane deviation, (FPD). 14.1.2 I|dentification of operator,

12.1.4.2 Site Flatness: 14.1.3 Identification of measuring instruments, including

(1) TIR—each site or maximum value for all sites, or both, wafer-holding device diameter, data point spacing, sensor size,
or and measurement method,

(2) FPD—each site or maximum value for all sites, or both, 14.1.4 Lot identification, including nominal diameter and
or nominal center point thickness,

(3) Distribution of these values. 14.1.5 Description of sampling plan, and one or more of the

12.2 Introduce the test specimen into the measuremenibllowing parameters as required by the application:
mechanism and initiate the measurement sequence. 14.1.6 Centerpoint thickness of each wafer measured,

14.1.7 Thickness variation of each wafer measured,

13. Calculations 14.1.8 Flatness of each wafer measured, described as one or

13.1 The instrument is assumed to be direct reading with afmore of the following choices:
necessary calculations performed internally and automatically 14-1.8.1 The global flatness, or
as follows: 14.1.8.2 The maximum value of site flatness as measured on
13.1.1 The displacements (distances) between each proBé Sites, or _ _ _
and the nearest surface of the wafer are determined (in pairs) at14-1.8.3 The percentage of sites which have a site flataess
intervals along the scan pattern. At each measurement locatiof,SPecified value, and

the sum of the displacements is subtracted f@rgielding the 14.1.9 Distribution of all sites on all wafers measured, when
thickness as follows: site flatness is measured.

14.2 For referee tests the report shall also include the
t=D-(@+b) 3) standard deviation of each set of wafer measurements.
13.1.2 A data array whose elements are the thicknessgs; precision and Bias
(t[x,y]) is constructed.
13.1.3 Reference and focal planes for flatness calculatiopest method produced the following results:
are constructed as described in Annex Al. P 9 '

. . 15.1.1 A single automatic test system, reported to be in
13.'2 _CaIcuIate th|c.kness and flatness as required by ths‘?tatistical control according to internal records, was calibrated
application as follows:

. _ with NIST-traceable thickness masters.
13.2.1 Total Thickness Variation 15.1.2 Twenty four (24) samples of 150-mm nominal diam-

15.1 Precision—A single laboratory precision test of this

TTV=ta— tine (4)  eter single-side polished silicon wafers, all with 675-um
nominal thickness, and with bow ranging from 1.380 to 52.238
13.2.2 Global Flatness pm and with warp ranging from 8.852 to 53.182 um, were first
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run through the test system to produce a set of graphical TABLE 1 Single Laboratory Test Summary
printouts, with contour plots, for later analysis. Next the system
ran multiple cassette-cassette “passes”: two passes were run on S"erj‘gz Tgrame{ef Rang‘;
. . . andar -pass average
each of three successive b_usmess days, for a total of six passes. parameter Deviation :
These samples and their base data set were used in an Op-g, (Um)  Min, (um)  Max, (um)
interlaboratory experiment to test interlaboratory bow and
warp repeatability and reproducibility on Test Method F 1390 1pickness Centerpoint 0.058 669.12  683.06
15.1.3 The six-pass data set included information on the v 0.012 1.98 932
following measurement parameters on each of the wafers: GFLD 0.007 0.412 2.977
Thickness: Centerpoint, Maximum, Minimum, Average Global Flatness  GFLR 0.009 0.710 3.628
Flatness, Global: TTV (Total Thickness Variation) GF3D 0.007 0.487 2.512
GFLD (Globalgony, least-squares FOCal Plane GF3R 0.011 0.828 4.532
Deviationima) SBID 0.008 0.347 2.133
GFLR (GIObaIfront, least-squares Focal Plane Range) Site Flatness SBIR 0:008 0:587 2:938

GF3D (Globalgn, 3-point FOCal Plane Deviation,,,,)
GF3R (Globalgon, 3-point FOCal Plane Range)
Flatness, Site: SBIR ax(Sitepack, idear FOCal Plane Range (max of all
sites))
SBIDax(Sitepack, idear DeViation (max of all sites))

Note 3—Subcommittee F1.95 is in the process of developing methods

15.1.4 The 6-pass, 24-wafer data produced estimates @ producing related reference materials that can be used to certify the
single laboratory precision (assumed equal to the averaggafer artifacts.
standard deviation) for each of the parameters as shown in
Table 1: 16. Keywords

15.1.5 Additional laboratories are participating in the test,
and multi-laboratory data will be published.

15.2 Bias—No standards exist against which the bias of this
test method can be evaluated.

16.1 flatness; noncontact measurement; semiconductor; sili-
con; thickness; thickness variation; wafers

ANNEX
(Mandatory Information)

Al. COMPARING DATA SETS

Al.1 Introduction Al.2 Summary of Test Method

Al.1.1 In qualifying a measurement system for operation, it A1.2.1 Select a referee wafer of appropriate criteria, for
can be useful to compare the values ascribed to an artifact sughich you have a referee data set (RDS).
asa refere.nce standard aga!nst those obj[alned for that art_lfactA1.2.2 Measure the referee wafer on the machine under test
ona ma_chlne under test. This Anngx outlines a way in w_hlcq0 obtain a sample data set (SDS).
the multiple measurement data points that generate a single- : .
value quantity of sori can be used to monitor the effects of A1.2.3 Subtract the two to obtain a difference data set
interferences more informatively than by using that single-(DDS):
value alone. RDS— SDS= DDS (A1.1)
Al.1.2 A data set is that set of data used in computation of

sori. Itis corrected data, that is, all possible after interferences A1 5 4 The DDS represents the differences between the

have been removed and the data replanarized in accordanggasirements made on the machine under test and the referee

with the test method. . . . : data set. The DDS contains many values. The simplest metric
da,?al;sléf réf;erfeeer?ji\gasfgtr ((?qr[t)lfsa)c?nl\s,vﬁicccr? ?apcin:je;[;)gcgtii toi\év?that can be used to determine acqeptability is m_aximum
average’ of a number of values ,obtained for that point over gfffrerence, the largest absolute value in the DDS. This repre-

N i ; Sents the worst-case disagreement between the machine under
number of “passes” (repeat measurements). The artifact s
measured on a machine under test and its RDS is comparé%lSt and the referee data. ) ) )
against the resultant-measured sample data set. Delta-point,A1-2.5 Accept the machine as suitable for measurement if
delta-sori and other values are computed from the differenced1® maximum difference is less than a value that is agreed upon
The parameter used to determine agreement between tRgtween the parties to the test.
artifact and the system under test and the acceptable level of A1.2.6 More complex calculations may also be used, for
this agreement is to be agreed upon between the participatirexample, a histogram of the (point-by-point) values of the DDS
parties. along with statistical measures (mean, sigma, etc.) may be
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compared. These measures can be compared to application-
specific limits or used to provide insight into the nature and
source of the difference, or both.

APPENDIXES
X1. VISUALIZATION OF THICKNESS, THICKNESS VARIATION AND GLOBAL FLATNESS

TTV
GFLR GFLD ‘

¥ Y

\ / Ref Plane
9

T =0
Tmnax 4 %
T
A : Toin

THKFLT4.DRY
rev 1/20/93 -

FIG. X1.1 Visualization of Thickness, Thickness Variation and Flatness

X1.1 To calculate flatness for a given case, it may be X1.2 See Fig. X1.2 for examples of wafers with stylized
convenient to transform the measurement geometry and tdickness variation. Sample 3 in Fig. X1.2 represents the
consider the distance between the upper surface of the wafexample below. Calculations for TTV and Global Flatness of
and a reference plane as d, taken to be positive above the plaggch of these examples is given in Table X1.1.
and negative below, as indicated in the example in Fig. X1.1.

UNCONSTRAINED SURFACES BACK SURFACE IDEALLY FLAT
Least Squares Global
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! 2 3 4 5 TOTALiTHKVAF;i";FLD ‘ 7(;;‘”
i 1 2 3 4 5 / L i 4‘
* * T ' * * * } * * SBIR SFQD N SFOA
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Note 1—The above are stylized examples of wafers in an unconstrained state and with their back surfaces id&gli fatinits,T, is 4 units, and
T, is 3 units; the TTV and Flatness values are calculated from equations in 13.2. The individual measured distances and the calculated differences are
shown in Table X1.1.
FIG. X1.2 Visualization of Thickness, TTV and Flatness—Stylized Examples
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TABLE X1.1 Values for Figure X1.2

Values
Example Location ) Thickness Thickness Flatness
Thickness X e —
Center Point Variation  ggLp GFLR

1 2
2 2

1 3 2 2 0 0 0
4 2
5 2
1 2
2 2

2 3 2 2 0 0 0
4 2
5 2
1 4
2 3Ya

3 3 2 2 2 1Y 2
4 3Ya
5 4
1 4
2 3%

4 3 3 3 2 0 0
4 2Y4
5 2
1 4
2 3%

5 3 2 2 2 1Y 2
4 3%
5 4
1 4
2 3%

6 3 2 2 2 1Y 2
4 3%
5 4
1 2
2 2Y>

7 3 3 3 2 0 0
4 3%
5 4

(Nonmandatory Information)

X2. Noncontact Thickness-based Flatness Measurement

X2.1 Thickness Data X2.3.1.1 Construct a reference plane from the thickness

X2.1.1 A thickness data set[%,)]) is the basis on which data array(x,y). The reference plane is of the form as follows:
flatness calculations are made. Z et = aX + bry + Cpg, (X2.1)
X2.2 Flatness Parameters where:

X2.2.1 There exist a variety of flathess measurements a@g, bg, and & are chosen as follows:

propriate to different lithographic applications. These measure- For Ideal Back Surface Type of the Reference Plane,
ments are defined by four parameters as follows:

ar=byg=cgr=0 (X2.2)
Parameter Selections
(1) Measurement Method Global or Site
(2) Reference Surface Back or Front Side For the Least Squares Reference Plane Type, sglett g
(3) Reference Plane and Area Global or Site Ideal, Least-squares,
or 3-point and g so that
(4) Measurement Parameters Range or Deviation
, . i : t(xy) — (@px + bry + cr)1 2 X2.3
X2.2.2 The fixed quality area within which measurement XEy [t0ey) = (@ + by + C3)] (x2:3)

data are to be taken and site size and array information when

applicable must be specified. is minimized over the FQA for global determination and

over the site for site determination.
For the Three-point Reference Plane Type, a plane is con-
X2.3.1 Reference Plane Construction structed so that

X2.3 Measurement Calculations
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t(x, Y1) = agXy + bgy; + g and where:
X,y are located at the site center.
(X2, Y2) = apXy + bry, + Cg, and X2.3.3 Flatness Measurement Algorithms
X2.3.3.1 Calculate the focal plane deviation at pointas
'[(X3, y3) = apizt bRYS + Cg (X2-4) follows:

f(xy) = t(xy) — (@px + by + ¢p) (X2.6)

X1, Y15 Xo Yo; @ndxs, y; are equally spaced points located ona _ _
radius whose perimeter is located 3 mm from the edge of a with the following algorithm:

nominal-diameter wafer. if fxy)max = 1f(XY) minl
X2.3.2 If a deviation measurement is desired, construct a then Deviation = (X,Y)nax
focal plane of the form as follows: else Deviation Z(X,Y)nin:

Zroca = X + by + ce (X2.5) X2.3.3.2 Calculate Range (also called TIR) as follows:
where: f(X1Y)max - f(xﬁy)min (X2-7)
For a Global Focal Plane:
ag = ag, and where:
be = b g, and X,y = the range over the FQA for global measure-
G = & ments, and,y is over a site for site measure-

ments, and N .
For a Site Focal Plane: fX,Yax = the largest (most p_o_smve) algebraic value of
a. = ag and f(x,y) over the specified range afy, and
be = bR’ and fX,Ymin = the smallest (most negative) algebraic value of
e = tXy)- @X+bgy), f(x,y) over the specified range afy.
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