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

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 M1 Specifications for Polished Monocrystalline Silicon Wa-

1.1 This test method covers a noncontacting, nondestructive fers’
procedure to determine the thickness and flatness of clean, dré/, Terminology
semiconductor wafers in such a way that no physical reference e
is required. 3.1 Definitions and acronyms related to wafer flathess may

1.2 This test method is applicable to wafers 50 mm or largeP® found in SEMI Specifications M 1. _
in diameter, and 100 um (0.004 in.) approximately and larger in 3.2 Other d_eflnltlon_s relative to silicon material technology
thickness, independent of thickness variation and surfacg®n Pe found in Terminology F 1241.
finish, and of wafer shape. 4. Summary of Test Method

1.3 This test method measures the flatness of the front wafer y ) : )
surface as it would appear relative to a specified reference 4-1 A calibration procedure is performed. This sets the

plane when the back surface of the water is ideally flat, as whelf'Strument's scale factor and other constants. _
pulled down onto an ideally clean, flat chuck. It does not 4-2 The wafer is supported by a small-area chuck and is
measure the free-form shape of the wafer. scanned along a prescribed pattern by both members of an

1.4 Because no chuck is used as a measurement referenf@P0sed pair of probes.

this test method is relatively insensitive to microscopic par- 4-3 The paired displacement values are used to construct a
ticles on the back surface of the wafer. thickness data arrayt[k,)]). This array represents the front

1.5 The values stated in Sl units are to be regarded as thi!"face of the wafer when the back surface of the wafer is

standard. The values given in parentheses are for informatidq€@!ly flat, as when pulled down onto and ideally clean, flat
only. chuck (see figures in Appendix X1).

1.6 This standard does not purport to address all of the 4-4 The data aray is used to produce one or more of the

safety concerns, if any, associated with its use. It is thé@rameters required by the application. _
responsibility of the user of this standard to establish appro- 441 If flatness measurements are required, a reference

priate safety and health practices and determine the applicaP!@ne and a focal plane suitable to the application are con-
bility of regulatory limitations prior to use. structed on the back or front surface as described in Appendix

X2.
2. Referenced Documents 4.5 Thickness or flatness, or both values are calculated and
2.1 ASTM Standards: reported as required.

F 1241 Terminology of Silicon Technology

. . 5. Significance and Use
F 1390 Test Method for Measuring Warp on Silicon Wafers g i . o i
by Automated Noncontact Scannfng 5.1 Flatness, thickness and thickness variation are vital

22 SEMI Standard: factors affecting the yield of semiconductor device processing.
5.2 Knowledge of these characteristics can help the pro-
ducer and consumer determine if the dimensional characteris-
tics of a specimen wafer satisfy given geometrical require-
1This test method is under the jurisdiction of ASTM Committee FO1 on MENTS.
Electronicsand is the direct responsibility of Subcommittee F01.06 on Silicon
Materials and Process Control.
Current edition approved Dec. 10, 2002. Published April 2003. Originally

published as F 1530 — 94. Last previous edition F 1530 — 94.
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5.3 This test method is suitable for measuring the flatness 1
and thickness of wafers used in semiconductor device process-
ing in the as-sliced, lapped, etched, polished, epitaxial or othei i Unm A
layer conditon. ~— TTTT= el T

5.4 Until the results of a planned interlaboratory evaluation?d = [ Vater
of this test method are established, use of this test method for ——[ —

to the test establish the degree of correlation that can bd & | | Hmre B
obtained.
6. Interferences FIG. 1 Schematic View of Wafer, Probes, and Fixture

6.1 Any relative motion between the probes and along the

probe measuring axis during scanning will produce error in thdnent resolution shall be 10 nm or better. The probe sensor size
lateral position equivalent-measurement data shall be 4X 4 mm, or other value to be agreed upon between

. . rticipating parties.

h 6.2 Mo;tfngpment sy?tem? capha_lbll<e of this mgaSléremeri?_l_s_l The following equations are derived from Fig. 1.

ave a definite range of wafer thickness combine .W'thl'hey are used in subsequent calculations as noted.
sori/warp (dynamic range) that can be accommodated without
readjustment. If the sample moves outside this dynamic range D=a+t+b @)
during either calibration or measurement, results may be in t=D—-(a+Db) 2
error. An overrange signal can be used to alert the operator an\(/jvhere
measurement data examiners to this event. the distance between ProbagndB,

: . : . D =
6.3 The quantity of data points and their spacing may affect; _ o distance between Proleand the nearest wafer
the measurement results (see 7.1.2). surface

6.4 Site flathess measurements may be affected if the sitg the distance between Proleand the nearest wafer

boundaries and corners do not contain data array elements. surface, and
This effect may be reduced through interpolation techniques.t = wafer thickness.
8. Materials

7. Apparatus
8.1 Set-up Masterssuitable to accomplish calibration and

7.1 Measuring Equipmentconsisting of wafer-holding de- o ! i
vice, multiple-axis transport mechanism, probe assembly Wiﬂ?:?grdarmzatmn as recommended by the equipment manufac

indicator, and system controller/computer, including data pro- . : L
cessor and suitable software. The system shall be equi|oped8'2 Reference Wafewith total thickness variation (TTV)

with an overrange signal. Instrument data reporting resolutioﬁr:1 aglrﬁ;g?j gerl\?svsitsh\/;:juai;isngltl?r:a:?i;hfsgaotc:)ug;toerrgiﬁgetisetl?e\?;
shall be 10 nm or smaller.

. . of agreement between the data set obtained by the system
711 Wafer-H_oIdmg Devicgfor example a .ChUCk whose_ %nder test and the reference wafer data set (see Annex Al).
face is perpendicular to the measurement axis, and on whic

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 upoRith 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 Mechanismwhich providesa  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 coffacturer’s stated specification for repeatability.
trolled fashion in several axes. This motion must permit data
gathering over a prescribed scan pattern within the entir?e
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 10.1 This test method is nondestructive and may be used on
Displacement-Sensing Probes, Probe Supports, and Indicat@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 If samples are to be taken, procedures for selecting
ment of the distance between the probe site on each surface gfe sample from each lot of wafers to be tested shall be agreed

the sample wafer and the motion plane. The probes shall bgpon between the parties to the test, as shall the definition of
mounted above and below the wafer in a manner so that thghat constitutes a lot.

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

site on the other. The common axis of these probes is thél. Calibration and Standardization

measurement axis (see Fig. 1). The probe separBtisimall be 11.1 Calibrate in accordance with the manufacturer’s in-
kept constant during calibration and measurement. Displacestructions. ocuments

Note 1—Subcommittee F1.95 is currently developing an instrument
peatability study format.
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12. Procedure 13.2.1 Total Thickness Variatian

12.1 Prepare the apparatus for measurement of wafers, TTV=tnax — tmine (4)
including selection of data display/output functions and fixed
quality area (FQA) by specifying the nominal edge exclusion 13 2 2 Global Flatness

X.
12.1.1 Measurement MethedGlobal Flatness@) or Site where:
Flatness 9): f(x,y) = tx,y)-(dx+bgy+cg), and
12.1.1.1 IfSis chosen, then also specify site array details: X,y range over the FQA,
(1) site size, GBIR, GF3RandGFLR = f(X,V)hax— fO4,Y)nin» @nd
(2) location of sites relative to FQA center, GF3D andGFLD = the larger of f(X,y)pnad or If
(3) location of sites relative to each other, rectilinear or tiled XY)minl -
pattern, and Note 2—GBIR equals TTV.
(4) partial sites, included or excluded.
12.1.2 Reference Surfaeefront or back. 13.2.3 Site Flatness

12.1.3 Reference Plane and Area where:

12.1.3.1 For Global Flatness Measurements, Global ReferT(X,y) = txy)-(d X+b y+c

ence Plane:
(1) Ideal backside plane construction, or ;)16 iﬁg Xy range over
(2) Three-point front3|de_ plane constructlon., or SF3R, SFLR, SFQRNASBIR = f(X,Y)max—  fX:Y)hmin
(3) Least-squares frontside plane construction. and

12.1.3.2 For Site Flatness Measurements, Global Referenc§rsp, SFLD, SLQmndSBID = the larger off(x,y),,s,) Of

Plane: _ _ fXY)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. : o
) . measured more than once, calculate the maximum, minimum,
12.1.3.3 For Site Flatness Measurements, Site Reference | dard deviati d f all
Plane: Sample starr]] ar eIV|at|on, average and range of all measure-
(1) Site least-squares plane construction. ments on the sample.
12.1.4 Measurement Parameter

12.1.4.1 Global Flatness: 14. Report
(1) Total indicator reading, (TIR) or 14.1 Report the following information:
(2) Focal plane deviation, (FPD). 14.1.1 Date, time, and temperature of test,
12.1.4.2 Site Flatness: 14.1.2 Identification of operator,
(1) TIR—each site or maximum value for all sites, or both,  14.1.3 |dentification of measuring instruments, including
or wafer-holding device diameter, data point spacing, sensor size,
(2) FPD—each site or maximum value for all sites, or both,and measurement method,
or o 14.1.4 Lot identification, including nominal diameter and
(3) Distribution of these values. nominal center point thickness,

12.2 Introduce the test specimen into the measurement

. L 14.1.5 Description of sampling plan, and one or more of the
mechanism and initiate the measurement sequence.

following parameters as required by the application:

14.1.6 Centerpoint thickness of each wafer measured,
14.1.7 Thickness variation of each wafer measured,

14.1.8 Flatness of each wafer measured, described as one or

13. Calculations

13.1 The instrument is assumed to be direct reading with all
necessary calculations performed internally and automaticallx1 . L
as follows: ore of the following choices:

13.1.1 The displacements (distances) between each probel4-1.8.1 The global flatness, or
and the nearest surface of the wafer are determined (in pairs) at14-1.8.2 The maximum value of site flatness as measured on
intervals along the scan pattern. At each measurement locatiofl! Sites, or

the sum of the displacements is subtracted f@ryielding the 14.1.8.3 The percentage of sites which have a site flataess
thickness as follows: a specified value, and
t=D—(a+b) @3 14.1.9 Distribution of all sites on all wafers measured, when

site flatness is measured.

13.1.2 A data array whose elements are the thicknessesl4'2 For referee tests the report shall also include the
(t[x )d) .is constructed standard deviation of each set of wafer measurements.

13.1.3 Reference and focal planes for flatness calculation . .
are constructed as described in Annex Al. 15. Precision and Bias

13.2 Calculate thickness and flatness as required by the 15.1 Twenty-three 200-mm diameter, single-side polished
application as follows: silicon wafers were employed in a rouﬂomumeimts
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TABLE 1 Site Information 15.5 The number of laboratories, samples, and determina-
Site ID Site Type Location on Wafer tions in this study met the minimum requirements for deter-
069 Eull Center mining precision prescribed in Practice E 691.
073 Full 60 mm from Center (0°) 15.6 Statistical calculations derived from these data, in
075 Partial FQA Boundary (0°)

accordance with Practice E 691, include:

15.6.1r (repeatability, within-laboratory}—95 % repeat-
ability confidence interval, and
) i 15.6.2 R (reproducibility, between laboratorAthe ~95 %
These wafers represented three different manufacturing progpfigence interval within which two measurements made at

cesses. All three subsets were bare on the front surface. TWfrarent |aboratories are considered statistically to be the
subsets were bare on the back surface and one subset had oxide,,o

on the back surface. - - .
15.7 Repeatability and reproducibility ranges are shown in

15.2 Eight laboratories measured thickness. Six of thes?able 2 P y P y 9
laboratories also measured flatness. Each of the twenty-three g g Fig. 2 contains for plots of repeatability (r) and

wafers was measured three times in_ succession (in threr%producibility (R) by ordered specimen mean value.

cassette-to-cassette “passes’), on a single day on automaticis g For more details, refer to the ASTM Research Rebort.

measurement systems, in accordance with this test method. tis contains statements on within-laboratory precision (re-
15.3 All measurement data were acquired with 3-mm edgeatapility) and between-laboratory precision (reproducibility),

exclusion. , for 95 % confidence intervals, for each parameter.
15.4 Flatness values were calculated in an array of 15 by 15

mm sites, and a 7.5 mm array offset in bathndy directions,  16. Keywords

relative to the wafer center. Within this 137-site array, precision 1g 1 flatness: noncontact measurement: semiconductor: sili-
statistics were derived for four seIe_cted sites, two “full” sites iNcon: thickness: thickness variation: wafers

the central area and two “partial” sites along the FQA

boundary, as indicated in Table 1. Fig. 2 shows these sites

within the complete 137-site array. 4 Available from ASTM International. Request: F01-1016.

135 Partial Notch (270°)
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