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SEMI M1-92
SPECIFICATIONS FOR

POLISHED MONOCRYSTALLINE SILICON WAFERS

1. Preface F28

I.1 These specifications cover requirements for
monocrystalline high-purity silicon wafers used in
semiconductor device manufacturing. Dimensional and F42
crystallographic orientation characteristics and limits on
surface defects are the only standardized properties set
. forth below. F43

1.2 A complete purchase specification requires that
additional physical properties be defined. These  F47
properties are listed, together with test methods suitable

for determining their magnitude.

1.3 These specifications are directed specifically to  F76
silicon wafers with one polished surface. Wafers
polished on both sides, or unpolished, or with epitaxial

deposits are not covered. Values given for thickness, Fgl
TTV, bow and warp apply only to wafers without back

surface films or extrinsic gettering treatments. However,
purchasers of such wafers may find these specifications F 84
to be a useful guide in defining their requirements,

1.4 For referee purposes, U.S. customary units shall be
used for wafers of 2- and 3-inch nominal diameters, and ~ F 120

SI {System International, commonly called metric) units
for 80mm and larger diameter wafers.

2. Applicable Documents

. Fi21
2.1 ASTM Srandards
E 122 Practice for Choice of Sample Size to
Estimate Average Quality of a Lot or  F 154
Process
F21 Test Method for Hydrophobic Surface
Films by the Atomizer Test E391
E22 Test Method for Hydrophobic Surface
Films by the Water-Break Test
F24 Method for Measuring and Counting F 398
Particulate Contamination on Surfaces
F26 Test Methods for Determining the Orien-
tation of a Semiconductive Single
Crystal

Method for Measuring the Minority-Car-
rier Lifetime in Bulk Germanium and
Silicon

Test Methods for Conductivity Type of
Extrinsic Semiconducting Materials

Test Methods for Resistivity of Semicon-
ductor Matetials

Test Method for Crystallographic Per-
fection of Silicon by Preferential Etch
Technigues

Test Methods for Measuring Hall
Mobility and Hall Coefficient in Extrin-
sic Semiconductor Single Crystals

Method for Measuring Radial Resistivity
Vartation on Silicon Slices

Method for Measuring Resistivity of
Silicon Slices with a Collinear Four-
Probe Array

Practice for Determination of the Con-
centration of Impurities in Single Crystal
Semiconductor Materials by Infrared
Absorption Spectroscopy

Test Method for Substitutional Atomic
Carbon Content of Silicon by Infrared
Absorption

Practices and Nomenclature for Iden-
tification of Structures and Contaminants
Seen on Specular Silicon Surfaces

Test Method for Minority Carrier Dif-
fusion Length in Silicon by
Measurement of Steady-State Surface
Photovoltage

Test Method for Majority Carrier Con-
centration in Semiconductors by
Measurement of Wave Number or
Wavelength of the Plasma Resonance
Minimum

1 American Soclety for Testing and Materials, 1516 Race Street, Philadelphia, PA 19103 (All cited standards except for E 122 may be found

in Volume 10.05 of the Annual Book of ASTM Standards, E 122 may be found in Volume 14.02.)
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Test Method for Detection of Oxidation
Induced Defects in Polished Silicon
Wafers

Test Method for Net Carrier Density in
Silicon Epitaxial Layers by Voltage-
Capacitance of Gated and Ungated
Diodes

Practice for Unaided Visual Inspection
of Polished Silicon Slices

Test Method for Thickness and Thick-
ness Variation of Silicon Slices

Test Method for Bow of Silicon Slices

Practice for Cleaning Surfaces of
Polished Silicon Slices

Test Method for Measuring Diameter of
Silicon Slices and Wafers

Test Method for Measuring Warp and
Total Thickness Variation on Silicon
Slices and Wafers by a Noncontact Scan-
ning Method

Test Method for Measuring Flat Length
on Slices of Electronic Materials

Test Method for Measuring Resistivity
of Semiconductor Slices or Sheet Resis-
tance of Semiconductor Films with a
Noncontact Eddy-Current Gage

Test Methods for Wafer and Slice Flat-
ness by Interferometric Noncontact
Technique

Test Methods for Crystallographic
Orientation of Flats on Single Crysial
Silicon Slices and Wafers by X-Ray
Techniques

Test Methods for Edge Contour of
Silicon Wafers

Test Method for Radial Interstitial
Oxygen Variation

Test Method for Interstitial Atomic
Oxygen Content of Silicon by Infrared
Absorption

Test Method for Using Computer As-
sisted Infrared Spectrophotometry to

1

Measure the Integrated Oxygen Content
of Sjlicon Slices Polished on Both Sides

2.2 DIN Standards

50430

50431

50432

50433/1

50433/2

50433/3

50434

Messung des spezifischen elektrischen
Widerstandes von stabformigen Einkris-
tallen aus Silicium oder Germanium mit
dem Zwei-Sonden-Gleichstrom-Verfah-
ren (Measurement of the Electrical
Resistivity of Silicon or Germanium
Single Crystals in Bars by Means of the
Two Point-Probe Direct Current
Method)

Messung des spezifischen elektrischen
Widerstandes von Einkristallen aus
Silicium oder Genmanium mit dem Vier-
Sonden Gleichstrom-Verfahren bei
linearer Anordnung der Sonden (Meas-
urement of the Electrical Resistivity of
Silicon or Germanium Single Crystals by
Means of the Four-Point-Probe Direct
Current Method with Collinear Four
Probe Array)

Bestimmung des Leitungstyps von
Silicium oder Germanium mittels
Richttest oder Thermosonde (Deter-
mination of the Conductivity Type of
Silicon or Germanium by Means of Ree-
tification Test or Hot-Probe)

Bestimmung der Orientierung von
Einkristallen mit einem Roentgen-
goniometer (Determination of the
Orientation of Single Crystals by Means
of X-Ray Diffraction)

Bestimmung der Orientierung von
Einkristallen nach der Lichtfiguren-
methode (Determination of the
Orientation of Single Crystals by Means
of Optical Reflection Figure)

Bestimmung der Orientierung von
Einkristallen mittels Laue-Ruckstrahl-
verfahren (Determination of the
Orientation of Single Crystals by Means
of Laue Back Scattering)

Nachweis von Kristalldefekten in
Silizium-Einkristallen mittels Atztech-
nik an {111}- und {100}-Flachen
{Detection of Crystal Defects in Silicon

2 DIN Standards - Deutsches Institut fur Normung e.v, available from Beuth Verlag Gmbl, Burggrafenstrasse 4-10, D-1000 Betlin 30,
Federal Republic of Getmary
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Monocrystals by Etching on {111} and
{100} Surfaces)

Bestimmung der radialen Variation des
spezifischen elektrischen Widerstandes
an Silicium oder Germanium-Scheiben-
mitdem Vier-Sonden-Gleichstromver-
fahren (Determination of the Radial
Resistivily Variation of Silicon or Ger-
manium Slices by Means of a Four-
Point-DC-Probe}

50435

Bestimmung des Verunreinigungs-
gehaltes in Silicium mittels Infrarot-
Absorption; Sauerstoff (Determination
of Impurity Content in Silicon by In-
frared Absorption; Oxygen)

50438/1

Bestimmung des Verunreinigungs-
gehaltes in Silicium mittels Infrarot
Absorption; Kohlenstoff (Determination

504382

of Impurity Content in Silicon by In-

frared Absorption; Carbon)

Messung der Rekombinations-Trager-
lebensdauer in Silicium-Einkristallen
nach der Photoleitfahigkeitsverfahren;
Messung an quaderformigen Proben
(Measurement of Recombination Carrier
Lifetime in Silicon Single Crystals by
Means of Photoconductive Decay
Method; Measurement on Bar-Shaped
Test Samples)

30440/1

Messung der geometrischen Dimen-
sionen von Halbleiterscheiben; Messung
der Dicke (Measurement of the
Geometric Dimensions of Semiconduc-
tor Slices; Measurement of Thickness)

50441/1

Messung der geometrischen Dimen-
sionen von Helblaiterscheiben; Prufung
der Kantenverrundung (Measurement of
the Geometric Dimensions of Semicon-
ductor Slices; Testing of Edge
Rounding)

50441/2

23 JIS Standard

Methods of Measurement of Thickness
Taper and Bow for Silicon Wafers

H 0611

24 SEMI Standard

SEMIMI3  Specification for Alphanumeric Marking

of Silicon Wafers

2.5 Other Standard *
MIL-STD-105E Sampling Procedures and Tables

for Inspection by Attributes

3. Definitions

dopant - a chemical element, usually from the third or fifth
columns of the periodic table, incorporated in trace
amounts in a semiconductor crystal to establish its
conductivity type and resistivity,

fixed guality area (FQA) - that portion of the area of a
wafer surface, defined by a nominal edge exclusion, X,
over which the specified values of a parameter apply. The
FQA lies within and is at all points the distance X (the
nominal edge exclusion) away from the periphery of a
wafer of nominal dimensions. (See Figure 1.)

NOTE 1 - The FQA is independent of wafer diameter and
flat length tolerances. For the purpose of defining the
FQA, the wafer periphery at locations with notch fiducials
is assumed to follow the circumference of a circle with
diameter equal to the nominal wafer diameter.

flatness - for wafer surfaces, the deviation of the front
surface, expressed in TIR or maximum FPD refative to a
specified reference plane when the back surface of the
wafer is ideally flat, as when pulled down by a vacuum
onto an ideally clean flat chuck,

NOTE 2 - The flatness of a wafer may be described as
either:

1. The global flatness, or

2. The maximum value of site flatness as measured on
all sites, or 7

3. The percentage of sites which have a site flatness
equal to or less than a specified value.

Jfecal plane - the plane perpendicular to the optical axis of
an imaging system which contains the focal point of the
imaging system,

NOTE 3 - The reference plane used by an imaging system
is coincident with or parallel with the focal plane. Full
field imaging systems employ coincident global focal and
reference planes, Partial field imaging systems employ
either coincident site focal and reference planes or
displaced site focal and global reference planes, If the
reference plane is not coincident with the focal plane, it
is displaced from the focal plane so that the point on the
front surface at a site center lies in the focal plane,

3 Japanese Siandards Association, 1-24, Akasaka 4 Chome, Minato-ku, Tokyo, [07 JAPAN

4 Naval Publication and Fortns Center, 5801 Tabor Avenue, Philadelphia, PA 19120
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focal plane deviation (FPD) - the distance parallel to the
optical axis from a point on the wafer surface to the focal

plane.

global flainess - the TIR or the maximum FPD relative to
a specified reference plane within the FQA.

lot - for the purposes of this document, (a) all of the
wafers of nominally identical size and characteristics
contained in a single shipment, or (b) subdivisions of large
shipments consisting of wafers as above which have been
identified by the supplier as constituting a lot.

maximum FPD - the largest of the absolute values of the
focal plane deviations.

orthogonal misorientation - in wafers cut intentionally
"off otientation”, the angle between the projection of the
vector normal to the wafer surface onto a {111} plane and
the projection on that plane of the nearest <110> direction.
(See Figure 2.) '

primary (orientation) flat diameter - the linear dimension
across the surface of a semiconductor wafer which passes
through the center of the wafer and is perpendicular to the
primary (orientation) flat (see Figure 3).

reference plane - a plane defined by one of the following:

1, Three points at specified locations on the front sur-
face of the wafer, or

2, The least squares fit to the front surface of the wafer
using all points within the FQA, or

3, The least squares fit to the front surface of the wafer
using all points within a site, or

4. An ideal back surface (equivalent to the ideally flat
chuck surface that contacts the wafer).

NOTE 4 - The specified reference plane should be chosen
with due regard for the capabilities of the imaging system.
Front surface or back surface reference planes should be
selected depending on the wafer mounting system, If the
wafer cannot be gimbaled in the imaging system, a back
surface reference plane should be specified.

shape - for wafer surfaces, the deviation of a specified
wafer surface relative to a specified reference plane when
the wafer is in an unelamped condition, expressed as the
tange or total indicator reading (TIR) or as the maximum
reference plane deviation (maximum RPD) within the
specified fixed quality area,

NOQTE 5 - This definition is analogous to the definition of
flatness, which applies to the front surface geometry when
the wafer is in the clamped condition,

site - a rectangular area, on the front surface of the wafer,
whose sides are parallel and perpendicular to the primary

SEMI M1-92
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{otientation) flat or fo the notch bisector, and whose center
falls within the FQA.

site array - a set of contiguous sites.

site flatness - the TIR or the maximum FPD of the portion
of a site which falls within the FQA,

sori - the difference between the maximum and minimum
distances between a front surface reference plane and the
surface of a wafer which is not chucked. The reference
plane is chosen either so that the difference (sori) is
minimized or as a least-squares fit to the front surface.

total indicator reading (TIR) - the smallest perpendicular
distance between two planes, both parallel with the
reference plane, which enclose all points on the front
surface of a wafer within the FQA or the site, depending
on which is specified. '

4, Wafer Ordering Information

4.1 Purchase orders for silicon wafers furnished to this

' specification shall include the following items:

4.1.1 Nominal diameter (see applicable polished silicon
wafer standard).

4.1.2 Crystal growth method (see NOTE 6).

4.1.3 Sutface orientation (see applicable polished silicon
wafer standard),

4.1.4 Conductivity type (see applicable polished silicon
wafer standard) and dopant (see NOTE 6).

4.1.5 Resistivity or resistivity range.

4.1.6 Lot acceptance procedures (see Section 8).
4.1.7 Certification {if required) (see Section 11).
4.1.8 Packing and marking (see Section 12).

4.1.9 Selection of test method to be used in evaluating
those items for which alternate tests exist {see Section 9).

4.2 Optional Criteria - The following items may be
specified optionally in addition to those listed above.

4.2.1 Doping method and thermal treatment (see NOTE
6).

4.2.2 Radial resistivity variation.
4.2.3 Crystal perfection.

4.2.4 Impurities other than common doping elements such
as oxygen and carbon.

4.,2.5 Flatness - the following conditions must be speciﬁed
in connection with flatness measurement:
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A. Type of Measurement:
A 1. Global flatness
2. Maximum site or flatness
3. Percentage of sites within specification
B. Parameter: TIR or maximum FPD
. Nominal Edge Exclusion: X
D. For site flatness (where specified):
1. Site Dimension x, ¥
2. Array pattern and location relative to FQA
center
E. Reference Plane:
1. Three point {also, specify point locations)
2. Least squares fit to the front surface within
the FQA
3. Least squares fit to the front surface within
a site
4. 1deal back surface
F. Focal Plane:
1. Global
2. Site

@)

4.2.6 Edge contour

4.2.7 Hall or conductivity mobility (see NOTE 7)
4.2.8 Diffusion length {(see NOTE 7)

4.2.9 Minority carrier lifetime (see NOTE 7)

NOTE 6 - The dopant, crystal growth method (for
example, Czochralski or floating zone), and doping
method (for example, ion implantation, neutron
transmutation, etc. } with subsequent heat treatment are
difficult to ascertain in the finished wafers. Verification
test procedures or certification of these characteristics
(see Section 11)shall be agreed upon between the supplier
and the purchaser,

NOTE 7 - ltems 4.2.7, 4.2.8, and 4.2.9 are less commonly
specified than the others, but are included for
completeness as parameters for which methods of
evaluation have been developed,

5. Dimensions and Permissible Variations

5.1 The material shall conform to the dimensions and
dimensional tolerances as specified in the polished silicon
wafer standard applicable to the specified nominal
diameter.

NOTE 8 - Wafers of the same nominal diameter may
typically have different dimensional configurations in
different regions of the world. Many of these
configurations are represented in this specification. In
selecting the appropriate polished wafer standard,

consideratior. should be given to compatibility with
processes and equipment generally available in the region
of use.

5.1.1 Sori is an attribute that may be specified between
the supplier and the purchaser in lieu of bow or warp or
both.

5.1.2 If bow is specified, a sign may be included in the
specification to denote convex (positive) or concave
{negative) curvature of the median surface of the wafer
with the front surface up. If no sign is included in the
specification, bow may vary between -a and +a, where “a”
is the specified maximum magnitude of bow.

5.2If edge contoured wafers are specified on the purchase
order, the profile shall conform to the following
requirements at all points on the wafer periphery (except
interior portions of notches, if present).

5.2.1 When the wafer is aligned with the SEMI Wafer
Edge Profile Template {see Figure 3) so that the x-axis of
the template is coincident with the wafer surface and the
y-axis of the template is tangent with the outermost radial
portion of the contour, the wafer edge profile must be
contained within the clear region of the template. (See
Figure 4 for examples of acceptable and unacceptable
contours.)

5.2.2 No sharp points or protrusions are permitted
anywhere on the wafer edge contour.

5.2.3 Cosmetic attributes of the edge contour are not
covered by this specification. They shall be agreed upon
between supplier and purchaser.

5.3 Fiducial indications shall conform to the requirements
of the appropriate polished silicon wafer standard.

5.3.1 Where secondary flats are specified, they shall be
located as shown in Figure 5.

5.3.2 Where notches are specified, they shall conform to
the dimensions in Figure 6.

5.4 Where alphanumeric marking is specified, the code
character properties and code field location shall conform
to SEMI M13.

6. Materials and Manufacture

6.1 The material shall consist of wafers from ingots grown
by the process specified in the purchase order or contract.

7. Physical Requirements

7.1 The material shall conform to the crystallographic
orientation details as specified in the appropriate polished
silicon wafer standard.
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7.2 The material shall conform to the details specified in
the purchase order or contract, as follows:

7.2.1 Conductivity type and dopant (see NOTE 6),

7.2.2 Resistivity,

7.2.3 Doping methods and thermal treatment
(see NOTE 6),

7.2.4 Radial resistivity variation,

7.2.5 Crystal perfection,

© 7.2.6 Amounts of impurities other than common dopants,
7.2.7 Hall or conductivity mobility,

7.2.8 Diffusion length, and

7.2.9 Minority-carrier lifetime,

7.3 The material shall conform to the limits on defects
specified in Table 1.

8. Sampling

8.1 Unless otherwise specified, ASTM Practice E 122
shall be used. When so specified, appropriate sample sizes
shall be selected from each lot in accordance with
MIL-STD-105E. Each quality characteristic shall be
assigned an acceptable guality level {AQL) or lot
tolerance percent defective (LTPD) value in accordance
with MIL-STD-105E definitions for critical, major, and
minor classifications. If desired and so specified in the
contract or order, each of these classifications may
alternatively be assigned cumulative AQL or LTPD
values. Inspection levels shall be agreed upon between the
supplier and the purchaser.

0, Test Methods

NOTE 9 - Silicon wafers are extremely fragile. While the
mechanical dimensions of a wafer can be measured by use
of tools such as micrometer calipers and other
conventional techniques, the wafer may be damaged
physically in ways that are not immediately evident.

Special care must therefore be used in the selection and

execution of measurement methods.

9.1 Diameter - Determine in accordance with ASTM Test
Method F 613.

0.2 Thickness, Center Point - Determine in accordance
with ASTM Test Method ¥ 533 or DIN 5044 1/1.

9.3 Flat Length - Determine in accordance with ASTM
Test Method F 671,

SEMI M1-92
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9.4 Bow and Warp - Determine bow in accordance with
ASTM Test Method ¥ 534 and warp in accordance with
ASTM Test Method F 657.

9.4.1 Sorf - If sori is specified in lieu of bow or warp or
both, determine by a method agreed upon between the
supplier and the purchaser.

NOTE 10 - Because sori is a property of the top surface
of an unclamped wafer, it may be measured on many types
of flatness measuring instruments,

9,5 Total Thickness Variation - Determine in accordance

~with ASTM Test Method “F 533, ASTM Test Method

F 657, DIN 50441/1, or JISH 0611.

NOTE 11 - ASTM Test Method F 533, DIN 50441/1 and
JIS H 0611 are ail § point methods, while Methed F 657
involves a contingous scan pattern. JIS H 0611 differs
from ASTM Test Method F 533 and DIN 5044 1/1, in that
the measurements in JIS H 0611 are taken at the center
and at 5 mm from the edge on diameters parallel and
perpendicular to the major flat, while the measurements
in the latter two test methods are taken at the center and
at the same radial distance (R nominal - 6 mm) on
diameters 30 degrees and 120 degrees counterclockwise
from the bisector to the primary flat or notch (with the
wafer facing front surface up).

9.6 Flat Orientation - Determine in accordance with
ASTM Test Method F 847.

9.7 Surface Orientation - Determine in accordance with
ASTM Test Method F 26 or DIN 50433.

9.8 Orthogonal Misorientation - Determine by a method
agreed upon between the supplier and the purchaser.

9.9 Surface Defects and Contamination - Determine in
accordance with ASTM Practice F 523. The following
conditions shall be used:
a.. Background light intensity:
8+ 2fc {86+ 221ux)
b. Angle (alpha): 45° + 10°
c. Angle (beta): 30° + 10°

See Section 10 for surface defect definitions and Table 1
for allowable levels of defects. In the event the wafers fail
to meet these criteria, they shall be conditioned according
to ASTM Practice F 612 and retested.

NOTE 12 - ASTM Practices F 154 are useful guides for
defining a variety of surface features found on silicon
surfaces and for establishing commonly understood terms
for describing them. It also gives detailed procedures for
illumination and microscopical examination of surfaces.
The presence of contaminating materials on silicon
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