M1-85
SEM! SPECIFICATIONS FOR

M

POLISHED MONOCRYSTALLINE SILICON SLICES

General Requirements

1. Preface

This specification covers requirements for mono-
crystalline high-purity silicon slices (wafers) used in
semiconductor device manufaciure. Dimensional and
crystallographic orientation characteristics and limits
on surface defects are the only standardized proper-
ties set forth below. '

A complete purchase specification requires that
additional physical properties be defined. These prop-
erties are listed, together with test methods suitable
for determining their magnitude.

This specification is directed specifically to silicon
slices with one polished surface. Slices polished on
both sides, or unpolished, or with epitaxial deposits
are not covered; however, purchasers of such slices
may find this specification to be a useful guide in de-
fining their requirements.

For referee purposes, U.S. customary units shall be
used for slices of 2- and 3-inch nominal diameters,
and SI (System International, commonly called
metric) units for 80-mm and larger diameter slices.

2. Applicable Documents
2.1 ASTM Standards {see Test Methods Section)

E 122 Choice of Sample Size to Estimate Average
Quatity of a Lot or Procsss

F21  Hydrophobic Surface Films by the Atomiz-
er Test

F22  Hydrophobic Surface Films by the Water-
Break Test

F 24 Measuring and Counting Particulate Con-
tamination on Surfaces

F26  Determining the Orientation of a Semicon-
ductive Single Crystal

F 28  Measuring the Minorty-Carrier Lifetime in
Bulk Germanium and Silicon

F42  Conductivity Type of Extrinsic Semicon-
ducting Materials

F43  Resistivity of Semiconductor Materials

F 47  Crystallographic Perfection of Silicon by
Preferential Etch Techniques

F76  Measuring Hall Mobility and Hall Coeffi-
cient in Extrinsic Semiconductor Single
Crystals

F8F  Measuring Radial Resistivity Variation on

Siticon Slices

F 84  Measuring Resistivity of Silicon Slices with
a Collinear Four-Probe Array

F 120 Infrared Absorption Analysis of Impurities
in Single Crystal Semiconductor Materials

F 121 Interstitial Atomic Oxygen Content of Sili-
con by Infrared Absorption

F 123 Substitutional Atomic Carbon Content of
Silicon by Infrared Absorption

F 154 [Identification of Structures and Contami-
nants Seen on Specular Silicon Surfaces

F 391 Minority Carrier Diffusion Length in Sili-
con by Measurement of Steady-State Sur-
face Photovoltage ‘

F 398 Majority Carrier Concentration in Semicon-
ductors by Measurement of Wavelength of
the Plasma Resonance Minimum

F 416 Detection of Swirls and Striations in
Chemically Polished Silicon Wafers

F 419 Net Carrier Density in Silicon Epitaxial
Layers by Voltage-Capacitance of Gated
and Ungated Diodes

F 523 Unaided Visual Inspection of Polished Sili-
con Slices

F 533 Thickness and Thickness Variation of Sili-
con Slices

F 534 Bow of Silicon Slices

F 612 Cleaning Surfaces of Polished Silicon Slices

F 613 Measuring Diameter of Silicon Slices and
Wafers

F 657 Measuring Warp and Total Thickness Vari-.

' ation on Silicon Slices and Wafers by a
Noncontact Scanning Method
F 671 Measuring Fiducial Flat Length and
) Deviation

F 673 Measuring Resistivity of Semiconductor
Slices with a Noncontact Eddy-Current
Gage

F 775 Wafer and Slice Flatness by Interfero-

metric Noncontact Technique

2.2 Other Standards (see Test Methods Section)

MIL-STD-105D Sampling Procedures and Tables
for Inspection by Attributes,

2.3 DIN Standards (available from. Beuth Verlag
GmbH, Burggrafenstrasse 4-10, D-1000 Berlin 30,
Federal Republic of Germany )
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Slices by Means of a.Four-Poim-DC-

50430 Messung des spezifischen elektrischen
Widerstandes von stébformigen Ein- Probe)
kristallen aus Silicium oder Germanium 50438/t Bestimmungdes Verunreinigungsgehaltes
mit dem Zwei-Sonden-Gleichstrom-Ver- in Silicium mittels Infrarot-Absorption;
fahren Sauerstoff
(Measurement of the Electrical Resis- (Determination of mpurity Content in
tivity of Silicon or Germanium Single Silicon by Infrared Absorption; Oxygen)
Crystals in Bars by Means of the Two- 50438/2 Bestimmung des Verunreinigungsgehaltes
Point-Probe Direct Current Method) in Silicium mittels Infrarot-Absorption;
50431 Messung des spezifischen elektrischen Kohilenstoff
Widerstandes von Einkristallen aus Sili- (Determination of Impurity Content in
cium oder Germanium mit dem Vier- Silicon by Infrared Absorption;Carbon)
Sonden - Gleichstrom - Verfahren bei 50440/1 Messung der Rekombinations-Trigerleb-
linearer Anordnung der Sonden ensdauer in Silicium-Einkristallen nach
(Measurement of the Electrical Resis- der Photoleifahigkeitsmethode; Messung
tivity of Silicon or Germanium Singte an quaderformigen Testproben
Crystals by Means of the Four-Point. {Measurement of Recombination Carrier
Probe Direct Current Method with Col- Lifetime in Silicon Single Crystals by
linear Four Probe Array) Means of Photo Conductive Decay
50432 Bestimmung des Leitungstyps von Sili- Msthod; Measurement on Bar-Shaped
cium oder Germanium mittels Richttest Test Samples)
oder Thermosonde 50441/1 Messung der geometrischen Dimen-
(Determination of the Conductivity sionen von Halbleiterscheiben; Messung
Type of Silicon or Germanium by der Dicke
Means of Rectification Test or Hot- {Determination of the Geometric Di-
Probe) mensions of Semiconductor Slices; Mea-
50433/1 Bestimmung der Orentierung von Ein- surement of Thickness)
kristallen mit einen Roentgengoniometer
(Determining the Orientation of Single
Crystals by Means of X-Ray Diffraction) 3. Definitions
504332 Bestimmung der Orientierung von Ein- dopant — a chemical element, usually from the
kristallen nach der Lichtfigurenmethode third or fifth columns of the periodic table, incor
(Determining the Orientation of Single  porated in trace amounts in a semiconductor crystal
Crystals by Means of Optical Reflection {5 establish its conductivity type and resistivity.
Figure) flatness quality area — that portion of the wafer’s
50433/3 Bestimmung der Orientierung von Ein-  gyrface within which the specified flatness value(s)
kristallen mittels Lave-Riickstrahiverfah-  apply. The location is center referenced. The size is
prl : fixed (i.e., independent of wafer periphery tolerances)
(Determination of the Orientation of  defined by three dimensions as shown below.
Single Crystals by Means of Laue Back ) . .
Scattering) Dimension o jPosrtion
50434 Bestimmung der Kristallbaufehler ein- i‘: g?;;gf: g:ﬁﬁ;ﬁhfféﬁﬁ(\ﬁifﬁ3:1)1)
kristalliner Siliciumproben an geiitzten I, Bisects secondary flat (wher secondary
{111} -Flichen flat exists)
(Estimation of the Crystal Perfection of
Monocrystalline Silicon Samples on
Etched {111} Surfaces)
50435 Bestimmung der radialen Variation des

spezifischen elektrischen Widerstandes
an Silicium- oder Germanium-Scheiben
mit dem Vier-Sonden-Gleichstromver-
fahren

(Determination of the Radial Resistivity
Variation of Silicon or Germanium
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global flatness — the maximum TIR or maxi-
mum FPD of the wafer’s front surface, relative to a
Front Side reference plane which isestablished on a
Best Fit basis using all measurement points within
the wafer’s FQA.

lot — for the purposes of this document, (a) all of
the slices of nominally identical size and characteris-
tics contained in a single shipment, or (b) subdivi-
sions of large shipmenis consisting of slices as above
which have been identified by the supplier as con-
stituting a lot.

orthogonal misorientation — in slices cut intention-
ally “off orientation” the angle between the projec-
tion of the vector normal to the slice surface onto the
[111] plane and the projection on that plane of the
nearest {110] direction. See Figure .

site flatness — The maximum TIR or maximum
FPD of a Site on the wafer’s front surface, relative
to a Front Side reference plane which is established
on a best fit basis using all measurement points
within the wafer's FQA.,

4. Ordering Information

4.1 — Purchase orders for silicon slices furnished to
this specification shall include the following items:
4.1.1 Nominal diameter (see appropriate SEMI
specification for polished silicon slices),
4.1.2 Crystal growth method (Note 1),
4.1.3 Surface orientation (see appropriate SEMI
standard specification for polished silicon slices),
4.1.4 Conductivity type (see appropriate SEMI
standard specification for polished silicon slices)
and dopant (Note 1),
4.1.5 Resistivity or resistivity range,
4.1.6 Lot acceptance procedures (see 8),
4.1.7 Certification (if required) (see 11),
4.1.8 Packing and marking (see 12), and
4.1.9 Selection of test method to be used in
evaluating those items for which alternate tests
exist {see 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
{Note 1},

4.2.2 Radial resistivity variation,

4.2.3 Crystal perfection,

4.2.4 Impurities other than common doping ele-
ments (Note 2),

4.2.5 Flatness — The following conditions are
to be specified:

4.2.5.1 Area — dimensions of Flatness Quality

Area (FQA)and whether Global or Site Flatness
is defined.

4.2.5.2 Reference Plane — The number of
points which define the plane, and their locations.
4.2.5.3 Parameter — TIR or FPD.

4.2.6 Hall or conductivity mobility,

4.2.7 Diffusion length,

4,2.8 Minority carrier lifetime.

NOTE | — 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 slices. Verifi-
cation test procedures or certification of these charac-

teristics {see 11) shall be agreed upon between the
supplier and the purchaser,

NOTE 2 — Items 4.2.4, 4.2.5, 4.2.6, and 4.2.7 are
less commonly specified than the others, but are in-
cluded for completeness as parameters for which
methods of evaluation have been developed.

5. Dimensions and Permissible Variations

The material shall conform to the dimensions and
dimensional tolerances as specified in the appropriate
polished silicon slice standard.

6. Materials and Manufacture

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

7. Physical Requirements

7.1 — The material shall conform to the crystal-
lographic orientation details as specified in the appro-
priate polished silicon slice standard.

7.2 — The material shall conform to the details
specified in the purchase order or contract, s follows:
7.2.1 Conductivity type and dopant (Note 1),

7.2.2 Resistivity,

7.2.3 Doping methods and thermal treatment
(Note 1),

7.2.4 Radial resistivity variation,

7.2.5 Crystal perfection,

7.2.6 Amounts of impurities other than com-
mon 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

Unless otherwise specified, Practice E 122 shall be
used. When so specified, appropiiate sample sizes

shall be selected from each lot in accofagye Miiments
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