M9-86
SEM| SPECIFICATIONS FOR

POLISHED MONOCRYSTALLINE GALLIUM ARSENIDE SLICES

GENERAL REQUIREMENTS

1. Preface

[.I This specification covers two groups of sub-
strate requirements for monocrystalline high-
purity gallivm arsenide wafers used in semiconduc-
tor and electronic device manufacture. Dimensional
and crystallographic orientation characteristics and
limits on surface defects are the only standardized
properties set forth below.

.2 A complete purchase specification may require
that additional physical, electrical and bulk proper-
ties be defined. These properties are listed together
with test methods suitable for determining their
magnitude where such procedures are documented.

1.3 This specification is directed specifically to gal-
lium arsenide wafers with one or both sides pol-
ished. Unpolished wafers or wafers with epitaxial
films are not covered; however, purchasers of such
wafers may find these specifications helpful in defin-
ing their requirements,

1.4 The material is Single Crystal Gallium Arse-
nide {GaAs) having a cubjc zinc blende structure
and having the following properties. The following
properties are for use as guidelines:

Density 5.316 gm/cm’
Melting 1238°C

Dielectric Constant 3.t ,

Lattice Parameter 5.654 A (Nanometers)
Energy Gap 1.424 ¢V

L5 For reference purposes SI (System Interna-
tional, commonly called metric) units shall be used.

2. ‘Applicable Documents
2.1 ASTM Standards (See Test Methods Section)

E122 . Choice of Sample Size to Estimate Average

Quality of a Lot or Process.

F26 Determining the Orientation of a Semi-
conductive Single Crystal.

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

Crystals,

F154  Identification of Structures and Contami-
nants seen on Specular Silicon Surfaces.

F523 © Unaided Visual Inspection of Polished Sil-
icon Slices.

F533  Thickness and Thickness Variation of Sil-

icon Slices.

F534  Bow of Silicon Slices.

F613  Measuring Diameter of Silicon Slices and
Wafers.

F657 Measuring Warp and Total Thickness
Variation on Siiicon Slices and Wafers by a
Nencontact Scanning Method.

F671  Measuring Fiducial Flat Length and Devi-

ation.
2.2 Other Standards

MIL-STD-105D - Sampling Procedures and In-
spection by attributes.

3. Definitions

3.1 Bow — of a semiconductor slice or wafer, a
measuze of concave or convex deformation of the
median surface of a slice or wafer, independent of
any thickness variation which may be present. Bow
is a bulk property of the test specimen, not a prop-
erty of an exposed surface. Generally, bow is deter-
mined with a test specimen in a free, unclamped
condition. Units of bow are generally micrometers
or inches,

3.2 Dopant — achemical element, usually from the
second, fourth or sixth columns of the periodic
table, for the case of III-V compounds, incor-
porated in trace ainounts in a semiconductor crys-
tal to establish its conductivity type and resistivity.

3.3 Lot — for the purpose of this document, (a} all
of the wafers of nominally identicial size and char-
acteristics 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.

3.4 Orthogonal Misorientation — in {100} wafers
cut intentionally “off-orientation’” the angle batween
the projection of the vector normal to the slice
surface onto the {100} plane and the projection on
that plane of the nearest <I10>> direction. {See
Figure 3).

3.5 Total Thickness Variation — (TTV) the differ-
ence between the maximum and minimum thick-
ness values of a slice or wafer encountered during a
scan pattern or a series of point requirements. TTV
is generally expressed in micrometers or mils (thou-
sands of an inch).

3.6 Warp — of a semiconductor slice ﬁ m
difference between the maxinym angj ﬁl 1“ ents
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distances of the median surface of the slice or wafer
from a reference plane, encountered during a scan
pattern. Warp is a bulk property of the test speci-
men, not a property of an exposed surface. Warp is
generally expressed in micrometers or mils (thou-
sandts of an inch),

4. Ordering Information

4.1 Purchase orders for gallium arsenide wafers
furnished to this specification shall include the fol-
lowing items:;

4.1.1 Nominal diameter (sec applicable SEMI
Standard for polished GaAs wafers)

4.1.2 Thickness (see applicable SEMI Standard for
polished GaAs wafers)

4.1.3 Total Thickness Variation (See applicable _
SEMI Standard for polished GaAs wafers)

4.1.4 Surface orientation (see appropriate SEMI
Standard for polished GaAs wafers)

4.1.5 Lot acceptance procedures (See 8, Sampling)
4.1.6 Certification (See 1. Certification)

4.1.7 Packing and Marking (See 12, Packing and
Marking)

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

4.2.1 Crystal growth method

4.2.2 Etch Pit Density (EPD) of Crystal
4.2.3 Crystal Growth Perfection

4.2.4 Impurity Type

4.2.5 Surface Condition of Wafer

4.2.6 Mobility

4.2,7 Resistivity

4,2.8 Carrier Concentration

4.2.9 Thermal Conversion Characteristics

5. Dimensions and Permissible Variations

5.1 The material shall conform to the dimensions
and dimensional tolerances as specified in the appli-
cable polished gallium arsenide slice standard.

6. Materials and Manufacture

6.1 The material shall consist of wafers from ingots
grown to the material definition specified in the
purchase order or contract,

7. Physical Requirements

7.1 The material shall conform to the crystallogra-
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phic orientation details as specified in the applicable
polished gallium arsenide slice standard.

7.2 The material shall conformto the details speci-
{ied in the purchase order or contract, as follows:
7.2.1 Conduction Type

7.2.2 Dopant

7.2.3 Carrier Concentration

7.2.4 Resistivity

7.2.5 Thermal Conversion Characteristics

7.2.6 Etch Pit Density

7.2.7 Mobility

7.2.8 Surface Characteristics

7.2.9 Growth Methods

8. Sampling

8.1 Unless otherwise specified, Practice E 122 shall
be used. When so specified, appropriate sample
sizes shall be selected from each lot in accordance
with MIL-STD-105D. Each quality characteristic
shall be assigned an acceptable quality level (AQL)
or lot total percent defective (LTPD) value in
accordance with MIL-STD-105D 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 LTPI} values, Inspection levels
shall be agreed upon between the supplier and the
purchaser.

9. Test Methods

9.1 Diameter — Determined by method F 613,

9.2 Thickness, Center Point — Determined by
method F 533,

NOTE 2 — GaAs wafers are extremely fragile. While the
mechanical dimensions of a slice can be measured by use
of tools such as a micrometer calipers and other conven-
tional techniques, the slice may be damaged physically in
ways that are not immediately evidient. Spectal care must
therefore be used in the selection and execution of mea-
surement methods.

9.3 Flat Length — Determined by method F 671,

9.4 Flat Orientation — Determined by etching
method identified in appropriate SEMI Specifica-
tion for polished GaAs wafers.

9.5 Total Thickness Variation — Determined by
method F 533 or F 657.

9.6 Surface Orientation — Determined bP@@@ments

F 26.
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9.7 Orthogonal Misorientation — Determined by
a method agreed upon between the supplier and
purchaser.

9.8 Surface Defects and Contamination — Deter-
mined by a method agreed upon between the sup-
plier and purchaser. :

8.9 Mobility — Determined by method F 76.

9.10 Crystal Perfection — Determined by a method
agreed upon between the supplier and purchaser,

10. Standard Defect Limits

10.1 Determined by agreement between vendor
and custormer as to limits,

1. Certification

IL.1 Upon request of the purchaser in the contract
or order, amanufacturer’s or supplier’s certification
that the material was manufactured and tested in
accordance with this specification together with a
report of the test results shall be furnished at the
time of shipment.

1.2 In the interest of controiling inspection costs,
the supplier and the purchaser may agree that the
material shall be certified as “capable of meeting®
certain requirements. In this context, “capable of
meeting” shall signify that the supplier is not
required to perform the appropriate tests in 9.
However, if the purchaser performs the test and the

material fails to meet the requirement, the material
may be subject to rejection.

12. Packing and Marking

I2.1 Special packing and marking requirements
shall be subject to agreement between the supplier
and the purchaser. Otherwise, all wafers shall be
handled, inspected, and packed in such a manner as
to avoid chipping, scratches, and contamination,
and in accordance with the best industry practices
to provide ample protection against damage during
shipment.

12.2 The wafers supplied under this specification
shall be identifted by appropriately [abeling the out-
side of each box or other container and each subdi-
vision thereof in which it may reasonably be
expected that the wafers wiil be stored prior to
further processing. Identification shall include as a
minimumthe nominal diameter, conductive dopant,
orientation, resistivity range, and lot number. The
lot number, either (1) assigned by the original manu-
facturer of the wafers, or (2) assigned subsequent to
slice manufacture but providing reference to the
original lot number, shall provide easy access to
information concerning the fabrication history of
the particular wafers in that lot, Such information
shall be retained on file at the manufacturer’s facil-

ity for at least one month or as negotiated between

vendor and user after that particular lot has been
accepted by the purchaser.

NOTICE: SEMI makes no warranties or representations as to the suitability of the standards set forth
herein for any particular application. The determination of the suitability of the standard is solely the
responsibility of the user. Users are cautioned to refer to manufacturer’s instructions, product labels,
product data sheets, and other relevant literature respecting any materials mentioned herein. These stan-

dards are subject to change without notice.
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