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Standard Test Method for
Oxygen Precipitation Characteristics of Silicon Wafers by
Measurement of Interstitial Oxygen Reduction !

This standard is issued under the fixed designation F 1239; 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 epsilone] indicates an editorial change since the last revision or reapproval.

1. Scope F 951 Test Method for Determination of Radial Interstitial

1.1 These test methods cover complementary procedures for Oxygen Variation Silicon Wafe?s _

testing the oxygen precipitation characteristics of silicon wa- F 1188 Test Method for Interstitial Atomic Oxygen Content

fers. It is assumed that the precipitation characteristics are Of Silicon by Infrared Absorptiod

related to the amount of interstitial oxygen lost during specified 2-2 SEMI Standards: . _

thermal cycles. C3.15 Standard for Nitrogen gNin Cylinders, 99.992 %
1.2 These test methods may be used to compare qualita- Quality* _

tively the precipitation characteristics of two or more groups of C 3.22 Standard for Oxygen (D 99.5 % Quality

wafers. C 28 Specifications and Guidelines for Hydrofluoric Atid
1.3 These test methods may be applied to mngr p-type, 2.3 DIN Standard: . _ _

any orientation Czochralski silicon wafers whose thickness, DIN 50438, Part 1 Testing of Materials for Semiconductor

resistivity, and surface finish are such as to permit the oxygen  Teéchnology Determination of Impurity Content in Semi-

concentration to be determined by infrared absorption and _ conductors by Infrared Absorption Oxygen in Silicon

whose oxygen concentration is such as to produce measurable2-4 JEIDA Standard: - _

oxygen loss. JEIDA 61 Standard Tgst Method for Interstitial Atomic
1.4 These test methods are not suitable for determining the OXygen Content of Silicon by Infrared Absorptfon

width or characteristics of a “denuded zone,” a region near th% Summary of Test Method

surface of a wafer that is essentially free of oxide precipitates.” _ )
1.5 Because these test methods are destructive, suitable3-1 A representative sample is selected from each group of

sampling techniques must be employed. wafers to be tested. . N o
1.6 The values stated in SI units are regarded as standard. 3.2 The initial va}lue of mterstltlal_ oxygen concentration is
1.7 This standard does not purport to address all of themeasured by the infrared absorption method at the desired

safety concerns, if any, associated with its use. It is thd?©ints on each wafer. _ _

responsibility of the user of this standard to establish appro- 3-3 The wafers are passed through one of two simulation

priate safety and health practices and determine the applicathermal cycles. Cycle A consists solely of a precipitation step.

bility of regulatory limitations prior to useSpecific hazard CYcle B consists of a nucleation step followed by a precipita-

statements are given in Section 8. tion step. o
3.4 After the thermal cycle, the oxide film is stripped and
2. Referenced Documents the final value of oxygen concentration is measured at the same
2.1 ASTM Standards: points on each wafer using the same technique and instrumen-
D 5127 Guide for Ultra Pure Water Used in the Electronicstation as was used to determine the initial value.
and Semiconductor Indusfry 3.5 The oxygen reduction is determined for each wafer (or

F 1619 Test Method for Measurement of Interstitial Oxygenfor ach point on each wafer) tested as the difference between
Content of Silicon Wafers by Infrared Absorption Spec-the initial and final values.

troscopy withp-Polarized Radiation Incident at the Brew- _ 3-6 If all samples have the same initial oxygen concentra-
ster Anglé tion (within a narrow range), the average oxygen reduction for
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each test condition (such as, group or position on wafer) igan serve as predictors of those expected in actual device

computed, and the appropriate comparisons made. processing only to the extent that the simulation is representa-
3.7 If the samples have initial oxygen concentrations thative of the device process.

cover a relatively wide range, a plot of oxygen reduction

against initial oxygen concentration is made for each group of: APparatus

position. Again appropriate comparisons can be made. 6.1 Infrared Absorption Spectrophotometers specified in
o Test Method F 1188 or DIN 50 438, Part 1.
4. Significance and Use 6.2 Resistance Heated Tube Furnacapable of providing

4.1 Oxide precipitates in the bulk of a silicon wafer can acttemperatures in the range from 750 to 1050°CH2°C over
as gettering sites for contamination that may be introducethe length required to contain the load of wafers to be tested.
during manufacture of circuits and devices. This contaminatioThe furnace shall be fitted with the following:

(usually metallic impurities), if not gettered, can reduce device 6.2.1 Gas Manifold that allows dry oxygen and nitrogen to
manufacturing yields and degrade device or circuit perforbe mixed at the required ratios and flows, (see Table 1);
mance. Thus, the oxygen precipitation characteristics of the 6.2.2 Quartz, Polysilicon, or Silicon Carbide Tupef di-
silicon wafer can significantly affect both yields and perfor-ameter appropriate for the wafers to be tested to isolate the
mance. wafers from external contamination;

4.2 Although interstitial oxygen concentration is an impor-  6.2.3 Quartz Boatsto hold the wafers during processing;
tant factor in affecting the amount of oxygen precipitation that 6.2.4 Loader, to allow controlled insertion of the quartz boat
occurs in silicon during a specific thermal cycle, the presencénto the hot zone, (see Table 1); and
of other impurities such as carbon or nitrogen, and differences 6.2.5 Laminar Flow Load Stationto permit loading of the
in dopant type and density, thermal history, or defect propertiewafers without adding contamination to the surfaces.
of the crystal can also affect the precipitation characteristics. 6.3 Facilities for processing wafers through chem-
Thus, it is frequently necessary to choose particular materiahechanical polishing, or bright acid etching to provide smooth,
properties and preparation techniques to obtain the desireftht surfaces.
precipitation characteristics for a particular application. 6.4 Facilities for dipping the wafers in hydrofluoric acid

4.3 This test method may be used to compare the oxygeprior to the oxygen determination in order to remove the
reduction of two or more groups of silicon wafers. This testsurface oxide film grown during thermal cycling. Suitable
method is based on thermal cycles that simulate certaiprotective clothing, acid disposal facilities, and ventilation
common device processing cycles. shall be provided.

4.3.1 Cycle A a one-step precipitation cycle, provides an 6.5 Facilities for cleaning and drying wafers by a standard
indication of the native nucleation sites present in the asprocess as customarily used in the laboratory performing the
received wafers. test.

4.3.2 Cycle B a two-step nucleation-precipitation cycle, 6.6 Scribe or Laser Markerfor marking the wafers with
simulates the precipitation that occurs in normdflOS device  unique identification (unless premarked wafers are available).
processing. i

4.4 This test method may also be used to determine thé- Reagents and Materials
uniformity of oxygen reduction across a wafer (in conjunction 7.1 Hydrofluoric Acid in accordance with SEMI C 28,
with Practice F 951) or from wafer to wafer within a lot. Grade 1.

4.5 Determination of material performance in actual device 7.2 Oxygen in accordance with SEMI C 3.22.
fabrication situations is beyond the scope of these methods. 7.3 Nitrogen in accordance with SEMI C 3.15.

However, by comparing the results of these tests with actual 7.4 Deionized Waterwith a purity equal to or greater than
device yields and performance, criteria for selection of specifithat specified for Type E-1 in Guide D 5127.
material characteristics may be established.
8. Hazards
5. Interferences 8.1 The acids used in these test methods are hazardous. All

5.1 All factors that affect the infrared absorption measureprecautions normally used with these chemicals should be
ment (including differences in back surface condition, instru-strictly observed. Obtain and read the material safety data sheet
mental characteristics, and wafer resistivity) may cause errongrior to use of any chemical.
in the determination of oxygen reduction.

5.2 If significant quantities of oxygen are outdiffused during TABLE 1 Thermal Cycle Tests for Oxygen Precipitation in Silicon

the thermal_cycles, the measured oxygen red_u<_:ti0_n may not Bgs; a 1050°C for 16 h
representative of the amount of oxygen precipitation. Test B 750°C for 4 h followed by 1050°C for
i i i 16 h
5_.3_ If pr_eC|p|tate size varies from .sample to sample, theFurnace Ambient Nitrogen plus 5 % dry oxygen
variations in measured oxygen reduction may not be represeRzs riow Rate 4.2 + 0.2 Lmin A
tative of variations in the number of oxide precipitates that arePush/pull Temperature 750°C
formed Push/Pull Rate 25 cm/min
' i ., Ramp Up Rate 10°C/min
5.4 The specified thermal cycles may or may.not prowaaqamp Down Rate 5°C/min
adequat_e simulation of the CyC|eS USEtd n .a partlcular device For 155 mm diameter tube; for other diameters flow rajgsshould be propor-
processing sequence. The results obtained in these test methaélgu to the cross sectional area of the tube. ﬁocuﬁﬁents
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