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superscript epsilonef 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 Variatior? . .
testing the oxygen precipitation characteristics of silicon wa- F 118_8_ Test Method for Interstl_t%I Atomic Oxygen Content
fers. It is assumed that the precipitation characteristics are _©f Silicon by Infrared Absorptio

related to the amount of interstitial oxygen lost during specified 2.2 SEM.' .Sta_ndards:
thermal cycles. C 1 Specifications for Reagerits

C 3 Specifications for Gasés

2.3 Other Standard:

DIN 50 438, Part 1 Testing of Materials for Semiconductor
Technology Determination of Impurity Content in Semi-
conductors by Infrared Absorption Oxygen in Silicbn

1.2 These test methods may be used to compare qualita-
tively the precipitation characteristics of two or more groups of
wafers.

1.3 These test methods may be applied to ngr p-type,
any orientation Czochralski silicon wafers whose thickness,
resistivity, and surface finish are such as to permit the oxygeB8, Summary of Test Method
concentration to be determined by infrared absorption and 3
whose oxygen concentration is such as to produce measura%f

oxygen loss. 3.2 The initial value of interstitial oxygen concentration is

‘1.4 These test methods are not suitable for determining thg,e 4 red by the infrared absorption method at the desired
width or characteristics of a “denuded zone,” a region near th‘?)oints on each wafer.

surface of a wafer that is essentially free of oxide precipitates. 3 3 The wafers are passed through one of two simulation

1.5 Because these test methods are destructive, suitaliermal cycles. Cycle A consists solely of a precipitation step.
sampling techniques must be employed. Cycle B consists of a nucleation step followed by a precipita-

1.6 The values stated in Sl units are regarded as standargion step.

1.7 This standard does not purport to address all of the 3.4 After the thermal cycle, the oxide film is stripped and
safety concerns, if any, associated with its use. It is thdhe final value of oxygen concentration is measured at the same
responsibility of the user of this standard to establish appro{oints on each wafer using the same technique and instrumen-
priate safety and health practices and determine the applicatation as was used to determine the initial value.
bility of regulatory limitations prior to useSpecific hazard 3.5 The oxygen reduction is determined for each wafer (or

.1 Arepresentative sample is selected from each group of
ers to be tested.

statements are given in Section 8. for each point on each wafer) tested as the difference between

the initial and final values.

2. Referenced Documents 3.6 If all samples have the same initial oxygen concentra-
21 ASTM Standards: tion (within a narrow range), the average oxygen reduction for
D 1193 Specification For Reagent Waer each test condition (such as, group or position on wafer) is
F 416 Test Method for Detection of Oxidation Induced COMPUted, and the appropriate comparisons made.

Defects in Polished Silicon Wafe?s 3.7 If the s_amples. have initial oxygen concentrations t.hat
F 612 Practice for Cleaning Surfaces of Polished SilicorCOVer @ relatively wide range, a plot of oxygen reduction
Slices? against initial oxygen concentration is made for each group or

position. Again appropriate comparisons can be made.

! These test methods are under the jurisdiction of ASTM Committee F-01 on4' S|gn|f|cance and Use

Electronics and are the direct responsibility of Subcommittee F01.06 on Silicon 4.1 Oxide precipitates in the bulk of a silicon substrate
Materials and Process Control.

Current edition approved Aug. 15, 1994. Published October 1994. Originallywalcer can act as gettering sites for contamination that may be
published as F 1239 — 89. Last previous edition F 1239 — 89.
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introduced during manufacture of circuits and devices. This 6.2.1 Gas Manifold that allows dry oxygen and nitrogen to
contamination (usually metallic impurities) if not gettered, canbe mixed at the required ratios and flows, (see Table 1);
reduce device manufacturing yields and degrade device or 6.2.2 Quartz, Polysilicon, or Silicon Carbide Tupef di-
circuit performance. Thus, the oxygen precipitation characterameter appropriate for the wafers to be tested to isolate the
istics of the substrate wafer can significantly affect both yieldsvafers from external contamination;
and performance. 6.2.3 Quartz Boatsto hold the wafers during processing;
4.2 Although interstitial oxygen concentration is the most 6.2.4 Loader, to allow controlled insertion of the quartz boat
important factor in affecting the amount of oxygen precipita-into the hot zone, (see Table 1); and
tion that occurs in silicon during a specific thermal cycle, the 6.2.5 Laminar Flow Load Stationto permit loading of the
presence of other impurities such as carbon and differences imafers without adding contamination to the surfaces.
dopant type and density, thermal history, or defect properties of 6.3 Facilities for processing wafers through chem-
the crystal can also affect the precipitation characteristicsmechanical polishing, or bright acid etching to provide smooth,
Thus, it is frequently necessary to choose particular characteflat surfaces.
istics for a particular application. 6.4 Facilities for dipping the wafers in hydrofluoric acid
4.3 These test methods may be used to compare the oxygenior to the oxygen determination in order to remove the
precipitation characteristics of two or more groups of siliconsurface oxide film grown during thermal cycling. Suitable
wafers. These test methods are based on thermal cycles thabtective clothing, acid disposal facilities, and ventilation
simulate certain common device processing cycles. shall be provided.
4.3.1 Cycle A a one-step precipitation cycle, provides an 6.5 Facilities for cleaning wafers by a standard process, for
indication of the native nucleation sites present in the asexample, that specified in Practice F 612.
received wafers. 6.6 Scribe or Laser Markerfor marking the wafers with
4.3.2 Cycle B a two-step nucleation-precipitation cycle, unique identification (unless premarked wafers are available).
simulates the precipitation that occurs in norm&llOS device )
processing. 7. Reagents and Materials
4.4 These test methods may also be used to determine the7.1 Electronic Grade Hydrofluoric Acidn accordance with
uniformity of oxygen precipitation characteristics across aSEMI Specification C 1.8.
wafer or from wafer to wafer within a lot. 7.2 Electronic Grade Oxygenin accordance with SEMI
4.5 Determination of material performance in actual deviceSpecification C 3.16.
fabrication situations is beyond the scope of these methods. 7.3 Carrier Grade Nitrogen in accordance with SEMI
However, by comparing the results of these tests with actugbpecification C 3.15.
device yields and performance, criteria for selection of specific 7.4 Deionized Waterwith a resistivity equal to or greater
material characteristics may be established. than that specified for Type Il Reagent Water in Specification
D 1193.
5. Interferences
5.1 All factors that affect the infrared absorption measure8. Hazards
ment (including differences in back surface condition, instru- 8.1 The acids used in these test methods are hazardous. All
mental characteristics, and wafer resistivity) may cause errofsrecautions normally used with these chemicals should be
in the determination of oxygen reduction. strictly observed. Obtain and read the material safety data sheet
5.2 If significant quantities of oxygen are outdiffused duringprior to use of any chemical.
the thermal cycles, the measured oxygen reduction may not be
representative of the amount of oxygen precipitation. 9. Selection and Preparation of Test Specimens
5.3 If precipitate size varies from sample to sample, the 9.1 Choose test wafers from each group being tested in such
variations in measured oxygen reduction may not be represea- way as to cover the entire range of oxygen concentration
tative of variations in the number of oxide precipitates that arefound in the group. Choose at least two wafers with oxygen
formed. concentration in each 0.5 ppm (IOC-8&)terval in the range.
5.4 The specified thermal cycles may or may not provide
adequate simulation of the cycles used in a particular device——
processing sequence. The results obtained in these test method$As defined in Test Method F 1188.
can serve as predictors of those expected in actual device
processing only to the extent that the simulation is representaABLE 1 Thermal Cycle Tests for Oxygen Precipitation in Silicon

tive of the device process. Test A 1050°C for 16 h
Test B 750°C for 4 h followed by 1050°C for
6. Apparatus 16 h
. . . Furnace Ambient Nitrogen plus 5 % dry oxygen

6.1 Infrared Absorption Spectrophotometears specified in gas Flow Rate 42 202 LimnA
Test Method F 1188 or DIN 50 438, Part 1. Push/Pull Temperature 750°C

6.2 Resistance Heated Tube Furnacapable of providing Push/Pull Rate 25 cm/min

. ° o Ramp Up Rate 10°C/min

temperatures in the range from 750 to 1050°CH2°C over  ramp Down Rate 5°C/min
the Iength requwed to .Coma"_] the load of 'Wafers to be tested. For 155 mm diameter tube; for other diameters flow rate should be propor-
The furnace shall be fitted with the following: tional to the cross sectional area of the tube.
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For example, if the oxygen concentration range of a group is 3vafer as specified by an appropriate pattern in Test Method

ppma, at least 12 wafers from that group should be tested. F 951. Record the oxygen value(s), the wafer identification,
9.2 Test wafers must have thickness, resistivity, and surfacand measurement locations. Record the date of the test and the

finish as required by the oxygen test method being used. instrument used in measuring the oxygen concentration. See
9.3 ldentify each test wafer individually with an alphanu- Fig. 1 for a suggested data sheet format.

meric laser marking or a hand scribed code. 10.2 Clean the wafers in accordance with Practice F 612 or
9.4 Prepare the wafers in accordance with Test Methodvith the usual wafer cleaning procedure employed by the
F 1188. laboratory performing the test.
10.3 Process the samples as soon after cleaning as possible.
10. Procedure If the samples must be stored between cleaning and processing,

10.1 Determine the initial interstitial oxygen concentrationstore in clean covered cassettes.
of each wafer to be tested at the center in accordance with Test10.4 Preheat the furnace to the push temperature, (see Table
Methods F 1188 or DIN 50 438, Part 1. If desired, measure thé).
interstitial oxygen concentration at other locations on each 10.5 Load the wafers into quartz boats, being careful to

Date of Initial (O,) Reading Operator.

Spectrometer Identification

Date of Heat Treatment Operator.

Precipitation Test

(TEST A OR TEST B)
Date of Final (O,) Reading Operator.
Group identification
(LOT NUMBER AND MEASUREMENT LOCATION)
Wafer Identification Initial (O) Final () (0) Reduction Average Initial (O)* | Standard Deviation* g‘gﬂgﬁéﬁ)

Y - LA R ————— L N T DT R

Stdbev? | 1 —— ] m——_——— ) ———_——— | —————

A Apply only to interpretation by Method 2 (see 11.2.2).
8 Average and Standard Deviation of Initial O, and O, Reduction apply only to interpretation by Method 1 (see 11.2.1).

FIG. 1 Suggested Data Sheet Format

3



iy F 1239

avoid binding. Handle wafers only with a clean, nonmetallic
vacuum pick-up to avoid scratching or contaminating the
surface.

10.6 Uncap the inlet end of the working tube, place the
loaded boat just inside the entrance, engage the push/pull rod
and push into the hot zone at the specified rate, (see Table L.

10.7 Heat treat in accordance with Cycle A or Cycle B, (se&;
Table 1). Record the date of the heat treatment and the cche
used. g

10.8 Strip the surface oxide from the wafers with hydrof—é

o

luororic acid, (HF) and thoroughly clean them in accordance;

INTERLAB OXYGEN PRECIPITATION TEST

CYCLE A — LAB 3

with the post-oxidation etching procedure in the Procedure 5] "t 0 x
Section of Test Method F 416. .
10.9 Measure the post heat treatment interstitial oxygen 2] ;ﬂ% x®

concentration at each point measured before heat treatment.
Use the same instrument and set up for this measurement as

was used for the initial measurement. Record each final oxygen «

concentration on the same data sheet as was used to recofdG. 2 Oxygen Reduction in Wafers from Six Groups (V1 to V6)
Following Exposure to One-Step Cycle A as Measured by

initial oxygen concentration.

11. Calculation and Interpretation of Results
11.1 Subtract each final oxygen concentration value from

o0 -P(E%’)ém

12

Vi

T T T T T T
14 18 18 20 22

Inftlal Oxygen Cone. (ppma, 10C~BB)
+ vz o V3 5 V4 X Vs

Laboratory 3

INTERLAB OXYGEN PRECIPITATION TEST

CYCLE A — LAE 4

v

24

the corresponding initial oxygen concentration value to deter- 20
mine the oxygen reduction. Record the oxygen reduction. ]

11.2 Interpret the results by Method 1 or Method 2 as 17 -
follows: 1o

11.2.1 Method 1 g

11.2.1.1 Use this method when the desired target oxygeb - o
concentration is already known, when each group tested hq;s o
the same target oxygen concentration, and when the range éf - o
oxygen concentration values measured in each group hasa ] °
range less than 4 ppma (IOC-88Jhis method cannot be used 3 - x
if the average initial oxygen concentrations of the groups tested V] toa x
differ by more than 0.5 ppma (I0C-88). 54

11.2.1.2 Determine the averages and standard deviations of ~ ; o o ., oo x oy B S vl

the initial oxygen concentration and oxygen reduction for each 0
group of wafers tested.

11.2.1.3 If the average oxygen reduction values of the * N _
groups tested agree to within a desired amount, consider thd 'G#O?I()O\I;(iﬁgegxiggﬂrcg'?g gn\é\f"ggps fcrsg?esl_'\xafr&i‘;ssé\rgdtgyve)
groups equivalent. Laboratory 4

11.2.2 Method 2

11.2.2.1 Use this method to de-couple oxygen content angxygen reduction changes rapidly with increasing initial oxy-
precipitation behavior to obtairl) a qualitative overview of gen concentration); at high initial oxygen concentration full
the precipitation characteristics of the groups tested 2nthé  precipitation occurs (in this region, oxygen reduction is pro-
important features of the characteristic precipitation curve. portional to initial oxygen concentration).

11.2.2.2 Bin the oxygen reduction data for each group so 11.2.2.6 Compare the curves obtained for each group. If the
that all wafers with oxygen concentration within each 0.5 ppmajata for each group falls within a band of suitable width,
interval are included in the same bin. consider the groups equivalent.

11.2.2.3 Calculate the average of the initial oxygen concen-
tration and the oxygen reduction for each bin in each group.12. Report

11.2.2.4 Plot the average oxygen reductions against averagel2.1 Report the following for each group tested:
initial oxygen concentrations for each group tested. Use a 12.1.1 ldentification of group (lot number, location of mea-
different symbol to distinguish the data for each group. Seesurement point on wafer, center or edge, etc.),
Figs. 2-5 for examples of such plots. 12.1.2 Dates of initial and final oxygen measurement and of

11.2.2.5 Note that the curves have three characteristic rehe heat treatment and identification of operators for measure-
gions, as illustrated by distinct slope change in Fig. 3 and Figment and heat treatment,
4. At low initial oxygen concentration there is essentially no 12.1.3 Identification of infrared spectrophotometer used,
oxygen reduction; at some value of initial oxygen concentra- 12.1.4 Table of initial and final oxygen concentrations for
tion partial precipitation occurs (in this transition region, each wafer measured, and

12 14 16 18 20 22 24

Initlal Oxygen Conc. (ppma, 10C—88)
° V3 A V4 X vs v Ve

4
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CYCLE B - LAR 3

iy F 1239

INTERLAB OXYGEN PRECIPITATION TEST

CYCLE B — LAB 4
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FIG. 4 Oxygen Reduction in Wafers from Six Groups (V1 to V6)
Following Exposure to Two-Step Cycle B as Measured by
Laboratory 3

FIG. 5 Oxygen Reduction in Wafers from Six Groups (V1 to V6)
Following Exposure to Two-Step Cycle B as Measured by
Laboratory 4

12.1.5 Averages and standard deviations of the initial oxy-
gen content and oxygen reduction for each group tested.
12.2 In addition, if Method 2 was used, report the following:
12.2.1 Table of average initial oxygen concentration and 14.1 interstitial oxygen; oxygen precipitation; silicon
average oxygen reduction for each bin in each group, and
12.2.2 Graph of average oxygen reductions against average
initial oxygen concentrations for each group.

14. Keywords

13. Precision

13.1 Wafers from six different groups with different back
surface conditions were processed in two laboratories and
combined. Both Cycles A and B were used. Measurements of
initial and final oxygen concentrations on all wafers tested
were made at two other laboratories.

13.2 The wafers within each group did not meet the
2-wafer/0.5 ppma interval required by these test methods.

13.3 Nevertheless, from the plots reproduced as Figs. 2-5,
both measurement laboratories (that employed different FT-IR
spectrophotometers for making the oxygen determinations at
the center of the wafers only) concluded that the wafers from
Groups V1, V3, V4, V5, and V6 were essentially equivalent
but those from Group V2 had increased precipitation in the
transition region.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
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