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National Institute of Standards & Technology
ertificate

Standard Reference Material® 640e

Line Position and Line Shape Standard for Powder Diffraction
(Silicon Powder)

This Standard Reference Material (SRM) is intended for use as a standard for calibration of diffraction line positions
and line shapes, determined through powder diffractometry. A unit of SRM 640e consists of approximately 7.5 g of
silicon powder bottled under argon.

Material Description: The SRM was prepared from ultra-high purity, intrinsic silicon boules that were crushed and
jetmilled to a median particle size of4.1 um. The resulting powder was then annealed under gettered argon at 1000 °C
for two hours [1] and bottled under argon. Analysis of X-ray powder diffraction data indicated that the SRM material
is homogeneous with respect to diffraction properties.

Certified Value: The certified lattice parameter for a temperature of 22.5 °C 1s
0.543 117 9 nm £ 0.000 008 nm

The interval defined by this value and its expanded uncertainty (k = 2) is dominated by a Type B uncertainty estimated
from a technical understanding of the measurement data and its distribution. A NIST certified value is a value for
which NIST has the highest confidence in its accuracy in that all known or suspected sources of bias have been
investigated or taken into account. The certified values and uncertainties were calculated according to the method
described in the ISO/JCGM Guide [2]. The measurand is the lattice parameter. Metrological traceability is to the SI
unit for length (expressed as nanometers).

Information Values:  The analyses of the certification data included refinement of the full-width
half-maximum (FWHM) of a Lorentzian profile to account for sample-induced broadening. The angular dependence
of the FWHM term varying as 1/cos @ 1is interpreted as size-induced broadening. The value obtained was consistent
with a mean volume-weighted domain size of approximately 0.4 um. The term varying as tan 6, interpreted as
microstrain, refined to zero. The information values for computed peak positions are given in Table 1. The typical
particle size distribution as determined by laser scattering is given in Figure 1. An information value is considered to
be a value that will be of interest to the SRM user, but insufficient information is available to assess the uncertainty
associated with the value. Information values cannot be used to establish metrological traceability.

Expiration of Certification: The certification of SRM 640e is valid indefinitely, within the uncertainty specified,
provided the SRM is handled and stored in accordance with the instructions given in this certificate (see “Instructions
for Storage™). Periodic recertification of this SRM is not required. The certification is nullified if the SRM is damaged,
contaminated or otherwise modified.

Maintenance of SRM Certification: NIST will monitor this SRM over the period of its certification. If substantive
technical changes occur that affect the certification before the expiration of this certificate, NIST will notify the
purchaser. Registration (see attached sheet or register online) will facilitate notification.

Overall coordination and technical direction of the certification were performed by J.P. Cline of the NIST Materials
Measurement Science Division.

The preparation, measurements and data analyses were performed by J.P. Cline, M.H. Mendenhall, D. Black and
E.G. Kessler of the NIST Materials Measurement Science Divisionand A. Henins of the NIST Quantum Measurement

Division.
John A. Small, Chief
Materials Measurement Science Division
Gaithersburg, MD 20899 Robert L Watters, Jr., Director
Certificate Issue Date: 29 October 2015 Office of Reference Materials
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Calibration Certificate
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Calibration Results: For details see the text below body
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R P e 1) s PR S Add: Institute of Materials Research, Tsinghua Campus, Shenzhen University
Mkl J AR R L DRI 0 e B D MR e Town, Nanshan, Shenzhen, Guangdong, Cllf\a =
i%: 0755-2603-6417 [hl: mdtc.sztsinghua.edu.cn Tel: 0755-2603-6417 Web: mdtc sz tsinghua.edu.cn

HiFlE{F: mdte@sz.tsinghua.edu.cn E-mail: mdtc@sz.tsinghua.edu.cn
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Results of Calibration
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Appearance inspection: Pass.
2. AU3F 20 fnE R

26 angle indication error:

B e . IR A HRBR
PRt WA R E MERE
Expanded Technical
Standard value Indication Error
uncertainty(k=2) requirements
‘ 28.442° +0.03 °
‘ 47302° £0.03 °
56.121° +0.03 ©
\ 69.130° +0.03 ©
‘ 76.377 ° +0.03 °
‘ 88.026° +0.03 °
94,948 © +0.03 ©
106.715° +0.03 °
114.087 © +0.03 ©
127.541 ° +0.03 °
136.890 © : +0.03 °
3. AXES 20 fAEE M. HARER: <0.002°
20 angle repeatability: Technical requirement:
4. ARG HE - BARER:
<60 %
Resolution: Technical requirement:
5. iR Ta E HARER.
<1.5 %/h
Diffraction intensity stability: Technical requirement:
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