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ABSTRACT

A new facility for the measurement of spectral emittance (emissivity) of materials that employs a set of blackbody
sources is being built at NIST. This facility has also been used to investigate the capabilities of Fourier transform (FT)
spectrometers to characterize the spectral emissivity of blackbody sources. The facility covers the spectral range of 1 um
to 20 um and temperatures from 600 K to 1400 K. The principle of operation involves the spectral comparison of an
unknown source with a group of variable temperature and fixed point reference sources by means of the FT spectrometer
and filter radiometers. Sample surface temperature is measured by non-contact method using a sphere reflectometer. The
current reflectometer setup allows measurements of opaque samples, but it is planned to include semitransparent
materials at alater stage.
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1. INTRODUCTION

To meet the growing needs for data and standards of emittance of materials, a facility for the characterization of infrared
spectral emittance has been under development at NIST for the past several years." The facility is designed to provide
emittance measurement capability in support of the requirements of a wide number of industries and applications
including metals, glass, semiconductor, and plastics processing, aerospace and defense, energy, remote sensing, building
and fire research, medicine, etc.

The facility is part of the Fourier Transform Infrared Spectrophotometry Laboratory devoted to the characterization of
the optical properties of solid materials. The Laboratory covers the infrared spectral range of 1 um to 100 um, with
particular emphasis on the 2 pum to 20 um region. It is built around several commercial Fourier transform infrared
(FTIR) instruments. Custom specialized accessories have been developed to enable transmittance and reflectance
measurements of a wide variety of sample types and under the variable control of measurement geometry, beam
polarization and sample temperature. >>*> Methodologies and new techniques have been developed for high accuracy
measurements.®’ In addition to the directly measured quantities, these have also been implemented for other properties
such as refractive index and Mueller matrix elements. With the advent of the new emittance facility, we have added
direct emittance to the suite of measured properties.

The emittance facility is envisioned to be comprehensive for the characterization of solid samples, specular and diffuse,
opague and transparent, at temperatures from 250 K to 1400 K, wavelengths from 1 um to > 20 um, and angles from 0°
to > 75°. The development of the emittance facility is proceeding in 3 stages. Stage 1 - opaque samples, 600 K < T <
1400 K; Stage 2 — opaque samples, 290 K < T < 600 K; Stage 3 — transparent samples. Stage 1 has recently been
completed.

2. MEASUREMENT METHOD AND INSTRUMENTATION

For the direct measurement of spectral emittance of a material, one must compare the spectral radiance of a sample to
that of a blackbody at the same temperature. This requires several system and measurement components. (1) blackbody
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sources at the appropriate temperature, and a means of determining the temperature; (2) sample hardware for heating
and manipulation, along with (3) a means of accurate temperature measurement; (4) a spectrometer such as an FTIR;
and (5) an interface optics system for viewing the blackbody and sample and switching between them. The emittance
characterization facility consists of severa major subsystems designed to accomplish these requirements. These are
shown schematically in Figure 1. A reference source system consists of several blackbodies covering different
temperature regions that can be selected via a trandation stage. A sample system consists of severa interchangeable
heater mounts and manipulation stages. The interface optics is not shown except for the rotatable mirrors, #1 for source
selection and #2 for detector selection. The emitted radiation is measured with an FTIR Spectrometer or filter
radiometer, as selected by means of mirror #2 and a trandation stage. As the primary means of sample temperature
measurement, an integrating sphere reflectometer with a calibrated reference sample is used. The additional components
shown selectable by mirror #1 are planned for the low temperature Stage 2: a liquid N, blackbody and sample inside a
blackbody reflectometer.
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Figure 1. Schematic of Infrared Spectral Emittance Characterization Facility. Radiation from blackbody reference sources (to the left)
is compared with that from a sample (located opposite the blackbodies) viarotation of a selection mirror #1. It proceeds through a set
of interface optics (not shown) and is measured with an FTIR Spectrometer or filter radiometer, selected by means of mirror #2. For
sample temperature measurement, a sphere reflectometer with a calibrated reference sample is used. The additional components
shown are planned for low temperature measurements: mirror #1 will select a liquid N, blackbody and a sample mounted inside a
blackbody reflectometer.

An overview of key components of the facility (including al Phases) and their relationship is shown in Figure 2. The
temperature ranges from right (250 K) to left (1400 K). At the top are listed the fixed-point blackbody sources that are
used to define the temperature scale according to ITS-90. The emittance facility has two fixed-point furnaces with
interchangeable crucibles that contain In, Sn, Zn, and Al, Ag, and Cu, respectively. In addition the facility has four
variable temperature blackbodies. a low temperature blackbody controlled by a fluid bath recirculator, and three
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blackbodies containing water, cesium and sodium heat pipes. Between these are shown four filter radiometers. InSb at
3700 nm, InGaAs at 1550 nm, Si at 900 nm, and Si at 650 nm. These radiometers have a dual purpose: first to transfer
the temperature scale from the fixed-points to the variable temperature blackbodies, and second to perform the
measurements together with the integrating sphere reflectometer for sample temperature determination. For monitoring
the stability of the blackbodies, platinum resistance thermometers are used below 900 K, and a silicon optical pyrometer
above 850 K. In addition, an InGaAs pyrometer may be built for Phase 2. For sample temperature measurement contact
thermometers are used for lower temperatures. For temperatures above 500 K and especially for poorly conducting
samples, we employ a non-contact method described below that includes the use of an integrating sphere reflectometer.
For Phase 3, ablack sphere reflectometer will be constructed.

2.1. Reference Sour ce System

The blackbody reference source system consisting of six blackbodies and control electronics is shown mounted on a
motorized trandation stage in Figure 3. The variable temperature blackbodies have matching temperature-controlled
apertures, water cooling and gas purge lines, and temperature sensors within both the heating elements and heat pipes.
They are specifically constructed to provide excellent stability and uniformity, and an optimized cavity design with a
high emittance paint coating. At the same time the design provides sufficient area, solid angle and consequent flux to
serve as reference for sample spectral emittance characterization with apertures up to 12 mm and FOV of f/7, and to fit
with alimited footprint onto the base optical table and within its own purged light-tight box.

METHODS AND INSTRUMENTATION FOR SPECTRAL
EMITTANCE MEASUREMENTS OF MATERIALS AND BLACKBODY SOURCES
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Figure 2. Overview of key elements of the emittance characterization facility showing the temperature range coverage and
corresponding relationship to each other. Elements for Phases 2 and 3 are shown in gray.
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