Understanding your calibration sources is the key to
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Charles Gibson, Natlonal Institute of
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G limate modeling and remote
sensing are some of the areas
that benefit from the use of
spectroradiometers calibrared for spec-
tral irradiance. Spectral irradiance is the
optical power incident per unit area per
unit wavelengeh incerval. Typical units
are microwates per square centimerer
nanometer (WW em™ am™).

Spectroradiometers are calibrared
using specrral irradiance standards trace-
able to SI unirs mainrained ar the
National Mcasurement Instirutes
(NMI). In the United States, the
National Insticuce of Srandards and
Technology (NIST) is the NMI. NIST
issues 1-kW (ANSI designation, FEL)
quarcz-rungsten halogen lamps as stan-
dards of spectral irradiance. The lamps
are calibrated from 250 am to 2400 nm
at discrete wavelengrh invervals and
should be recalibrated after 50 hours
of use.

Just as a measurément is only as
accurate as the inscrument calibration,
the calibrarion is only as accurate as the
standard sclected. To ensure 2 mea-
surement adequare to the application,
the user should answer the following.
questions before purchasing a cali-
brated spectral irradiance scandard.

What is my desired accuracy?
The quality of the standard uscd
direcdy affccrs the quality of the mea-
surement. Compared vo the NIST,
commercial laboratories can provide
standards of spcctral irradiance ac a
lower cost although with higher uncer-
taintes (lower accuracy) intraduced by
the ipcreased traceability chain.
Expanded uncertaindes for che NIST
lamp range from 1.5% ar 250 nm ro
about 0.5% at IR wavelengths.
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What are my lamp intensity
requirements?

For some applicarions, the 1-kW FEL
lamp may be too intense. Such lamps
can significantly heat up a lab and can
cause fires if users are noc carcful.
Commercial labs can provide lower-
lower lamps traceable to the NIST
standards.

What is my measurement
geometry? '
The WIST-issued FEL lamps are cali-
brared at a discance of 50 cm from the
front of the lamp posts, with a receiving
aperture of 1 cm?. If the lamps are used
at any other distances, then the center
of emission of the lamp must be known
such that inverse square law (1/r%) cor-
rections can be applicd to the
calibration. Onc way to estimate the
true center is to use the center of the
lamp posts; bur for higher accuracy,
cach Jamp should be measured for the
true ceater. This can be determined by
knowing the irradiance at scveral dis-
wances. The true center of the light chen
can be determined by extrapolation.
PEL lamps issued from NIST are
calibrated in an upright, base-down
geomeury. If the lamps are used in any
other orientation, convection currents
around the lamp cause temperatucc
changes that lead vo varlations In irra-
diance, particulazly in the wlraviolet.
If the laraps are used with detectors,
which collect light over 2n area larger
than the 1 ¢m? calibravion area, then
the spartial uniformity of the spectral

irradiance must be known. NIST can

provide a spatial mapping of the spec-

eal irradiance.

Do 1 have adequate equipment
to ensure the accurate opera-
tion of the lamps?

A high-accuracy standard lamp is of lit-
te use if the power supplies and che
lamp mounts are nor of sufficient qual-

making accurate spectroradiometric measurements.

ity to accurarely transfer the spectral
irradiance. NIST-issued FEL lamps typ-
ically operate at 8.2 Aat 120 Vin a
currcnt-stabilized mode. The calibraved
shunr resistor and the power supply
should be of sufficient quality thac che
current can be controlled ro ar least 1
paxt in 4096 or about 2 mA at 8.2 A.
The lamps and the lamp mounts also
get quitc warm. The lamp mounts
should be stable under possible harsh
thermal condidons.

How are the NIST spectral irrea-
diance standards traceable to
Si units?

At che NIST, the High-Accuracy
Cryogenic Radiometer (HACR) serves
as the nation’s primary standard for
optical power measurements. The spee-
tral irradiance scale is realized using
filter radiometers calibraced for absoluce
spectral irradiance responsivity derived
from the HACR. The calibrared filter
radiomcters are then used to determine
the radiance tempcerature of a high-
temperature (3000 K) blackbody
(HTBB) with an cxpanded uncerrainty
of 0.86 K. A. precision apercure is placed
in front of the HTBB, and cthe distance
from the HTBB aperture to the recciv-
ing aperrure of the spectroradiometer is
mcasured. The spectral irradiance
responsivity of the spectroradiomerer is
assigned, and the spectroradiomerer is
then used to assign che speceral irradi-
ances of the standard lamps. Thus the
spectral irradiance at NIST is ultimartely
traccable to two SI unics: the ware and
the merer. 0€
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