Characterization of Integrating Spheres for Ultraviolet
Radiometry

Ping-Shine Shaw, Zhigang Li, Uwe Arp, Howard W. Yoon,
Robert D. Saunders, and Keith R. Lykke

National Institute of Standards and Technology, Gaithersburg, MD, USA




Integrating Sphere for UV Application

- Irradiance calibration of deuterium lamps using synchrotron radiation at NIST

. Integrating i

I 0 ! sphere |

= '/> T t i

| emperature

n —D . . :

Calculable source E \\ Stabilized PMT :
standard = = ! E
@ - > |

T, ! Monochromator i

Deuterium

lamp : X-Y-Z translation stage !

Facility for Irradiance Calibration Using Synchrotrons (FICUS)




Why integrating sphere?

independent of input light distribution.

= Unpolarized output light.




Measured irradiance of deuterium lamps at FICUS
with combined uncertainty ~ 1.2% (k=2)
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Problem with integrating sphere - instability

Raw data from two days of measuring a deuterium lamp
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Problem with integrating sphere - fluorescence

Relative throughput of an integrating sphere measured with
monochromatic and polychromatic light
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Questions:

What is the cause for the instability and fluorescence In
UV? Are instability and fluorescence correlated?




Problem with integrating sphere — UV fluorescence

Spectral irradiance measurements: effect of uv- Table I. The Percentage Differences: (1) Between the

produced fluorescence in integrating spheres

D, Lamp Spectral Irradiance as Determined by use of a
BaS0Q, Integrating Sphere and as Determined by use of a

: Ground-Suprasil Diffuser; (2) Between the

Robert D. Saunders and William R. Ott D, Lamp Spﬂntrnlplrrad jance as I:}egarmfned by use of a

U.8. National Bureau of Standards, Washington, D.C. Halon Integrating Sphere and as Determined by use of

20234. the Ground-Suprasil Diffuser.

Received 31 January 1976.

Sponsored by W. R. Hunter, U.S. Naval Research Labo- ~ Wavelength (nm) BaS0, Halon

ratory. 350 3.1 14.7

The spectral irradiance of a 30-W deuterium arc lamp 340 3.2 17.3
was determined by comparing it with a tungsten quartz— 330 2.5 16.4

- s : . 320 2.4 12.7

halogen lamp calibrated for spectral irradiance in the 250- 310 19 o1
350-nm region. Becausze the deuterium lamp and the tung- 200 19 T 0
sten lamp subtend different solid angles, four independent 290 1.8 6.5
measurements were carried out by using the following en- 280 1.4 4.3
trance optics to the apﬂctmmeter: (1) a BaSOy coated in- 270 0.8 0.9
tegrating sphere; (2) a Halon! coated mtegratmg sphere; 260 0.3 0.3
(3) no sphere, but a gmund-Supmsll diffuser in front of the 260 0 0

L 1 LT | I

entrance slif

The last twd “|t has been suggested? that these differences could

same result:

- | have been caused by the accumulation of tobacco
smoke on the surface of the sphere.”

Applied Optics, Vol. 15, Page 827, April 1976




UV Characterization of integrating spheres

(1) Laser Induced Fluorescence (LIF)
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Response of a sintered PTFE integrating sphere/monochromator

system from incident laser beam

1.0E+00

# o
+t | 4
o LOEOLYI} 210 nm o LOEOLY | 245 nm |
g ¢ 5
7 7l
¢ 1.0E02 4}, 8 1.0E02 % v
2 Raa e ”
= \ ks
S 10803 v AN S 1.0E03
1.0E-04 N 1.0E-04 \
200 250 300 350 400 450 500 200 250 300 350 400 450 500
wavelength (nm) wavelength (nm)
\\ J L Yy
4 N\ )
h
1.0E-01 T — 1.0E-01
) 284 nm I 356 nm
? ?
S 1.0E02 S 1.0E02
g /wk g
o o /
2 1.0E03 / 2 10603
g '// 3 A N
" 1004 , T 10E04 {yee ’
1.0E-05 1.0E-05
200 250 300 350 400 450 500 200 250 300 350 400 450 500
wavelength (nm) wavelength (nm)
\\ J . J




UV induced fluorescence from typical PTFE integrating spheres
excited by 220 nm laser
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UV Characterization of integrating spheres

(2) Throughput measurement
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Throughput measurements using a deuterium lamp

Recently brought commercial NIST pressed PTFE integrating
sintered PTFE integrating spheres spheres
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Effect of baking a sintered integrating spheres in vacuum
at 90°C for 2 days

Laser induced fluorescence Throughput
0.0050 0.20
A = 220 nm | —before _
— 0.0040 - — after 2 0.15
e
= S
% 0.0030 e
g .St 0.10 -
N [5)
I =
£ 0.0020 £
[¢B) -
§ [ad 0.05 before
0.0010 ~ after
0.00 . : :
0.0000 ' ' ' 200 250 300 350 400
200 300 400 500 600
Wavelength (nm)
Wavelength (nm)

9
Polycyclic Aromatic Hydrocarhons:



Typical structures of Polycyclic Aromatic Hydrocarbon (PAH)

1-ring 2-ring 3-ring

(Benzene) (Naphthalene) (Anthracene)

A common source for PAHSs is the gasoline and diesel fuel.
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Sintered PTFE integrating spheres exposed to gas exhaust

With 220nm excitation laser
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Sintered PTFE integrating spheres exposed to diesel gas exhaust

With 220nm excitation laser
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Throughput of a Sintered PTFE integrating spheres exposed to gas
and diesel exhaust
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Raw data from two days of measuring a deuterium lamp
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Effect of baking integrating spheres in vacuum at 95°C for 2 days

NIST pressed PTFE integrating sphere
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Fluorescence from laser excitation and measurement of the
UV throughput of an integrating sphere are very useful in
characterizing the condition of an integrating sphere.

Fluorescence and instability in the UV are mainly caused by
contamination of the wall coating.

Baking in vacuum can remove some but not all contaminants.

PTFE integrating sphere can be contaminated from
environment by air pollution such as PAHS.




