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Design of conjugated reflectometer

for reflectance measurement
WU Li-xiong"?, WANG Li-jun', LIN Xin-wei', LIU Feng'

(1 State Key Laboratory of Laser Interaction with Matter, Northwest
Institute o f Nuclear Technology ,»Xi’an 710024, China; 2 College of Opto-electric
Science and Engineering , National University of Defense Technology, Changsha 410073, China)

Abstract: A conjugated reflectometer was designed to measure both the total hemispherical reflectance
and the specular reflectance of samples in real-time, and it could also be used for temperature-depend-
ent reflectance measurement. The primary component of the conjugated reflectometer is a hemi-ellip-
soidal shape shell (axis ratio 10 ¢ 9 ¢ 9) with relatively high specular reflectance (=>70% in the spec-
tral ranges from visible light to long-wave infrared) on its inner surface. The measuring principle and
configuration of the reflectometer were introduced. The main influencing factors of collection efficien-
cy including the position of incident port, incident direction, incident beam diameter, collecting aper-
ture, and the reflection property of interior surface of the hemi-ellipsoidal shell were analyzed and sim-
ulated by the ray tracing method qualitatively. Obtained results indicate that a collection efficiency of

97. 8% ratio to entire collection can be obtained by the detecting laser beam with a diameter of 10 mm
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and collecting aperture of 38. 1 mm. Furthermore, the higher degree of fineness is required for a shor-

ter wave measurement; and the collection efficiency for certain area is mainly decided by the specular

reflectance of inner surface with a perfect shape. It is concluded that the key factor for the accuracy

and reliability of measurement is the machining precision of interior surface of hemi-ellipsoidal shell,

therefore,the shape accuracy, degree of fineness and the reflectivity of inner surface are all very im-

portant.

Key words: conjugated reflectometer;reflectance measurement; laser radiation; coulpling characteris-

tics; collection efficiency
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Fig.1 Measuring principle of conjugated reflectometer
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Fig.2 System configuration of conjugated reflecto-

meter

B3 SEE Ot R B A
Fig. 3 Schematic diagram of optical path
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Fig. 4 Distribution of ports on hemi-ellipsoidal dome
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Fig. 5 Analysis model for ray tracing
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Tab.1 Collection efficiency with different ports

Agt BOHL JFAL JHL JHL JHL

jaml 3 1,3 1,2,3  1,2,3,5 1,2,3,4,5
%1 — 96.13% 93.97% 93.60%  92.20%
B3 99.27% 96.10% 93.97% 93.60%  92.20%




%12

SR A S A5 T RS A Y I S B S e i 2525

M1 AT LR IR FLECE I 2, B ROR
TR AE TR ) F LR R ROR R R AR AR
%, HIL, R ] A8 E LT AR IR R R S A
FRACTT L. AARGR J7 R SR AL
FHAL 3 W LRI AR o 454 AL HFFL 1,2,3.5 11
B TRTFR A 25 4 B R TF AL 0 15 DU R Sy 3% 21
4.2 AHAE

HWRYEE 4, R 4 N6E . 3 M 4Rk
BT R AL 1. 2 VIR K A 1 R A
6 25 H T 0 AN TR BT 150 A S8 R4 o ot ' 5 )
S

A LUE L BOE A 3.4 AGTFERE 115 3
A ER I SEBE L 1.2 A G 9 5 A % R 0 3 0
T Al 1 LIS A DRI e A . 8

95 W/m?
90
85
80 )

-20
75 A
70} -15
65 -10
10
15
20

=20-15 ~10 -5 5 10 15 20

X/mm

(a) #1 1.2 A
(a) Through window 1 or 2

10 15 20

10 -20-15-10 5 0 5

5 X/mm

(b) 7 3.4 A4t

(b) Through window 3 or 4
6 ARG A IR B AR it i 1 ' 5 4 A1
Fig. 6 Irradiance distribution of sample plane

through different incident windows
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Fig. 7 Collection efficiency with different incident

beam diameters and collecting apertures
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Tab. 3 Collection efficiency and irradiance distribution of detector plane at different interior surface reflection properties
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Fig. 9 Collection efficiency versus specular reflectiv-
ity of interior surface of hemi-ellipsoidal

dome
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