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Uncertainty Analysis of Measurement System for the High Reflectivity
of Chemical Oxygen lodine Laser Mirrors

Zhang Zheng Ren Weiyan Zhang Shiqiang
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Xi’an . Shaanxi 710024, China

Abstract Chemical oxygen iodine Laser (COIL) power is restricted by the reflectivity of COIL mirrors who are
important parts of COIL, so the reflectivity of COIL mirrors must be tested precisely. The precision of measurement
system is high for the high reflectivity of COIL mirrors based on cavity ring-down spectroscopy, the reflectivity for
an 45° optical mirror of COIL mirrors is 99.979% . Uncertainty of measurement system for the high reflectivity of
COIL mirrors are based on cavity ring-down length, cavity mirrors ring-down time and tested mirrors ring-down
time. By studying the vertex of curve ring-down and tests repetition, it is found that vertex of curve and tests
repetition are sensitive. When ring-down curve is managed, the vertex of curve is properly choosed. Uncertainty
analysis of measurement system for the high reflectivity of COIL mirrors has been done, expanded uncertainty is
0.0152% .
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Fig.4 Decay curve of the straight cavity Fig. 5 Decay curve of the folded cavity
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Table 1 Test results of ring-down time

Number Straight cavity ring-down time/ps Folded cavity ring-down timo/ps
1 6. 3404 4. 48770
2 6. 3189 4,70222
3 6.3273 4.56802
4 6. 3506 4.50891
5] 6.3422 4, 48438
6 6.3251 4. 46051
7 6.3762 4.47928
8 6.4017 4.69755
9 6. 3892 4.66223
10 6.3928 4. 48858
Average value/ps 6.3564 4.5539

‘ reflectivity measurement uncertainty uy ‘
[
measurement mirror ring—down time

measurement uncertainty u;
I

[ [ [ [

ring—down ca'wity
cavity _ mirror
length ““gt{rﬂg Wi ring- | | ring- | |oscillograph | | €€D
measurement measurement down down vertex and current t
uncertainty u; iy certainty u ,| |curve | |fitting | [measurement and LI WL
vertex | | data time time ezl LT
delay

Bl 6 S R A il i R U
Fig. 6 Uncertainty source of reflectivity mearsurment
5.2 AHWEESH
5.2.1 EHEREKRE R EE
WO AT E R FE R RN E ST A, MEBEE R 1 m, Ok R RHRE RN £
0.5 mm, % BRI 5] 43 A1 o I 4 I 18 s o AN 1 2 B2 R
u, = 0.5//3 2 0.2887mm. (5)
5.2.2 MEELR G RN ERHEE
R 4 8 M LA B AR 198 0 X 5 5 o T I TRD I B S S BB . T 0. 028ps,
5.2.3 B RS RNE R AT
o7 1000 5% 5 3 B ) 00 6 AS 8 2 oA VAR i B v i 4 A KR B BE B S T A BN A B L 3 s i R BB AN
JE JE 7 B A R B APL 5 3 335 I 8] 5 LA S A0 2 B2 73 I 0 FsF TR0 2 S ff 2 B ' v 30000 2 i 1 PR A 5
A B AN 5 BE O R I 2 B () S AR 5 | A AN A 2 B2, I o i A PR 5 D AR AS  E E
1) 3 P h 2 e KRR I BOS | A AN B0 08 E ey
Xof [7] — 4% 3 0 M 7R 1T 4R 1) S P B B 10 A 5UVE Ay e RS {1 AU o 3 T 4 U5 75 300 ) o 3 e ) L3 2,
F# 2 wHMAEBUS =5 e LG 4

Table 2 Fitting results for ring-down time after intercept ring-down curve

Number 1 2 3 4 5 6 7 8 9 10
Ring-down time z/ps 4.56570 4.54632 4.55103 4.51521 4.52960 4.48084 4.48362 4.49056 4.47169 4.50936

s102002-4



H I # ot
RCAIEGEEE - ON Y Sua CIPNUE N

us = J(HID[Z (7 —?)Z] = 0.0329ps. (6)
k=1

2) %5 ML E AN FE wse

FI B 43 A B F Origing. O % — YR o Jir 75 19 5 35 Ml 2 64T — B 48 B0 Bl 30 & 200 i 5 1065 pR 4K
APPSR HEDR 254 2. 316 X107 ° . 5 wy AHLL IZ(H /N i, W] Z 8

3) 7 UK A5 W (E HU 6 380 5 35 B 8] 5 DN B AN 06 B s

AR HIRME V S50 RN

V = 0.12867exp[—t/(4.5089 X 10 °)]. (D

FH 7 U g AR A E A5 L R BE B FE R 20, 0mV/div BF B HESS IR B 2 BE w, oM 0. 2% . THIAAR BRI 45 IR

TE AL 30 535 B 8] 51 A AN 5 B2

T %u =0.009 X 107°°, (8)

uss 5wy MR /N, AT 208

4) 7 U5 A5 o B0 S AN R B w

FH 7R U AR FR A UE 15 S B () B FE N 10 s B RS HEZS SR A ANH 22 B 0. 045 %6 . 4% JRIA 5 43 A o B (81300 4 7Y
AHGERE usy 8 0.026% ps,

5) G HLER I 25 10 FRLAS 5 5 L A BN 2 B s

Ot HL I 2 42 SO 0 T i 1 G AR 5 5 K R A FBAE 5 AR A S AR S 0 5 5 e B Ry s T AR 1
AR . DRI ' F R B i R A T LA N A R R A T s 0 LA 3 0 9 B T 5 B AN o R R
AN ARIEER VLA, DU A R e v B O LRI g A AR S A AR MEAS B E B D 0. 5 00 AR ] R D A
MR B AN B 28 B L 11530 AT A5 0 F R D 25 11 AR 5 L AT AN 8 JE s

dt

ws = Shu. = 0.0225 % 10, 9

wss 5wy AR /N AT 28
6) 't HL FE I 25 Bsf B A28 3R 51 A AN B A2 BE s
R B A U8 B A5 L O F R D 25 15F (B B3R 24 Sy 7 s o 17 A W R 95 B [ T RORD B %L R b el B SR B[R] B
AN A2 BE T DL 20
7O T AR E B
FEARR R0 B 45 1 R 64T 10 Y o, Xof i) e A5 B 1Y s g i 2 AT A L T AR 0 5 3 I ) L3R 3,
3 MAFD ST G R RG4S

Table 3 Fitting results for ring-down time in the same condition

Number 1 2 3 4 5 6 7 8 9 10
Ring-down time 7/pus 4.48770 4.70222 4.56802 4.50891 4.48438 4.46051 4.47928 4.69755 4.66223 4.48858
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