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Standard Design and Uncertainty Evaluation of Optical Fiber
Power with High Accuracy

Gao Yesheng Quan Zhike Zheng Guangjin Shi Xueshun

(The 41st Research Institute of China Electronic Technology Group Company, Qingdao, Shandong 266555, China)

Abstract With a measurement system for power and nonlinearity calibration, a suit of calibration facility to measure
optical fiber power meter has been established in this paper. The nonlinearity coefficient of optical fiber power can be
measured with triplet superposition method. The wide spectrum fiber power meter accuracy is largely increased by
cryogenic radiometer, silicon trap detector, thermopile detector coop-eration. The optical input interface is solved by
a conversion clamp. A special method is adopted in this software to eliminate the optical power drift and the
fluctuation of zero power point in order to improve the measurement accuracy. The detailed measurement
uncertainties are estimated and a conclusion is also made.
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Fig. 1 Traceability chain for fiber optic power meter calibration
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Fig. 2 Nonlinearity measurement system
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Table 1 Measurement uncertainty evaluation

list of thermopile spectral responsive

Sequence Uncertainty Uncertainty

Source
number type /%
Laser power measurement
1 / /
/(633nm)

Measurement uncertainty of Si

' 0.05
trap detector spectral responsive
Voltage measurement error
.. 0.0023
of digital voltage meter
Laser power instability B 0. 006
I-V resistance
B 0. 06

measurement error

Voltage measurement error
2 B 0. 004
nanovoltage meter
3 Laser power instability B 0. 006

Combined standard uncertainty / 0.079
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Table 2 Measurement uncertainty evaluation list of

standard detector spectral responsive

Sequence Uncertainty Uncertainty

Source
number type /%
Laser power measurement
4 / /
(thermopiles)
Voltage measurement error
0. 004
nano-voltage meter
Measurement uncertainty of
, , 0.079
thermopile spectral responsive
Semiconductor laser
) o B 0. 29
power instability
Value correction of
thermopiles spectral B 0. 25
responsive
Voltage measurement error
0.0023

of digital voltage meter

Semiconductor laser

power instability

I-V resistance
4 B 0.06
measurement error

5 Fiber connector B 0.17
Combined standard
, / 0.52
uncertainty
AR HEAS AT 4T D 28 00 5 B, I 5 i B 2s B R oy
P = A4 +oP. (13)
Rr

Krfr PR RFIDGET 225 R b HE A B D615 0 1 3 5
r o IV AR s ) A B VO EUFE R R 0P
JIT 12 S A SO i i S Dl R A R 1k

AT Ty 2 00 0 N6 0 BE TS
W P V) W (R

4P Vv’ R
(0.0023)" + (0. 29)* + (0.52)* % = 0.59%.

AH 4 D 5 AN 10 € TE R U = kg = 2 X
0.59%=1.2% (IEA 1, S5 N 952,
E=2),
4.2 RADRFELZENERHEEITE

TCEF AR L PEAE TF 32 2800 5 1 B o BE SR A - o
FRBOCA R ATE W R GRS 28 AL
WO AR 51 R ' i BRI 2% 56 33 i [0 28 1) A2 Ak
A 2 P TSR I X B I AT R AR 25 A ik AT £
WA R 25 . N T 2R

+ +u (3P) =

D FOET 3R E T SR EF T T AR 2t il £
HFEH OEI R ER SRR TR —E Wik E. TR
AR LM R B 58 5 K2 2 min LA 7RI E]
IR I FR A B/ T 0. 05 %, IO IR A R e
5 1 A0 AR AN 2 1B A 0. 05/ (/3)=0. 03,

2) Z AU S 2F ) F 0 F 4 M e 38 0 A 4
iR =2 D S IRIE A SR, T
= R TR E b b e PP =R i BuLil iy s W AN S
B 7= AR i A R 22 76 0,007 % LA P - H e 77 A 1 1
TN E BE R 0.007/(24/3)=0.002%,

3) 't FL RN 8 't 335 w07 25 Bl A ) B Ak i T
I AR OB RS L 5 O ) 2t O 3 i
Jof 28 (18 A Al 32 5 e 1) O /N B T D R 2%
(I OB L (St Ge F InGaAs) s ARG AN [6] A4 LR I
i B G w22 26, 7E 1310 nm A1 1550 nm K
S BIZ 5 RS A S5 R R 25 0. 014 %6, Hi it ™
A (R A R B R 0004 %%,

D IFREREALT A i TR AT IR L M RO
B ARBEAEL AN 100, B ™ 2R 1R 25 /N F0. 01 %%,
BRI AN R B RN AR R SR PR N R

S) P « 3 —FR A3 2 bl T U b 2R G Ml 4R
A= A 5 5 e B B A 2R R 2R G0 4 D 1R 48 5 5 R
(PDL)A K, i T A AR 2 H &R S8 b SR A B[]
NFARSRAR AR AL, 0T LA R X — &85 51 RS0
AN E BEARV/IN D4R R e B K PDL B R 0. 002 dB 5§,
0. 05 %6 AR AN RE BE N 0. 05/(24/3)=0. 014 %,

LT Ty 2T AR M I i AN i 2B T3R8 3

3 LR AR AE L R R BT &

Table 3 Measurement uncertainty evaluation list

of optical fiber power nonlinearity

Sequence Uncertainty Uncertainty
Source
number type /%
1 Laser power instability B 0.03
2 Polynomial truncation B 0.002
Measurement error of
3 , , B 0. 004
optical power responsive
4 Approximate formula B 0. 003
5 Polarization B 0.014
6 Repeatability A 0. 070
Combined standard
, / 0.077
uncertainty
Expanded uncertainty(k=2) / 0.16
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Table 4 Power measurement datum of 81634B optical

fiber power and three standard detectors

Standard 816348 Standard
Measurement

detector power meter detector

error /dB
serial number /dBm /dBm

411G1 —9.635 —9.606 —0.029
411G2 —9.626 —9.596 —0.030
411G3 —9.628 —9.600 —0.028
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