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Abstract: The dynamic range of the transfer detector, which traces back to the national radiation power
standard, 1s less than 1 mW, far below the target power of the solar radiation monitor, making it impossi-
ble to verify the absolute accuracy of the solar radiation monitor. To expand the dynamic range of the radia-
tion power standard, a comparison detector with a dynamic range of 10 mW was developed. The high-
power calibration method of the transfer detector to the comparison detector was studied, solving the prob-
lem of the lack of high-power radiation power standards. Firstly, the power response of the transfer detec-
tor was precisely calibrated at the 0. 5 mW level using the low-temperature absolute radiometer of the Na-
tional Institute of Metrology of China as the reference. Secondly, by constructing a standard transfer chain
traceable to the SI, the beam splitting ratio of the standard transfer chain was measured at the low-power
level using the transfer detector, with a measurement repeatability of 0. 009 5%. Then, at the high-power
level, the response of the comparison detector was calibrated using the standard transfer chain and the
transfer detector. Finally, the linearity, surface uniformity, angular uniformity, and vacuum-air consisten-
cy errors of the comparison detector were experimentally detected and analyzed, and the uncertainty of the
high-power radiation power standard was synthesized. The experimental results show that the response of
the comparison detector at the 10 mW level is 0.508 43 A/W, with a measurement repeatability of
0.003 1%, and the response change within the range of 9. 7-10. 4 mW does not exceed 0. 01%. The com-
bined uncertainty is 0. 031%. Thus, a 10 mW-level radiation power standard can be established through
the comparison detector, meeting the comparison and verification requirements of solar radiation moni-
tors. This research not only solves the problem of accuracy verification and comparison calibration for
large-dynamic-range radiation measurement instruments such as solar radiation monitors, providing a key
technical basis for unifying radiation scales, but also supports research fields such as climate change, radia-
tion balance, and efficient solar energy development.
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Fig. 1 Comparison of the traceability chain for detector responsivity
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Fig.2 Beam splitter ratio measurement setup
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Tab.1 Beam splitter ratio measurement results
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Tab.2 Amplification gain factor measurement results

R3 MEENEER

Tab.3 Responsiveness measurement results

IRV € IO E T IR/ € AS T/ mW ] 37 J3
1 9999. 186 604 1 9.70 0.508 432
2 9999. 420 632 2 9.82 0.508 412
3 10000. 209 36 3 9.96 0.508 447
4 9999. 884 797 4 10. 07 0.508 412
5 10 000. 170 39 5 10.21 0.508 435
6 9 998. 225 563 6 10.31 0.508 446
7 9998. 055 818 7 10. 42 0.508 412
iR (Es 9999. 307 595 ¥ 0. 508 428
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AR A 1 22 8.809 62E—05 ARRS A v 22 0.0031%
g W {1 i 2 0.006 9%

3.3 WRr AR K IR

BT A BB 43 RS L BIVAT Al 56 2 Bk
0 2o 300 R 5 ok L T R g R A WV JEE SE B
AR IR ) A A R v SR R A 3 IR

PEL3 Ll X 2 D0 25 i 1 J32 52 s 2

Fig.3 Comparison setup for detector responsivity calibration

SE Ok B AL 3 PRI g F T A S O B
AR B ) T B X 5 00 2 D) O
SOGE R E ASOEI R T AKX L
(2) RT3 40 L X R 00 %) o 07 B85 AR i) T Y
S+ B B D 28 0% e 07 B 4R P TR X ) 5E
10 pW~1 mW , 7 I 3 [ 9 o A5 5 5 A 56
R 2 L C R

NGOG Ty 2 Az B 0 A5 4 e iy
AT 12 Dy 28 A5 B 30 A7 850 PRI AR SCAE L R
Sl DA R e e Y B R AN ) R =g i
X A7) 85 AN [6] S5 6 2 58T 4 e 1y B, A TG
PRAEZ T 5 DY, B 400 245 104 o )97 J3E 6 7S £
Fr—3, MRS RME IR,

P 0 55 SR AT, BE X B B AR B8 E 9. T~
10. 4 mW i [l 9, e o7 B A28 Ak AR 8 3 0. 01 %, LA

N5 A AR A Dy X PR 85 A e D R Y T
JRE e e i 2 A1 Sy WD IO JBE AR e

4 FHZTIESH

Bl A BT R R S b o A 8 B R
22 2R R T 0 5 1) 1T ) R AN X8 5T R AR ) )i
ANFE P DL B SR BE IS I o B N 3 R 2 ok R
T B AT AL 53 BT o
4.1 g R A5 5

FESE BRI, BTG5 R G0 Y 4 e iR 25
I 25 R B BRI, A ST D6 0 DA i 28 PR 1 e A S
TR G b0 R B AR D O 1 T S
W5 Z30 X 4 I i 14D T M) R AN X8 5 R AR R g R A
B S AT R G A S 1A . X I B A
Ak 4 B I R AE R RS AR RE RO BE A AR
P 4 o 07 AR PR AR AR, DT A S 2 45 AR 48
E A 1 R UG Ak 2 AR 8 |, e &R E Tl = R 42
4 VR RN AR e

AN E S MR R R (N B &R AR IR
) [ LA TR T & B LRI O T
R I TG T B DA B B 0 R RS 1 — 4
PRV WL O SR A BRI g
L E .

25 () W) 1 AN X5 59 1 PE AL - O A — 47 B T
Bl L T R 28 15 R E O 1 AT AR RS Bl (5
B AT A ) NI AE R 2 A AT AR L
7B o 8 o A 4 O AR b BRI 2 1



5 24 1 A/NTE A5 FH T A BH 5 S 0 0 A 1] 422 Bb X5 118 K 0 25 b o 000 4 5 A T TR 0 5% 3819
G, PRAL L 23 [a] o 3 A 38 5 7 +1.2°f ) S
£ M O] AN 25 57 AT < 8 R T 5 OF- £ LA e —e—fzE
85 TR S AR B (BRI 2 i W) 1) ol L 40731
BRI 45 75 AN [ 53 AR BT i A o 0 0 I
T 22 , DA HG AR JEE R 445 | B
FIRESE FAF A RS 5 TR i s 5 AT o—— 2Tt —o—°
=11 mmE 5% 4.0701
4U/6°U
—o— fF5 4.0691
4.075 57
45 a0 05 Py 05 10 1.5
4.075 01 Angle/(°)
—9O
/ 0.077359— 90— g —0 F5 g
9 Fig.5 Angle scanning
0.074 01
4.073 51 L X T IR AN AP S TE £ 1 mm A8 F X (A
N, I I AF i 22 4 0. 011 % 3 %) £ B i b AS 15 5
A5 a0 w50 o5 10 1s Ve, AE 120 B 11X TE) Py, 0 i M 25 R
Location/mm 0.013%.
B4 —dE 4 4.2 BEEZHFEHNR
Fig.4 One-dimensional scanning BT L X R I 8 T S T R B R N BE R AR

x4 NEHAUNELER

Tab.4 Position uniformity measurement results

fir o # 5] 1
—1.2 4.074 214 091
—0.8 4.074 654 545
—0.4 4.074 679 091
0 4.074 493 043
0.4 4.074 564 545
0.8 4.074 452 273
1.2 4.074 460 455

x5 RAEHIENSLER
Tab.5 Angular uniformity measurement results

i i S

—1.2 4.0709725
—0.8 4.071 104 091
—0.4 4.071 248 182
0 4.071 193 636
0.4 4.071 133 478
0.8 4.071 342 381
1.2 4.071517 391
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Tab.6 Comparison measurement results under vacuum

atmosphere
M% iﬁ?% FL25 N o A I
83 HAE5/A /A
1 .000422 685  0.000422705  0.004 7
2 .000422 744 0.000422749  0.0013
3 .000422 724 0.000422725  0.000 3
4 .000422 744 0.000 422 754 0.002 4
5 .000422681  0.000422686  0.0013
6 .000422721  0.000422 731 0.002 3
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Tab.7 Measurement result with uncertainty
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