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Design of thermoelectric bridge solar absolute radiometer

WANG Ju-guang'*, YANG Dong-jun' ,SUI Long' , YE Xin',JIA Rui-dong'
(1. Changchun Institute of Optics,Fine Mechanics and Physics, Chinese Academy of Science ,Changchun 130033, China;
2. University of the Chinese Academy of Sciences, Beijing 100049, China)

Abstract ; The solar irradiance absolute radiometer( SIAR) adopts the thermopile-type detector to convert incident so-
lar light power into electrical power,achieving the measurement of total solar irradiance. However, the thermopile de-
tector has the following limitations. Firstly, it is difficult to further improve the sensitivity due to the limitation of the
number of thermocouples. Secondly, the consistency of the main and backup chambers is difficult to be ensured due to
the limitation of the complex fabrication process. To solve these problems,this paper develops a thermoelectric bridge
absolute radiometer with high-sensitivity and high-precision based on the high interchangeability and high-resolution
characteristics of the Wheatstone bridge ,and adopts a new detector cone cavity structure and a new thermal connection
method. The test results show that the time constant of the detector is 9. 69 s, the sensitivity is 0. 078 W/m’ ,and the
measurement repeatability of tungsten light source is better than 0. 07 % ,which can meet the observation requirements
of total solar irradiance with a precision of 0. 1 %.
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Fig. 1 The thermopile structure
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Fig. 3 The basic structure of the SIAR radiometer
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Fig. 4 The measurement principle of the thermoelectric bridge

type radiometer
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Fig. 7 Schematic diagram of 30° and 40° cone cavity
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Tab. 1 The light absorption rate of cavities with

different column heights

Column height H,./mm Formula @,/ %
1 99. 89
2 99.90
3 99.91
4 99.91
5 99.92
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)
R = VI (2)
T = cmR (3)
AT = pR (4)

o, 8 AMERIERE s A S IEREG A Rk i A
c HEHLIRES s m M p HINIRTR

{858l comsol {7 ELHRM , FEREEIRIE 47 298. 15 K, il
TN 75 mW I 55 43 B FAGE 2 3R R A 1 R
BHBESOTE, HPRASOF 1 RnE 10 Fis, B
B HELER L origin A FI AN 11 Fros i 16 T+
Bk FZAFRNZBEMER TN 1,87 K, i a] % 4
1187 s TS 05 B4 B A, W R R I R

Temperature/kelvin

296

295

294

K10 USRI E

Fig. 10 The thermal connection ring simulation
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Fig. 11 Fitting temperature rise curve

4 REEigit
4.1 @ HAER

PAHLATF L2 X A S R A IR AN AT 12 Bos |
Bt TARE AR AN B B - 2R — B B, R IR AL
FIIFARIT, DA Heitean S (AN A D R 55 i A 3l
EIRSIEAUIF R AD Feiide RAFIEIE , AD >R
R E S Sz ol = ixad 2 5 2 ArF
7 5 28 — B B, B IR AL PR T], 5 DA 4ag
H A P I A4 3 45 5 — B B IR K, 314
BEIRIRIA Be ) FEETTE BB ia
ZEMETFER LA TG 10 RS B R BB fE IR

Reference
voltage

Switch

- ¥ nal
l N selection
control
+ | |

D/A
convert

motor
control

convert

Bridge
sampling

A/D A/D
convert convert

Precision resistance sampling
Heating wire sampling

P12 SRR X 4 S v B AE
Fig. 12 Circuit diagram of thermoelectric bridge type

absolute radiometer
42 At
P R RN 4 U 55 U, 307
e

1 1
Up = U”(RS+RP_RS+RR> (3)

P, Ry BRI ARG B 5 Ry D il A%




% 5 40 4 No. 12 2024

EAOLSF AR ER B2 xRS BT 1917

JEAFBEAE s Ry N 225 B BHFHAE ; U, U5 5
CENEIEN

A T v kG B Ui FE A% JE s GAT0K3MCDI
B E) 5O 0. 2 s, BEAS PR3 ey 1o, P00 4 U B A2 4k
HEABKMN B {4 3976 K, HHFZ % i B E
13 kQ, fFIFE 0 °C ~ +30 °C TAERETEFIN, B %
4.3 AD BB A

AHL R, AD B ff g T2 2 S Y D) RE R 4R
IR L0 A 5 R0 AR T 38, v W i i R A S R
AD A s VERE T oK i m . MR AR 5 5 i K
B WOAAS S HER . A/D BRI g i R R AR Y
WITHEA Uy, = £5 Vo MRAE(S) , AD Ffednd®or
WU, =2 mV NZ53ES, B (6)153] AD H50>
PR 2 15 bit,

+2.7 (6)

T, Ueyiee 00 2S00 T 2 R 310 1) 845 U i
FIME; U, W5 S IRIE(E

MR IR SR a5 5%, S AD # iy
AD7710,50 Hz 48050258 T A 2053 B3 20 bit, I
BEEERS 20 ppm/C, TAEIRE —40 C ~ +85 C,,
4.4 DAfE G mdERMER

DA g &40 T A M VU L B A e 2
BRI TRR o R 22 i 2y, JHe v f 1 380 XF DA
AR AR EOR I o BT AD B4R AR T 0 M 2 mV (1)
RS 5, T LA DA $2 4L (1) 380Ul 15 5 e 6 (1 1 1B
0.5 mV;DA B i IHE N £ 10 V, X (6) 15
F| DA B RO PR 17 bit, RERITERS
RS, BE £ DA 54 8% ADSTOL, A %0 o B %
20 bit, i EEH 0. 05 ppm/C , TAEIRE -40°C ~ +
125°C ,

I RE B, R e PR R L R R 4ERF AD DA
SRR = o PRI LB, A BUR HE AD (DA &%
e tERe , SEMEH R TR A A RO FER TR I 2 18 bit,
AR B ) L ME L R R & ADS86 , A7 A% 4 B
20 bit,fE0 °C ~ +70 C FiREER N 2 ppm/C,

5 KM=
5.1 AR ENR

RBGUE AD SRAE HL B A 3 B, 430 R A L

FEUE AD586 i1 DA iy i HL H R AE A #5810 Hz, SR

FEARANE 13 (18] 14 froR . ML, AD SR A
HLRARAT 21 19 bit A3 2000 B B4R, P AT LA
W1 AD SRAE R B0 AL AR ST O BT 20K

2.50741

2.50739

Z 250737
Xe
250735
&

37, 250733
B

250731

2.50729
0

L L L L i
06 12 18 24 3

. L L L
36 42 48 54 6 66 72
IR a)/s o

B3 R R AR
Fig. 13 Reference voltage sampling

451217

451215

= 4.51213

451211

4.51209
0

I n I I I
50 100 150 200 250 300
IR/

14 DA HLRREE
Fig. 14 DA circuit sampling

5.2 Bl

ARG S A G A TR TR, T AR
PG S 7E 75 mW .5 mW iz SRR 19 28
fbo Hor 5 mW A 5E 7R SR — B BOFT N ) 6, 75
UL, MR S5 /ME 75 mW Ol B AT I
D ST RMATHE, TR T, bR ok
B = AR R A VI T ARAS 1100 B ) 3 4

DRI AR, 5 2 X R 2 w5 T T A, PR UE R 5
AP o I A e T PR O ADIR S, b 4
TR Z I SRR . KA SRS R 1 Hz, Rf
ZERE 15 fis .

%
16 x10

1.55
15
1.45
141
4 1.35
131

Hr i JE/LSB

100 200 300 400 500 600
i [ /s

B 15 Ess
Fig. 15 Self-test results
ARG R, AT LN AU SR, S S H
SEA BT EDR
5.2.1 #fRwEor, A R, B I AT
IR} [F) RS TR I PRI AR ARG T, 4RI 45 - Uk
ST ARSI (A]



1918 WMot 5 4 sh o554 %

W Uvote (t300) = U (1) B 16, FEMEE MR 3R, 48 B i i o e s
7= (300" In| RS

=17300 Uipae (t300) = U (8,21) I8 A 758 LSB. 7E7A5 4L 0. 1% Ji#h 2 2 1) &

KA, U (1) 5 1, RO RAE(E

AT, PRI R HECR 9. 56 s, T AR [iH]
WHCR 9. 81 s, LISEIIMA 9. 69 s 4E hp A et fa) 5k
WA (3) ~ (4) ATE A HARH R =23.65 K/W, Tt
AT =1.66 K, i £ #PH K T 20 K/W, @ FH/h T
2 Kiyixit Hiro
5.2.2 v JE Rs

B, AR 2 5 B RS S E L e
Rs A5 G5 (B {ED) 19 Hu i R 5L

Py =P,
AV e

K, Py P, R SEBRE NI

e F R SR T 2, SEBR A 2 5 5
EAFTE 22 , BRI (9) R g n#A ) #58 iy AD7710 SR
FEHR RS
5.2.3 = E4E5 AN

RO E TAE SR b 2 K AL T m A AR
A, PIAE TR MR 75 15 5 B 0 DA sy Ay 2R ST
I

AN = (E (U (1) —U_)2/9)7 =236 LSB

=291

Rs = =1.67 x 10 W/LSB (8)

(9)
R, U W EREE I

524 MERHBES

REPE S JEf/Nnl iR IR MR 5] &
RGE AR R 22

S = % 0,078 W/m’ (10)

P, A S FOEHR
5.2.5 wHAEFTZE M Re

Re = (11)

X, U, IR R 5 U, -
Ja RAEII(E

ST RIS T R E S ERE N
1. 64 x 10 7 I REE T, AR E S EE VN
1.21 x107°,
5.3 A #HEMNRK

ARG5S T 1R 0 B R BE T, T I
A X AE AR 0. 1% T FA A A mig Bz, 32 2R 4

PR R 5 1 A5 5 B 3729 LSB 1y W] & By
PR o A5 o kA R 2 Ry M R W W E 1Y) 4.9
i, B (12) AT A5 248 5 11 09 52 Br 4 BE 3 RES
2.05 %107,

%107

1.5641

1.564
@ 15639 1
(7]
<

4 1.5638 -
B

5 4 5637 |

1.5636 [~

1.5635
0

L L L I L
100 200 300 400 500 600
W [il/s

16 0. 1% 4y HEEIMIR

Fig. 16 0. 1% resolution test

K, Ua F 0.1 % AT FAE AL T i A8 1k
T{E s Uy e I 28 W P DA DA (i
5.4 AEEITEE IR

BT AR PEFR R S — AR e TR T AR
SR AN 0 SEUE N kT, R
W5 5 KT 4 BB R ES I TE 1000 W/m? LA 1o JUabAe, 3
Sea i IR A D 5 e g R B S EA TR OB A
FLZE BRI A B B, 1 B B v - 25 S 30 e
NFEABIE . MREE A 17, a5 th =
6.23 x 107" i AR SR ER .

T T T T T T T T T T
[ b
=
1053 L
=
— 1052 4
i
=
= J

L L L L L L L L i L L
2 4 6 8 10 12 14 16 18 20 22 24
FlE 2714

17 S A
Fig. 17 Radiometer output repeatability test
6 % &

AR SCB T A AT 2 PH 248 % 8 S A R B D
ARSI RO B, A M A A b, S BRI 25
YE LRI 7R g8 — Btk I iArs
FIAY 2% B4 B E] % %5 9. 69 s, M A BE 1.67 x 107° W/
LSB 75 236 LSB., & i 0.078 W/m*, 43 3 %
2.05 x 107" BRI R EIL T 1. 64 x 107 @ 4431
MG MEE T 6.23 x10 ™, &I 8 b1 2 A FH
S PR SR, AR ke T o T A IR ] A R R
AT SRR | 2D R THIN ERE BE




ot 5 a s

No.12 2024

EAOLSF AR ER B2 xRS BT

1919

SE -
[1] Kren A C,Pilewskie P,Coddington O. Where does earth’

(2]

(3]

(4]

satmosphere get its energy? [ J]. Space Weather Space
Clim,2017,7; A10.

Jia Yaofeng, Wang Yupeng, Shen Honghai. Study on cali-
bration method of directchannel of solar radiometer[ J].
Laser & Infrared,2023,53(5) :764 —771. (in Chinese)
BRI, MG, VR R PR AR ST A S AR
WEBFFEL ] Ot 5404h,2023,53(5) 764 771,

Li Na, Lin Guanyu, Duan Minzheng, et al. Research on ra-
diation measurement technology based on multi-channel
and high Lambertian property [ J ]. Laser & Infrared,
2019,49(5) :577 —583. (in Chinese)

R, MO T, BERAIE , 4. 56 T 2508 18 e B AR Y
TSR T ] #Ot 5 41051,2019,49(5) 577
-583.

Fang W,Wang H R,Li H D, et al. Total solar irradiance
monitor for chinese FY-3A and FY-3B satellites-instru-
ment design[ J]. Solar Phys,2014,289 .4711 —4726.

(5]

(6]

(7]

(8]

Yang Dongjun, Fang Wei, Ye Xin, et al. High precision
sun-tracking of spaceborne solar irradiance monitor[ J].
Optics and Precision Engineering,2014,22(9) ;2483 -
2490. (in Chinese)

MIARZE, J5 A, i, 55 480 O I i St 0 S 1
KRR B B [T ]. Jtr K% T2, 2014,22(9) .
2483 —2490.

Song B Q,Ye X, Finsterle W, et al. The fengyun-3E/Joint
total solarlrra-diance absolute radiometer: instrument de-
sign, characterization, and calibration [ J ]. Solar Phys,
2021,296:52.

Kopp G, Lawrence G. The Total Irradiance Monitor
('TIM) ;instrument design[ J]. Solar Physics,2005,230;
91 -109.

Yang Dongjun, Fang Wei, Ye Xin,et al. Parameters meas-
urement of the absolute radiometer[ J]. Computer Meas-
urement & Control ,2009,17(10) ;1892 — 1894. (in Chi-
nese )

MRS, Ty, T, 5. 266 5% A S S 80 £ 1 S
LJ]. 3 pLIm & 54 ,2009,17(10) ;1892 —1894.



