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7 S0 10 A IS 2 L0 SR P B AR DR B SR v, Hh R B [ RSB MK
IOH 00 0 35 iy 72 19874F 2 i K FH R B AHBILAE Dy B dhs R AR 4 AF. 19874F 2 J5 HAff # & T
4 (Charge-coupled Device, CCD)EIG A% Jik 25 15 S H i K 42 ¥ 46 B FH 21 K BH 7 3 WL
H, I COD EHG AR I 25 B AU v oA = B B R AR . 54, BEE BIm B BRI
AN R DA R 23 1) R SC R I 3 3 R e, R BR A0 BRAE 5 %68 K R R W Al 373 =3 () 43
HEFR AN 8] 43 2 G52 0 7 S PR LK, DRI WG E [RIRE 9 INF (8] 23 9 30 RO PR 28 AR R
FUBLER SR, T IAE SR F 1 i CCD AR A% I8 i T8 B RS /N 172 k< 2 K, R X [
B3 A2 1 B 25 0 R R B 75 R T AR & @ S AL T4 (Complementary Metal Oxide
Semiconductor, CMOS) B4 1% J&k 2 B % [7] i 5 A2 K T B AR s 2 12t it 10) 25K, ir A
WTAER, KBRS WL B & T 468 FH CMOS B 4 A% ik .

Kby 25 7 E N AN IE AR IS AT AT ED AL R SR 0 K BH 7 B A 1) AR A R AR
fERTE S, 4 H RS RARAC(FMG) o #F K 3K FH R 32 & (ASO-S) B #ifi. £
TSolar Dynamics Observatory (SDO)Z [A] 1% #& L JHMI (Helioseismic and Magnetic
Imager)®I DL J 4 4 & 5 19 7 FSolar Orbiter (SO)_LIPHI (Polarimetric and Helio-
seismic Imager)© 53 il 2% Fl 4= Wi CCD EHE A% B35 AICMOS MG A% B35, b R 3 2% i
2 K BH WL I 22 b (HSOS) ISMCT (Solar Multi-Channel Telescope)! 5 4 [E Teide Ob-
servatories (TO)M1.5 mAPH 2L HGREGOR Solar Telescope I fIGFPI (GREGOR
Fabry-Perot Interferometer)”5 5% FInterlineCCD K 1% £ & 2%, W E B % 5t =/ K
& oAl K FEOUE I 25 i (FSO)INVST (New Vacuum Solar Telescope) ] B 3K H
T InterlineCCD EHE % & 2% 5sCMOS EHE A& 2781, 20104 1 #: [1Big Bear Solar Ob-
servatory (BBSO) [#J1.6 m GST (Goode Solar Telescope)’! f1Z£[F4 m Daniel K. Inouye
Solar Telescope (DKIST)_Lf#JViSP (Visible Spectro-Polarimeter)>% H [t £sCMOS K%
AR DB, VISPRIGTEROK FH#G 7ML, NVSTREA il A th B A7 e 2
KBRS A, FeaR P 9 g 7.

M1 AT LU B, CODEMEAL RS FE 2910 yral @ id i w & i) iz g H, 1 b
F CMOS EG A% A 1 3 DA A FL A RE I AN W B8 v, 0 4 19 K PH R 37 B2 2 5 v T 4 A
FCMOS BB AL RN &R, CMOS EH1G AR A% (5 TIPRCIS ) H A 5 B = R RR
s, ERTEEAE A R ) THD B4 IS F) ) P B A% . 5 A vy O LA, e ol 2 5 K IS i 3y v BF 1)
I HEER BRI K

FMG#47 (R 4808 Z R WM AL 34", 4B I0 7> #E320.5", BRI 45 8 B RN
B4 kx4 k. JyFEARKRH R D BUIE X H 3 R 5 0 3R 15 2 08 1k R U, FMGX
FH PR S it 4% 1 ) (55 A0 58 10 WL A B, 100 msy 58 BB G, st AR 2 A 2
AR V) e, PRT IS0 480 25 1 it 30 22 5K %2 /0 32K 110 fps, fps Mt #0) M2 E 2 i &
In(£9256m0) 1 SN, JE I bR FEns, Se B K A ] 2 H S FHMIA 2, 1 (R 23 9 %
FEHMIEE = 1 H b, RIS 205X FMGE AT 800 2% 0k 84 B §i %A Ao B o] 1
%, HEATHRBREM TR,

F25) 2% 7 AR LR i bR 07 226 HE R B0 P8 0 T T v KT R G A IR, AT R I

'Bobcat 2.0 CCD CAMERAS Specification
2Andor Zyla for Physical Sciences Specifications, Andor Technology
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% FE BRI F 2 15 B 2 (M AR 26 AR RO IE LA R, DU A FM G I 2K,
* 1 KPARHETE+ E GRS ERE

Table 1 Application of image sensors in solar magnetic field telescopes

Telescope Type Pixel Station Year
HMI CCD 4096 (H)x4096 (V))  SDO (Space) 2010
PHI CMOS 2048 (H)x2048 (V) SO (Space) 2020
FMG CMOS 4096 (H)x4096 (V)  ASO-S (Space) 2021

SMCT CCD 1600 (H)x1200 (V)! HSOS 1984

GFPI CCD 1434 (H)x1050 (V)7 TO 2012
sCMOS* 2560 (H)x2160 (V)

NVST CCD 2048 (H)x2048 (V)] FSO 2015
CCD 4008 (H)x2672 (V)&

GST sCMOS 2048 (H)x2048 (V)P BBSO 2010

ViSP sCMOS 2560 (H)x2160 (V)2 DKIST 2019

2scientific CMOS

*2 KEMESWEREGERE"

Table 2 Large area high frame rate image sensors®

Model Pixel FR/fps FW/(ke™) Shutter Firm RP

LCIS64 M? 8kx8k 25 40 RS 771 Yes

sCIS Gsense4040* 4kx4k 24 70 RS Gpixel No
Gsense6060° 6kx6k 44 120 RS Gpixel Yes

EMERALD 16 M® 4kx4k 24 6.7 GS E2V  No

CIS CMV20000"  5kx4k 10 15 GS AMS No
NOIP1SN025 KA® 5kx5k 10 12 GS ON Semi No

IterlineCCD KAI-29052° 6kx4k 4 20 GS ON Semi No
KAI-47051" 8kx5k 7 20 GS ON Semi No

2sCIS: scientific CIS, GS: Global Shutter, RS: Rolling Shutter, FR: Frame Rate, FW: Full
Well, RP: Radiation Protection

2T 7 AU i B COD B A5 A% 18 2% DlinterlineCCD B4 4% Ji& £ 4 E, InterlineC-
CDE# THTFIRITARIIAEE, 4 kx4 kifInterlineCCD B4 A& B 2% 152 H Ml Sl fe K ONT fps,

8192x 8192 CMOSTI W K& & AR KR T, w [ ft R b 46 [ 2 1 55 U T B 565 77 LB 9L T
“GSENSE4040 Datasheet V1.0.7, KGR EGHL

SGSENSEG6060-preliminary datasheet V0.20, KGR

STeledyne-E2V Emerald 12-16 M Flyer v3 WEB, Teledyne-E2V
"CMV20000-datasheet-v2.3, AMS

8Python 25 K/16 K/12 K Global Shutter CMOS Image Sensors, ON Semiconductor
9K AI-29052 6576 (H)x4384 (V) Interline CCD Image Sensor, ON Semiconductor

10K AI-47051 8856 (H)x5280 (V) Interline CCD Image Sensor, ON Semiconductor
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AN EFMG 2 /010 fps i R

CIS:E F 8 2 B 4 kx4 kI IE BT K38 2 i S # OK 1710 fps, #0 H B GeMIA
F140 fps, BHEHCISE A i H e A K AR T10e~ (10N H-F), T HLE P A T i ¢
MICISH S A £, FHE— et T 2= M A8 1 ds 1, TR sE A mT g B — AR BH
T3 WL R FH R 2

T2 BB CISH i B PR e R 14820, BI 4R ER1T1(GS) 5B A R ITT(RS). H
T K BH RS W i v 75 BRI 28 5 R A 25 U, TR R AN 9] g B 1A 2082 P 38 i
HEH T ER. ACHH 2R CMOS KIG A4 Bgs 145 55, T e HLAE I8k 28 i A%
BRI SR AE. SCEZH R B R HFMGE A K FH G OIS, 285 45
S AR T TR CISIES e 3#E4T 0 A, S il T AERE 3 (1 CISIES B 5 K P i3 W 3
P 5 B AT R AL (K VC AT . 335838 & K B R4 L ) CIS B Fy iR 14 2, I 06 2R CIS
Jr BEAT 5206 5 AR LK 37 W0, AR AR I 25 SRS BT X6 MG 38 AT (4 0 25 326 LA 31

2 FMIRITIEER PRI YN F B TAERTE

OK BH R 37 0 2 52 B b 2 41 0, DA Ui ' 28 B R AR ORI 1 H 46 e B S v /1
(Stokes V/I) MM A4, FMGER i A PH k37 W0 00 i ik 58 % SR A A e AR 1%, R o
ARV T

noI4+v. N\ I=V
V _ Zk:o 2 k=0 2

[V
Hrb, nou e AT e m iR 8 B B i, ERRS RS e AR mIRTR, (I + V) /287 el
AR, (I = V) /209 e fdiRAG. DB /e A ke i i (500 1 D) 48 ik 70 2 23R4T 28 8 AR
TR EILR Ch T 13 22 05 15 W LE (SNR) 7 22453 3 2 iU Ze 4 e fm R (R 3E A7 B . 3X
FoF B R A5 e A T i A1 P LA A2 08 P S5 S BRI I ][]t S 1 I TR 988 P 25 DR 3 1

).

Left Polarlized Light Right Polarized Light Left PoIarizIed Light
- N —~ ~ ~
Polarization Polarization Polarization
E Readout || .~ 7, " |Exposure| Readout | .seess
Modulation Xposure eadou Modulation Exposure| Readout Modulation Exposure| Readout

K1 KB

Fig.1 Solar magnetic field observation process

MR BH B30 DN R nT LA 0 A0 25 PRV RF IR 25K (1) WO 2 SR e i, DR DA 4
R RIS 18] N 75 BEREAT nd R BRAR (2) 4RI 28 1) TAR Z S5 R o b 82 728, b, CISHS
Fi 0 TAERE S s AU RE,, 8 — 20 2 S M 21 L 24 5 R[] 73 R 4%

PAF 43 B BEGS S5 RS M bR 1 T8 20 AE B M G2 At 1 BH ik 32 00 WU A% o 0 2L 4k
PEJ7 3

FEFTTE MG AT A R 370 0L I PR 25 128 3 I 5 2R, AR — > WL A S99 e
AV (605 — R IR R B BRI TRDMISE e 8] 2 LRI ), B R — AN WL ) ST et T A 1,
B 2 3 AN R R T TR AR _E 508 M B 2 fahr i AR 1L.
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BRI CISE ARG AT 3 A, T B ER IIOL 5 5 # 2 o).
B2 B R G BRI AR TR, SRS — Z1 I A [, B Ok
I T AN [, BT DARE— B4 2 1) R A I 1) 22, R AR AR A Bt an&1245 B
N, TR AT EIAIN AR 2T RUE A, RIE, KA 2 a3 R T TR U CISIE ) K BH
G LIS, 72 IR PR IR 18] A, AN BEBEAT (i H% 20 2% FRD R 19, 25 B LB R 0D
RE, BRI RS R N AE 45 & 5 15 2 i) TARRAE W B3R,

Rolling Shutter

o | —
2 —
3 —
o —
—

g —
3 —
=

Time

Rolling shutter

B2 AT

Fig.2 Rolling shutter'*—12

Polarization Statel Exposure Readout Polarization State2 Exposure Readout

B3 SRIDAE BRI K B 2 0L AR 1]

Fig.3 Flow chart of solar magnetic field observation with rolling shutter

T AEREACISHES B B H N () v, ASBE ARG KPR A, BRI e — A s AT W
DFAE, BIAE CISHES By H 32 Y MiUBR s, T8 SR s v, O DA (— ot/ g B A e v
PRAZ AT BEA I [ ) B8 8IS T CIS A v 1) e v i A3

AR TARRAZ B4 e B R, WTAEBEE, Ird iR R RN RO, 7RSS
WA A R R BIEAE X, BROGE . BRI 2RI CISS h BB R A
A RH [ P B Y6 ST ) LR [R] P B S S SR BT 1), AT 4 402 380 1) XU A b A M 2 R A A I (]
—H, WA, s E TR,

K4 R AR T T B K B 7 W R AR an s B, el TR 32 AT, ATt R 44
BE, D6 ) B AN AR B —MUisE DAL 2R S 4R bR 24 O 8 k] AR B O P[] A T
T H IR, ARSI TSRO &5 T IS Fy 52 H it 4.

LA, GnRR AR PR, R B R R (BRI 5] B R (2 15 )
TR 2, 8 CISAHES By (s A 390t A 5 /N T4 T FMGHI LI A BT ED v fe g A
FHBR) 5 R Y 170 gy 00 000 ) 390k 25 v 0 14 488 ek 1]

AN R, —ARLAER T BRI (Rolling Shutter) 542/t (Global Shutter) X4, https://blog.csdn.

net /120499 /article/details /102616773
2Neo and Zyla sCMOS Cameras Imaging Without Compromise, Andor Technology
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Image Rows

Time

Global shutter

4 AR

Fig.4 Global Shutter'!=!2

Polarization Statel Exposure Polarization State2 Exposure

Readout Readout

K5 SRR BRI K B 2 OAURR &]

Fig.5 Flow chart of solar magnetic field observation with global shutter

WK BT, B P TRE SO R R A B AT AR, OISO A 11 e e b i) 22
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FMGH 7 B9800 F5 #9100 ms (BEFP 104N W00 F& 1), it 4% 18 2 B (8] 950 ms, 79 Ff
PITTCISHES 7 1 Fe v 152 HA i 435 B — ot AR 75 1 R DB ) (] 22 ) (1) Ok R A6 FT s, R
A R RTINS iU K 110 fpsih (SR it ise B B 1] /N 77100 ms), BRI (8] 5k A
%38 350 ms. 1 K A PRI, i N F20 fps (12 B IS0 ms), oIk TR
UE100 mus B UL JE A 4 i 55 20 fpsif, & — it R 152 HE B 18] 55 750 ms, SR i
25 LN FE BA P BRI TE] 20 ms; 24 iz 2140 fpshy (132 H B [8]25 ms), sy 0 JE HA
1) 5t KR Y N 18] 925 mis, 26 75 PR 114 3 R CISEs Fr Wi ATik g, B {8 FH 1160 g ' s 1) sl
U150 ms.

TE RIS SR, BRI T A vk 2 7 CISHES Fr B 3 U ) 1 0% 7%k, BRIt [) 45 2% A1
AR AN LI JE B ) R S T T R R BIE ), e 8 15 21 R 45 M L s, TR R A
fEME L Lok B 4 R R T BICISES F 3 3&E & T K PH RS2 M. (A i B AR B A B s ]
(1 CIS F 55 e AT B 5 12 140 fps, H A& SEPRFaE TAEWURTE20 fps/c 47, PRtk B #T 1)
B RTTIICISE B I AE AFMGE A7 75 2 10 AR 104N LI H 1) 75 5K. £ X FMG#
TR FR TR, B AR CISE B2 i (e .

3  ERITERCISE: 5 LIt = M pemlizt
AP K FH PM20000AHHL, 1AL FH 2 A 4 /P T T CM V20000485 -, AH LI

IRENSIEFIN5 fps, THFEMAEZ)S5 kx4 k, B0 16.4 pm.
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>
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BRIIG S A AR, PR AE X FL 23 AT DI, B MR R St AT 48 2 D, 3K
BEMERIPDETHEB ML, tHRE RS MER .
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—— Global Shutter
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Fig.6 Exposure time of rolling shutter and global shutter

WETHT R N8 560, 60)F1E 2K 45.(500, 500) I3 55, BIAR E 2R AR RIZ % 5
I3 %5, 435 21.97e~ /ADU (Analog to Digital Unit)52.16e~ /ADU. B8 Xf(1000x
992) [X 42 1) 310000004~ £UEAT 138 2 48 1115 B (1 40 A &, 4 83 7E1.5e~ /ADUZ|3e~/
ADUZ [AIFEARFF A IR AT R A, 1 53 07 B h2.1e~ /ADU. o] WCIS:E F 44
BERIIE AR, X5 LIS FHCCDRMLIN 2 4t /& AN [F] 1. 38 3 0] 12 [X 300 ' I 18] i
WG, 19 30 H 5 08.96e . LA R F5) A 1t 4R AR /R FEADC (Analog to
Digital Convert)F &R N IR SIMERIR<3%, FFLMEFEIR<1%.
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Fig.7 Photon transfer curve for single pixel
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Fig.8 Gain statistics of about 1000000 pixels

SNR Variation With Integration Frames
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Fig.9 The relationship between the number of adding frames and SNR
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fl1Stokes V/ IR (A Ek IERE 7)) (104 B AR, B8 K [—0.001, 0.001].
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10 WHEG

Fig.10 Observation image
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Application of CMOS Image Sensor in Solar
Magnetic Field Observation

DUAN Weil?  SONG Qian'?  BAI Xian-Yong!? GUO Jing-jing!:?
FENG Zhi-wei'? DENG Yuan-yong'? LIN Jia-ben® ZHANG Jian-lit

ational Astronomica servatories, wnese Academy of Sciences, Beijing 1 1
1N I A ! Ob Ch Academy S Beiging 10010
(2 University of Chinese Academy of Sciences, Beijing 100049)

AsstracT Magnetic field is one of the primary observational parameters of solar
physics. Current research on solar magnetic field observation is moving towards the era
of large field of view, high temporal and spatial resolution, high polarization measure-
ment accuracy, and space observation. Full-disk vector MagnetoGraph (FMG) payload
equipped with solar magnetic field observation equipment with high time resolution
and high spatial resolution will be carried on the Advanced Space-based Solar Obser-
vatory (ASO-S). This paper discussed the application of large area high frame rate
Complementary Metal Oxide Semiconductor (CMOS) image sensors for solar magnetic
field observations in response to the needs of FMG payload feasibility. Based on the
principle of filter-type solar magnetographs, we compared the characteristics of differ-
ent CMOS imager sensors, and found that the CMOS imager sensor with the global
shutter is the most suitable for the FMG aboard the ASO-S satellite. We also dis-
cussed a laboratory test system for the CMOS sensors, and measured the pixel gain
and its distribution. Furthermore, observational test and verification experiments were
implemented through the full-disk solar magnetic detection telescope at Huairou So-
lar Observing Station, Chinese Academy Sciences, with satisfying results. The most
favorable CMOS detectors are specified based on the studies.

Key words instrumentation: detectors, Sun: magnetic fields, CMOS (Complementary
Metal Oxide Semiconductor) image sensor, global shutter (GS), payload: Full-disk
vector MagnetoGraph (FMG), filter-type solar magnetic imager
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