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Abstract The Advanced Space-based Solar Observatory (ASO-S) was sent to space on 9 October
2022. As the first comprehensive satellite for solar concentrated observations of China, the ASO-S car-
ries three payloads: the Hard X-ray Imager (HXI), the Full-disk solar vector MagnetoGraph (FMG) and
the Lyman-alpha Solar Telescope (LST), respectively. The ASO-S dedicates to measuring the solar mag-
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netic field, and observing CMEs and solar flares. As a key instrument onboard, HXI aims at imaging so-
lar flares in hard X-rays from 30 to 200 keV with angular resolution up to 3.2” field of view of 40.3', en-
ergy resolution better than 24% at 32 keV and time cadence up to 0.125 s. Spatial modulation technique
similar to YOHKOH/HXT of Japan is adopted as equipping 91 Fourier units, or tungsten grid pairs in
the front and rear plates of collimator of HXI at 1190 mm distance. It is of great value to characterize
modulating parameters by beam calibration before launch due to X-ray modulation relation of grid pairs
are the basis of modulation imaging. For a long time, the lack of appropriate laboratory conditions has
made it difficult to perform such kind of calibration test in the development of similar instrument
abroad. However, we developed a practical and efficient set of X-ray Modulation Characterization Sys-
tem (XMCS) for the test of HXI. Firstly, the basic principle and design of HXT is introduced briefly. Sec-
ondly, ground calibration facility as well as modulation calibration requirements of HXI are presented.
Detailed design and integration of XMCS were descripted subsequently. The modulation characteriza-
tion test of the flight model of HXI has been successfully carried out to directly calibrate the modula-
tion relation on the XMCS. Only part of the excellent calibration results are discussed here to verify the

performance of XMCS, which shows great value and potential for the upcoming similar X-ray payloads

2023, 43(4)

calibration on ground.
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Fig. 1  Basic principle of rotational modulation (a) and spatial modulation (b)
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Table 1 Comparison on main characteristics of similar X-ray detectors
HXT/YOHKOH RHESSI STIX /Solar Orbiter HXI/ASO-S

2 Bt a] 1991 2002 2020 2022.10
FHEE AR 64 9 32 91
SRR /um Finest 105 34~2750 38~1000 36~1224
W5 I SMC RMC SMC SMC
23 [ F 53 77" 2.3" 7 3.2"
PRI 2% Nal (T1) Ge CdTe LaBr;
REHVE /keV 20~100 3~17000 4~150 30~200
i ) % (e bR ) /s 0.5 2 0.1 0.125
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Table 3 Modulation characterization requirements of X-ray generator and beam tube for HXI
Xl X
LI o He S TR E M /T FeBE AR JGH B WOCS A R
=10 mA =100 kV 5 h T 5%0 <0.5 mm, B/ 100 p<D<5 PLERE L T10 mm
&4 HXIMEESIEEREEZHEEREFEFEFEKR
Table 4 Modulation characterization requirements of high-accuracy adjusting platform for HXI
(hxz Al s B EATRE FRATRE bikop: = IR AR T o HRE FRREN
#:F0.05 mm =500 mm =600 mm  fEF0.05" AKRF500 mm  =1000 kg i EHAEL<0.2 mm/12 h




752

DI RE A S5 o T T 4R v SRR P AT, R A o e
JE, A M TOCE S E AR . PR R, e
3.6 mm ELRE 36 T RECHINKAE ], ARIE AR
BRI SCBRAEH T 26 m KR AU IE

(3) X W A I X NG FEE ) PO G A 3 i
Mt o, A i PO S B RE RS A B ARG BT

(4) PP 5 BOWR] , o 2825 B A ey e T, 1A
POARE | AARSATRRAE, SEBR B HEY & TR K

(5) M T i 1) D RESE b e 2 EEAY R Bt SRR R G
TSR, XOUHLIR AR E, RV RN, IX AR REAS 5
BN EME 2 A8 i 1 399 (— 98 ) S,
EHBCE Y 10 mA WFE 2 4 h) it fE h Op
FREAUL O BEANAS s 5 2F SRR E, RSP & 7R BE AL
AL, AP EFZRET 0.2 mm, SRUEDEOEHT
X I —2k

2 AT RERE R B R BT

8 3 R BE RSS2 T X0 ) B S,
G457 1) (R AL 0 25 AT Al P R e, A X b A o
IR DR E bR s . ARXT T AW X SR RS, B
DI 9 5 2 T SRR R B | RO AR T . Dl
P DL A 160 45 J3E 25 J7 1T, B AT LA BRI ) il ¢ A
HXT P L REREAR, SUREH) ™ {2 Ml 1 2 25 1] iy BEAE
R A5 ) 3 T SE AR oK o BT 8 o 2 BB A
B X Ol SRR T BORT AR R 5 =

Chin. J. Space Sci. ZIAFAFFIR 2023, 43(4)
BBATLEAR, WAl 5 Fs
2.1 X SR

X LML F T X OB AR DL F il e %
SEARG, FH T X B4R, I, XOBE S B
KT 22, BAARAEAL 5 2548 . MR Ry e TR R IR AT 22
SR SR 157 A S AR AR S 12 = SR = DA S ER
D) 0 2 2 A P KT 22 55 AN A 79 o, AL 5 DR 1)
R, (HAFKT 22 1% BR Y FL - ) FHAR 2 3, DA
B B o, 255 0 A R, 280 80 51 4015 X
$k.

XOGHLUE T 0 A 325, 8 i T, fedeik
FEH AR YXLON 22 F] ) MGI 225 #15 X 6L,
ZOCHLR K 8, AT aRAR e | & i A i
JE AT LA Y1 P 3 4 98 4 4 5 1Y MG 225 #1S
X SR FEF55 51 T3 50

X LV & m AR AR KRR E | BRI 55
PFR R B, X OB T 322255 [E A Bt i B
SN T R A e, LA A R R A 220
o ZIEBIBAES A R, AT R R B
FIhHIM; AT IESE 1 4(32 mm N2, 5 mm B
JE, 592 mm KJE), —¥i 5 XOGHUAHE, —im5 X )
LA F BSOS RIS ; TR D U R AR
FE W B, T XDEHL RS B . X JEHLEEY)
i 6 Fis .

2.2 X SIERREE
HROAETE T X RO EHLIR B X AT

Assistant
monitor

generator

High precision rotator

___________________________

e —

Water cooling

1
1
1
1
1
1
1
1
: HV power
1
1
1
1
1
1
1
1

X-ray generator

X-ray b
facility ray beam

Precise adjusting platform for calibration

&l 5
Fig. 5

LR

Diagram of X-ray modulation characterization facility

AERE PR



BT % ASO-S T 2 HXI A% E 475 Bkt 5 e

WA WEE, ARAF R EFATI X SR . 7E—E va
W, X R T M BB, DR, 7R A8 T A i 4R
1309 X SR A A AT R R . FESEBRIH , AR
A MR BT AZ PR T8 7 KN, 5 B3 3 s/
B DR — A X LR T AR . S R,
A AR A2 )48 T8 4 B RS T8 AR g T A6 A PR
i, ANAEJC PR 4 /) o 3X LR X RS A AN
K7 fiR.

W HXT R A EE S 10 m HAEIES 15 m
A TEPH S, MK 25.20 m. HAFE/ME 325 mm,
B R 6 mm; 44 i SME 108 mm, & E B R
6 mm. HIEKE FLEZETIRE T Ko 518
BEJR EZ 8 100 kV AT X e 7 7K
ey A LN I TRAE 25 m KT A I I 0
HIXED) FRIE o JU U A9 A2, R 3t A8 T 1% 90 i 32
PRUETT 98225, vk 24 e To AU B, VR 5 A

753

BN PR B I B AL, —
T WD AR A, A5 RO AR E T, 53— IR
GH=

R T A XOAE A H S RO BB G 3 5 A
I, T RS B 2R B TR T R
FELLR WA

BBR 1A FBOCARE AL, I35 45 18 SCHE R,
KA EA A K

BBR 2 85— SR O I AR e AT I
Bk, P 2 XOBE I EUE J5 1A (BOE X BB Y
Ao Sl CIE N R 7 A TR o7 S e TR 7S
BN E IRV — N b HEALE W RHOL RS, 1R
ORI BB, [ IR AE G OO e B B, S
AR, P HOLAR M SO, PRAIEHOE S 2% i 3 B
FRTRIRE, A H SR BIRAE TE OO B, SERRTTY

58 RS B M Ui, XS AR ROAL A 18 S K s F

®5 XS EEMREER

Table 5 Major characteristic of X-ray generator (MGI 225)
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Fig. 6 Photos of the X-ray generator system
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Table 6 Major results of the high-accuracy adjusting platform
. f A - . iy RARA T
Bks 1% =} I Sz /(" - 5 o)
EELD H41% /mm WEHATE/mm  ERBATE/mm ASHER/ (") S50E /mm AT [kg gt
wiHE  ftT0.05 =500 =600 #F0.05 AKRTH00  =1000 FIEEA<0.2 mm/8h
FEER PET0.02 =820 =720 #7F0.05 FAKAI 2460  =1500 #F0.1 mm/12 h
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chart presents 515 minutes of X-ray beam.

X-ray beam (counts) stability record ( This

The assistant monitor detector records counts of

incident X-rays every 5 minutes )
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