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Research on detection efficiency calibration of silicon drift detectors
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Abstract: Monochromatic X-rays calibration facility is a device that generates monochromatic X-rays based on Bragg diffraction. The
continuous adjustable monochromatic X-rays can provide detailed calibration experiments with optional energy for a detector. Monte Carlo
calculation software is used to simulate the detection efficiency of two different types of silicon drift detectors, and the detection efficiency
of the 3~ 50 keV energy band is obtained. The calibration experiment of the detection efficiency of the SDDs is completed on the
monochromatic X-rays calibration facility, and the detection efficiency measured by the experiment is obtained and compared with the
simulation efficiency. Moreover, the maximum error between the experimental results and the theoretical calculation results of MLC SDD
is 4.23%@ 15keV, and the maximum error between the experimental results and the theoretical calculation results of BEV 133 SDD is
-6.88%@ 12keV. The results show that the experimental calibration of the two detectors are consistent with the theoretical calculation
results in the energy band of 7~16 keV, and the real detection efficiency is greater than 90% at 8 keV. The research results verify the
superiority of using Bragg diffraction-based monochromatic X-rays for detector calibration, and also provide a reliable performance
research and testing platform for domestic X-ray detectors.
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Fig. 1 Monochromatic X-rays calibration

facilities in the 6~40 keV range
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Table 1 The factory size of MLC SDD
XRS-A-30-128-200-BeP MLC

JION SDX-30-128pnW Silicon Drift Detector ( SDD)
PRI F A7 2T AR 30 mm®
Si A H AR 450 wm = 20 wm
HHRS WL ZHEHAT 5.8 mm
M 27 BB (8 pm)
SDD 2 £ T 107 mbar

%2 BEV 133 SDD /Rt
Table 2 The factory size of BEV 133 SDD
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Fig. 2 Detection efficiency curve of high

purity germanium detector
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Fig.3 Simulated detection efficiency of the MLC SDD
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Fig.4 Simulated detection efficiency of the BEV 133 SDD
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Table 3 Measured detection efficiency of the MLC SDD

Rem/ SDD  mZEEEHE  SDDE  SDD BEdl
L I N RE/ %
keV I ST WECE % R/ %
7 10 179 10 299 97.63 99. 32 1.96
8 32930 34 111 95. 60 99. 31 3.71
10 102792 103 558 98.53 96. 67 -1.86
12 34 745 34 992 84. 61 86. 89 2.28
14 38 277 47 562 70.18 72.43 2.25
15 47 630 69 054 60. 72 64.95 4.23
16 41 262 67 129 54.61 57.84 3.28
% 4 BEV 133 SDD SEill4R % %
Table 4 Measured detection efficiency
of the BEV 133 SDD
Re/ SDD  EZEEEHE SDD 4R SDD Bidl
. L N N RE/ %
keV R ST BRI BE/%
7 26 383 26 905 95.74 99. 30 3.56
8 33 972 34 111 98. 63 99. 30 0.67
10 160 627 164 750 96. 37 96. 67 0.31
12 48 768 44 486 93. 81 86.93 -6.88
14 39849 47565 73. 06 72.43 -0.63
15 50 858 69 054 64.83 64.92 0.09
16 82693 120 643 61.18 57.81 -3.37
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Fig. 7 Calibration detection efficiency curve of the BEV 133 SDD

B R R T A
4 4 ik

ARSI FH v ] - [ P S S T R X S i T
o 25 X VP A e VR R DN e AR AT T TR 455 A
FE, BT RE BRI A 1) RIS FOA AR B B, Bk
SES S E R 20 keV LAF B e FH SRR RIS K
REISAS IR G5 R Z50OR EAT B33, I B 1 i 26
BIRIR 22 S R4 T S A 58] 9 e VA R T 2 1) 4 00 555
R I SBHMEIE T A TE LY 7~ 16 keV BE =
Bt ,PNDetetor 1 SDD fY iz KiR 2K 4.23% @ 15keV,
I KETEX 1 SDD 1% 52 0 % 1) fie KR 25 0 - 6. 88% @
12keV, [RIHELTERL S, 52005 G 5L 50 19 P 3R A 45 3
FEBE AT R ER M 4, X AR 25 R0 1 X G
8 I TRT B o2 25 1 1T DAOA X SR PR I 2 AR A 1 1 b a2 R
% SER TR R EM SR B L RELE LA RER AR 22K
FYBE s br g , I LT DL A B it 3% 22 Ak i 3 AP A T
FERLRE X HTER, X2 O IR T AN B i B R,
I HLA 6 UE T FH SR8 TR A XS R D g Y AT
T, A TG R #br 2 TAEIRE T 2% fadbnela
BRI SR A6 A I 09 TAE A T 3~12 keV

AE B B A I RE B B N S PRACR T 100% , HHET
SRR TAEREE 1 Al , 1oy 7k X S 4 R0 s 4
PR SRR RN S IR

SZ 3k

[ 1] MW, WP ARG 5T, 45, HEZ T 2017 4E B X 4F

AW, A EE P A [ J]. AR R 2 5 By i e
7%,2020,40( 10) :765-769.
HUO B B, GUO X Y, XU ZH Y, et al. Investigation
and estimation of medical X-ray diagnostic examination
frequency in Huai-an city in 2017[ J]. Chinese Journal
of Radiological Medicine and Protection, 2020,40( 10) ;
765-769.

[ 2] iR, whast XG55 T SR uOCIc R K

A R [T ], oI B 5 AR 4 4k, 2014,
28(7) :770-776.
HUANG H H, YAO J Y, LIU R J, et al. Damage
detection of axle housing based on metal magnetic
memory testing technology [ J ]. Journal of Electronic
Measurement and Instrumentation, 2014, 28 (7 ):
770-776.

[3] GUO S M, WU J J, HOU D J. The development,
performances and applications of the monochromatic X-rays
facilities in (0.218-301) keV at NIM, China[J]. Nuclear
Science and Techniques, 2021, 32(6) ; 1-14.

[ 4] HOUD, WUJ, GUO S, et al. The realization and study
of (21-301) keV monochromatic X-rays [ J]. Nuclear
Instruments and Methods in Physics Research Section A .
Accelerators, Spectrometers, Detectors and Associated
Equipment, 2019, 927. 382-389.

[ 5] JIANG Z, WANG E, SONG R, et al. Optimization of a
double crystal monochromator [ J]. Journal of the Korean
Physical Society, 2021, 79(8) : 697-705.

[6] T, ¥B %5 30~ 160 keV BAAE X BTk 3E

B AR AT (], T a4, 2021,42(5)
645-649.
WANG ER Y, JIANG ZH, GUO S M, et al
Experimental study on monochromaticity of 30 ~160 keV
single energy X-ray device[ J]. Acta Metrologica Sinica,
2021,42(5) :645-649.

[7] GUOS, JIANG Z, WU J, et al. Research on a tunable
monochromatic X-rays source in (5 approximately 40 )
keV [J]. Appl Radiat Isot, 2022, 181. 110096.

[ 8] HOUKER, S, 5KoKo8, 4. ASO-S TLA HXI e 748
MATTARRAE [J]. R ,2020,61(4) :101-108.
HUANG Y Y, MA T, ZHANG Y Q, et al. Calibration of
the detector units of the spectrometer of the hard X-ray
imager payload onboard the ASO-S mission [ J]. Acta
Astronomica Sinica, 2020,61(4) ;:101-108.



Csa R R % 36 %
[ 9] ik, EELAEH, 55 1R A BRI s 78 D &4 3 ) (18] JUukim, PNk, RN, 5. SEREF- A HPGe £R31
JE LM B T [ )] AR, 2021,44(10) :25-31. o AEHR 20 S MC UL T . 34241, 2021, 42(11)
YANG T B, WANG M, DAl G M, et al. Efficiency 1511-1516.
calibration of lanthanum bromide scintillation detector and YAN Y Q, SUNSHT, WU J J, et al. Energy calibration and
analysis of influencing factors of the detection efficiency|[ J ]. MC simulation of broad energy planar HPGe detector [ J ].
Nuclear Techniques, 2021,44(10) ;25-31. Acta Metrologica Sinica, 2021,42(11) ;1511-1516.
[10]  EfEW, EJE ARATIR, G5 BELS5. 77 O IR & Rl (197 sRETS B, F R, 55w a8 R0 e 28 00 k3
S ME IR R R VTEE [T ], AR PR 22 5 B 3 f9 MCNP B[], 3 RO 27 2 4l (B2 i) | 2010,
Zk,2019,39(11) :859-863. 48(5) :843-846.
WANG F R, WANG J, YU N L, et al. Medical follow- ZHANG ] F, ZHAO G Y, WANGY D, et al. MCNP
up of exposed victims after the “5.77 accident of simulation of high-purity germanium detector efficiency[ J].
radioactive source in Nanjing [ J]. Chinese Journal of Journal of Jilin University ( Science Edition), 2010,
Radiological Medicine and Protection, 2019,39 (11). 48(5) .843-846.
859-863. [20] AL, ASLH, 5k N BTN 7 I 7E s al
[11] ELTON LR B, JACKSON D F. X-ray diffraction and the PR G ZHUEE PR ]. 24 ( AR R
Bragg law [ J]. American Journal of Physics, 1966, 2£hR) ,2020,57(5) :961-967.
34(11) . 1036-1038. LI Z W, BAI L. X, ZHANG Y Y. Application of
[12] GERDAU E, RUFFER R, WINKLER H, et al. Nuclear uncertainty evaluation method in parameter correction of
Bragg diffraction of synchrotron radiation in yttrium iron high-purity Germanium detector[ J]. Journal of Sichuan
garnet[ J]. Physical Review Letters, 1985, 54(8) ; 835- University ( Natural Science Edition ), 2020, 57 (5):
838. 961-967.
[13] ARISTOV V V, ERKO A I, NIKULIN A Y, et al. [21] ‘adk, 56, T4 MC Bl HPGe FRMZSHRMACRT].
Observation of X-ray Bragg diffraction on the periodic T 5IE A ,2018,38(6) . 811-814.
surface relief of a perfect silicon crystal [ J]. Optics YANG J, GUAN W, BAI W CH. Study on the efficiency
Communications, 1986, 58(5) : 300-302. of HPGe detector by Monte Carlo simulation[ J]. Nuclear
[14] WEIDEMULLER M, HEMMERICH A, GORLITZ A, et al. Electronics and Detection Technology, 2018,38(6) :811-
Bragg diffraction in an atomic lattice bound by light [ J]. 814.
Physical review letters, 1995, 75(25) . 4583-4586. 1EEZ/N
[15] 53 3K 7 Bk . R HRI 27 B v A BB G (513 ) 2016 4 T 1 E A
BEARLI]. WBEdf, 2022, 71(1) :80-88. y 5Bt i B BT T A RAT 2 o, B
SONG W G, ZHANG L J, ZHANG J, et al. Research on > FE R e RIS B, B SE J )
digital pulse processing techniques for silicon drift : SHTRARE X AR B 5T 5E BRI RS AR T
detector [ J]. Acta Physica Sinica, 2022, 71 (1): ‘ . ARk
80-88. E-mail ; gsm@ nim. ac. cn
[16] i, A, ik, 55 HMBE D X HLneil Guo Siming ( Corresponding author ) received his Ph. D.
EEARBERE [J]. rHrBhA2A4, 2022, 38(1) . degree from the Institute of High Energy Physics, Chinese
115-121. Academy of Sciences in 2016. Now he is an associate researcher
GAO SH, HUANG M SH, YANG ZH Y, et al in National Institute of Metrology. His main research interests
Technical ~ progress of X-ray energy dispersive include the monochromatic X-rays radiation device and the
spectroscopy in scanning electron microscope [ J ]. detector calibration method.
Journal of Analytical Science, 2022, 38(1) . 115-121. FBERFT, 2020 4 FIR G ¢ e sk 8%+
[17] HpakRs, oM, RIeHE, %, GRS (SDD) FFA4R AT WIS N o T 0 e S 73

e X SFAREIEIM 2T [J]. Bl T4 SRR,
2004, 24(4) . 331-334.

YANG J W, ZHANG W, SONG X Y, et al. Silicon drift
detector array for X-ray spectroscopy [ J ].
Electronics & Detection Technology, 2004, 24(4) . 331-
334.

Nuclear

= W e X
~a

- E-mail ; 840094775@ qq. com
-

Qie Xiaoyu received his B. Sc. degree
from Xingtai University in 2020. Now he is a
M. Sc. candidate in Hebei University of Science and Technology.

His main research interest includes the X-rays metrology.



