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Abstract

Silicon drift detector (SDD) is widely used for X-ray detection. This study designed an SDD structure
with small cathode ring spacing, and modeled and simulated SDDs with cathode ring spacing of 10
pm and 30 pm using Silvaco TCAD simulation software. The electrical characteristics of SDDs with
cathode ring spacing of 10 um and 30 pm were compared, and the capacitance, transient anode cur-
rent, and charge collection mechanism of SDDs with cathode ring spacing of 10 um were analyzed.
The results indicate that compared to the 30 um cathode ring spacing SDD, the 10 um cathode ring
spacing SDD has smaller leakage current, smoother electron drift channel, larger lateral drift
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electric field, uniform potential distribution, lower capacitance, and charge collection time of about
100 ns.
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Figure 1. SDD (Y-Z section) structural diagram
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Figure 2. 10 um and 30 pm cathode ring spacing SDD leakage current
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Figure 3. Simulation of electron concentration distribution in SDD with cathode ring spacing of 10 um and 30 pm
respec tively: (a) 10 um; (b) 30 pm

3. BAMREREIEES 79 10 um F0 30 um B SDD B FRESHERL: () 10 um; (b) 30 um

DOI: 10.12677/csa.2025.154075 36 TFENUER S N A


https://doi.org/10.12677/csa.2025.154075

HIRMG, FiEes

3.3. B#SH

K 4 AR FIBA AR IR R FE SDD P33 HL 340 A o a1 BT PHAR FL 34 A i » 3 SMEERS R BRHUE 1 H 34 AR A1
BEE AR, BB, AT BRERAIFE Y 30 um 9 SDD, HIARFFEEE )y 10 pm ff) SDD A &R
L3 A 3550 o SREN R IRV TE P A A AT I 2R an ) S B o IR AT AT, Bl A2 03,
HLEA I TN, AT B ER AL EE N 30 um () SDD, FAARFRIAIEE Y 10 um ff) SDD HL 7R 438 A FEL 34

EER, AR H AT BB, NG XML AR TR S RAG ERIEASHE, HR
A B AR AR .

0 200 400 600 800 1000 1200 0 200
Y (pm)

400 600 800 1000 1200
Y (pm)
(@) (b
Figure 4. Simulation of internal potential distribution in SDD with cathode ring spacing of 10 um and 30 um,
respectively: (a) 10 um; (b) 30 pm
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Figure 5. Potential distribution curves in SDD electron drift channels with cathode ring
spacing of 10 pm and 30 pm, respectively

& 5. BBHRIFEEES B 10 um F0 30 um SDD B FER 48RRI 4> fh sk
3.4. BIANTH

R R HEBHIREEE, [5 6 NARPIRIAEER SDD A E I A MEH AT DI, BRI b T
FFRyh, RPH ORI RIS R IE A 1§ R AR, EAE PR IXIE, AAHE
SERII AT, NI X LG AR T, B e & RERIXA X, SR8 1E s i1 AL F 582 B0 FH A .

DOI: 10.12677/csa.2025.154075 37 TFENUER S N A


https://doi.org/10.12677/csa.2025.154075

BIRRMY, EHE

AN B FRE) BE 9 30 wm () SDD, FARIAIAIEE N 10 um ) SDD % 7 X /N, 45 5 515 (1) s 3550
fio PEHUA PR VAE I A i 2 an i 7 Fios. R SSIEEBH R, FRLIZ SR /N . BARRIRTATEE Sy
10 um 1) SDD HuLBHRAL B AR IR, B AER B R, ATt 7 KIER Y.
B PR IR AL BRI, FFEEAE VA TE A Y H3A 2 AT TR TR S, AR T BT BB B AR

[RItE, AR DL FArbras R, /NSRRI EE SDD AT KBA MR IFEEE SDD A A 57 1) 2 PEfg
PR SR AT RERIE /N AR IR TR PR g, $2 SDD [Tk BE. SR1M, TESCPRY SDD LK, BIARIA B #E R~
ZE T EEARIRS], W R PRI, BB IR Z (B IAIR K, SEUIIRIA 2 0 Rk AR
ZFIGR, FEC SDD HtERE. BRI, 7 RS LL 10 pm SDD AMF FERT G470 4T

0 v 0
100 i 100
1.6:
200 ~ 200
— g
g 2
ES
= N
N 300 300
400 400

500

0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200

Y (um) Y (um)
(@) (b)

Figure 6. Simulation of internal potential distribution in SDD with cathode ring spacing of 10 pum and 30 pum, respectively:
(a) 10 pm; (b) 30 um
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Figure 7. Electric field distribution curves in SDD electron drift channels with cathode
ring spacing of 10 um and 30 pm, respectively
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Figure 8. C-V characteristic curve of SDD with a cathode ring spacing of 10 pm
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Figure 9. Cathode ring spacing of 10 um SDD transient anode current
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Figure 10. The electron concentration distribution inside SDD with a cathode ring spacing of 10um at different times:
(2) 1.02 x 1077 s; (b) 1.2 x 1077 5; (¢) 1.52 x 1077 5; (d) 2.5 x 1077 s
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