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Fig. 1. X-ray detector: (a) The traditional X-ray detector; (b) the low-noise X-ray detector with +90° curved electron beams focus-

ing and directing complementary structure.
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Fig. 2. Electro-magnetic distribution of the low-noise X-ray
imaging tube with time dispersion compensated: (a) Poten-
tial field distribution; (b) magnetic field distribution.
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Fig. 3. Ports and modulation signal settings in photocath-
ode and mesh: (a) Discrete voltage ports; (b) ramp voltage

in the time domain.
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Fig. 10. Electron gain versus MCP bias voltage of the low-
noise X-ray imaging tube with time dispersion com-

pensated.

I ) 43 B 4G X 2R R AR F BT BE 2 A I
JINESH ] ) e 20 5 ECE AR, T XSRS O
H S A Hh e A & S P ANTETRG 5 ps BB, 7
kRSN E SRR, PG FAER R 52
Ja it A MCP 534, JF 2 Batk 4 . B 11(a) 4
T MCP ASTR) TAEHE T BEAR i % B 7 Bk b iy
44k A0 142, MCP T A/EH Rk, S+
TS [D AR /)N, 0 S IOk o 2 v A SE R /. 6T 11(D)
Z5H T4 MCP TAEHE N 800 V A, P S
F kb B IH—fk 43 A fh 28, o7 WL, PN TE]RR 5 ps Y
JEHL T 2RI ] SRR ME AU MRS X S 2 g e 1
JESE AT 3, 25 MCP 43548 J i 4 W ok H, 1 ik o

H)F R 458535k 74 ps 1 76 ps.

SR DT B[] 5% HECRI 2 28 AT e 75 g 1) ] 53 %
X SRR AR A BB (] 3 B A6 H B
A B AL A3 K SRR A 67 = 1 ps, 679 = 2 ps,
83 = 3 ps M 61y = 4 ps I EHL T, &l 12 253
T4 FFOLT SCR ke IE—fe k. A

1.0 5

a — 700V
0.9 — 750V
0.8} — 800V
0.7F — 850 V
— 900 V
0.6 — 950 V
0.5F — 1000 V
04}
0.3
0.2}

0.1

Normalized electron number

0 A
15.5 16.0 16.5 17.0

Time/ns

1.0
b —
0.0 L®) 800 V

0.8
0.7 F
0.6

0.5} ] LA
04+t
0.3
02t 76 ps
0.1f

Normalized electron number

0 .
15.5 16.0 16.5 17.0

Time/ns

P11 [EIB% 5 ps YOG HL FBS E 43 HEIE L (a) ASTFHL R
T ko 03— Ak 43 A (b) 800 VLR T, i HH Bk Y
R

Fig. 11. Photoelectron temporal resolution at 5 ps intervals:
(a) Normalized intensity distribution of ouput pulses at dif-
ferent MCP bias voltage; (b) normalized intensity distribu-
tion of output pulses at 800 V MCP bias voltage.

1.0

--6r =1 ps
o
2 09 Py =0.986
g 08t  (liwr 5
= To = 2 PS
Zoorr Py =0.352
2 06} -- 615 =3 ps
.lu" 0.5+ P;=0.026
; 04t — 014 =4 ps,
5 P, =0.006
2 o3} !
«
g 0.2
3
Z 0.1t Ry
0 . v W . .
15.6 15.8 16.0 16.2 16.4 16.6 16.8 17.0
Time/ns

P12 AN [R] A ) ] B B9 ' L - 78 MCP i 1 AL 139 B (] 53
Pris ol

Fig. 12. Time-resolved situation of photoelectrons at the
MCP outlet at different time intervals.

030503-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z R Acta Phys. Sin. Vol. 75, No. 3 (2026)

030503

B 12 AT LU Y, 4 FROAS [ s [ ) B 1 5 H 78 B
e A L B A — E R SC B FHL T
RO IR AR SR BT R AR IE N Py, P,
Py S Py (O BFAR & 558 - BsF (] [T o &7y, &7
73 e bry), RAEDTEARAT: P) = 0.986, P, = 0.352,
Py = 0.026, P, = 0.006. xR rEK Y 0.7
TN, AR A B BREHE] 43 B 2 ps.

4 K %

ST BT A G R SRR S PR R A AR
7 = R X B UG AR R, AR SCHR T —
BT (R[] SR AR M TR TR IR 75 1 e () 439 X B4R
G, EZL R EH B | i R AR «S” AR [A]
PRECRMESEF S MCP HL 53 a8 A Al 256 Tk
PR B AN “S7 BB ] SR HCRMEE S5 4, B AT B4R
BT 7S/ O e = N1 = SR U AT B /9= 0 X
H MRS SRR S AR P S Y R A M LR
WU BB HAAE T Ik el i P S ARk 238 o) s [ 53 PR 1
(s, 25 B B[R] R 58 R 7 B R ] 15 5 bR
(1—6 V/ps) B FB W T;, FEIEH N Y]
Jok {5 ARG, S L SR AN SR 2 ] F
YA R K, B0 HL ki MBI H S
R ZE IR 2R [V R S i k) i S R
i BT T RGN Bk b HE S, i T AE
“S7 HUR B R A MEZE A PR AR 3 (A-B BOf B-C
B Bl R vi g . 455K, A A-B B, WA
y FR3E K, s ) Ji 5 DR 38 W I 1) 38K, 50 B R
7.86%; £ B-C B, BE& y (3K, W) 58 7
AEAVAR/IN, Y95 BE R 1.75%, SCPR T BRIk R M.
DT MCP MG 15 «S7 YR (B SR BCR M 45
FBEES d XF 25 [ R A 2R 5. 25 RE W], 25
[ RORAL R d JLT- 2 ZPERE R, AT FeA [a] R
() MCP. BLEHHL T MCP TAEH X X 548
BEF I T 25 SR, 25 ok, % MCP T
YERLE (700—1000 V) BYFF1, BAG a1 iy L -3
5 2RI, WA 104 {H LB MCP 34 25 1) B 245
B (10°) IR — AR S, F B T “S7 A )5k
FRORMEE A8 1 L G 3 00 AT 23 (AR e L IR g s
31, JEHL T E]3E MCP 4 A b i B 9 3% 5 MCP
g AR RIT AR BT EL RS TI%H R X 4
2 AR BEAEANF) MCP TAERJE R, 247 % [H]
W% 5 ps OG54 3t. JJa, #H9E T MCP T

VEHL RN 800 Vs, AN [w] Fsf i) [ o 1) S L 7 7 B R
Ak i L K o ) I D0 B O, 4R SR
X B BUGAE BOR BRI 8] 0 BE AN 2 ps. ARSCHY
BT o B 18] 70 B XS R A 1 BAT
(PR N I (N s YN &I F S A e PN DL R
B, A BN TRk 2 RO SR AL S5 i A S B v 5
B HE PRIk v g S 2

Sk

[1] Wang Q Q, Cao Z R, Chen T, Deng B, Deng K L, Tian J S
2021 Rev. Sci. Instrum. 92 123305

2] Fu WY, Huang J K, Wang D, Lei Y F, Wang Y, Deng P K,
Long J H, Cai HZ, Lui J Y 2020 I[EEE Access 8 47533

[3] Gales S G, Horsfield C J, Meadowcroft A L, Leatherland A E,
Herrmann H W, Hares J D, Dymoke-Bradshaw A K L,
Milnes J S, Kim Y H, Kleinrath H G, Meanney K, Zylstra A
B, Parker S, Hussey D, Wilson L, James S F, Kilkenny J D,
Hilsabeck T J 2018 Rev. Sci. Instrum. 89 063506

[4] Cai H Z, Luo Q Y, Lin K X, Deng X, Liu J K, Yang K Z,
Wang D, Chen J J, Wang J H, Long J H, Niu L H, Lei Y F,
Liu J Y 2024 Nucl. Sci. Tech. 35 126

[5] Dymoke-Bradshaw A K L, Hares J D, Milnes J, Herrmann H
W, Horsfield C J, Gales S G, Leatherland A, Hilsabeck T,
Kilkenny J D 2018 Rev. Sci. Instrum. 89 101137

[6] Herrmann H W, Kim Y H, Zylstra A B, Gepper-Kleinrath H,
Meaney K D, Young C S, Lopez F E, Fatherley V E,
Pederson B J, Oertel J A, Hernandez J E, Carrera J, Khater
H, Rubery M S, Horsfield C J, Gales S, Leatherland A,
Hilsabeck T, Kilkenny J D, Malone R M, Batha S H 2018
Rev. Sci. Instrum. 89 101148

[7] Cai HZ, Fu WY, Wang D, Lei Y F, Gu L, Liu J Y 2019
Opitk 185 441

[8] Hares J D, Dymoke-Bradshaw A K L, Hilsabeck T J,
Kilkenny J D, Morris D, Horsfield C J, Gales S G, Milnes J,
Herrmann H W, McFee C 2016 J. Phys. Conf. Ser. T17
012093

[9] Hilsabeck T J, Hares J D, Kilkenny J D, Bell P M, Dymoke-
Bradshaw A K L, Koch J A, Celliers P M, Bradley D K,
McCarville T, Pivovaroff M, Soufli R, Bionta R 2010 Rewv.
Sci. Instrum. 81 10E317

[10] Trosseille C, Nagel S R, Hilsabeck T J 2023 Rev. Sci.
Instrum. 94 021102

[11] Theobald W, Sorce C, Bedzyk M, Ivancic S T, Marshall F J,
Stoeckl C, Shah R C, Lawrie M, Regan S P, Sangster T C,
Campbell E M, Hilsabeck T J, Englehorn K, Kilkenny J D,
Morris D, Chung T M, Hares J D, Dymoke-Bradshaw A K L,
Bell P, Celeste J, Carpenter A C, Dayton M, Bradely D K,
Jackson M C, Pickworth L, Nagel S R, Rochau G, Porter J,
Sanchez M, Claus L, Robertson G, Looker Q 2018 Rev. Sci.
Instrum. 89 10G117

[12] Nagel S R, Carpenter A C, Park J, Dayton M S, Bell P M,
Bradley D K, Funsten B T, Hatch B W, Heerey S, Hill J M,
Holder J P, Hurd E R, Macaraeg C C, Patel P B, Petre R B,
Piston K, Trosseille C A, Engelhorn K, Hilsabeck T J, Chung
T M, Dymoke-Bradshaw A K L, Hares J D, Claus L D,
England T D, Mitchell B B, Porter J L, Robertson G,
Sanchez M O 2018 Rev. Sci. Instrum. 89 10G125

[13] Gou Y S 2017 Ph. D. Dissertation (Xi’an: Xi’an Institute of

030503-7


https://doi.org/10.1063/5.0061685
https://doi.org/10.1063/5.0061685
https://doi.org/10.1063/5.0061685
https://doi.org/10.1063/5.0061685
https://doi.org/10.1063/5.0061685
https://doi.org/10.1063/5.0061685
https://doi.org/10.1063/5.0061685
https://doi.org/10.1109/ACCESS.2020.2979756
https://doi.org/10.1109/ACCESS.2020.2979756
https://doi.org/10.1109/ACCESS.2020.2979756
https://doi.org/10.1109/ACCESS.2020.2979756
https://doi.org/10.1109/ACCESS.2020.2979756
https://doi.org/10.1109/ACCESS.2020.2979756
https://doi.org/10.1109/ACCESS.2020.2979756
https://doi.org/10.1063/1.5031110
https://doi.org/10.1063/1.5031110
https://doi.org/10.1063/1.5031110
https://doi.org/10.1063/1.5031110
https://doi.org/10.1063/1.5031110
https://doi.org/10.1063/1.5031110
https://doi.org/10.1063/1.5031110
https://doi.org/10.1007/s41365-024-01408-2
https://doi.org/10.1007/s41365-024-01408-2
https://doi.org/10.1007/s41365-024-01408-2
https://doi.org/10.1007/s41365-024-01408-2
https://doi.org/10.1007/s41365-024-01408-2
https://doi.org/10.1007/s41365-024-01408-2
https://doi.org/10.1007/s41365-024-01408-2
https://doi.org/10.1063/1.5039327
https://doi.org/10.1063/1.5039327
https://doi.org/10.1063/1.5039327
https://doi.org/10.1063/1.5039327
https://doi.org/10.1063/1.5039327
https://doi.org/10.1063/1.5039327
https://doi.org/10.1063/1.5039327
https://doi.org/10.1063/1.5039378
https://doi.org/10.1063/1.5039378
https://doi.org/10.1063/1.5039378
https://doi.org/10.1063/1.5039378
https://doi.org/10.1063/1.5039378
https://doi.org/10.1063/1.5039378
https://doi.org/10.1016/j.ijleo.2019.03.105
https://doi.org/10.1016/j.ijleo.2019.03.105
https://doi.org/10.1016/j.ijleo.2019.03.105
https://doi.org/10.1016/j.ijleo.2019.03.105
https://doi.org/10.1016/j.ijleo.2019.03.105
https://doi.org/10.1016/j.ijleo.2019.03.105
https://doi.org/10.1088/1742-6596/717/1/012093
https://doi.org/10.1088/1742-6596/717/1/012093
https://doi.org/10.1088/1742-6596/717/1/012093
https://doi.org/10.1088/1742-6596/717/1/012093
https://doi.org/10.1088/1742-6596/717/1/012093
https://doi.org/10.1088/1742-6596/717/1/012093
https://doi.org/10.1063/1.3479111
https://doi.org/10.1063/1.3479111
https://doi.org/10.1063/1.3479111
https://doi.org/10.1063/1.3479111
https://doi.org/10.1063/1.3479111
https://doi.org/10.1063/1.3479111
https://doi.org/10.1063/1.3479111
https://doi.org/10.1063/1.3479111
https://doi.org/10.1063/5.0128802
https://doi.org/10.1063/5.0128802
https://doi.org/10.1063/5.0128802
https://doi.org/10.1063/5.0128802
https://doi.org/10.1063/5.0128802
https://doi.org/10.1063/5.0128802
https://doi.org/10.1063/5.0128802
https://doi.org/10.1063/5.0128802
https://doi.org/10.1063/1.5036767
https://doi.org/10.1063/1.5036767
https://doi.org/10.1063/1.5036767
https://doi.org/10.1063/1.5036767
https://doi.org/10.1063/1.5036767
https://doi.org/10.1063/1.5036767
https://doi.org/10.1063/1.5036767
https://doi.org/10.1063/1.5036767
https://doi.org/10.1063/1.5038671
https://doi.org/10.1063/1.5038671
https://doi.org/10.1063/1.5038671
https://doi.org/10.1063/1.5038671
https://doi.org/10.1063/1.5038671
https://doi.org/10.1063/1.5038671
https://doi.org/10.1063/1.5038671
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 75, No. 3 (2026) 030503

Optics and Precision Mechanics of Chinese Academy of [18] Li L L, Tian J S, Chen P, Guo L H, Wang X, Liu H L, Xue
Science) (in Chinese) [4%7 i 2017 24 0ig3C (V64 1 E Y H, Xin L W, Gao G L, He K, Gou Y S, Zhang M R, Li S
FHEBE PTG E R B DL 5T T ) H,Sai X F, Liu BY,Xu XY, QuYS, Zhao W 2022 [EEE
[14] Nagel S R, Hilsabeck T J, Bell P M, Bradley D K, Ayers M Trans. Nucl. Sci. 69 850
J, Barrios M A, Felker B, Smith R F, Collins G W, Jones O [19] Chen P, Tian J S, Qian S, Zhao T C, Liu H L, Wei Y L, Sai
S, Kilkenny J D, Chung T, Piston K, Raman K S, Sammuli X F,He J P, Wang X, Lu Y, Chen L, Guo L H, Pei C Q, Hui
B, Hares J D, Dymoke-Bradshaw A L D 2012 Rev. Sci. D D 2017 Nucl. Instrum. Meth. A 848 1
Instrum. 83 10E116 [20] Chen L, Wang X C, Tian J S, Zhao T C, Liu C L, Liu H L,
[15] Mohamed Z L, Kim Y, Knauer J P, Rubery M S 2023 Phy. Wei Y L, Sai X F, Wang X, Sun J N, Si S G, Chen P, Tian L
Rev. C'107 014606 P, Hui D D, Guo L H 2017 IEEE Trans. Nucl. Sci. 64 1080
[16] Cao F, Zhang L, He Y, Bai T 2025 Photoelectric Imaging [21] Li H, Chen P, Tian J S, Xue Y H, Wang J F, Gou Y S,
Techology and System (2nd Ed.) (Beijing: Publishing House Zhang M R, He K, Xu X Y, Sai X F, Li Y H, Liu B Y, Wang
of Electronics Industry) p235 (in Chinese) [& WA, skuiFE, fif X L, Xin L W, Gao G L, Wang T, Wang X, Zhao W 2022
SH, FUERE 2025 (dbat: BTl RS (58 2 i) 58 235 1) Acta Phys. Sin. T1 028501 (in Chinese) [ZEhi, R, %,
[17] Chen L, Wang X, Tian J, Liu C, Liu H, Chen P, Wei Y, Sai BEELE, TREE, i, sREUE, e, fRin 2, 38/, 250
X, Sun J, Si S, Wang X, Lu L, Tian L, Hui D, Guo L 2016 W, XVEE, TRk, SEmfh, motde, EE, 2%, 8T 2022 ¥
Nucl. Instrum. Meth. A 840 133 FEAEH7 71 028501

Design of time dispersion compensated low-noise and high
temporal resolution X-ray imaging tube”

TIAN Liping? YANG Yang? FENG Penghui? CHEN LinY
XUE Yanhua?  ZHANG Xiang! SHEN Lingbin !
TIAN Jinshou?  GOU Yongsheng ?f

1) (School of Network and Communication Engineering, Jinling Institute of Technology, Nanjing 211169, China)
2) (State Key Laboratory of Ultrafast Optical Science and Technology, Xi’an Institute of Optics and Precision Mechanics of
Chinese Academy of Science, Xi’an 710119, China)

( Received 6 December 2025; revised manuscript received 12 January 2026 )

Abstract

To design a low-noise high temporal resolution X-ray detector suitable for application in strong radiation
environments, a new time dispersion compensation low-noise high-resolution X-ray imaging tube is proposed in
this work. This tube is mainly composed of a photocathode, an acceleration electrode, an “S” type time
dispersion compensation structure, and a microchannel plate (MCP) electron multiplier tube. By combining
pulse modulation technology and an “S”-type time dispersion compensation structure, this tube can not only
reduce time dispersion and improve temporal resolution, but also filter high-energy neutron noise, thereby
achieving high signal-to-noise ratio detection of signals in strong radiation environments. The effect of pulse
modulation voltage slope on time magnification is calculated, and the results show that the time amplification
factor increases gradually with the increase of modulation signal slope (1-6 V/ps). This is mainly because when
the slope of the modulated pulse signal increases, the rate of change in the electric field between the
photocathode and the accelerating mesh increases, resulting in a difference in speed between the photoelectron
pulses emitted from the mesh, and the time dispersion effect becomes more pronounced after the same drift
length.

The theoretical results show that in the A-B section, with the increase of y, the temporal magnification

* Project supported by the National Natural Science Foundation of China (Young Scientists Fund) (Grant No. 12405246) and
the National Natural Science Foundation of China Major Scientific Research Instrument Program (Grant No. 12127810).
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gradually increases positively, and the uniformity is 7.86%. In the B-C section, with the increase of y, the
changes of temporal magnification are minimal, and the uniformity is 1.75%, which realizes temporal dispersion
compensation. The effect of the distance d between the MCP electron multiplier and the “S” type time
dispersion compensation structure on the spatial magnification is simulated, and the results show that the
spatial magnification increases almost linearly with d, making it adaptable to different sizes of MCPs. The effect
of MCP working voltage on the electronic gain of X-ray imaging tube is simulated, and the results show that
with the increase of MCP working voltage (700-1000 V), the electronic gain of the imaging tube increases
sharply, up to 10%, but it is an order of magnitude lower than the result of single MCP gain simulation (10°),
which is mainly attributed to the electromagnetic field distribution of the “S” type time dispersion
compensation structure and can make the photoelectrons spiral, and the velocity of the photoelectrons when
they reach the MCP input face is not perpendicular to the MCP input face. The new X-ray imaging tube can
completely resolve photoelectrons at 5 ps intervals at different MCP operating voltages. Finally, the temporal
resolution of photoelectron output pulses at the anode is investigated at an MCP operating voltage of 800 V.
The results indicate that the ultimate temporal resolution of the X-ray imaging device is 2 ps. The low-noise
and high temporal resolution X-ray imaging tube designed in this work has the following advantages: high
temporal resolution, low noise, high signal-to-noise ratio, and large dynamic range, and is expected to be used in
strong radiation environments such as inertial confinement nuclear fusion to achieve high-quality diagnosis of

ultrafast light pulses.
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