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Fig. 1 Photocathode waveguide microwave transmission model
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Table 1 Simulation parameters
Components Materials Epsilon or sheet resistance
Glass window 1JS1 fuse silica e=3.8
Photocathode underlayer Ohmic sheet R,=11.74
Metal ring PEC —
Ceramic ring Alumina(96% ) e=9.4
MCP front face PEC —
Dielectric layer (PCB) FR—4 e=4.3
Microstrip line (PCB) PEC —
GND (PCB) PEC —
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Fig. 2 Pulse waveform diagram. (a) Ideal Gaussian pulse; (b) Photocathode center voltage variation versus time in simulation
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Fig. 3 Variation trend of the gating pulse at the photocathode center versus sheet resistance. (a)FWHM; (b) Voltage
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Fig. 6 MTF curve with different photocathode transmission active voltages

Pl 6 2 AR i s MTF Fifi )l B BB 22 MCP % AT (] A 280 H R A8 A0 RS 400t 2 o AR 3 T DA e 36 2 1 &
A EHE AT DL 3, A R0 e X6 43 (8] 4 B AR 008 9 4 O R R B 2k s 4, T B O BORRAE o FEXT L
FER G (MTE >20% ) I, [7]—XF HBE T, 43 38 230 5 4 A0l e S22 B 10 ™A ) BRI s 1 OC 3R o AT Fl F
I 2E MR X A B 5 MCP % A i 5] A 250 Fe 00 38 R b 25 38 5 7 il ) s e 3% o 9L 35 A 8K
T H - R s A T Bl R 25 S R S AN AR R LA B s [ H A RO T 5 A AR R e R, A T I A ]
R, L 3158 MCP S AT B A R BOBE ELAR D0/ | 25 10 % 1A U AZOG) LL B 45 30 i 35 4R T o (R 2k A%
FERE(MTEF<12%) , 4B E TR MTF & fERm AR AL LN 5HES ., 455K 2P MTF=10% R
Gy PR BB AL |, 23 (8] 53 98 32 B i 728 b 5 B AR M R BR R AR /N S B, AR A A0 50 VOB PR
F+ % 65.54 Ip/mm. 77 A IS A AT R B DA AN F < B R 23 )03 0 T e, s R ROSE B s/ 2 5 MCP IR
AR I A0 AR R B FERH LB o AR AR T L MCP FLAR 110 5 I 51) 445 A4 2 % Hi, 7 o o B RE 7 A R 4
A RN o X El OV TUART 25 4 5 | S A M A, A S BT AIRORT L R (g s TR A 3R ) DX Sl 400 K 3 A i 3 5 A2
o ZAL I AR Bh G AE s M R S N T SRR O A T S A FE R A A S b R B g
W, MTE il 28 2 s (0 3 3 32 200 PS5 b o6 MCP B B4S A 0F 47 BO(E SR AR IS AT B 00 5 1A (%) B 280 Jeg PR
P T A S B A5 384 5 1 0 3K o O 5% 1) 119 25 [1] 43 9 RE T A 4R T

#2 FEAXEES RS E S E

Table 2 The spatial resolution corresponding to different effective voltages

Effective voltage /V —10 —20 —30 —40 —50
Spatial resolution /(Ipsmm ™ '@MTF=10%) 27.02 26.63 38.89 36.76 65.54
Spatial resolution /(Ipsmm '@MTF=20%) 16.59 19.50 22.12 23.49 24.79
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Fig. 7 Imaging components.(a) RTRIBA-N resolution negative test target; (b) 1:1 projection optical system
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Table 3 USAF 1951 resolution test target line pairs table (line pairs per mm)

Group number

Element
0 1 2 3 4 5 6 7
1 1.00 2.00 4.00 8.00 16.00 32.00 64.00 128.00
2 1.12 2.24 4.49 8.98 18.00 36.00 71.80 144.00
3 1.26 2.52 5.04 10.10 20.20 40.30 80.60 161.00
4 1.41 2.83 5.66 11.30 22.60 45.30 90.50 181.00
5 1.59 3.17 6.35 12.70 25.40 50.80 102.00 203.00
6 1.78 3.56 7.13 14.30 28.50 57.00 114.00 228.00
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Research on Deterioration Mechanism of Dynamic Spatial Resolution of
Picosecond Gated Image Intensifier

HU Shiyu"*, YANG Yang', GOU Yongsheng', XU Yan', FENG Penghui', YAO Jiahui',
FENG Zhiyu', WANG Bo', LIU Baiyu', TIAN Jinshou'
(1 State Key Laboratory of Ultrafast Optical Science and Technology, Xi'an Institute of Optics and Precision Mechan-
ics, Chinese Academy of Sciences, Xi'an 710119, China)
(2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Precisely capturing ultrafast transient processes is crucial in extreme physics experiments such as
inertial confinement fusion and high—-energy plasma diagnostics. Although temporal resolutions is the key
performance metrics for proximity—focused image intensifiers, the dynamic spatial resolution under
picosecond gating conditions suffers significant degradation. Current theoretical models often rely on first—
order approximations, lacking accurate multidimensional descriptions of the nonlinear pulse distortions
caused by impedance mismatch and photocathode sheet resistance. Therefore, this paper investigates the
spatial variation of the effective voltage on the photocathode under picosecond gating and reveals its
physical impact mechanism on dynamic spatial resolution. By establishing a physical model that can reflect
the actual complex tube structure, this study clarifies how an insufficient effective driving voltage increases
the spatial dispersion of electrons, providing critical theoretical support for optimizing ultrafast imaging
devices. A comprehensive methodology organically combining 3D electromagnetic simulation, particle
dynamics calculations, and high—precision optical experiments was employed. A microwave transmission
model of the photocathode waveguide was built in CST software to simulate the radial propagation of a 200
ps FWHM negative Gaussian pulse, quantifying the severe temporal and spatial voltage attenuation
induced by ohmic loss. Subsequently, an M-C method based PIC electron transit model utilizing the
precise Furman secondary emission model was established to evaluate the mapping relationship between
the effective voltage across the photocathode-MCP gap and the MTF. To verify the simulation model, an
experimental platform featuring a 515 nm, 220 fs ultrafast femtosecond laser and was constructed. By
actively varying the positive bias applied to the photocathode from 10 V to 30 V, the effective voltage
equivalently reduced from -25 V to -5 V, the dynamic spatial resolution was experimentally and
quantitatively tested using a standard USAF 1951 resolution target.Simulation results demonstrates that the
limited conductivity of the photocathode sheet resistance induces severe RC delay and edge reflection
effects, ultimately causing a drastic dynamic degradation of the effective electric field in the first proximity
zone. Furthermore, the particle dynamics simulation reveals a piecewise modulation effect: in the high—-
contrast imaging range (MTF>>20%) , the spatial resolution strictly and monotonically decreases as the
effective voltage drops, primarily due to the weakened suppression of initial transverse kinetic energy and
intensified space charge effects. These experimental results are highly consistent with the simulated
predictions. Under a static continuous—working state, the maximum spatial resolution of the intensifier
reaches 32 lp/mm@CTF=11.72%. However, under dynamic picosecond gating at a -25 V effective
voltage, the resolution noticeably degrades to 16 Ip/mm@CTF=11.28% and the optical exposure time is
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315 ps. As the positive bias progressively increases, effectively reducing the internal accelerating voltage,
resulting in the image becoming more and more blurred and the line pairs are completely merged and
indistinguishable. The intrinsic sheet resistance and the structural impedance mismatch of the photocathode
are the primary impacts causing severe dynamic degradation of the effective electric field during the inward
radial propagation of ultrafast gating pulses. This dynamically weakened accelerating field prolongs the
electron transition time within the vacuum proximity gap and amplifies the transverse dispersion of
photoelectrons representing the fundamental physical mechanism responsible for the drastic deterioration of
dynamic spatial resolution in picosecond gated image intensifiers. To successfully maintain excellent spatial
resolution capabilities in ultrafast gating regimes, future optimization and development of gated image
intensifiers can focus heavily on improving the photocathode waveguide structure to minimize microwave
transmission loss, employing advanced micro—nano manufacturing techniques to lower the intrinsic sheet
resistance, or introducing electromagnetic compound focusing mechanisms. Utilizing pulsed strong
magnetic fields to externally constrain the electron transit dispersion process will be absolutely critical to
overcoming the current physical bottlenecks in picosecond gated high speed imaging systems.

Key words: Image intensifier; Spatial resolution; Photocathode effective voltage; Electron transition;
Ultrafast diagnosis
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