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Radiation source Pinhole Scintillation screen
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Figure 1 (Color online) Schematic diagram of pulsed radiation beam
imaging system.
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Figure 2 (Color online) The typical structure of non-oppositing vertexes thick pinhole with large FOV (Field of View).
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Table 1 Structural parameters of thick pinhole
HALBLE B BOEH HEFLBUA R BEE [H
HALBLARd 0.2 mm HEFLBSMLAED 2.325 mm
HABIEFEL, 20 mm MREL, 700 mm
HALBUHEA 1/50 HEFL B AE A 1/160
HALBH L 0 mm HESLBL IO i rpLo S 22 mm

2 AFEEALEAAMG T IO AL BRI S SRR PR R T

Table 2 Detection efficiency of the position at FOV center with different estimation methods of pinhole diameter compared with the Monte Carlo

calculation results

T FRRP I AR A FLEL R AngerZ5 R4 FLE R, MR R4 FLE R,
14 MeVHh 45 3% 1.03x107" 6.25x107"2 1.46x107" 1.05x107"
1.25 Me VA M 2% 6.55%x107"2 6.25%x1072 8.51x107" 6.56x107"2
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Figure 3 The pipeline factors with different types of incident particles
vs. the distance R between imaging plane point and center point.
(a) 14 MeV neutron incidence; (b) 1.25 MeV gamma ray incidence.
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Figure 4 (Color online) Two-dimensional point spread functions of
different positions at image plane with different types of incident
particles. (a)—(d) 14 MeV neutron incidence; (e)—(h) 1.25 MeV gamma
ray incidence.
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Annular
coded image

Ring aperture

5 (MERhR DL S b LR 5 R =
Figure S (Color online) Schematic diagram of imaging by ring
aperture.
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Figure 6 Comparisons of the experimental results acquired by ring aperture and thick pinhole for X-ray spot. (a) Experimental result measured by
0.2 mm diameter pinhole; (b) experimental result measured by 0.2 mm width ring aperture; (c) RL reconstructed image of ring aperture in (b).
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Table 3 The main performances of scintillating screen commonly used in the imaging system

o NP e 2 I o .
BC408-5mm 10000 425 0.09 (14 wev) 2.1 ~2.2 (14 pev) 1.032 1.58
BC408-2mm 10000 425 0.09 (114 yey) 2.1 ~3.3 (14 Mev) 1.032 1.58

TN FES-5cm 12300 424 0.09 (114 pev) 3.5 ~1.8" (114 mev) 0.959 1.58
LYSO:Ce-5mm 30000 420 0.37 (¥ 25 mev) 41 ~2.5 (s ey) 7.1 1.82
LYSO:Ce-5mm-500K 3000 420 0.37 (Y1 25 mev) 5 ~2.5" (4155 mev) 7.1 1.82
LaBr;:Ce-5mm 63000 380 0.23 (Y125 mev) 16 ~2.5 (125 wev) 53 1.90
Yb:YAG-5mm 800 320 0.24 (¥ 25 mev) 12 ~2.5" (105 vev) 4.56 1.82
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Figure 7 (Color online) The schematic diagram of dual proximity
focused image intensifier.
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Figure 8 (Color online) The spectrum response of photocathode
material commonly used in pulsed radiation beam imaging system.
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Table 4 The perfomances of phosphor screens usually used in temporally gating image intensifier

PGB B Ot F/EF@5kV) 1%AHERF ] (100 ns N 5) RACIGUEIEAE (nm)
P20 320 ~100 ps 540
P46 55 ~1 ps 530
P47 64 ~300 ns 410

F5 OURITSHRRITSHTH

Table 5 Comparison of the parameters between electrical gated pulse and optical gated pulse

o R GaAsHBIK A F R GaAsHEHIK S20BH % HART]

(®©18 mm) (®18 mm) (®25 mm) (=250 V, +50 Vi JE)
Frm B (ns) 17.3 14.8 21.0 16.9
10%-90% (ns) 5.6 53 8.2 5.0
10%—-50% (ns) 2.1 2.4 1.54 1.6
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BRIFEMN, 3R E TN AR, ASUBXEAEHE
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Figure 9 Pixel stucture of global gated CMOS sensor. 1-Pixel
photosensitive area, 2-pixel floating grid, 3-pixel signal readout circuit,
A-reset control signal of photosensitive area, B-transfer control signal
between floating gate and photosensitive area, C-reset control signal of
floating grid, D-control signal of pixel signal readout.

FUG AL B ARG OB A FIEZRES, eBIX s
TGS AT, R EMRE X 2 A i ilE
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KBS Z 70, CMOS EMGAL A% T 46 2 — it 5 1 gt s,
SEABNLH. BE5CHMK, BERERT BT
RBRATES; TETIRTZ, K 55— it G I FR) B FL
W55 MEFOLRX R 215 117 B, £ 20 %,
2R — iR R, TR A S ) e o
— T Y I TH) A T O PRS2 . 7E T3H %1, CMOSH]
BAL IR TF AR 58 Wi EUR R, 3 TOI %45 R,
ZJEk i T miEg, B B B S B A
Z AV TE] 5 &R, AT PASEBLS00 nsdi fH B G A, X
B (1) 5 /N s 180 1 B T 298 E s, 1A% 7 925 5 1)
W B AVG ISR B AN LS B, RERS T WpsIFI B . nsZ i
T6) 73 HEXUIICMOS A HL.

10T

Photosensitive areal
exposure

T2 T3

2.5 [REIPih% SEE KB

ik i 42 R AR H AR A S bR B I R, BR TR
BXTI () or e 2. RS, gt tEErEe T
FZAHb, T E BTk 0 R 5 S B A= A 2 1)
HIRE] DR &R, IX kAR B @ AL 7] D ik S50 (8] S Bk R 4,
SR (P[] DR 2R 40 B Al R R e RIS < R AIL
PITIKIP AR AR, — R XS ns B 8] RS S 235
() ik 5 15F ] O BK R G o B 11 s

T [FD HLAMR ] A B A AR B TR IR, — A%
10 nsTE 2, 5 TN FE R FREAFFERT (R ZEIR, A
R A 5 — OE R R IR &5 S, B s E "~ E
FIHLIIAE 5, 5 I PRIV 28 75 22 Re % S LSy 205 1) 32 22
IFIAJRFAE, — M S 20 PR U B S 0% AT I [A] Ok
[FD ALK fih A5 5 i 4 9 ELAT () — s i) 2 vfe 1) 22 1% [+
P55, R [ 2 A 18] 2 <0.2 ns, Ak SE5h
<0.5 ns, kA AEIR AT, HAA B 1k ok i B 81
e, FHIEME 612V, 2 5h K fil & CMOSAHALAN
PITRR M A A 3. XU AR s s — ek B DG I Ak
JH, 3538 Rk L R AR —200——400 V, F R = AR k8 ik ol
PR TT R A 25 T Fh LR R 22 0 9 e A8 HR 5
I FL B AN T 4 B S A ) 21 344 1 2R 3 (MOSFET)
i kst AR BRSSP A R Tl b TR AN R B
W<2.5ns, Bki¥-m96>3 ns, AS[FIEIE 2 6] 1 A 55
HUE<0.5 ns.

AN [ 2] B A AEDOT B ] DDA B el [R5 LT R
I TR AEZSYERE . ARSI RS A E B 155 A
e FE R . BT R R0, AR EUE 2 8] i ] 9%
NG FERERE I T2 ns, 5 S ZRIFARFAE BT (8] 22 [A] 17 B (7]
RPN P 3 55 5 B RN 2% B [ 3000 2 () R B T AN o
FEAH R, — M N3-5 ns.

T4 TS5 T6 T7

Charge transfer to
floating diffusion area

Floating diffusion

area reset

K
€ Texe = <

»

-rINT

10 CMOS [ 5 A% [ R UL I

Figure 10 Ultra-fast dual-frame exposure timing of CMOS image sensors.

First frame readout,
second frame exposure
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Figure 11 (Color online) Schematic diagram of synchro trigger and temporal relating system.
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Key technologies of pulsed radiation beam imaging

SHENG Liang"”>" & HEI DongWei'”

! National Key Laboratory of Intense Pulsed Radiation Simulation and Effect, Xi’an 710024, China
* Northwest Institute of Nuclear Technology, Xi’an 710024, China

Pulsed radiation beam imaging is one of the fundamental diagnostic technologies for studying the performance of nuclear
reaction devices, such as in the field of inertial confinement fusion. The measurement object is a MeV-scale neutron or
gamma ray emitted from a radiation source. The characteristically temporal scale is from nanosecond to microsecond,
and the spatial scale is from sub-millimeter to 10 cm. This study introduces the development of pulsed radiation beam
imaging technology in recent years at Northwest Institute of Nuclear Technology. A novel non-opposite vertex design of
a thick pinhole and a ring aperture with high detection efficiency were explored. Large-area scintillators and a liquid-
scintillating capillary array for converting radiation to light were developed and investigated. The fast-temporal-response
design requirements for an image intensifier were introduced, and the gating properties and dynamical spatial resolution
for this kind of image intensifier were comprehensively studied. A dual-frame Complementary Metal Oxide
Semiconductor (CMOS) camera with an exposure time of hundreds of nanoseconds was achieved using a specific global
gate-driven timing design. A trigger and timing system for relating the image gating time to the characteristic time of
radiation sources, consisting of a trigger detector, timing detector, synchronizer, and pulse generator, was explored. The
timing precision of the system was approximately 3-5ns. Advanced technologies, including ultrafast temporal
resolution, super spatial resolution, and high-dimensional imaging, were also discussed.
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