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Imaging Performance of Double-Lens Pulse-Dilation Framing Camera

Lei Yunfei, Liu Jinyuan', Cai Houzhi, Huang Junkun, Wang Yong, Deng Pokun
College of Physics and Optoelectronic Engineering, Shenzhen University, Shenzhen 518060, Guangdong, China

Abstract In this study, a pulse-dilation framing camera using double magnetic lenses to correct aberrations is reported.
The spatial resolution, field curvature, and astigmatism characteristics of the camera were analyzed. When the imaging
ratio is 2:1, the radius of the working area of the framing camera with a single magnetic lens is 15 mm, and the spatial
resolution at a 15-mm off-axis distance is 2 lp/mm. When double magnetic lenses are used in this system, some
aberrations are corrected, the radius of the working area is 30 mm, and the spatial resolution at a 15-mm off-axis distance is
51lp/mm. The field curvature of the camera with a single lens and double lenses was measured and simulated. In a single-
lens imaging system, the axial distance between the imaging point at 15-mm off-axis of the field surface and the image
point on the axis is around 11 cm, while in a double-lens imaging system, it is about 3 cm. The astigmatism of the double-
lens system 1s analyzed. In the experiment, sagittal and tangential image surfaces are fitted, and the sagittal and tangential
resolutions can reach 10 Ip/mm.
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Fig. 1 Pulse-dilation framing camera. (a) Schematic diagram; (b) photograph
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Fig.2 Transmission photo-cathode. (a) Schematic diagram;

(b) photograph

phosphor
microstrip line oLl
—- MCP ..
- flange -

3 MO T 4 g
Fig. 3 Schematic of microchannel plate

R XK JE LY 55 em, B = A2 B 6 F R TR
B¢xﬂéﬁm%¢mm%?mﬁP§Wﬁom%%%
F A R B A, AR H AR 21,58 — RGBSR S5
A AR B PR B o 12,5 em, 45 NG & B 5 B EE 25
42.5cm. HF—MHEBEBR LB BRI E N 0. 198 A, T4
ARG BB R N 0. 334 A 0. 345 AR, T
HATIR S M. G BaZe el 1320 [, M Bk 7
mE 4(a) fin . BHENAE R 160 mm, M2k 256 mm),
Fa BE 2494 100 mm, K52 N BB HO AR AT 4 mm B4k R
Yyl 1 B 4 e 2R X . R X 3 o A
E 4(b) iR o BRASB B0 03 o0 A 250 F = B oy
ﬁimﬁAﬁ%mw%ﬁmwA%ﬁmW nAy . Horh g
Yo B2 0 55 A WA R A — AR AR A AR Ak, 2
LR HL UM 0. 334 AW XT LY B 9 B R 3. 31 mT, 44k
PR LR 0. 345 A BEXS R #3758 0 3. 42 m T,

B59% B 18H1/2022 5 9 B/ MK S KB FHHE

- E 35F —secomilemcunemisﬂ:ldﬁﬁ
ot - second lens current is 0.334
gm
E 251
- 2.0t
2 15}
o
£ 1.0
50.5
= o} ,
40 650 60
D:stancetoPC!rnm

K4 WEEHESE LR E . () BB REH (D) I X #%
oy A

Fig. 4 Magnetic lens and magnetic field strength on the axis.

(a) Schematic of magnetic lens; (b) magnetic field

distribution in drift region
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Fig. 5 Diagram of experimental setup and grating structure.

(a) Experimental setup of the spatial resolution

measurement; (b) grating structure of the PC
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Fig.6 Middle PC images and corresponding grating intensity. (a) Middle PC image with double magnetic lenses; (b) middle PC image

with single magnetic lens; (c) corresponding grating intensity of double magnetic lenses; (d) corresponding grating intensity of

single magnetic lens
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Fig. 7 Modulation of the grating versus off-axis distance. (a) Modulation curve of the single lens; (b) modulation curve of

the double lenses
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trajectory of double magnetic lenses; (b) fitting of the field curvature
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Curved surface of image field and corresponding parameter relationship. (a) Curved surface of image field under different

currents; (b) corresponding relationship between object image distance and coil current

AN T) B 7 Bk B S A E T R TR /9IRS R
W) 7 1) W A%, EL X6 A% B i i 8 i 7 AR Ak AR 1k
FE R AG TR BE o ZE R A, WA 1T TR o 3 Rl — 3R

G0 IR R R, BB TR SBT3 RO TR R
(TR TR TR et M e S ol = ey L1
BRI g 148 J5 18 3 AR AR T5 18 3 B 530l

1832001-5



(a)

0.006 1 347 4 g 0.006 | .342 A 0.006 (343 A
0.004 | e e, 0.004 | 0.004 | :
L] = 5 o» L
0002} = LvL="s"a 0.002} 0.002 | 2
” mT el e . £ E .-u:'*}
S o % e elatetatynt, 8 0f ‘- g o} = -
Vgl Tw Epla i e B > _0.002] = _0.002 | T
- - L - -
-0.004 ¢ )t ~0.004 | -0.004 | '
L]
~0.006 - ' ~0.006 _ ~0.006
< P 9 QS
STFTISE STFISE STFTISE
& fem x/fem xfem
(b)
0.316 0.316 0.316
0.340 A 0.3417 A 03432 A §
0.314| 0314} 034 ‘; <
' -
g z . E 1r
€ 0312} = < 0312} "™, < o312} - “%
= .v = 3 = .
g EEe .
0.310 | -":"f&‘ 0.310} R 0.310 | oy
b i :
0.308 < : ; 0.308 . . 0.308 : : :
~0.252 —0.250 —0.248 —-0.246 —0.244 —0.252 —0.250 —0.248 0246 —0.244 —0.252 —0.250 -0.248 —0.246 —0.244
x fem & fem & fem
(o)
0g7| 03374 087 | 0-3388A 087 0341 A
0.86 0.86 wr 0.86 |- ¢
gt ! o f.,.
§ osst i 8 85} TN § 05} -
BN A AW BN s, s -
084} - 0841 “ 084 r
083} ; , - . 0.83F 3 : ; ; 083 ; . i i
060 059 —058 —057 —0.56 -0.60 -059 -0.58 -0.57 —-0.56 -0.60 —0.59 —0.58 —0.57 —0.56
xfem x fem & fem

& 10

$£59%5 F 18H1/2022 £ 9 A/ EBFFHE

I T 8 Tl B i S A B AT HL T A () Bl A 5 5 (b ) B 8 mm S 55 A5 (o) Bl 20 mm 2 55 45

Fig. 10 Electron dispersion of imaging points on the receiving surface at different off-axis distances. (a) On-axis imaging point;

(b) imaging point at 8-mm off-axis; (c) imaging point at 20-mm off-axis
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