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Design of high resolution KB microscopy system
based on aspherical mirror

LEI Jingyi, XU Jie, CHEN Liang, XU Xinye, LI Wenjic, MU Baozhong
(School of Physics Science and Engineering, Tongji University, Shanghai 200092, China )

Abstract: In order to break the limitation of the spherical mirror's surface shape on the spatial
resolution of the traditional Kirkpatrick-Baez (KB) microscope, an optical design method for the
aspherical KB microscopy imaging system was established. Elliptical cylindrical mirrors were used
instead of spherical mirrors, and the mathematical expressions of the mirror parameters were
calculated through geometric relationships. Combining the quantitative analysis of the influence of
main optical structure parameters on spatial resolution, a set of optical structure parameters of
aspherical KB microscopes suitable for current high-power laser devices in China were proposed,
and the imaging experiment was carried out in the lab. The experiment shows that in the central
field of view, the spatial resolution is better than 2 pm, and in the field of view of 200 um, the

spatial resolution is better than 5 pum, and the geometrical solid angle can reach 1.3x10 ° sr
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Aspherical KB microscope effectively improves the resolution of the central field of view of the KB

microscope, which meets the needs of high-resolution diagnosis during the deceleration stage of

implosion targets.

Keywords: inertial confinement fusion;

mirror; spatial resolution
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Fig. 1 Schematic of KB microscopy system optical assembly

24
K\F‘z
[

X
9 '01 Mu,

E 2 de3kE KB BIRELHE
Fig. 2 Optical path of aspherical KB microscope
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Fig.3 Influence of optical parameters on spatial resolution of aspherical KB microscope
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Fig. 4 Grazing incidence focusing of the aspheric mirror



« 54 o AL & A2 G
MR 2E Y R AvTEIRF T EEsE, J JEBRI KB AR 1) 23 [ 53 HE R
Y= 0 —v)me +1c) O b= 1= 20 4 )+ (M~ D — o)+
ﬁl:'j nBﬂEﬂnC yg{%ﬁ%%ﬁo ﬁTjJ_{Eﬁ‘%:, 4% (M+1)(00+0')]

BT3B BM FIl CM 3B 64708 .
TEAQBM FIAPBM T, MIEIEZERE, WHE

d
ufB=§w0+a+5g

pl (10)
W%=§@ﬁ0—%)

Kb dBEAUGERK; sMahFAR
Ao FARYE R EHE, FLIRAA e RIAESC A ne ik
JEXR
ép+np = 2ap (11)
A ap N BM WYL 0] < B2 ff, BR ALK
(10), (11)f%
v =dW'0y+u'oc —2u’ ag +dag)/
(4u’ ag — 2dag — dby — do)

ng = (4’ ag —2dag —dOy— do)/Qu’ —d)
ag =dM+1)6y+0)/(AMuy +d(1 — M))

B S X B RIS 22 vy = Ave, #F(7) .
(8). (12)ft A1

B uod 4Muyag
" 2up—dcoso

(12)

Y +(Q2M -2)ag+

dcoso

(M +1)(6+0)+ d;ﬂ] (13)

HHuw>d, M>1, coso~1, K (13)
d M2 Y rard
i?mu%%,m@@

Y, = d 4MuoaB
) d

+(Q2M -2)ag + (M +1)(6y+ 0)
(14)
IR, AT UATFEE S i CM 6 R il g 2

d [_ AMugac

T2

—(2M =2)ac +(M + 1)@ + o)
(15)

Fr=X(14) 5 C15) Rk KB 254
HrEmRE Y N

2M
Y= d[— duo (a +ac)+

(M —1)(aB —ac)+ M +1)(6+0)] (16)

(17

fE B, SR E IE T, e fil
ac ¥R, B 12 o e S EAA K
(17), HEERE 5 fos, BHig Bizdeskm
KB R R G L pg 22 h %, RN ER
ZERWIRCR , AE£25 pm LA/ NG B N AT LAAT
FET 1 pm BRI HER, BEE IR,
D FARZZ AR, 200 pm W37 G N 5
B3 BERLT 5 pme KBTI SO AR b 25
RRFLE, PIRR TR RIAY2S [A) 2 R i 2 — ok
R4, Al LIS EIERR I KB AR e Ry 5 22
I AT EYIE BT

5

B, rc= 3151
— HISIA

S[R3 P8 /um

Wi
[\S}

0 L L L L L L
-100 =75 =50 25 0 25 50 75 100
M /um

B 5 dE3kE KB BRRHZ RS PHRERITE
5t &iEHRINE R
Fig. 5 Theoretical calculation of vertical axis aberration of
aspherical KB microscope and simulation result of ray tracing
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Fig. 7 Result of aspherical KB microscope imaging test
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Fig. 8 Spatial resolution of aspherical KB microscope
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