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Design of variable light-sheet illumination system
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Abstract: To solve the problem of the single thickness of the light-sheet fluorescence microscopy, the
design of the variable light-sheet illumination system was carried out based on zoom beam expanding.
First, each group of the light-sheet illumination system was calculated using Gaussian optics to obtain the
relation between the thickness of the light-sheet and the expansion ratio as well as the relation among the
expansion ratio, the lateral magnification and focal length of each group. Then a variable light-sheet
illumination system based on 10 x beam expanding was designed to generate the light-sheet with
continuously variable thickness and length. Finally, the parameters and uniformity of the light-sheet and
the system tolerance were analyzed. The results show that the thickness of the continuously variable
light-sheet is 3.33 wm to 33.3 wm, and the illumination uniformity is 0.65, 0.4 and 0.61 on the YOZ
plane within 60% light-sheet height at low (1 x), medium (6 x) and high (10 x) expansion ratios,
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respectively. Tolerance analysis shows that the maximum change of the light-sheet thickness is less than

the 15% of design value at expansion ratio of 1x, less than 6% at 6x and 10x. The design realizes the

continuous variation of the light sheet thickness, and the region of 60% light-sheet height is favorable for

the observation of the sample.
Key words: optical design;

illumination uniformity
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variable light-sheet illumination system;

afocal zoom expanding;
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Fig.1 Schematic diagram of light sheet and light sheet microscopy
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Fig.2 Schematic diagram of laser beam through the illumination

system
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Fig.3 Optical scheme of afocal zoom beam expander
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Tab.1 Parameter of afocal zoom beam expander
Radius of . Half-diameter/ .
Lens group Number Lens Type Thickness/mm Material
curvature/mm mm
1 L1 Sphere -5.81 0.90 2.0
H-LAKI11
2 L1 Sphere -6.42 0.32 2.1
Front group
3 L2 Sphere 10.39 1.18 2.1
H-ZK9B
4 L2 Even asphere 18.56 dl 2.1
5 L3 Sphere -21.51 0.67 1.8
Zoom group H-BAK4
6 L3 Sphere 17.92 d2 1.8
7 L4 Sphere 6.57 1.76 2.8
H-LAKS51A
Compensating 8 L4 Sphere 7.32 9.63 2.6
group 9 L5 Sphere -7.27 1.45 2.4
H-LAKS51A
10 L5 Sphere 11.80 d3 2.7
11 L6 Sphere -37.59 4.64 16.4
H-ZLAF71
12 L6 Sphere -27.09 3.97 17.4
Rear group
13 L7 Even asphere -58.78 4.17 18.7
H-ZLAF71
14 L7 Sphere -36.99 71.54 19.3
R2EKEREHY (OFF 7R o HEE (L)AL T 9™ 0 & 58 J5 4L , 78 YOZ
Tab.2 Aspheric coefficient P AERE Y 97.3 mm, R E G BB iR L BRI R
Type dth 6th 8th 10th (L9~L12) 1% 75 30l FL 72 NA=0.25, A % #4535 7 O6
Even A, AN R T O R #R RE Ik B N A 2 D)
here(4 7.544E-06  8.373E-07 —4.525E-08 -3.753E-08 . o . . .
sphere(1) AEJ1; MBI BETE R gerh RE AR N bR TC BB A5 9o &%
qph]i::?l%) —7.439E-07 -2.726E-10 -3.842E-13 3.307E-16 BN G B N2 & s E%'ﬂ%%ﬁ%'f%*ﬁﬁi%%

F 3 =FMABY R L TR #9E T E B
Tab.3 Lens to lens distance for three different

zoom factors

Distance/mm 1x 6% 10x
d1 26.1 13.4 5.4
d2 4.0 11.9 19.8
d3 29.8 34.7 34.8
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Fig.5 Optical scheme of light sheet illumination system
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Tab.4 Light sheet thickness and field (length) for

three different zoom factors

1x 6 10x

Item
Theoretical Actual Theoretical Actual Theoretical Actual

wy/ pm 20 20 3.33 3.39 2.00 1.99
W/ipm  33.33 33.33 5.54 5.64 3.33 3.31
L/pm  4724.20 4724.20

130.97 135.73  47.24 46.87
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Fig.6 2D illumination maps of initial design and optimized design on YOZ plane
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Tab.5 Illumination uniformity of initial design for

three different zoom factors

Hight Y 1x 6% 10x
100% 0.10 0.10 0.11
80% 0.17 0.15 0.25
60% 0.39 0.31 0.57
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] (9 AN [ X353 T H 38, 13813 6 BTR R4 R
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(10x) ¥ B R G AE YOZ F1H 60% 156 F i JE X
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RGN — T, WU Ix A 10x 3 R LR 06
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Tab.6 Illumination uniformity of optimized design (c) 1075 I ot i 9 B 16 2 {2 % (POP) [l
for three different zoom factors (c) Physical optics propagation map of 10x large zoom
Hight Y 1x 6x 10 & 7 XOY V-1 iR i [
Fig.7 Illumination maps on XOY plane

100% 0.34 0.13 0.21

80% 0.50 0.23 0.39 X J7 18] 06 7 B 8RB 75 1) Y 7 1] S 0l R B e RE DT I
MNP rfR] LU B8 A0l R (9 )58 B2 BE A B R LG 38 T

60% 0.65 0.40 0.61
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(a) Physical optics propagation map of 1x small zoom
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(b) Physical optics propagation map of 6xmiddle zoom KAAFTE 6% LA T o FURE AL 8 i o

RTREUTHEIRNELER
Tab.7 Optimal distributing tolerance

Lens 1 2 3 4 5/6 7 8 9/10 11 12
Aperture 2 2 5 5 5 5 5 5 5 5

lass thick
G ass/rtm's TS 001 005 005 005 005 005 005 005 005  0.05

Air thickness/mm 0.01 0.05 0.05 0.05 0.05 0.03 0.05 0.05 0.05 0.05

Manufacturing
Surface decenter . . ; ; . . .
0.01 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
/mm
Surface tilt/(") 2 2 2 2 2 2 2 2 2 2
Partial aperture 0.3 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Component . . . . . . . . .
0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Assembling decenter/mm
Component tilt/(") 2 2 2 2 2 2 2 2 2 2
Material Refractive index 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005
RSHXRFREERESHE
Tab.8 Tolerance analysis value of light sheet thickness
Light-sheet thickness
Zoom factors
Initial/pum Average/pm Minimum/pm Maximum/pm Maximum change
1x 39.96 40.00 45.80 34.00 15%
6% 6.80 6.84 6.60 7.16 5.3%
10x 4.01 4.00 3.88 4.10 3%

P114003=8
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