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2D microlens array-based surgical microscope in optical

system’s exit pupil expander

Yu Shuangshuang, Shi Xuan, Du Ji, Meng Junhe
(Tianjin Jinhang Institute of Technial Physics, Tianjin 300192, China)

Abstract: The conventional surgical microscope uses eyepiece lens systems which have very small exit
pupil to occur when the observer moves his head during observation, thereby obliging the observer to
keep his head at a constant position while he performs the operations described above. Therefore, the
conventional surgical microscope has a defect that it gives a strong feeling of fatigue when he continues
observation for a long time. Two dimensional microlens array(MLA) can be used in wearable applications
as exit pupil expanders to increase the size of the optical system exit pupil. Fourier optics theory was
used to derive the analytical formulas, and physical optics beam propagation was used for numerical
computations. The MLA's reflective surface was spaced from the other focal curve about a focal length.
A dual-MLA is proved that can produces excellent exit-pupil, and it can often generate output beamlets
that have a more uniform brightness.
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Fig.1 Optical system of surgical microscope
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Fig.2 Schematic diagram of microlens array in a shape of rectangular
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Fig.3 Physical optics beam propagation from microlens array

patterned surface toward the far field
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Fig.4 Physical optics beam propagation from a dual microlens array

(DMLA) patterned surface toward the far field

BB A G B 55— A BoloZs 5 B 51 3% T 9 O i 2 R
A A Ux,y) o 120659 H B S 19 5 i B0 0 1L
Wy, X eI A B — A G B A e A
f2E ABUEGRES o T A ROE B S Z 8]
AU AE SRR S8 1] B AT AT LA R 9 55 — A s
B W 2 JE i o0 23 B R O6 PR Beas B A 2K O
fa] b 45 H A S I — — X 28 A B BT

A I B 5 — A B M 51 Il LB i A S
i B0 A 56 B
Sulir VUG et 52 |O@ X X dnd y-md)=

Ur-nd , y-mdyrect| 2. 3 | (5)
A (n, m) 378 BOL PT343 i T 7E 8 5 1
F AR L (0,0) 278 % 5L S BT TRl B
X e S BRI A 8RN G B — A Bl B R
Jula , HAL AR oy AN

U'(x, y)=U(x—id,y—jd)rect(Z— =3 ) ®
exp[—im(x*+y?)/Af] (6)

DG Fr B BRI B TG A R f B R
oA A



% 10 #1

FRARE AT SMEREINBRFAIHEEBARFT EHR

3345

Udx ,y)=#exp[iw(x2+y2)/)\f] X

FT{U'(x,p)explin 001} (D)
TN DTN

X e B A 2 5 AR X N I A T AR AN
Bi b5 31 L W0E B S oT ), SR IR R o A
U"(x,y)=Ufx, y)exp[-im(x*+y*)/Af] (8)
B 242 K@)~ 0) 1 A3 (T), FF L P A e A B
PEATALA, BIATAS B SOl 28 5 PO A Bl 5 1 1)
Z )5 B IR W o A BRI

zﬂ%x,y)=;if—§§ S FT{U(x-nd,y-md)x

rect| 2 2 | ey @@ 8(e-nd ,y-md) (9)

B, G EE AN RS B S AL R £(H B &R
SRR RR H B R gk m, T=A

1 . IT 2 2
Uy (x ,)’)=W€XP [lﬁ(xﬁ,"'yﬁ,)} X

Fr{oe e i @], |, 10
, AR T

B A K@) ~(T)iE AR (), FH AL A B
AT A, BRI A58 255 H B R 45 m A0tk B IR
W 43 A, 3P

Ungtoe3)== i 2 Sl 54y |

exp[—i2m/Af,(xnd+ynd)] (11)

o B R, TR0 B R A 0 KR

gt , LA B RN SO T8O LS R G A
BEFES LA N BRGNS .

Dey=df/f (12)

RPEAEOE = R g b Y oc 48 d 28 0.1 mm,

L 0.33 mm, HE M 20 mm B, 5 58 1 i 0

AT R 2 6 mm ., (H 7% J& 5] G5 B8 B 1) 5L i X A

S AR, A [R]85 JEE B X 10 A e AR R A BT

NS

2 RFRFIRITLA

FARBHEZ B WS HECF RERITER .
() #EEHYH AR 170 mm;

(2) HE M 20mm, H 54 M % HAA 18 mm;
(3) i #9155 [ 50~75 mm,

RAE Bkt 2ok, wheiftb i By EMAE

Bt SR, RamE RGN, #e’
B, K5 g T FOR BB R BB R H B ROt
AT M SR, RE AR EHAR N 15mm,

Surface Surface Refract

Surface # Name Type | Y Radius Thickness Glass Mode |Sem|-Xpertuve
Object Sphere Infinity Infinity Refract ©
Stop Sphere Infinity 15.0000 Refract 7.5000 ©
2 Sphere 98.2222 35000 516800642 Refract 8.2520°
3 Sphere -94.3625 15000 749500.349 Refract 8.2613°
4 Sphere -280.9919 22,5000 Refract 8.2869 ©
5 Sphere Infinity 18.0000 516800.642 Refract 8.3673°
6 Sphere Infinity 12.0000 Refract 8.4094 ©
7 Sphere Infinity 47.0000 516800642 Refract 8.4521©
B Sphere Infinity 12.0000 Refract 8.5620 ©
[ Sphere Infinity 18.0000 516800.642 Refract 8.6047 ©
10 Sphere Infinity 15.5000 Refract 86468 ©
11 Sphere Infinity 47.0000 516800.642 Refract 8.7019°
12 Sphere Infinity 3.0000 Refract 88118°
13 Sphere 24.2528 70000 603420.380 Refract 88284 ©
14 Sphere -23.7220 20000 ©647690.338 Refract 82783 ©
15 Sphere 20.7766 18.9000 Refract [k 76458 ©
16 Sphere Infinity 9.1400 Refract 8.4081 ©
17 Sphere -12.2971 52000 643679.561 Refract 9.0786 ©
18 Sphere -16.8299 0.2950 Refract 11.29320
19 Sphere -63.2267 40000 626584591 Refract 12.0520©
20 Sphere -23.8659 06452 Refract 12.4030 ©
21 Sphere 88.3132 7.2000 708715479 Refract 12.2560 ©
22 Sphere -22.7751 20000 755201.275 Refract 12.0370©
23 Sphere -155.3013 2.0000 Refract 11.7627 ©
24 Sphere 20.1898 75000 625798.592 Refract 10.8789 ©
25 Sphere -50.4146 19000 753431.276 Refract 9.7648 ©
26 Sphere 96.1018 0.0000 Refract 88338 ©
27 Sphere Infinity 18.0000 Refract 901720
28 Sphere Infinity 20.0000 Refract 0.9468 ©
Image Sphere Infinity 0.0000 Refract 8.4705©
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Fig.5 Optical system lens data
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Fig.6 Imaging lens and eyepiece lens system in the surgial microscope
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Fig.7 Eyepiece lens partical enlarged view
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Fig.8 Imaging lens and eyepiece lens system including DLMA
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Fig.9 Partical enlarged view of eyepiece lens including DLMA

in the surgial microscope

sutaced Sutace [ Syce T vradus | ckness | cass | et [ T Joominpenad g
Gbject Sphere nfinity Tnfnity Refract o o
Stop Sphere Infinity 15.0000 Refract 7.5040 © 7.5040 ©
f
Sphere Infinity 00000 Refract 83541 g %410
Sphere Infinity 0.0000 Refract 0.1000® 0.1000 @ Start of Array
Sphere Infinity 05500 BK7_SCHO Refract 0.1000® 0.1000°
Sphere 01724 0.0000 Refract 010002 0.10002
Sphere Infinity 0.0000 Refract 839959 83995 © End of Aray
Sphere Infinity 0.3300 Refract 839950 .3995 ©
Sphere Infinity 0.0000 Refract 0.1000® 0.1000 @ Start of Array
Sphere 017247 05500 BK7_SCHO Refract 0.1000® 0.1000°®
Sphere Infinity 0.0000 Refract 0.1000® 0.10002
Sphere Infinity 0.0000 Refract 8.4493° 8.4493 © End of Array
Sphere Infinity 7.8080 Refract 844930 84493
Sphere -12.2971 52000 643679.561 Refract 882530 8.8253°
Sphere -16.8299 0.2950 Refract 108813°  108813°
Sphere 63.2267 40000 626584591 Refract 1146680 11.4668°
Sphere 238659 06452 Refract 118163° 1181639
Sphere 883122 72000 708715479 Refract 157919 1157910
Sphere 27751 20000 755201275 Refract 128470 11.2847°
Sphere -155.3013 2.0000 Refract 109804°  10.9804©
Sphere 20.1898 75000 625798592 Refract 100%5°  10.0965°
Sphere -50.4146 19000 753431276 Refract 88073°  88073°
Sphere 9.1018 0.0000 Refract 797100 797100
Sphere Infinity 18.1000 Refract 8.1184° 8.1184°
Sphere Infinity 20.0000 Refract 209779 20977°
Sphere Infinity 0.0000 Refract 9.1264© 9.1264©
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Fig.10 Optical system lens data including DLMA
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