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Abstract  Super-resolution microscopy techniques are versatile and powerful tools for visualizing organelle
structures, interactions, and protein functions in biomedical research, and its resolution ability to break the optical
diffraction limit provides new analytical frameworks for cell biology on the nanoscale, which is indispensable to life
science related fields. However, due to the effect of the diffraction limit, the axial resolution of a super-resolution
microscope is more arduous to improve than the lateral resolution, which hinders the realization of sub-hundred-
nanometer resolution three-dimensional imaging of cellular structures. Therefore, based on the two main
techniques, stimulated emission depletion microscopy and single-molecule localization microscopy, the present paper
introduces the principles and characteristics of a variety of existing three-dimensional imaging techniques, and finally
discusses the future of that. Finally, we briefly discuss the research trend of the two techniques in the three-
dimensional imaging area.
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Fig. 1 Principle for 3D-STED nanoscopy based on a single-objective geometry. (a) Simplified schematic of the optical

setup; (b) results of PSF
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Fig. 2 Principle of isoSTED nanoscopy based on a dual-objective geometry. (a) Simplified schematic of the optical

setup; (b) results of PSF
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Fig. 4 Schematic of 3D STORM®® . (a) Experimental setup; (b) calibration curves of image widths w, and w,

as functions of z; (c) three-dimensional localization distribution of single molecule
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Fig. 5 Schematic of DH-PSF system and z-calibration™" .

(a) Experimental setup; (b) angle between two

main lobes and horizontal direction varying with

2 (c) imaging results of a fluorescent bead at

different axial positions using calibration curve
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Fig. 10 Schematic of 3D imaging principle of pyramidal
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micromirror holes (a) Orthogonal tracking

principle in vertical motion; (b) SEM image of

pyramidal micromirror holes; (c¢) orthogonal

tracking principle in general condition; (d) a
series of images from orthogonal tracking movie of

190 nm diameter particle in water/glycerine solution

Je £ T A M T AR e B e B RS AR
O I F 71 B 23 I A T A5 A B el e 3 B8 3R
LRy WA 1 P AR 2 ) A R A B B fE 3D
SPT i il LAk 3] 49 K G (9 R L B/ 12
Bt B = 4 A R T A

2019 4F, Guo 1N H YA A Bk 3 B
Br(FLEMD o A3 o R ol B B 51 7 B 50O
A R T b D7 i AR ZE S T/ BV E D

£58 % 522 H1/2021 £ 11 A/HAXEXBFFHR

Mirror substrate X4

x “
Coverglass — — |Mimor/z,
45° X

Objective Coordinates
transformation
Dichroic filter \ Activation &

Emission filter = excitation lasers

Lens Lens
Intermediate image plane -

Lens
\ Nﬂirror

Lens

Beam splitter

Focusing lens

Image plane

Virtual image Real image
in focus in focus

Kl 11 VVSRM R4inRER!"Y
Fig. 11 Schematic of VVSRM system™""

B/
X Imaging
Lens

In Focus

QOut of Focus

The distance between
the split images in y
direction (Ay) gives
the displacement in z
direction (Az).

Bl 12 G = R (s e o)

Fig. 12 Schematic of mirror 3D imaging
A ARG =Y B O AR 3~5 pm M BERE. 2020
4F, Sims ZU7H AR 51 A SMLM , If4 H A
RSy T 6 B U (SMLEM) , 4 #F R A5 8] T
WERT ., WK 13 fros, fER WA 0 ko L,
MLA ¥ B AZ S 6 7648 ) bR 43 o — 4k [ 51, [ %)
) A DX s 0 AT LA £ 56 37 19 D0 4 15 8 DL e — 4k %
(BRI AR R . B TE B R 2 X AR i — 3 0 i
HTHEAT BUAZ S 5 0 A A il 1) 52 % D)7 B 371 1 AN TR
DI, LG A 8 1) 6 B 2 o o L AR DT AR
)77 10 % 8l IF HA RS K B 5 7 86 B LU 1) 6 &
BN, 24 R S W s L R ) B B Ao SRS B

[103]

2200001-12



HEXE- -fHBEk

£58 % £ 22 H1/2021 £ 11 B/EEBEBFZHE

= /Dichroic

00®

Pupil plane
() Camera

I

1

1

1

|

77 :
I

i

1

Tube lens ;

Intermediate
image plane

Kl 13 SMLFM &R 4w sk ™,

Conjugate (c)
L pupillplane

Image plane
(Camera)

Fourier lens M’l\.A

- v

(xy)

Configuration 1

Configuration 2

(a) SE 3 5 (b) Tl iss 5 9 99 DA I 7 SR Ao 2 [l R 3215 8, R B 18 7 325 T ) AS X

HH 3 5 Co) PR AN [ D't 3 BB T AR BLS 7 1 R £

Fig. 13 Schematic of SMLFM system™ .

(a) Experimental setup; (b) microlens array samples spatial and angular

information from the wavefront, which exhibits asymmetric curvature of the primary image plane; (c¢) simulated

point spread functions for two different light field microscopes
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(a) Emission angular

close to interface; (b) SAF intensity decreases

exponentially with increasing surface distance =
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