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Fig. 1. The concept of STED: (a)The concept of stimulated emission; (b)the overlapping of beams.
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Fig. 2. The setup of STED system.
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Fig. 3. STED system based on supercontinuum laser sourcel?.
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Fig. 4. Simplified schematic of a STED system with a stim-
ulated Raman-scattering light sourceP: (a) Multicolor
STED system with stimulated Raman-scattering laser
source; (b) output spectrum from the SRS fiber.
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Fig. 6. Imaging curves of Confocal, traditional STED and
Bessel-STED!": (a) Resolution of 40 nm fluorescent beads at
different depths of solid agarose samples; (b) resolution of
40 nm fluorescent beads at different depths of like-gray

matter in brain tissue.
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Fig. 7. The zero-order Bessel beam for excitation and the higher-order Bessel beam for depletionld: (a) The intensity distribution of

zero-order Bessel excitation beam in the XY plane.; (b) the intensity curve of zero-order Bessel excitation beam; (c) the intensity

distribution of first-order Bessel depletion beam in the XY plane; (d) the intensity curve of first-order (black) and second-order

(red)Bessel depletion beam.
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Fig. 8. Alignment results of depletion and excitation beamsl”: (a) Merged result of the excitation focus (green) and a poorly aligned

depletion focus(red) using gold nanoparticles; (b) merged result of corresponding confocal (green) and STED(red) images of fluores-

cent beads imaged with the focus shown in (a); (c¢) line profiles across the dotted line in (b): confocal (green) and STED (red);

(d) merged image of the excitation focus (green) and a well aligned depletion focus (red); (e) merged result of corresponding con-

focal (green) and STED (red) images of fluorescent beads imaged with the focus shown in (d); (f) line profiles across the solid and

dashed lines in (e): confocal (green) and STED (red).
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Fig. 9. Schematic of birefringent beam shaping!!”: (a) Schematic of an easy-STED microscope using a birefringent beam shaping

device; (b) merged image of the excitation beam and a depletion beam.
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Fig. 10. Schematic diagram of easySLM-STED system!!.
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Fig. 11. Schematic diagram of parallel scanning STED['"'8]: (a) Results of extended STED beam pairs; (b) optical path of the multi-

point scanning STED.
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Fig. 12. Schematic diagram of two-photon STED system[2*.
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Fig. 13. Schematic of two-photon STED and imaging results®): (a) Schematic of SW2PE-STED system; (b) 2PE and 2PE-STED

imaging.
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Fig. 14. Schematic diagram of two laser source dual-color STED system®: (a) Dual-color STED system with two laser sources;

(b) emission spectra of GFP and YFP.
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Fig. 15. Schematic diagram of 3D-STED system with non-coherent wavefront modulation?. Inset: combinations of phase plates and

resulting STED PSFs used to achieve either ultimate lateral resolution (HR) or 3D superresolution.
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Fig. 16. Schematic diagram of 4r3D-STED system/[*2.
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Fig. 17. Structured illumination systemP>%l: (a) Simplified diagram of the structured illumination apparatus and spatial intensity
distribution; (b) structured illumination 3D-STED system.
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PR —A~ A B H AR XIS R A PR i A&
£ STED R LRI, FZZRT STED
e kG STED RG 43 ¥4 5 STED
S 5 B A IE E, BRIS Ll & STED S6Y T
A DU 5 S IEEE 0 T AL TC R /N, SR T4 STED
O Y 5R BE  SR I, — T T2 IR S YR G TR
M, 73— X &= A 6805, Brld, STED
RGBT —NEEN R, SERERR PR
A ETHE T, B STED SERyfE R, w/ o S
FEH. 55— )5, STED Y2k R 5 — AR AE
1822, TJEEA) AL )R il i 2 7 A T A R R 5 22 B9,
M STED SR i & A B AR BRI ER AR
TEGES TP — a2~ A 3E ROGAE e SLM,
AT LA SR R G FRE S s R 1R 22, FEM TR Y
STED St H 3T $ 5y 15 5T & AR S8 1) 25 (7] 43 B
%[39,40}.

4.1 RFET#E STED #HAR

DN F RO &, W BE = BRIT B3 A&
A, HAES A RSP RA, XA TR
Bk A @bt 18 A RSO R, Pt
JE AR BRI LA TR 14 1 /e T2 A I ), PR 5%
e, W Ty . WAl AR A i e
64> TR R 5 Rl B 25 2 AR i & 5 #4450 88
(YT AT SCHE R, PR Ky = 1/, MR
M, 7o WA LA Ky 3RR:

1

=k (5)
T STED 4 HY STED SGAEMS kb Tk 4
BT A 52 PR S BRAE I B A, A Y TRk T
323 STED YGRS 265 F 1w 4, B

71l

1
= (Kn + Kstep)’ (6)
K Kyppp K32 W S .

(6) XKW, | T 32 R I ATE, (115950
T INBOCFF AR, SRR A G B E RS
PRI T ] RE.

STED JUAZAT, 34 RS ) X k= A= T 5k
FFam K BT, M At S STED JtE &M X
B TR T SRS RO, T LA DX A
B F i 2 B s 2> B a5 STED AR (4142
FIFHAS R X 3R F7 AN R R e, FE TR O G IR G
FIRESL—E N E] T, J5 A TR ¥, i IE
Fan G, RAEEWek Ak haO K EHaot T,
RES A RET STED RGEMZS [ HER (B 18(a)).
FI ] P4k A T 0 18, 7 Sk IS R0 FR T
PR ] [R)2E0R 5, I HAEHC AT AR 5 R 4]
FOGF RIS (40 SPAD).

S s SRR [ 1458 SPAD (T I i B] g %
FRELARTE RGNS [\ 43 HE3E. SR, BT STED &
i1y STED Y638 5 JC ik 528 rp o 9 26 % 2258
Jir A R 2 4 F 380k S oL B 6 T A T RE A2 2]
STED J't (1 5% Wil 1111 4 4 5 i, 4E3R 714 SPAD 1Y
T [ 72 08 53 A2 V3 S DX 0 1% [l Fsf e, 25 0
B — 03 F &SR S Xk T, (K
FETFEOR /D, BRI, SER T4 SPAD JF A B[Rl 7E
PETE 3 HER 0 [A] B B 2l R G5 M LE (signal-
noise ratio, SNR) P&, 77 LR R G0 MY SRR 0
B S R R OB N Lo I v B P AL S & S
ROk /D iHE] ] STED R ZXF SNR A S 1431,
Diaspro &5 M PR B L RIE AR 2 ns J5IF)H
)Y, BFIE) T BE R 7 ns, AT DLHERR S 7e
S, HZAE 50 mW ) STED J63% RS2 75 nm
B4 HE% T Giuseppe 55 2 IIIZE 250 mW 313
T3 35 nm 95 HER.

4.2 BE%I077# STED #HA

el T TR 1] 4 e 42 T S 4 USUAS 5 (R I T
BIRRERETE— R 1Rt STED Mg m 434,
SR T AR A RGN SEIR AT 52, 7653 PR R
& M2t (peak signal-to-noise ratios, PSNR) I,
T, WA — DB R bRt

WL Wang 55 W H2 ) T B 2k a] 3 38 >k
SCELUR IR 45 STED WY 5%, ¥ STED REEH) 7
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(a) CW-STED microscope Continuous
/ HWP GTP wave laser
AD O M B0 Il Il STED source
L A| A| .
(b) — Free-running
PMp Hwp » 1O} A — Gated
HW N Exc. source = ¢ .
= Confocal
o Y
¥z IS ‘
DM —— =}
BR =
BPF E 8
g 0.5
GTP g g
nwe_ | -
AD = | & 2 E
Gated e = = [
SPAD |---- AD 8
400 0 400
- Trigger out (TTL) r/nm
'|TCSPCi ............... Delayer (n3)}-o Control .
PC o] unit oo .|Delayer(ps)l.....’.I.‘.r.l.%.g.?.I.‘..I.{l...
DAQ |remremmmemmeemmeemnennenas o
Q Photon out (NIM) Time-gated detection
&l 18  Hf[El[ T4 STEDM  (a) PRt A][7]45 STED R 4R &K (b) LR M STED 5 gate-STED 43 ¥ 45

Fig. 18. Time-gated STED*!: (a) Schematic of fast-gated STED system; (b) comparison of spatial resolution for confocal,

and gate-STED resolution.

Intensity/arb. units

Position/nm

Pl 19 LRI ]9 STEDM

Resolution/nm

STED

80 20
Fitted line of resolution
. =  Raw data of resolution I
N Fitted line of PSNR 15 =
X * Raw data of PSNR =
60 | {10 =
=
ot
7
50 15 2
40 . . . . . . 0
3 4 5 6 7 8 9 10
T, /ns

(a) L3R STED 4 off-line gated-STED 4} B3 25 5 (b) T, 43 H#% 5 PSNR X & i %

Fig. 19. Off-line gated-STEDM: (a) Spatial resolutions of confocal, STED and off-line gated-STED; (b)the relationship between Ty,

resolution and PSNR.

R 75 nm $2 5 2] 38 nm, [F) B FEAR T TR
STED St =& (B 19). 3X 7y v & FH i ] AH 3¢
PYEFIEL (time-correlated single-photon counting,
TCSPC) HAR, 1Lk UL K FIAR R Y 26
2 IA] R e ] (] B DR itoh By 1L X 2t (]
107 R R VRS N RIS 1 A i e RS TS A I
11T, LAPRUE AR A5 73 B 5 PSNR Z [a] e /Y
-1
STED-FLIM #HE 3 #rH AR

I H] 145 STED Jr 238 i sk #2521 A i

M6 TR HEER STED JEIX ML T, BARBE—E
PR T R GURY 2 (] 3 HE (AR S HE BRI

4.3

RN KIRIET, BR THMEE. K
HIHTF (s Badsk Tk, RAHME LT
Sy ES, REZESE KRR R R B DB T15 B
2018 4F Wang %5 5 £ STED & 4 N A T Jikvh
[F] 25 T Al TCSPC #44E R4 K, % STED R4t
5996 % v 1% (fluorescence lifetime imaging,
FLIM) £ R M %54, #5727 STED-FLIM & 4.
X} STED-FLIM % %t fif & 4 1 &% 3 47 48 &
(phasor plot) 7341, SEEL T EfR TR T ) STED
A HE RS (B 20), FIH X FP STED-FLIM #AH
BBk, FEAR RN STED YEAE & 1R T ik
DI AR A e EA 00 B, /0 BER M 150 nm

#2555 80 nm.
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4.4 pSTED-SPLIT A

TEAREE S STED G R MR T, So+40r
BRI TR M B —FP A 2R = STED &
Gias M PR R k. XA E T AR e S
RO F Z MR, HETEBA G — bRk
Tortarolo &5 U7 § 1 T [X 38 43 1 ¢ ([EI 21(a)) 5
pSTED-SPLIT J5i% (K 21(b)), &/ T R M=
[ HER, [FIRTREAR TR .

FAEFRIEAR KRS STED
B YRR
FE STED &, il e 7 s AR 44T AT LA

4.5

Phasor color map

20 STED-FLIM J{ 1% K A & 43 # 45 5 (9]
(d) BHE] 7] STED EHE; (e) HHE 15 14 E1Z

PR IRE I HTIE FRDERR e PE. 2017 AR L KA
Liu % U8 5 A 3449 KR F (upconversion
nanoparticle, UCNP) SZ#L | STED ## 43 # A%,
I TE UCNP B AR ENEEE T (Tm’), H
980 nm % K & UCNP 0] IR %5 5y Hh 76 3 ]
WA *H, B b S R T B B, i 808 nm
BOCREST, VCHL *H, — SHg BRaE i9 _E ¥y, mT LA
fih ¢ TR ) 32 A S AR HL, rh AT BEZ, DT AT
DAA G LA et A (161 22). A B4 k0, H
980 nm WL K 9, 808 nm OEAE S STED
JGRT DA R 5 32 VR S 0%, BE IR STED Stk
B, Wb ot A= AR B . AR X R O

(a) B AL (b) 2R LR EEL; (¢) 2RI STED E4 (10 mW);

Fig. 20. STED-FLIM and Phasor-plot analysis®: (a) Phasor color map of the STED-FLIM image; (b) Confocal, (¢) STED-
(10 mW), (d) time gate STED and (e) Phasor-plot images of fluorescent beads.

(a) 45

Segmentation

Counts/100 ps

2

0

Bl 21

485

Counts/100 ps

[X 485 43 #1115 5 pSTED-SPLIT J 2 i 45 21| 1 5¢ Y6 Bk 1Y 15 &5 i 147)

1/2 b

P= f1Pi+ faP,

485

Counts/100 ps
Counts/100 ps

0 0

(a) K3/ #¥R &) (b) pSTED-SPLIT J5 /8 B K

(¢) WEEBI AR I 5Bk iYL B 2 | 3 M STED , K843 %% STED Fl pSTED-SPLIT F & 1% 45 5t

Fig. 21. Imaging results of fluorescent beads using segmentation and pSTED-SPLIT methods!!: (a) Schematic diagram of segment-

ation method; (b) schematic diagram of pSTED-SPLIT method; (c) from left to right: Confocal, conventional STED, segmentation

STED, and pSTED-SPLIT imaging results of fluorescence beads.
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(a)
980 nm

980 nm+808 nm

A 22

(b)

At T P B R L e 2 R A ) AR 45 2R 1

(High Tm doping)

300

Photon counts

Photon counts

(a) DIEMAERIC R (b) - 40 44 K JB0AL B AR 45 2R

Fig. 22. Schematic diagram of upconversion and imaging resultsi: (a) Diagram of energy levels of upconversion nanoparticles;

(b) imaging results of UCNPs.

AT LUK STED S/ i B2 R AR P > 205 9% (0.19
mW /cm?), SCELRE 6] 28 nm (948 PEE (8 22(b)).
JLF- AR, 42 R Y K2 Zhan %5 U9 ) F| UCNP
AR ESCE T STED #4433 Z.

Bk T UCNP 4, 54 R 2 HAh 7 50T LAE
i STED #£4F. 2017 4F Wi V1. K 2% Li 45 PO & A
I AIE 94 K 5iki 52 88 T STED #8 43 B i 1%
2018 4F Ye % 01 F iR M HESERE H 5 E R STED
PREFCILT 20.6 nm MRS /3HEE; 2019 4F Li 4502
I A= 0 R G 3 BB 45 A STED 4541, S2Et
T AN A PERAS 2020 4F, Liang 45 53] ] T
) R 5 G A LR 2 M R AT, S T IS I
STED # 7 #E 4.

KR E BTV G

2013 W VLK% Kuang 55 PU R T —Fh 5
STED JAHZE LAY rT7EAR DR T 5L BB 73 Wk 1%
M9 & 12557 (fluorescence emission difference,
FED) . BRI TR] i K A P RO SRR i
K, Hoh—HOhH IR s e, 5 — O 2id A
PRI AT R LRE. mTOEHE (K 23(a))
TEZRM A I 2 PSF, N i A e -5 /1 fL
PSF HBRUGZE R (& 23(c)), HLAT152IA0 IR £
EE; B A OGHE (B 23(b)) 7EERIN A% b 1Y 5
4 PSF, WML HCL RS /ML PSF B4
(&1 23(d)), semtfa 2 p AL RERIE.

4.6

FH 3R A5 G0 2% B 3R AR R G0 vl LA ]

TN FED BR, B2 PFSpep N
PFSrgp = PSF, — PSF,, (7)

UL LSRN
(8)
K L, L Legp 20 5 R 2 R £ | f L R
FED EUGRYIE— L3R B 5347, T r 208k K-

FED J ¥ 7T UL JF STED 7 % & i &
STED Y45 3, ANTESR & DK T, BiagaE SL
PN AHIE 105 nm B95ECER B H AT HE AR, 7298t
WA EESL T, @ AR T v, AT AR A
JOT )R A BRI

HF1EsR A STED 8o P&
%% FED @380 g & , Bl 34 1R
WLH, JTR T —FhE i STED BG4 BT, BI%L
TR % STED(DE-STED), %75 1 0] KK I
STED YGHT s LR, (7% 20 A< s [ 8 43 3% 15 B
Jyn] fig B3 %] 24 S DE-STED (¥ 5 5 3 ]t
A8 K25 STED 58 K, RInT45%] STED
e F 2R SRV SR TR (18] 24(c)
1 Donut &), B T2 %R S RCRAEL STED St
UZAg 0 TR ARAKY, H STED 3% B K di 2 N A%
19 Donut [&, BRI o] 5281 8 B X 8 1) 32 5 4 B 3508
100% (H4H STED % J& STED N 5 A EE
X 3 1 527 344 SRR R 100%), 4R STED

Irgpp = Ic — 1 - I,

4.7
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(2)

Excitation

Convolution
with pinhole

Subtraction

Detection

Confocal

(b) - I

Convolution
with pinhole

Negative confocal

23 FED B35 #115%
Fig. 23. Mlustration of FED theory!.

(a) Sample eZzzzzzZz

Objective i
(NA=1.4)

Donut-shaped
beam

Depletion
beam

Donut PSF

L
Excitation
beam

B <=y

luorescencea
STED PSF

F

(b) Confocal

(©) |  DE-STED |

Confocal STED Dount

-— —
11_1111

Depletion

Resolution
improvement

Super-resolution

0o

255 255

K 24 DE-STED JFH & 59
Fig. 24. Schematic principle of DE-STEDP?.

BTG PR ELAE R R B STED YA 1T DLSE
100% W) Z AR SRCR. ik, DE-STED W] LIFE#
&) STED YR T SLEUE & & PR,

4.8 ETHIENNXFH STED B5 PR &

HEHITIRIZAEYHE  STED #8 5 BF A5 1
o TR S N ER BT S R A A AR B A A
1522, T3 STED BUSRSCR B2, BME Z AR R AY
STED AR AR X S 3048 43 B AR . S &% i fidk e
INEETIA BB NGB ZERIEROR, H R 2ER
IER PO E s 25 B 2017 4F Yan 5 B8 1K
£ A0 1+ B iE W Ot 2% (coherent optical adaptive
techniques, COAT) #AR5I A STED, it 5
T STED MY BUARIRBE LKA il S 25 8] 43 R
2019 4F, Wang 45 140 & J T 5T EA 249 STED
(GA-STED) BRI A, S5 1 A5 B FURS B

SEPR T PR S IR 2245 TE ) STED 2. 51 A H
T WO CEA R ARG 2 BTA L, FE PR AR TR 43 R A
THOUT, AROHFEIL T STED YthERE.

5 STED %5 H M A4 &

F¢ STED 5 HAbpAR R G4, nl LA4R el
Y RARGINEEET].

51 STED 5 FCS W&&

7 6 A K )6 3% (fluorescence correlation
spectroscopy, FCS) $ A f& —Fl g 98 18 £ #5 ] 2¢
SR B ) AR AR AR IO W MR B L B B R BSE
BB ERSFACERT I A, X T HRIEIE 40 N 1Y
A=Yl FE R A R PO LanzanoSF PY B
T 2005 4214 STED 5 FCS HISE 4. 2011 4F
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STED intensity

780 nm
ps-pulsed
depletion

@

Axicon

640 nm
ps-pulsed
excitation

Excitation filter
I

)i

60 x /1.49NA
“— Oil immersion

/

Circular
polarizer

/

O

/

~if

[ A
2n phase
ramps

.

— o ~f
+

Excitation intensity

Detected fluorescence

Fluorescence 660-720 nm J

to single photon detectors

<7

————— Fluorescence filter

Detection efficiency

Tangential
polarization
controller

Kl 25 TIRF-STED-FCS R4t & [ b
Fig. 25. Schematic of TIRF-STED-FCS system.

Gould 55 B9 Sy 1 AEZZ W0 RUBE L8 240 M Py 245
T AT REHEAT LR A ETE S A, K 4 N RS9t
(total internal reflection fluorescence, TIRF) i
{5 STED 45 & A7 9t i&] 25. —J5,
H1 T TIRF ] LA/ N AR R B e [, 5 —J7
Ifi, STED X AEFETHRGEMIIREETT, FrLIKs TRIF
55 STED &5 & LASEfik STED RE% HI (S

STED-FCS R4 I 2 15 ¥ & Ot 5 STED
SR RIRAS, B RO Yl PR ZS, STED it
o Em R, DARIHUR 505 i fm P Fit STED £
S [E] P Re AE DT 1001,

2014 4F Honigmann % 61 8494 STED K
5 FCS M %45 4 (scanning STED-FCS, sSTED-
FCS), AEMEHIFH STED i AR HE AL A #E 51 25 8] 43 ¢
N FCS F AR A 1Y PR I [8] 53 B X 41 A P 43
TG K G T AT R (181 26), XF T i o B

Lipid membrane

Excitation STED Detection

/’..
-
e —
/f =T

26 G I sSSTED-FCS 14 {5 45 5L 161
Fig. 26. sSSTED-FCS results of the lipid membranels!.

RSO Hh i 45 B B2 (A A AR A B

5.2 STED S4B RNEE

i Bk . 7 62 (expansion microscopy, ExM)
T S FERE il P L BRIV T P R R i T R D
2 SRIGAEIK B TR i, T AR 5 & AE 45 1) ]
PR RN, A S T A S TR (4
4.5 %), M A] ARS8 s IS 20 /N T 5
PRI ZERE . 0] R S A AR AT LARIEIAT 18 o
PG R ARGATEE A, SR T AR AR FR R 1 2
SRIREE MR AR, HE o A B BT 2y
TRGE WP T BB T L BEIE Y 1S, T STED £& T
LI [ P PR ol P TR B B AGOAE T 7 4, i LG
T AT REIRZZ v, T LK ExM 5 STED #HZS &
B GHINITE. ¥ ExM 5 STED 45 & IE K
ExSTED, fEFERMIZIKPUA% S 4T STED MR, fE
5 S B 2 D AR B A 2L 8] 43 BE /N T 10 nm,
3D WUER AR [ BE%E /N T 50—70 nml%,

5.3 STED 5AREFHEESEEMENSGS

FHEE TS (scanning ion-conductance
microscope, SICM) J& 434 B 85 H /D E0nT LUK 41
PRLTHAEA T A A S8 A, 38 A XA 2 T P A O ) SR
TR B H L AT R AR, AT DARAS A S 0y R f
R 164, BLAE 2002 AEHEESEE T SICM #1 Confocal
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a0 ik, B B SICM 5 STED 45472
Al 47 1Y . Hagemann &5 160 X} [/] — #¢ 5 i 17 T
SICM 5 STED MR, PR R S5 Rl s o i 1)
25 1 A8 A5 A R TR A 4 R 5 19 AR AL I R R
XTI A M RORERS FE | Z0 TR R R v 5 4 i AL
S S5 Z Rl R AT 2 L

5.4 STED 5 PALM/STROM HI&&

MINFLUX J5i% 42 2018 4F42 A —Fh4h & 7
O SRCTB T 80 ] 5 B0 7 197681 (83 14 A 0 B
BEAR, JBT 25 1.5 nm 1 55T R B 109701,
AR, MINFLUX $A 8 i AR RO O
PR HEAT W], MOCRAE AL 7 A BB UL
5 STED i AR A R 19 2, %I IE 6 A2 HI R
RIMA SRR ZOCH =4, S5, SHR0FE i
A, AN 6 B 2 7 7 (photo-activated
localization microscopy, PALM) 5% Ffi ALt~ E 4
124 (stochastic optical reconstruction microscopy,
STROM) F AL, it i 47 il B AL 3 T 15 G 1]
A, Y HPR 0L TOCBER RIS FI, 535
W RSN, 25 BRI O0 TOCEERY B3 e BT
SN2 A B, s 380 H bR o+ & Bt
¥, FEHDCHR g AR T IR AL T IVEOLRY
. R RN D7 %, SERT LRI b 47 H D619
fii . MINFLUX W55 STED MHLL, #Efe 1
DG ITARER TOCBER FEM , G TR B
I HEAE. 5 PALM/STROM JristA L, 731
FENLA I T 201 H B YZOWE T, MRA HIER
TR S AR 16 ¥R S E . X —
o, LI B RO T IR AR, GRS 73 T AT
HUGEER, At 1 AR R

ISt STED S5 HAME AN X S lfzas ),

Ji 1 & B ™) (atomic force microscope,
AFM) EAHZE S, AT LR THBUSR PERE, X THR5EE
YIRE S AN R 285 ) () 6 3R B 2 A 7 L

6 STED 7& 4 4 [& 2 H By S F

STED HA % e ) 51 22 I T X 4R FOLER |

PECHRIC B9 LR W RE O AR R AT R (B R BE R
STED HARKI AW & FE, SEBUH 73 B AR T s 1t
PR R KR, (75 STED L8 52 HXHE (R 4= )
NN PN LEERAY E: ) TR SNy 7 &2

TR IR, NI TER 2 L )2 A T
. Y346, STED 15 FCS A% 4520
TXHE AN Fiz s 5T, 3 STED £ R
FEHNME B 4R T AT RE 01,

T R#EGHith

STED &3 453k i A3 & JE 18 71 (18 43 W 1%
Tk Z—, T PR UG HR AR RT3
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Abstract

Due to the influence of the diffraction limit, the lateral spatial resolution and axial spatial resolution of
traditional optical microscopes are limited to ~200 nm and ~500 nm, respectively. In the past two decades, with
the rapid development of high-intensity lasers, high-sensitivity detectors and other optoelectronic devices, there
have been reported many super-resolution imaging techniques that bypass the optical diffraction limit with
different methods. Among these techniques, stimulated emission depletion microscopy (STED) technology has
the advantages of high imaging resolution and fast imaging speed. This technology uses two lasers for imaging,
one of which is used to excite fluorescence, and the other donut-shaped depletion laser is used to suppress the
emission of fluorescent molecules around the fluorescent spot, in order to reduce the fluorescence point spread
function and achieve super resolution Imaging. After recent years of development, the STED system has got
great progress no matter from the generation, calibration and scanning of the beam, and the final imaging. In
terms of laser source, new laser sources such as continuous wave beams, supercontinuum laser, stimulated
Raman scattered laser, and higher-order Bessel beams have appeared; in scanning and calibration, new
efficiency technology such as parallel scanning and automatic calibration have also appeared; In imaging, new
methods such as time gating and phasor analysis have emerged to improve imaging quality. These new
technologies and methods are of great significance to improve the efficiency of STED system construction and
imaging. In addition, this paper also focuses on the ways to expand the imaging functions of the STED system.
First, for three-dimensional STED imaging, this paper mainly introduces three methods to realize three-
dimensional STED imaging by wavefront non-coherent adjustment, 4Pi and structured light illumination
methods. Second, for multi-color imaging, this paper introduces several dual-color and multi-color imaging
techniques for special dyes. Third, this paper introduces the combination of STED technology with fluorescence
correlation spectroscopy technology, cell expansion technology, scanning ion-conductance microscope, photo-
activated localization microscopy/stochastic optical reconstruction microscopy and other technologies. Finally,
this paper systematically discusses the new research progress of STED technology in recent years, and discusses
the future development trend of STED technology.
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