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Abstract: Time-resolved luminescence detection can eliminate scattered light and distinguish lumi-
nescence signals with different lifetimes, enabling important applications in biological detection and
imaging. However, conventional time-resolved luminescence instruments typically require sophisti-
cated and complex lasers as excitation sources and ultrafast photodetectors to capture delayed fluores-
cence, resulting in bulky, complex, and expensive instruments that limit the application of related
technologies. In recent years, the application of long-lived luminescent materials such as phospho-
rescent and delayed fluorescent materials has significantly reduced the requirement for instrumental
temporal resolution. Low-cost light sources and shutters have been used for time-resolved lumines-
cence detection, significantly reducing instrument costs. The application of miniaturized detectors,
such as complementary metal-oxide—semiconductor(CMOS )image sensors and photodiodes, has sig-
nificantly improved integration level and realized the miniaturization of instruments. This review intro-
duces the principles, development, and applications of time-resolved luminescence detection tech-
nology and focuses on research progress of miniaturized time-resolved luminescence devices and their
applications in biological detection.
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Table 1 ~ Comparison of time-resolved luminescence detection of short- and long-lived luminescence
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Table 2 Comparison of various miniaturized apparatuses for time-resolved luminescence detection
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Fig. 3 Rolling shutter timing for measuring phosphorescence lifetime based on frequency domain
A. luminescence lifetime detection of fluid samples; B. upconversion luminescence lifetime detection on a turntable (A. TARFEAS ) &6tk

s B, 4 B EAAR LG G

R SE IR IR AE I K AN, T B Lo b B R S LR R . 2023 4F Wang 55 H FHL%
BN ECR R FE, S AP AE I R A, A A 75 ws 1Y VYRR R -SHIC &4 1t
TP g . BAREERANT . FHLSCHE 30 Wi/ R H, HSERRRE TR 102 4 29. 98 fps, #7IX
JE 5 AN LED [P R AB% 00 30 Hz, Dk ap FIbe I I35 00 s/ 22 S e Bl 20 IR Dk P 30K 8 i R AR, ik
MPIRUR R CMOS FHAILER T B0 SE 3R S 1) 22 USRI BE ) 20 HE SO, by A 2 — ot [ 15 i e b IO TR ik
MEHETAMERT N TR S, TERC “ RIS ROR . S5 G PLds 5 ) nT s i i — R A ) A 2%
RIS TE) ) (MG, R A R OGFF G . 1% 7R TE TR AN BT TR AT SEBLA T TR 20 A S I K G
{HEA PR RS S AR, BRI T HAEARENR B A S A i N H]

BT R FHLE) CMOS AR & it F B i miv b ), PR B 7001 258 92 S BUAOR D ) 1) 7 {2 A5
W AP T AR TG R BRI [8) 22 A 06T 1), AHY T —Fh B AF A I RIAR R, Ay ishia) 23 0 &
FRAE T Sy A SR . Xiong S5 FI X FMATRIBE I 18] & J 1 —FhAOGTT i SUgAG Vs - i 24T
B ARy S P A B TR T ), e e SR SRR i e 30 5 AR B 75 SRR ) 2240 T[] — gk, B
ARG T SR B AL, I TR DX R GRIREA RO, BT R 8 — 38 S se i Al 6 2211
TR T o ISR S PR B A I PR ] SE B R e A A &, Te A ME] A
R TR IFRRAR 1 AR
3.3 B iE)—= [a) 55 #R 0 B 8] 53 9% A S AQ

RN R B FTNE TR, T EARRURAS (G I B RO RE R, AN R G
PRMES S elRm 2, RGEE A R ] 23 (el 440 n] SEILESDOGRUR T RIS Ta) 3 HE & A
W, B13E I #5352 T RE A AN [ R I 4 & DA s )3 b 7085, PR A 0 D' 5 A 2 ) i ) 0 52
PUK 6 Azl o Valley 55 R % B Se e iini ki SE 8L 1O Z R0 + RO ar e . fnl&
AAFIR, ROBE AR ENCE G, TR R RO, AR R T A 2o B A e
PR, R SEBLR T M T o %07 15 90 AR G 23 H) T A G SR H8 B TGl B s & BB
WAL RSB R AR, TETREINE ], B ERRAR T A

Tt RS RGE, AREBERELPIROGER 73 IVE R G SRR G HEE , AT TR
firp, WRZE BiGerm i 2 BNECL , B A T IS v h i 2345 GE I & AR B DG 52
PSRN GIEI & o B T ARG A v I ) A FE AL R, PR EARHERRELDE TP, eFe@sMel, B
T UG, W rEeE, S TANEUE Y s EEPRICH LRERRIR IR, 1%
T3 1 B N TR B AL IR A

ERTTESZ AR RS, R R IR BEVEOR, I EE R R AR, %
EAUH T2 ARG L AOGH A AR . P e S S i) oy R, w R S IR R B Z R AR
SRPER TSR E T ARSI EE AL b, RO R B TR RSB 0 — bR Ay A A e
Wik, HIER R OG SRR R T OGO o AL (& 4B) , MREIHS H5E R I 18] 1) ¢ R 153k
TCRBHNZ, I8 ERIE LT . RS Tk R S E R, S TR RESORE,
FRAL TR RS, KIRFEAC TSR . Nonaka %' S HUZ A B RIAEE , AT LA EH



2098 TR AR (http://www.fxesxb.com) 545 %

(igUh= S AT Ry 5 T 1

A 5 ... Photoexcitation ...,

", * Green channel

Microscope images

Th(DPA),

Fit curve

Eu(DPA),

.. Exciting spot
maged emission
decays

Microscope

objective Luminescence arc

Distance
4 LA A5 ek e
Fig. 4 Time-resolved luminescence measurements based on continuous light excitation
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